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Abstract

Background/Aim: In recent years, there has been an increase in the prevalence of obesity and its
complications, along with a growing awareness of healthy nutrition. As a result, consumers are seeking to
incorporate more functional foods into their diets. Chia and flax seeds have gained popularity due to their
soluble fiber and antioxidant capacity. This study aims to compare the effects of consuming cakes made
with the addition of chia and flax seeds on blood glucose and insulin levels, as well as evaluate their
impact on post-consumption satiety response in individuals.

Methods: This randomized, double-blind, self-controlled experimental study involved 12 volunteers (19—
64 years old) who were free from acute or chronic diseases. The participants had a body mass index (BMI)
value between 18.5 and 24.9 kg/m? and a Beck Depression Inventory score of 8 or below. The study
investigated the effects of standard and test cakes containing 50 g of digestible carbohydrates, including
chia-added cake, flaxseed-added cake, and chia+flaxseed-added cake. Postprandial blood sugar, insulin,
and subjective satiety responses were assessed. A standard nutrition program (diet: 60% carbohydrates,
20% protein, 30% fat) was implemented at least one week before the study, and participants were asked to
maintain 24-h food consumption records the day before the test days. Throughout the study period,
individuals were instructed to avoid caffeine, medication, nutritional supplements, and heavy physical
activity. Cake consumption sessions were conducted at the research center, with participants visiting four
times in total, with at least 1-week intervals. Fasting for 10-12 h prior to each visit, saturation responses
were measured using a visual analog scale at 0, 15, 30, 60, 90, 120, and 180 min. Blood samples were also
collected to assess blood glucose and insulin levels.

Results: The study revealed that cakes containing chia and flaxseeds, compared to the standard cake, as
well as flaxseed-added cake compared to chia-added cake, resulted in higher plasma glucose under-curve
values and saturation responses and lower hunger responses (P=0.038, P=0.016, P=0.004, respectively).
Conclusion: The findings indicate that both chia and flax seeds impact glycemic control and the sensation
of satiety, with flaxseed exhibiting greater effectiveness than chia.

Keywords: chia, flaxseed, blood glucose, insulin, appetite
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Introduction

In recent years, there has been a rise in the prevalence of
obesity and its associated complications. Concurrently, there has
been an increased awareness of healthy nutrition and a growing
desire among consumers to lead healthy lives. As a result,
individuals seek to obtain essential nutrients and health benefits
from their food choices. This has led to a greater demand for
functional foods in their diets [1].

Chia seeds (Salvia hispanica L.) and flaxseeds (Linum
usitatissimum) are edible oilseeds/grains. The United States
Nutrition Guidelines, published in 2000, recommend a daily
consumption limit of 48 g for chia seeds in adults, considering
potential gastrointestinal complaints. The recommended daily
consumption amount for flaxseeds is less than 40 g [2,3].

According to data from the United States Department of
Agriculture Research Service (USDA) in 2017, chia seeds
contain 30.7% lipid, 16.5% protein, and 34.4% fiber, while
flaxseeds contain 30-45% lipid, 20-25% protein, and 28% fiber
[4-6]. Functional fibers are plant-based components that exhibit
specific properties and undergo partial or complete fermentation
in the colon. These fibers can be classified into two groups based
on their water solubility: soluble and insoluble [7]. Most fibers
found in chia and flaxseeds belong to the soluble fraction [8].
These seeds have gained popularity as functional foods due to
their antioxidant capacity, particularly their soluble fiber content,
and the presence of omega-three fatty acids [9,10].

The soluble fibers present in these seeds contribute to
delayed gastric emptying by increasing the viscosity of gastric
content and prolonging gastrointestinal transit time. As a result,
carbohydrate absorption is slowed, the glycemic index is
reduced, insulin release is slowed, and feelings of satiety are
enhanced by the increased viscosity of the small intestine
contents. These properties make these seeds useful in the
nutritional management of obesity and its related complications
[8].

While the most effective approach to combat obesity is
long-term energy intake that is lower than energy expenditure,
adherence to long-term energy-restricted diets is often low [11].
Foods enriched with chia and flax seeds offer an alternative
option in the battle against weight loss. They contain increased
amounts of soluble fiber, protein, and minerals, as well as a-
linolenic acid and phytochemicals, which can aid in treating
obesity and its complications, including inflammation [11].

Although using chia and flax seeds in the food industry,
particularly in heat-treated products, is uncommon, these seeds
have various commercial applications [12].

While studies investigating the impact of consuming
products incorporating these seeds, which are gaining popularity
as functional foods, on biochemical parameters are not widely
available in the literature, a recent study examined the effect of
chia seeds on body weight in mildly overweight and obese
individuals with type 2 diabetes. The results indicated that the
group consuming chia seeds demonstrated improved glycemic
control, greater weight loss, and reduced waist circumference
[13].

In another study, which assessed the effects of
supplementing 10 g/day of flaxseed for one month in individuals

JOSAM
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with type 2 diabetes, it was found that flaxseed significantly
reduced fasting and three-month blood glucose levels [14].
However, a contrasting study conducted in the United States
reported that flaxseed improved glycemic control [15].

In this study, we aim to investigate the impact of chia
and flax seeds on glycemic control, insulin levels, and satiety
response. By examining these effects, we aim to promote the use
of alternative products incorporating these seeds in obesity
management, as well as weight loss programs and the prevention
of obesity-related complications. Specifically, this study aims to
evaluate the effects of cakes supplemented with chia and flax
seeds, which can be easily prepared at home and are regarded as
popular and healthy snack alternatives, on postprandial blood
glucose, insulin levels, and individuals’ satiety responses.

Materials and methods

Study design

This  randomized, double-blind,  self-controlled
experimental study was conducted at Mersin Forum Yasam
Hospital between May and June 2022. The study included 12
individuals aged 19 to 64 who were free from acute or chronic
diseases, had a body mass index (BMI) value between 18.5 and
24.9 kg/m?, and had a Beck Depression Inventory score of 8 or
below. Participants who were using prescription drugs and/or
fiber supplements, following a specific diet, pregnant or
lactating, consuming excessive alcohol (more than two drinks
per day), experiencing menstruation, diagnosed with gluten
enteropathy, or had previously experienced an allergic reaction
to chia and flax seeds were excluded from the study.

To establish the nutritional standard for the study, a
standardized nutrition program was implemented at least one
week before the study. The program included a diet comprising
60% carbohydrates, 20% protein, and 30% fat. Participants were
provided with this program, and their 24-h food consumption
records from the day before the test days were evaluated using
the Nutrition Information System (BEBIS) 8.2 software [16].
Throughout the study period, participants were instructed to
refrain from consuming caffeine, medication, or any nutritional
supplements and to avoid engaging in strenuous physical
activity, as these factors could potentially affect the results.

To determine the sample size, a power analysis was
conducted using G*Power software. The analysis utilized alpha
(o) set at 0.05, power (1-B) set at 0.80, and a medium effect size
(d) of 0.50. The results indicated that a minimum of six
individuals per group were required. To account for potential
issues such as withdrawals and irregular participation, the study
initially enrolled 14 volunteers. However, two individuals
withdrew voluntarily in the subsequent weeks. Random
assignment of participants who met the inclusion and exclusion
criteria was performed by the principal researcher using the R
programming language in a computerized environment. Ethical
approval for this study was obtained from the Mersin University
Clinical Research Ethics Committee on February 5, 2020
(number: 2020/80), and written informed consent was obtained
from all participants before their participation. This study has
been registered at ClinicalTrials.gov under the identifier
NCT05358561.
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The study consists of two stages. The first stage
involved conducting sensory analyses on the standard and test
cakes, which were integral to the background study. Based on the
results of this analysis, the selection of cereal-like products to be
used in the test cakes was determined. Additionally, nutritional
analyses were performed during this stage to ascertain the
quantities of the standard and test cakes that contained 50 g of
digestible carbohydrates (cakes with added chia seeds, cakes
with added flaxseeds, and cakes with added chia and flaxseeds).
These cake variations were finalized based on the sensory
analysis results. The second stage of the study aimed to
investigate the effects of these cakes on postprandial blood
glucose, insulin, and subjective satiation response in the
participants.

Making the cakes and their contents

To determine the quantities of the standard cake (with
ingredients: egg 30 g, sugar 19.3 g, sunflower oil 36 g, vanilla
0.75 g, baking powder 0.75 g, wheat flour 40 g, cow’s milk 28.5
g) and the test cakes prepared in addition to the standard recipe
(chia seed-added cake 15 g, flaxseed-added cake 22.5 g, chia and
flaxseed-added cake 9 g each) that would contain 50 g of
carbohydrates, various analyses were conducted on samples
taken from each of the four cake types in the Food Chemistry
Laboratory at Toros University. These analyses included protein,
fat, moisture, ash, total fiber, and soluble fiber analyses. Based
on the obtained results, the amounts of cakes containing 50 g of
digestible carbohydrates were calculated. The cakes were then
weighed and prepared for individual consumption one day before
the study (Table 1).

The quantities of chia and flax seeds added to the cakes
for the study were calculated to ensure that the total fiber content
remained consistent and within the recommended daily
consumption limits, as stated in the literature [2, 3]. Both chia
seeds (Kdoryusuflar, Mersin) and flax seeds (Koryusuflar,
Mersin) were sourced from local markets.

Nutritional analysis of cakes

Moisture Analysis: The moisture analysis of cake
samples will be performed after the cakes have been baked and
cooled for one hour. The moisture content (%) will be calculated
based on the weight difference resulting from drying in an oven
at 105°C until a constant weight is achieved [17].

Ash Analysis: The ash analysis of cakes will be carried
out according to Association of Official Analytical Chemists
(AOAC) 1990 [18]. The samples will be weighed in porcelain
crucibles that have been previously brought to a constant weight
and burned in a muffle furnace (Elektro-mag M1813, Turkey) at
550 + 5°C until the residue turns white. The ash content (%) of
the cakes will be calculated by proportioning the sample mass
remaining in the crucibles at the end of the incineration process
to the initial sample mass.

Protein Analysis: In the protein determination by the
Kjeldahl method, the total amount of nitrogen contained in the
food is determined. The protein content (%) will be determined
by multiplying the total nitrogen amount determined by the
nitrogen factor, which is determined according to the total
organic nitrogen ratio in the protein molecule [19,20].

Fat Analysis: The fat analysis will be carried out using
the Soxhlet method according to AOAC 1990 [17]. For fat
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determination, approximately 4 g of cake sample will be weighed
into a cellulose cartridge, covered with cotton wool, and placed
in the Soxhlet apparatus. At the end of the extraction using
petroleum ether, the ether in the balloons will be evaporated, and
the fat content in the sample will be calculated.

Fiber Analysis: The dietary fiber content of the cakes
will be determined according to American Association of Cereal
Chemists (AACC) 2000 [21]. Samples for dietary fiber analysis
will be subjected to enzymatic digestion with heat-resistant
enzymes o-amylase, protease, and amyloglucosidase (Sigma-
Aldrich, St. Louis, MO, USA) to remove starch and protein. The
enzyme-digested material will then be treated with alcohol to
precipitate soluble dietary fiber before filtration. The dietary
fiber residue will be washed with water, then acetone, dried, and
weighed.

Soluble Fiber Analysis: The dietary fiber contents of
cake samples were determined according to AOAC 991.43 [22]
using the Megazyme analysis Kit. The samples were treated with
a-amylase (30 min, 100°C), protease (30 min, 60°C), and
amyloglucosidase (30 min, 60°C) enzymes, respectively, to
remove starch and protein molecules from the structure. The
resulting mixture was filtered with a Gooch crucible. The solid
portion remaining at the top of the crucible was washed with
distilled water, ethanol (95%), and acetone (99%) and then dried
at 105 °C for 3 h. The ash and protein contents of the dried
samples were determined, and the insoluble dietary fiber was
calculated. Soluble dietary fibers were precipitated and filtered
by adding four times the volume of ethanol (95%) to the filtrate
obtained from the filtration process. The precipitate was washed
with 78% and 95% ethanol and acetone, respectively, and dried
to a constant weight, and the residue was analyzed for ash and
protein to determine the amount of soluble dietary fiber.

The soluble fiber analysis of the cake samples, using
100 g portions, revealed the following findings: the standard
cake made with 40 g of wheat flour (100% wheat flour)
contained 2.32 g of soluble fiber, while the cake prepared with
64.0 g of wheat flour and 36% flaxseed (equivalent to 22.5 g of
flaxseed) contained 2.95 g of soluble fiber. Furthermore, when
analyzing the cake (15 g) with chia added (composed of 72.4%
wheat flour and 27.6% chia), it contained 0.65 g of soluble fiber.
Based on these results, it can be concluded that flaxseed exhibits
a notably high soluble fiber content, containing approximately
4.5-5 times more soluble fiber than chia (Table 1).

Table 1: Quantity and nutritional value of test cakes.

Nutritional values Standard = Chia-added = Flaxseed- Chia+flaxseed-
cake cake added cake  added cake

Quantities of cakes 142.3 114.9 140.2 120.8

Carbohydrate (g) 50.0 50.0 50.0 50.0

Total fiber (g) 1.7 6.8 6.8 6.8

Soluble fiber (g) 2.32 <0.65 2.95 <0.65

Protein (g) 11.6 11.5 12.9 10.9

Lipid (g) 34.2 16.7 40.4 28.5

Moisture (g) 43.4 36.5 36.2 30.4

Ash (g) 3.12 0.33 1.16 1.06

TPC (mg gallic acid/L) | 271 289 328 334

Aox (mmol trolox/g) 0.151 0.155 0.247 0.200

Aox: Antioxidant; TPC: Total phenolic content

Consumption and evaluation of cakes

The participants involved in the study visited the
research center on four separate occasions, with at least 1-week
intervals between visits, to consume their assigned cakes. On the
test day, the individuals were required to fast for 10-12 h before
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they arrived at the research center, during which time they were
only permitted to drink water. Furthermore, as the study was
conducted double-blind, both the participants and the researchers
responsible for cake production and distribution were unaware of
the specific cake types. The cakes were identified solely by their
assigned codes. Upon arrival, the fasting and appetite responses
of the participants were assessed using a 100-mm Visual Analog
Scale (VAS), and fasting venous blood samples were collected to
measure blood glucose and insulin levels. Subsequently, the
participants consumed the cakes within a 10-min timeframe.
VAS measurements of appetite responses were recorded at the
15th, 30th, 60th, 90th, 120th, and 180th min following cake
consumption, and additional venous blood samples were taken
during these 3 h. Throughout this time, the participants were
instructed not to leave the research center or consume any other
food.

Biochemical parameters and saturation responses

Glucose values were analyzed using the glucose
hexokinase enzymatic reference method (Cobas 501), while
insulin values were analyzed using the
electrochemiluminescence (ECL) method (Cobas 601).

The VAS converts certain non-numerical values into
digitized measurements. The parameter being assessed is
represented by two definitions placed at the ends of a 100 mm
line, and participants are instructed to indicate their respective
position by assigning corresponding numbers [23]. In this study,
the VAS was employed to gauge individual responses to hunger,
satiety, desire for prospective food consumption, perception of
sweetness, taste satisfaction (deliciousness), saltiness, and
fattiness at the 15th, 30th, 60th, 90th, 120th, and 180th minutes.
This allowed for the acquisition of numerical values.

Sensory analysis results

Panelists evaluated the sensory analyses of the cake
samples following the pre-test productions. In the pre-test
productions, a total of eight different cakes, along with a
standard cake, were produced. These cakes were made using
varying proportions of chia seeds, flaxseeds, buckwheat, and
combinations thereof. The sensory properties of the samples
were assessed based on color, texture, taste, appearance, and
overall taste. The analysis revealed that the utilization of cereal-
like products did not have a statistically significant impact on
any sensory quality of the cake samples.

Consequently, it was concluded that all cake samples
were equivalent in terms of sensory quality, and the inclusion of
cereal-like products did not adversely affect the overall quality.
However, it was noted that cake samples containing buckwheat
were preferred in terms of volume, although the panelists
described the presence of hard particles in their mouths when
consuming the buckwheat-added samples as a negative
experience. Therefore, the effect of buckwheat was not further
examined in the study. While no statistical differences were
observed among the samples, the first three samples, excluding
the control sample, were selected for further investigation based
on their general taste. The study aimed to explore the effects of
chia and flax seeds used in these selected samples.

Regarding general taste, the cakes that incorporated
both chia and flax seeds received the same score as those that
solely used chia seeds. However, the samples that utilized both
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seeds together were the most preferred in terms of color. In a
study conducted by Shaikh et al. [24], it was stated that cupcake
samples containing a 10% mixture of chia and flax seeds
achieved a color and appearance similar to that of the control
sample. These samples also exhibited comparable texture, taste,
smell, and general acceptability. Lipilina and Ganji [25] reported
that using flaxseed improved the color of muffin samples, with
higher scores given to samples containing a greater ratio of flax
seeds. Cake samples made exclusively with chia seeds received
higher scores for their porous structure and taste characteristics
than the other samples. Chelladurai et al. [26] indicated that
incorporating chia seeds into cookie recipes, with increasing
concentrations, enhanced sensory properties such as color,
appearance, texture, taste, smell, and overall acceptability.
Steffolani et al. [27] demonstrated that including chia seeds
enhanced the taste, texture, and appearance of gluten-free bread.
Regarding texture, cake samples using only flaxseed received the
highest score. Pohjanheimo et al. [28] reported that flaxseed
bread was softer and more elastic than the control samples.
Consistent with the findings of this study (Table 2), several
researchers have reported that the inclusion of chia and flax
seeds in bakery and pastry products does not significantly impact
the overall acceptability of the samples in terms of sensory
evaluation [25,27,29-32].

Table 2: Sensory parameters of cake samples.

Cakes Color Texture = Flavor Appearance General
Volume  Porous taste
structure
Standard [39(11)7 40107 36117 33(0.9) 39(0.4)"  39(0.4)
Chia-added [37@3)" 41077 399" 4112 4.0(0.6)" 4.0(0.6)
Flaxseed-added | 4.0 (1.4)"  4.3(0.9)" 2.9 (1.3)' | 41(0.4)' 391" | 3.9 (11"
Chia+Flaxseed- | 4.6 (0.5)" 4.1(1.5" 3.0(1.3)" 4.1(1.1)" 4.0(1.2"  4.0(1.2)"

added

+ There is no difference between the groups with the same letter

Statistical analysis

During the hypothesis testing phase of the study, the
suitability of variables for normal distribution was determined
using the Shapiro-Wilk test. For variables that met the
assumption of normal distribution, the analysis of variance
(ANOVA) test was employed for comparisons among three or
more independent groups. When the assumption of sphericity
was met, the Sphericity Assumed test statistic was utilized. In
cases where the sphericity assumption was not met, the
Greenhouse-Geisser test statistic was employed. The Bonferroni
correction paired t-test, and Tukey test were used for multiple
comparisons between groups and yielded significant results. A
margin of error of 5% was set for statistical analysis. Graphs and
the calculation of the area under the curve (AUC) were
performed using the R-Project program [33], while all other
analyses were conducted using SPSS (IBM SPSS Statistics 26).
The significance level was set at P-value <0.05.

Results

Table 3 presents the AUC values for time-based plasma
glucose and insulin levels following the consumption of the test
cakes by study participants. Upon examining the results, it was
observed that the AUC values for plasma glucose were higher
after consuming cakes with added chia and flaxseeds compared
to the standard cake (P=0.038). Furthermore, it was found that
the AUC values for plasma glucose were significantly higher
after consuming flaxseed-added cake compared to chia-added
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cake. However, there was no significant difference in plasma
insulin levels and AUC values (P=0.237).

Table 3: Comparison of the area under the curve of plasma glucose and insulin levels of
individuals consuming cake based on time.

AUC values | Flaxseed-added @ Chia-added = Chia+flaxseed- = Standard = P-value
cake cake added cake cake
n=12 n=12 n=12 n=12
Glucose | 299277 2681.4 Tt 2724.1 7t 2637.1"F | 0.038 %"
Insulin | 954.2 1118.9 1035.9 1167.2 0.237 ™*

AUC: Area Under the Curve, : ANOVA, }: Sphericity Assumed, §: Greenhouse-Geisser, {{f: No
difference between groups with the same symbol; *P<0.05; **P<0.001

Figure 1 illustrates a line chart depicting the changes in
plasma glucose and insulin levels over time following cake
consumption by the participants.

Figure 1: Plasma glucose and insulin levels based on time after cake consumption of
individuals.
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Table 4 presents the AUC values on the VAS for
different aspects related to cake consumption by the study
participants. Statistical analysis revealed significant differences
in hunger, satiation, and craving for sugary, delicious, salty, and
fatty foods after cake consumption (P=0.004, P=0.016,
P=0.007, P=0.027, P=0.028, P=0.035, respectively). Hunger
levels were found to be lower (P=0.004), and satiation levels
were higher (P=0.016) after consuming flaxseed and chia-added
cakes compared to the standard cake. Furthermore, when
comparing the individuals who consumed flaxseed cake with
those who consumed chia-added cake, it was observed that the
former group experienced less hunger (P=0.004) and greater
satiation (P=0.016).

Table 4: Comparison of VAS area under the curve values of individuals consuming cake.

AUC values Flaxseed- Chia- Chia+flaxseed- Standard P-

CTOSAND

added added added cake cake value
cake cake n=12 n=12
n=12 n=12
Feeling of 82.083"" 114.7927ft 84,7921 150.521" 0.004%
Hunger
Feeling of 223.438' 180.4177ft 212.3967 163.438" 0.016""
Saturation
Desire to eat 114.896 121.771 82.708 129.688 0.064"$
The level of 100.413 121.667 79.688 133.542 0.089"
desire to eat
Desire to 65.208" 71.979"F 51.979"F 96.979' 0.0077#
consume
sugary foods
Desire to 69.167'" 98.125" 73.646" 111.042%t ' 0.0287%"
consume
salty foods
Desire to 111.146% 139.687" 128.0217 165.9377ff 0.0277%*
consume
delicious
foods
Desire to 64.167% 92.813" 56.771"" 100.833"" | 0.035%%"
consume
fatty foods

AUC: Area Under the Curve, t: ANOVA, I: Sphericity Assumed, §: Greenhouse-Geisser, {if: No
difference between groups with the same symbol; *P<0.05; **P<0.001

Effect of chia and flaxseed on glycemic control and satietyA

Figure 2 presents a bar graph representing the AUC
measured on the VAS after cake consumption by the individuals.

Figure 2: VAS under-curve area values after cake consumption of individuals.
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Discussion

This study demonstrates that consuming chia and
flaxseed positively affects glycemic control and the feeling of
satiety. However, its impact on insulin secretion is negligible.
Furthermore, it suggests that flaxseed exhibits a stronger effect
than chia, which may prompt further investigation into this topic.

Chia and flax seeds are widely consumed in many
countries and have gained recognition as functional foods. They
are valued for their positive effects on glycemic control,
antioxidant content, and anti-inflammatory properties [13,34].
The primary mechanism through which chia and flax seeds
influence glycemic control is by virtue of the soluble fibers they
contain. These fibers increase stomach and small intestine
viscosity, delaying gastric emptying and prolonged
gastrointestinal transit time. Consequently, the absorption of
carbohydrates is delayed, resulting in reduced glycemic
response, delayed insulin release, and increased satiety [8].
Moreover, lignan, one of the three primary phytoestrogens found
in these seeds, aids in glycemic control by suppressing the
expression of the phosphoenolpyruvate carboxykinase (PEPCK)
gene  responsible  for  glucose  production  through
gluconeogenesis, thus inhibiting glucose production [35].
Furthermore, the alpha-linolenic acid (ALA) content of these
seeds contributes to glycemic control through improved insulin
sensitivity [36,37].

In a study involving mildly overweight and obese
individuals with type 2 diabetes, it was observed that daily
consumption of 30 g/1000 kcal of chia seeds, along with an
energy-restricted diet, resulted in improved weight loss and
postprandial glycemia levels [13]. Similarly, a study conducted
with healthy individuals found that the consumption of each 1
gram of chia seeds led to a 2% decrease in postprandial
glycemia, slowed carbohydrate release, and reduced appetite
response [12]. Numerous randomized controlled clinical trials
have been carried out to assess the effectiveness of flaxseed or its
derivatives in glycemic control and insulin sensitivity [10,38,39].
While some studies have reported the beneficial effects of
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flaxseed, others have found no significant benefits [14,40-42].
Inconsistencies in these findings have been attributed to
variations in sample sizes and intervention durations among the
target populations.

This study observed that the plasma glucose AUC
values, measured after consuming cakes with added chia and
flaxseeds, were higher than the standard cake. Additionally, the
plasma glucose AUC values were higher in the flaxseed-added
cake than the chia-added cake. Despite the similar nutritional
composition of the chia and flaxseed-added cakes, these
differences in postprandial glycemia can be attributed to the
higher content of soluble fiber found predominantly in the seeds.
This finding aligns with existing literature, as flaxseed contains,
on average, five times more soluble fiber than chia on a gram-to-
gram basis [42-45].

The consumption of chia and flaxseed also has a
positive impact on insulin secretion, supported by several
mechanisms. Firstly, the soluble fiber content in these seeds
slows down glucose absorption, reducing the need for insulin
production. Secondly, their antioxidant content can enhance
insulin sensitivity [15,46]. Additionally, the protein content of
these seeds has been shown to stimulate insulin secretion, while
the ALA content can contribute to increased insulin sensitivity
[36,37,47]. A recent meta-analysis demonstrated that flaxseed
significantly decreased insulin secretion in interventions lasting
12 weeks or more but not in shorter interventions [48]. These
findings were further supported by another study that
investigated the effects of flaxseed supplementation on blood
glucose and insulin resistance in individuals with obesity and
insulin resistance over a 12-week intervention period [49].
Possible explanations for these time-dependent intervention
results include a gradual increase in ALA, which can be
converted to long-chain fatty acids such as EPA
(Eicosapentaenoic acid; 20:5, n-3) and DHA (Docosahexaenoic
acid; 22:6, n-3), improving insulin sensitivity and glycemic
control. Additionally, improvements in gut flora, brought about
by the consumption of soluble fiber, may contribute to enhanced
glycemic control [50-53]. This study found no significant
difference in the plasma insulin AUC values between individuals
consuming cakes with added chia or flaxseeds and those
consuming the standard cake. This lack of significant difference
can be attributed to the short intervention period in the study
design.

Consuming soluble fiber has been linked to a sensation
of satiety and its potential impact on food intake [54].
Insufficient satiety significantly contributes to increased caloric
intake and the high prevalence of obesity and its associated
complications [55]. The effect of consuming soluble fiber on the
feeling of satiety is attributed to its ability to form a gel-like
structure in the stomach during digestion, leading to increased
gastric distension and triggering satiety signals through the
afferent vagus nervous system [56,57]. Furthermore, soluble
fiber consumption has been shown to modulate the secretion of
gastrointestinal (GI) hormones involved in appetite regulation
[58]. Several studies have demonstrated that consumption of
soluble fiber, typically in doses exceeding 5 g, increases the
production of satiety-regulating Gl hormones such as glucagon-
like peptide 1 (GLP-1) and Peptide YY (PYY) [59-61].
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Additionally, it has been suggested that soluble fiber
consumption may harm levels of ghrelin, the hormone
commonly known as the "hunger hormone,” in healthy adults
[60,62,63].

In a study assessing the effects of flaxseed on satiety, it
was observed that adding 5-15 g of flax mucilage (equivalent to
approximately 50-150 g of whole ground flax) to baked goods
did not significantly impact satiety parameters. However, adding
2.5 g of flax mucilage (equivalent to 25 g of ground flax) to a
beverage resulted in decreased satiety and general appetite [64-
66]. Another study involving bread containing 24 g of chia seeds
found that chia-added bread led to a greater sense of fullness
after 120 min compared to control white bread [67]. While the
effect of soluble fiber enrichment on satiety has mainly been
studied in cereal derivatives, generally positive associations have
been reported in various populations, including obese individuals
and those with cardiometabolic risk [68,69]. However, some
studies have reported contrasting findings [70,71]. This study
observed that the consumption of cakes with added chia and
flaxseeds increased the feeling of satiety compared to the
standard cake. Additionally, flaxseed consumption was
associated with a greater sense of satiety when compared to chia
seeds. These results are consistent with the findings of studies
conducted by Vuksan et al. [66] and Ibrugger et al. [67], further
supporting the positive impact of soluble fibers on satiety.

Limitations

This study possesses several strengths. Firstly, the cakes
incorporating chia and flax seeds were produced through both
laboratory and clinical stages, ensuring robustness in the
experimental process. Moreover, the study design allowed
individuals to control their variables, thereby minimizing
variability. Despite these strengths, certain limitations should be
acknowledged. Firstly, all participants were young and healthy
individuals, thus limiting the generalizability of the study’s
findings to older, obese, and chronically ill populations.
Furthermore, the absence of a long-term intervention and the
lack of monitoring of individuals’ plasma antioxidant levels
restrict the study’s overall impact. Considering the results
obtained from this short-term intervention study, future research
should encompass diverse populations with varying initial
glucose levels and BMI values. Additionally, studies with larger
sample sizes and longer intervention periods are required to yield
more significant outcomes regarding improved glycemic control,
reduced food intake, and effective weight management.

Conclusions

This study demonstrates the efficacy of both chia and
flax seeds in terms of glycemic control, increased satiety, and
reduced hunger, primarily attributed to their soluble fiber
content. Furthermore, the findings indicate that flaxseed exhibits
a stronger effect compared to chia in these regards. Additionally,
although these seeds do not significantly impact insulin
responses, they do diminish cravings for sugary, salty, fatty, and
indulgent foods. Based on these results, it is suggested that
incorporating foods rich in soluble fiber, such as chia and flax
seeds, into our consumption habits through healthy and safe
products may have a protective role against obesity and its
associated complications and potentially prevent its progression.
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Abstract

Background/Aim: The Human Papilloma Virus (HPV) infection is the most common sexually transmitted
disease and has been shown to cause cancer. Both sexes have a lifetime risk of at least 50% of exposure to
HPV. Male HPV vaccinations can yield advantages for both the individual and community, including
reduced transmission of HPV and protection of male and female health. The approval of vaccinations is
mainly influenced by parental perspectives on this matter. It is essential to examine the subject in terms of
physicians, who have the highest knowledge about HPV in society. This cross-sectional study aims to
investigate physicians' attitudes and knowledge about vaccinating their male children against the human
papillomavirus.

Methods: A total of 1670 physicians were included in this study. Working as a physician and having a son
were determined as inclusion criteria. A digital questionnaire was given to the physicians participating in
the study. The answers to the survey questions were rated on a 4-point Likert scale (agree, do not know,
disagree, strongly disagree). The responses were compared with the variables, and statistical analysis was
performed.

Results: Of the physicians participating in the study, 34.4% were male and 65.6% were female. A small
percentage of the physicians (6.2%) reported that they would vaccinate their boys against HPV, and 59.9%
of them indicated that they would not but they would consider it. The physicians’ who were most likely to
vaccinate their sons worked in the fields of radiology (97.3%), orthopedics (80%), and gynecology
(78.8%). It was determined that the physicians who said they would never have their sons vaccinated
against HPV were most frequently specialists in anesthesiology and reanimation, infectious diseases, and
clinical microbiology.

Conclusions: This study determined that physicians in some specialties hesitated to give the HPV vaccine
to their sons. The HPV vaccine is crucial for boys, and it is essential to point out the significance of
providing seminars to physicians, particularly in developing nations like Turkey, regarding this issue and
its consequences.

Keywords: HPV vaccine, immunization, male, physician, cancer
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Introduction

Human papillomavirus (HPV) infection is a sexually
transmitted virus that plays an essential role in cancer
development. HPV infection is prevalent in both women and
men [1]. Lesions caused by HPV considered high risk for cancer
development can progress to cervical cancer, the second most
common malignancy in young women. HPV causes
gynecological cancers and lesions that can lead to cancer in the
head and neck region, anus, and penis. Therefore, women and
men are at risk of HPV-related cancer [2,3].

Vaccination is the most effective way to prevent HPV.
Unfortunately, recent posts, primarily through digital platforms,
have increased vaccine hesitancy in society. Anti-vaccination
sentiment was listed by the World Health Organization (WHO)
as one of the top ten global public health threats in 2019. WHO
aims to achieve 90% worldwide HPV vaccine coverage, but
misunderstandings, lack of information, and fake news are the
main obstacles to achieving this goal [4-6].

Today, 146 countries worldwide have included the HPV
vaccine in their vaccination program. In Turkey, the HPV
vaccine is not included in the vaccination program, and there is
insufficient awareness about this vaccine. According to the 2019
data from UNICEF and WHO, all doses of the HPV vaccine
were administered to approximately 4% of males and 15% of
females globally [7]. This vaccine, which can be administered to
both sexes, is the only way to eradicate HPV-related cancer [8].

When we look at the way HPV infection is transmitted
and the disease it causes, it is apparent that this is not only a
women's problem but also a significant health problem that
threatens men. Therefore, it is necessary to vaccinate boys for
both individual and public health reasons [9].

The success of HPV vaccine application depends on
physicians' belief in the efficacy and safety of this vaccine.
Physicians in different specialties may differ in opinion on the
effectiveness of vaccines. This situation creates hindrances to the
success of immunization programs [10,11]. For the success of
HPV vaccination in Turkey, it is necessary to increase
physicians' belief in all specialties in the efficacy and safety of
this vaccine [11]. This study aims to evaluate physicians'
awareness of HPV vaccination and to show their attitudes toward
the immunization of their sons. Their perspectives as parents and
physicians will mirror society's consciousness.

Materials and methods

This national descriptive study was conducted online
between May 2022 and December 2022. Ethics committee
approval of the study was obtained from Adana City Training
and Research Hospital Clinical Research Ethics Committee (No:
76-1320). The questionnaire was designed to determine the
knowledge level of the participants about the HPV vaccine and
their attitudes regarding vaccinations for their sons. Participants
were required to read the fact sheet and declare that they agreed
to take part in the survey before participating. The inclusion
criteria for the study were that the participant had to be an active
physician and have at least one son. A total of 1670 physicians
met these criteria and answered all the survey questions.

Physicians’ attitudes on HPV vaccination for their sons
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Physicians who were not actively working and did not have at
least one son were excluded from the study.

Using the questionnaire, data were collected about the
demographics of the participating physicians, their knowledge of
HPV, and their attitudes toward vaccinating their sons against the
virus. The answers to the survey questions were yes, no, and | do
not know, and these responses were ranked on a 4-point Likert
scale (agree, do not know, disagree, strongly disagree). Since the
data were generally categorical, statistical significance was
considered when evaluating the results according to ratios and
percentages.

Statistical analysis

All analyses were performed using IBM SPSS Statistics
Version 22.0 statistical software package (IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY: IBM Corp).
Categorical variables were expressed as numbers and
percentages, whereas continuous variables were summarized as
mean (standard deviation), and median and minimum-maximum
where appropriate. The chi-square test was used to compare
categorical variables between the groups. For the comparison of
more than two groups, one-way ANOVA was used. The
statistical level of significance for all tests was 0.05.

Results

The mean age of the physicians was 41.6 (8.1). While
the number of male physicians was 564 (34.4%), the number of
female physicians was 1096 (65.6%). When the frequency of the
physicians were examined according to their specialties, the
highest rate of participants worked in obstetrics and gynecology
(27.9%). Following obstetrics and gynecology, other fields
included family physicians (21.8%), pediatrics (7.8%),
anesthesiology and reanimation (6.7%), orthopedics (4.8%), and
radiology (4.4%). The number of physicians working in public
hospitals totaled 704 (42.6%); followed by those working in the
university hospital, 422 (25.5%); and clinics, 280 (16.9%). Table
1 shows descriptive statistics for the demographic characteristics
of the physicians participating in the research.

Table 1: Demographic characteristics of the participants

Variables n (%)
Age’ 41.65(8.07)
Gender Male 574 (34.4)
Female 1096 (65.6)
Department Family physician 364 (21.8)
Obstetrics and gynecology 466 (27.9)
Orthopedics 80 (4.8)
Radiology 74 (4.4)
Pediatrics 130 (7.8)
Internal medicine 70 (4.2)
Anesthesiology and reanimation 112 (6.7)
Infectious disease and 72 (4.3)
clinical microbiology
Others 344 (18.1)
Hospital University hospital 422 (25.5)
Public hospital 704 (42.6)
Private hospital 96 (5.7)
Family health center 152 (9.1)
Own clinic 280 (16.8)
Male child number* 1.0 (1-4)
Number of boys aged 0-9 1 720 (78.3)
2 198 (21.5)
3 2(0.2)
Number of boys aged 9-18 1 496 (87.3)
2 72 (12.7)
Number of boys over the age of 18 1 184 (71.9)
2 72 (28.1)

"mean (SD), SD: standard deviation, " median(min-max)
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Participants’ HPV knowledge and HPV vaccine
awareness are documented in Table 2. The number of physicians
reporting that HPV infection is a rare sexually transmitted
disease was 1070 (64.1%). Those physicians who correctly
reported the cancer types associated with HPV infection totaled
332 (19.9%), while 1278 (76.5) did not answer this question.
While 780 (46.8%) of the participants responded
“intramuscularly,” about the application of the HPV vaccine, 600
(36.0%) did not have an answer to this question. A total of 664
(39.8%) physicians stated that three doses of HPV vaccine
should be administered; however 546 (32.7%) reported two
doses as the correct answer, and 388 (23.2%) did not respond. Of
the participants, 1596 (95.6%) believed that including the
vaccine in the routine vaccination program for girls was
necessary. The number of physicians indicating that there were
two types of vaccines in Turkey was 844 (50.6%). Furthermore,
the number of physicians who knew whether the bivalent or
quadrivalent vaccine was approved for use in men was high
(54.4% and 54.7%, respectively). It was found to be accurate by
all participants that the vaccine would significantly reduce HPV
infection and reduce high-grade lesions and genital warts in both
sexes and that infection in men causes penile cancers. A total of
1218 (72.9%) physicians approved the necessity of a booster
dose application. One hundred four (6.2%) of the physicians
stated that they had their sons get the HPV vaccine; 1000
(59.9%) did not, but they thought about getting it, and 72 (4.3%)
indicated that they would definitely not have their sons
vaccinated. The reason why most of these 72 participants would
not have their boys vaccinated with HPV is that the long-term
results are not precise (55.6%).

We compared the vaccination status of the participants
according to their other demographic characteristics (Table 3).
The mean age did not show a statistically significant difference
according to HPV vaccination status (P=0.073). However, the
difference according to gender was substantial, and this
significant difference was that the percentage of women being
undecided about getting vaccinated (33.0%) was higher than men
(23.0%). In comparison, the rate of men thinking of getting
vaccinated (65.9%) was higher than women (56.8%) (p=0.024).
When the vaccine preferences of the physicians were examined
according to hospital information, it was seen that none of the
physicians working in the university hospital had the vaccine. In
addition, one finding showed that the physicians working in the
private hospitals had the highest vaccination rate (25.0%), and
the number of physicians who considered not vaccinating was 0
(0.0%). It was further seen that most of the physicians working
in the family physician department were in favor of vaccination,
and the number of physicians who did not have the vaccination
was 0 (0.0%). Physicians working in the obstetrics and
gynecology department and those working in the family
physician department mostly opted to have it done. However, 16
(6.9%) of the obstetrics and gynecology department physicians
considered not having the vaccine. When the vaccination
percentages of physicians working in infectious diseases and
clinical microbiology were examined, the number of physicians
who vaccinated their sons was 0 (0.0%). Among the physicians
working in this field, the number of undecided and planning
physicians was the same at 32 (44.4%).
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Table 2: Participants' HPV knowledge and HPV vaccine awareness
Variables n (%)
HPV infection is a rare sexually True 1070 (64.1)
transmitted disease. False 600 (35.9)
Cancers associated with HPV infection Vaginal, vulvar, cervical, 332 (19.9)

anal, lung, penile,

oropharynx,

Incomplete answer 1278 (76.5)

All of them 58 (3.5)
HPV vaccine administration route Intramuscularly 780 (46.8)

Subcutaneous 112 (6.7)

Both intramuscular and 176 (10.6)

subcutaneous

1 do not know 600 (36.0)
How many doses of the HPV vaccine are 1 48 (2.9)
administered? 2 546 (32.7)

3 664 (39.8)

>3 24 (1.9)

| do not know 388 (23.2)
At what age is the HPV vaccine 0-9 62 (3.7)
administered to boys? 9-13 270 (16.2)

9-15 314 (18.8)

9-26 280 (16.8)

11-12 72 (4.3)

<15 112 (6.7)

15-26 104 (6.2)

>26 0(0.0)

| do not know 456 (27.3)
It should be included in the routine Yes 1596 (95.6)
vaccination program for girls No 74 (4.4)
How many types of HPV vaccines are 1 106 (6.4)
available in Turkey? 2 844 (50.6)

3 152 (9.1)

4+ 96 (5.8)

1 do not know 470 (28.2)
The bivalent vaccine is approved for use in Yes 634 (38.0)
men. No 128 (7.7)

| do not know 908 (54.4)
The quadrivalent vaccine is approved for Yes 606 (36.3)
use in men. No 150 (9.0)

| do not know 914 (54.7)
HPV infection can be reduced to 1% with Yes 1670 (100.0)
an effective vaccination program. No 0(0.0)
Rappel dose Yes 1218 (72.9)

No 452 (27.1)
Reduction in high-grade lesions Yes 1670 (100.0)

No 0(0.0)
Genital warts can occur in both men and Yes 1670 (100.0)
women. No 0(0.0)
The most common HPV-related penile Yes 1670 (100.0)
cancers in men No 0(0.0)
Situation and opinion about getting the | had it done 104 (6.2)
HPV vaccine | haven't done it, but I'm 1000 (59.9)

thinking of doing it

I'm undecided 496 (29.6)

| don't plan to 72 (4.3)
The reason you don't want to have your Not helpful 14 (19.4)
son vaccinated against HPV Adverse effect 8 (11.1)

Don't think HPV infection 10 (13.9)

will be

Don't know long-term 40 (55.6)

outcome

Table 3: Comparison of the vaccination status of the participants

demographic characteristics

according to their

HPV Vaccination Status P-
Yes, | Yes, | Undecided = No value
did will

Age' 40.5(7.1) = 42.2(7.9) 41.1(8.2) 39.3(9.9)  0.073
Gender Male 40(7.0) 378(65.9) = 132(23.0) 24(4.2) 0.024

Female 64(5.8) 622(56.8) | 362(33.0) 48(4.4)
Hospital University 0(0.0) 286(67.8) | 104(24.6) 32(7.6) <0.001

hospital

Public hospital 16(2.3) 448(63.6) | 208(29.5) 32(4.5)

Private hospital 24(25.0) 48(50.0) 24(25.0) 0(0.0)

Family health 16(10.5) 80(52.6) 56(36.8) 0(0.0)

center

Own clinic 48(17.1)  128(45.7) | 96(34.3) 8(2.9)
Department = Family 24(6.6) 200(54.9) | 149(38.5) 0(0.0) NA

physician

Obstetrics and 24(5.2) 344(73.8) = 66(14.2) 32(6.9)

gynecology

Orthopedic 0(0.0) 64(80.0) 16(20.0) 0(0.0)

Radiology 0(0.0) 72(97.3) 2(2.7) 0(0.0)

Pediatric 24(16.5) 66(50.8) 40(30.8) 0(0.0)

Internal 0(0.0) 22(31.4) 40(57.1) 8(11.4)

medicine

Anesthesiology 16(14.3) 40(35.7) 48(42.9) 8(7.1)

and reanimation

Infectious 0(0.0) 32(44.4) 32(44.4) 8(11.1)

Disease and

Clinical

Microbiology

Others 16(5.3) 160(53.0) = 110(36.4) 16(5.3)

mean (SD), SD: standard deviation
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Vaccination status is shown in Table 4, based on the
questions asked to measure vaccination knowledge of the
participants. Accordingly, most physicians who knew correctly
that HPV infection is a rare disease stated that they were
undecided (34.7%) or would not vaccinate (5.3%) (P=0.033).
While 10.3% of the physicians who answered the application
method of HPV vaccine correctly stated that they had been
vaccinated, 5.6% and 1.3% of the physicians who responded to
the question incorrectly or did not answer the question had the
vaccine, respectively. A total of 72% of the incorrectly
responding participants said they planned to get vaccinated
eventually, while 38.7% of those not answering participants said
they could not decide what to do. Only 8.6% of doctors who
gave the correct answer about HPV vaccination doses reported
being vaccinated themselves. In contrast, 44.4% of the
physicians who answered this question incorrectly and 44.8%
who stated that they did not know the number of doses
administered indicated that they were undecided about
vaccination. Eleven percent of the physicians who correctly
reported the vaccine age for males stated that they had been
vaccinated, and 66.7% said they would vaccinate. Those who did
not answer this question were mainly undecided about getting
vaccinated (P<0.001). Physicians who did not consider it
necessary to include it in the routine vaccination program for
girls were undecided, with a rate of 56.8%. In comparison,
10.8% said they would not be vaccinated (P<0.001).

Table 4: Comparison of the vaccination status of the participants according to their
vaccination information

HPV Vaccination Status P-
Yes, | Yes, | Undecided No value
did will

HPV infectionis | Yes (wrong) 64(6.0) 680(63.6) = 286(26.7) 40(3.1) = 0.033
rare No (right) 40(6.7) 320(53.3)  208(34.7) 32(5.3)
HPV related Vaginal, 10(3.0) 232(69.9) = 76(22.9) 14(4.2) | 0.032
cancers Vulvar,

Cervical,

Anal, Lung,

Penile,

Oropharynx

Incomplete 88(6.9) 726(56.8)  406(31.8) 58(4.5)

answer

All of them 6(10.3) 40(69.0) 12(20.7) 0(0.0)
HPV vaccine Right 80(10.3) = 456(58.5) = 204(26.2) 40(5.1) = <0.001
administration False 16(5.6) 208(72.2) = 56(19.4) 8(2.8)
route Don't know 4(1.3) 168(56.0) = 116(38.7) 12(4.0)
HPV vaccine Right 52(8.6) 381(63.0) = 144(23.8) 28(4.6) | <0.001
dose number False 0(0.0) 20(55.6) 16(44.4) 0(0.0)

Don't know 0(0.0) 99(51.0) 87(44.8) 8(4.1)
Administration Right 4(11.1) 24(66.7) 8(22.2) 0(0.0) <0.001
of HPV vaccine False 58(8.4) 380(66.5) = 123(21.5) 20(3.5)
in boys Don't know 0(0.0) 96(42.1) 116(50.9) 16(7.0)
HPV vaccine Yes 44(5.5) 496(62.2) = 226(28.3) 32(4.0) | <0.001
should be a No 8(21.6) 4(10.8) 21(56.8) 4(10.8)
routine for girls
Types of HPV Right 24(5.7) 269(63.7) | 113(26.8) 16(3.8) | <0.001
Vaccines in False 24(13.6) = 116(65.5)  33(18.6) 4(2.3)
Turkey Don't know 4(1.7) 114(48.5) = 101(43.0) 16(6.8)
Bivalent vaccine | Yes 32(10.1)  224(70.7) = 45(14.2) 16(5.0) = <0.001
approved in No 4(6.2) 58(90.6) 2(3.1) 0(0.0)
male Don't know 16(3.5) 218(48.0) = 200(44.1) 20(4.4)
Quadrivalent Yes 31(10.2) | 220(72.6) @ 41(13.5) 11(3.6) = <0.001
vaccine No 1(1.3) 54(72.0) 20(26.7) 0(0.0)
applroved in Don't know 20(4.4) 226(49.5) | 186(40.7) | 25(5.5)
male
A booster dose Yes 36(5.9) 349(57.3) = 203(33.3) 21(3.4) = <0.001
is necessarily No 16(7.1) 151(66.8) | 44(19.5) 15(6.6)

Physicians who stated they were unaware of the HPV
vaccine types available in Turkey were divided into three groups:
48.5% said they would receive the vaccine, 43.0% were
undecided, and 6.8% said they would not (P<0.001). Stating that
the bivalent vaccine is approved for use in men, 90.6% of those
who answered incorrectly stated that they would be vaccinated,
while 10.1% of those who responded correctly said that they
already had the vaccine. On the other hand, 44.1% of those who
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did not know were undecided about getting vaccinated. Ten
percent of the physicians who answered correctly that the
quadrivalent vaccine was approved for use in men had been
vaccinated. In addition, 40.7% of those who did not know about
the approval for use stated that they were undecided about
getting the vaccine, while 25.5% stated that they would not.
While 33.3% of those who said yes to rappel dosing were
uncertain about getting vaccinated, 19.5% of those who said no
to rappel dosing were undecided (P<0.001).

Discussion

In the literature, there are no studies evaluating
physicians' attitudes toward giving the HPV vaccine to their
sons; the current study closes this research gap. More than 90%
of anal cancers in men are caused by HPV 16 and HPV 18. In
addition, most oropharyngeal and penile cancers are caused by
HPV infection. Compared to the incidence of cervical cancer, the
incidence of penile cancer is very low. Nevertheless, protecting
men with the HPV vaccine is very important in terms of
immunization.

The contribution of male immunization to female and
community vaccination should be considered, as it is necessary
to vaccinate both sexes for a fully immunized population [12].
As previously indicated, a significant barrier to immunization in
many developing countries is the lack of public funding [13]. In
our study, 95.6% of the participants believed that it is necessary
to include the vaccine in the routine vaccination program for
girls, while 59.9% reported that they did not vaccinate their boys
but planned to do so. In a recent study involving nurses and
midwives, it was found that 98% of the respondents did not get
vaccinated, and only 34% had recommended the vaccine to
someone [14]. This showed that the level of positive awareness
among physicians about the vaccination of girls was quite good,
but the same was not valid for boys. We believe that with the
increase in physicians' knowledge level about the threats posed
by HPV infections for boys, similar results will be obtained for
both genders.

HPV infections, which causes cancer to develop in
women and men, can be prevented by vaccination. However,
since the HPV vaccine is not included in the immunization
program in Turkey, it is applied in line with the physicians'
recommendations. A previous study reported that the most
influential factor for families to get the HPV vaccine was the
recommendation of the physician [15,16]. Studies have indicated
that physicians' attitudes in recommending the HPV vaccine are
related to a lack of knowledge [17-19]. In our study, when the
answers were given to information questions such as the
incidence of HPV infections and which types cause cancer, the
number of those who gave correct answers was low. Tasar et al.
[20] reported that most of the participants in their study
considered themselves to have sufficient knowledge about the
HPV vaccine, and only 14.3% of them felt inadequate.
According to our study results, the rate of correct answers to the
questions about HPV by the participating physicians was low.
However, it was confirmed by all participants that the vaccine
would drastically reduce HPV infection, and reduce high-grade
lesions and genital warts.
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There are differences between female and male
physicians regarding knowledge and attitudes about the HPV
vaccine. In our study, 65.9% of male and 56.8% of female
physicians considered vaccinating their sons. In previous studies
of physician attitudes toward the HPV vaccine, it was observed
that female physicians exhibited more positive attitudes [21,22].
Kartal et al. [23] reported similar results in their study. They
attributed this to female physicians' increased sensitivity to HPV
infections, primarily because of women's high cancer incidence.
We attribute the reason why male physicians show more positive
attitudes toward HPV vaccine administration to boys to the same
reason.

Physicians' attitudes toward the HPV vaccine vary
according to their specializations. In our study, the practice fields
of the physicians who were most apt to vaccinate their sons were
radiology (97.3%), orthopedics (80%), and gynecology (78.8%).
In a study conducted in Turkey, it was reported that the idea of
starting the HPV immunization program for the pediatric and
adolescent population by family medicine, pediatrics,
gynecology, and obstetrics doctors was significantly higher than
in other fields [24]. Previous studies reported that 60% of family
physicians, more than 90% of pediatricians, and 79% of
obstetricians and gynecologists recommend the HPV vaccine to
their patients [25,26]. Topcu et al. [27] reported that 85% of
obstetricians and 78% of pediatric and family physicians
recommended vaccinations. The reason our study obtained
different results from previous studies is the questioning of
attitudes about administering the HPV vaccine to boys. In
previous studies, recommendation status was questioned without
gender determination. We think that the fact that the number of
male physicians is generally higher in radiology and orthopedics
is reflected in this result.

The most important contribution of this study is that
many physicians participated. It is also the first study to examine
physicians' approach to their sons regarding vaccinations. Our
study determined that the physicians who stated they would not
give HPV vaccine to their sons were most frequently specialists
in anesthesia and animation, infectious diseases, and clinical
microbiology. We attribute the most important reason for this
situation to the high number of female physicians, especially in
these specialties. We believe that gender-related empathy
influences the attitude toward vaccinating boys.

Limitations

A limitation of this study is that the attitudes of male
and female physicians for each specialty were not evaluated
separately. For this, it would be necessary to design multicenter
studies over an extended period.

Conclusion and recommendations

This study determined that physicians in some
specialties had hesitations about giving the HPV vaccine to boys.
We believe these results are significant, because they may
indicate the situation in developing nations. Furthermore,
societies and medical specialists should make recommendations
for the HPV vaccine. This would positively contribute to
increasing vaccine awareness among physicians. Considering the
results of this study and looking at the accuracy rates of the
answers, studies addressing education on HPV vaccines are also
needed.
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Abstract

Background/Aim: Delay in diagnosing and treating gastrointestinal (Gl) tract foreign bodies may lead to
serious complications. In this study, we aimed to retrospectively evaluate the patients who underwent
emergency upper Gl endoscopy for foreign body ingestion in our clinic.

Methods: Between 2015 and 2022, we evaluated 68 patients who underwent emergency upper Gl
endoscopy with a prediagnosis of foreign body ingestion. The evaluation included factors such as age,
gender, presenting complaints, foreign body type, localization, and treatment parameters.

Results: Out of the 68 patients included in the study, 21 (30.89%) were female, and the mean age was
54.00 years. Among them, 43 (63.23%) presented with no active complaints, 23 (33.82%) with dysphagia
and odynophagia, and two (2.94%) with vomiting. The swallowed objects were classified as follows: coin
(n=2), pin (n=5), battery (n=11), drug plaque (n=6), esophageal foreign body (n=7), piece of meat (n=5),
chicken bone (n=4), fish bone (n=5), razor (n=7), lighter (n=3), and toothpick (n=1). The foreign bodies
were located in the esophagus in 23 cases (33.82%), in the stomach in 32 cases (47.05%), and in the
duodenum in one case (1.47%). For 12 patients (17.64%), the foreign body could not be detected
endoscopically but was detected using radiologic methods. Among the foreign bodies, 54 (79.41%) were
successfully removed. In one patient (1.47%) who could not be removed endoscopically and another
patient (1.47%) who developed gastrointestinal perforation due to a foreign body (toothpick), a surgical
procedure was performed.

Conclusion: Early diagnosis and treatment of foreign body ingestion are crucial in preventing serious
complications. Endoscopy, a minimally invasive procedure, can be a safe alternative to surgical
procedures, which may carry higher morbidity and mortality risks.

Keywords: gastrointestinal tract, endoscopy, foreign body, minimally invasive approach
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Introduction

Gastrointestinal tract (GI) foreign bodies can result in
significant morbidity and mortality, particularly in vulnerable
populations such as children, the elderly, and psychiatric
patients. Notably, around 85% of foreign bodies are
asymptomatic and naturally expelled from the body through
peristalsis. However, certain foreign bodies may necessitate
endoscopic or surgical intervention [1].

Ingestion of foreign bodies can occur in adult patients,
particularly in cases of accidental ingestion of needles,
inadequately chewed pieces of meat, and animal bones that fail
to progress through esophageal peristalsis and end up invading
the mucosa. Additionally, it may also be observed in psychiatric
populations and among prisoners attempting voluntary suicide
while in prison. While some swallowed foreign bodies may pass
through the digestive system without causing harm, sharp-edged
objects, impaired gastrointestinal motility, and large objects that
cannot progress may lead to significant morbidity and mortality
[2].

The initial step in the diagnosis involves a detailed
history and physical examination. While some patients may
exhibit gastrointestinal symptoms, others may remain
asymptomatic. The shape and localization of the ingested foreign
body and the patient’s age and body structure play a crucial role
in developing complications and gastrointestinal symptoms [3].
The most frequently reported symptoms include dysphagia,
odynophagia, a choking sensation, and vomiting [4]. Prompt
diagnosis and treatment are essential for foreign bodies in the
gastrointestinal system. In this regard, physical examination is
complemented by radiologic imaging for accurate diagnosis [5].

Delay in diagnosing and treating gastrointestinal foreign
bodies may result in life-threatening complications, including
perforation and obstruction. The size, location, shape, and
duration of time elapsed after ingestion are crucial factors
influencing the development of complications [6].

Endoscopy presents a minimally invasive alternative
when compared to surgery. In this study, we have highlighted the
significance of upper Gl endoscopy for patients admitted to our
clinic with foreign body ingestion.

Materials and methods

Between January 2015 and January 2022, we conducted
a retrospective evaluation of 74 patients who presented to the
emergency department of our hospital with foreign body
ingestion.

Six of the admitted patients refused treatment and left
the hospital. For all patients admitted to the emergency
department with a history of foreign body ingestion, the primary
evaluation involved a physical examination followed by direct
radiography. In cases where opacity was observed on the direct
radiography, the patients underwent upper Gl endoscopy. Those
who did not show opacity on direct radiography but had a
reliable history of foreign body ingestion were included in the
endoscopy procedure. On the other hand, patients with low
reliability in their anamnesis underwent computed tomography.

The endoscopy procedures were carried out using
single-channel endoscopes (EPX-3500 HD, Fujifilm, Singapore;
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EPK- i5000, Pentax, Japan) by endoscopists with 5 years of
experience.

The inclusion criteria for this study were being over 18
years of age and providing consent for endoscopic procedures.
Patients who could not be anesthetized, those who refused to
undergo endoscopic procedures, and individuals below 18 years
of age were excluded from the study.

We evaluated 68 patients who underwent emergency
upper Gl endoscopy for foreign body ingestion. The assessment
focused on various aspects, including age, gender, symptoms,
physical examination results, radiological findings, type and
localization of the foreign body, and the treatment method used.

This study received approval from the Bandirma Onyedi
Eylil University Ethics Committee on April 13, 2023, under
decision number 2023-71.

Statistical analysis

All data analyses were conducted using SPSS statistical
software program, version 19.0 for Windows (SPSS Inc.,
Chicago, IL, USA). The Chi-square test or Fisher’s exact test
was utilized for the statistical analysis of categorical data. Ratios
were calculated with a 95% confidence level. A P-value <0.05
was deemed statistically significant.

Results

Of the 68 patients included in the study, 21 (30.89%)
were female, and 47 (69.11%) were male. The mean age of the
patients was 54.00 (14.33) years, with an age range of 22-90
years. Among the patient population, 16 patients (21.2%) had a
psychiatric diagnosis (1 with schizophrenia and 15 with
psychosis), while 33 patients (48.50%) were prisoners.

When analyzing the patients’ complaints, 43 (63.23%)
had no active complaints, 23 (33.82%) presented with dysphagia
and odynophagia, and two (2.94%) presented with vomiting. The
ingested objects were classified as follows: coin (n=2) (Figure
1), pin (n=5), battery (n=11) (Figure 2), drug plaque (n=6),
esophageal foreign body (n=7), meat piece (n=5), chicken bone
(n=4), fish bone (n=5), razor blade (n=7), lighter (n=3), and
toothpick (n=1).

Figure 1: Multiple coins arranged in a row (endoscopic image).
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Figure 2: Endoscopic image of swallowed AA battery in the stomach.

All the patients who ingested batteries (AA type and
AAA type alkaline batteries) as foreign objects were prisoners.
Patients who ingested unchewed meat and chicken bones were
mostly elderly (median age 68.00 years, n=32). Esophageally
implanted foreign objects, pins, drug plates, batteries, razor
blades, lighters, and toothpicks were found in young and middle-
aged patients (median age 34.00 years, n=36).

When evaluating the localizations of the foreign bodies,
33.82% were located in the esophagus (n=23), 47.05% in the
stomach (n=32), and 1.47% in the duodenum (n=1) (Table 1).

Table 1: Demographic characteristics, foreign body symptoms, types and localizations of the
patients.

Parameter

Age mean (SD), year 54.00 (14.33)
Sex n (%)
Female 21 (30.89%)
Male 47 (69.11%)
Application complaint n (%)
Asymptomatic 43 (63.23%)
Dysphagiaandodynophagia | 23 (33.82%)
Vomiting 2 (2.94%)
Foreign body n

Coin 2

Pin 5)

Battery 11
Drugplaque 6

Implanted in the esophagus | 7

Meatpiece 5)

Chicken bone 4

Fishbone 5
Razorblade 7

Lighter 3]

Toothpick 1

Foreign body location n (%)
Esophagus 23 (33.82%)
Gastric 32 (47.05%)
Duodenum 1 (1.47%)

n: number, SD: Standard deviation.

Among the patients with foreign bodies in the
esophagus, 22 (95.6%) presented with odynophagia within the
first 24 h, while only one (4.4%) patient experienced
odynophagia after 24 h. Following anamnesis, direct radiography
was performed on all patients. Upper Gl endoscopy was
conducted in 51 (75.00%) patients who showed opacity on direct
radiography. Additionally, endoscopy was performed in 11
(16.17%) patients based on high reliability of anamnesis, even
when no opacity was observed on direct radiography, but there
was a history of foreign body ingestion. Computed tomography
was used as an advanced imaging procedure in six (8.82%)
patients with low reliability in anamnesis. In these six cases,
endoscopy confirmed the presence of foreign bodies.

Removal of foreign objects with endoscopyA

Based on the anamnesis, the patients were admitted to
the emergency department within a median of 12 h (min-max,
2-74 h). In 54 (79.41%) npatients, the foreign body was
successfully removed through emergency endoscopy. However,
in 12 (17.64%) patients, the foreign body could not be detected
even with the advancement of the endoscopy to the second part
of the duodenum. These patients were subsequently followed up
as outpatients and allowed to pass the foreign body
spontaneously. In the followed-up patient group, spontaneous
expulsion occurred within a median time of 24 h (min-max, 8—
72 h).

In one (1.47%) patient, the foreign body could not be
removed using a gastroduodenoscope, and as a result, the foreign
body embedded in the gastric mucosa had to be surgically
removed. Fortunately, no complications were reported during the
surgical procedure.

Gastrointestinal perforation occurred as a complication
related to the foreign body (toothpick) in one (1.47%) patient,
leading to the need for emergency surgery. During surgical
exploration, it was discovered that the patient had gastric
perforation, and the stomach was repaired primarily.

Regarding the battery group, endoscopic removal of the
foreign body was successful in seven patients (10.29%), while in
four patients (5.88%), endoscopy could not detect the foreign
body, and it was allowed to pass spontaneously. Additionally,
mucosal erosion was found in five (7.35%) battery ingestion
cases.

Discussion

Detailed anamnesis and physical examination are
essential for diagnosing ingested foreign bodies. Patients may
either be symptomatic or asymptomatic. The shape, localization,
structure of the object, age of the patient, and the development of
complications all play a role in the emergence of symptoms and
signs. The most common symptoms and complaints include pain
or discomfort while swallowing, a choking sensation, and
vomiting with or without blood [7]. In our study, 43 patients
(63.23%) had no active complaints, 23 patients (33.82%)
presented with dysphagia and odynophagia, and two patients
(2.94%) presented with vomiting.

Foreign bodies in the gastrointestinal system are among
the conditions that require urgent diagnosis and treatment.
Radiologic imaging methods should be effectively used for
diagnosis. The diagnosis can be made through anamnesis and
direct radiography. However, objects like glass, plastic, fabric,
and wooden items may not be visible on direct radiography.
Approximately 88% of ingested foreign bodies are radiopaque,
allowing them to be visualized on direct radiographs, including
those of the neck and thorax. Computed tomography (CT) may
aid in identifying and locating foreign bodies, or gastroscopy
may be performed for both diagnosis and treatment [8]. In our
study, CT was used as an advanced imaging procedure in six
patients (8.82%) with low reliability in anamnesis, and
endoscopy was performed upon detecting a foreign body.

Once the diagnosis is made using imaging methods,
treatment can be provided through endoscopy as the first option,
surgical intervention when necessary, or spontaneous passage in
appropriate cases. Approximately 80-90% of swallowed foreign
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bodies can pass spontaneously, while endoscopic removal is
required in 10-20% of cases, and surgical removal is necessary
in less than 1% of cases [9]. Small foreign bodies that are
radiopaque and have no sharp edges can be monitored without
intervention using direct radiographs [10]. However, objects
wider than 2 cm and longer than 10 c¢cm require endoscopic
removal as they cannot pass the pylorus [11]. In our study, only
one patient (1.47%) underwent a surgical procedure, and the
foreign body was successfully removed.

Foreign bodies may disrupt the digestive tract
spontaneously or cause impaction, obstruction, perforation, and
fistulization [12]. Wang et al. [13] reported an overall
complication rate of 4.5%. In our study, one patient (1.47%)
experienced gastrointestinal perforation due to a foreign body
(toothpick)-related complication, leading to emergency surgery.

Velitchkov et al. [14] reported psychosis in 22.9% of
542 adult patients. A study by Misdrahi et al. [15] found that
water intake decisions were influenced by the negative effect of
antipsychotic drug non-compliance on treatment efficacy, with
rates ranging between 11-80%. Bayindir et al. [16] supported
suicidal behavior.

When alkaline batteries come into contact with salty
human tissue, they release sodium hydroxide and chlorine gases,
causing denaturation and necrosis [17]. One of the most
important questions in battery ingestion cases is determining
when to perform endoscopic intervention. Anderson et al. [18]
reported that in 85% of cases, batteries easily passed through the
gastrointestinal tract. Akay [19] emphasized in their study that in
cases of battery ingestion in those with stomach ulcers, urgent
endoscopic intervention should be performed to remove the
batteries instead of allowing them to pass spontaneously.

In our study, among the patients in the battery group,
endoscopic removal of the foreign body was performed in seven
patients (10.29%), while in four patients (5.88%), endoscopy did
not detect the battery, and it was left to pass spontaneously.
Notably, the battery group consisted entirely of inmate patients,
as the incidence of foreign body ingestion is higher in prisoners
or due to psychiatric disorders [20]. The psychiatric examination
of the 33 patients evaluated in the prisoner group found that the
entire group swallowed foreign bodies as a reaction, with no
patients exhibiting suicidal intent.

Limitations and strengths

Our study has both limitations and strengths. The main
limitation is that it was retrospective. Additionally, the study’s
sample size was relatively small, which is another limitation.
However, it is worth noting that foreign body ingestion patients
are not a common population, and we believe that sharing this
study with the literature will be valuable for future research
endeavors.

Conclusion

In conclusion, foreign bodies in the gastrointestinal tract
generally do not require surgical intervention and can often be
removed endoscopically. However, it is essential to keep in mind
that surgery may become necessary in certain cases due to
complications. The flexible endoscope is an effective and safe
method for removing gastrointestinal foreign bodies.
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Abstract

Background/Aim: The efficacy of colchicine has been assessed in hand osteoarthritis; however, no
studies have investigated its use in the more severe subtype of hand osteoarthritis, known as erosive hand
osteoarthritis (EHOA). This retrospective cohort study investigated whether colchicine therapy could
provide symptomatic relief and improve inflammation markers in patients with EHOA.

Methods: The study included a total of 43 EHOA patients using colchicine (2x0.5 mg) + paracetamol
(3%500 mg) daily (colchicine group) and 43 EHOA patients using only paracetamol (3x500 mg) (standard
therapy group). Both groups were evaluated for various parameters.

Results: The groups were similar in terms of age, sex distribution, and other sociodemographic variables.
The decreases in erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels from baseline
were significantly greater in the colchicine group (P<0.001). Additionally, the visual analog scale (VAS)
and Awustralian Canadian Osteoarthritis Hand Index (AUSCAN) scores, which include pain, stiffness,
function, and total score, were significantly better in the colchicine group at 3 months compared to the
standard therapy group (P<0.001). Furthermore, although both groups showed significant improvements
in these parameters, the amount of improvement was significantly greater in the colchicine group
(P<0.001).

Conclusion: The combined use of colchicine and paracetamol improved CRP and ESR levels, VAS score,
and all AUSCAN scores in patients with EHOA. Moreover, these benefits were significantly greater than
standard therapy with paracetamol alone. Colchicine appears to be an effective therapeutic agent in the
treatment of EHOA.

Keywords: erosive hand osteoarthritis, colchicine, Australian Canadian Osteoarthritis Hand Index, visual
analog scale, erythrocyte sedimentation rate, C-reactive protein
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Introduction

Osteoarthritis is the most prevalent type of arthritis
worldwide, affecting nearly 10% of males and 18% of females
aged 60 and above [1,2]. The knee joints are the most commonly
affected, followed by the joints of the hands and hips [3]. Hand
osteoarthritis (HOA) is particularly common among older
populations, with a prevalence of up to 80%, and typically
presents with mild symptoms [4].

Three types of HOA have been described: erosive HOA
(EHOA), nodal or non-erosive HOA (non-EHOA), and first
carpometacarpal joint osteoarthritis [3]. EHOA is the most
aggressive form and is estimated to occur in 2.8% of individuals
older than 55 years [4]. It presents with an acute onset of pain,
joint swelling, and redness (Figure 1). Radiological findings
include central joint erosion, gull-wing lesions (saw-tooth
appearance), collapse of the subchondral bone, marginal
osteophytes, and, rarely, ankylosis (Figure 2) [3,5]. The debate
remains on whether EHOA should be considered a completely
different type of HOA or a more serious clinical form of non-
EHOA [5]. However, it is established that individuals with
EHOA experience more severe hand pain and have a higher risk
of disability and joint deformity, resulting in worse health-related
quality of life compared to subjects with non-EHOA [6,7]. Only
a few effective treatments for EHOA address symptoms but have
no known benefit in preventing the disease or limiting its
progression [4,5]. Although the pathophysiology of EHOA is not
fully understood, these data suggest that EHOA differs from non-
EHOA in its pathophysiology, which could warrant differences
in management [4].

Figure 1: Clinical features of erosive hand osteoarthritis: Demonstrating soft swelling
(marked by asterisks) of the proximal and distal interphalangeal joints. Demonstrating
deformity and bony enlargement (nodes) of proximal and distal interphalangeal joints
(marked by arrows). Subluxation at the interphalangeal joint levels (highlighted by the red
lines)

Figure 2: Radiological features of erosive hand osteoarthritis (EHOA): a. Radiograph EHOA,
demonstrating ‘gull-wing’ appearance (red asterisks) and joint-space narrowing (white
arrows). b. Radiograph of EHOA, demonstrating ‘saw-tooth’ appearance (red asterisks)

, ; : AL
The possible pathological link between uric acid and
osteoarthritis has been a long-standing topic of research [8,9].
Monosodium urate crystals have shown a strong association with
cartilage degeneration and lesions [10]. Colchicine, an anti-
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inflammatory agent primarily known for its mechanism of action
involving tubulin disruption and anti-mitotic effects, leading to
the downregulation of multiple inflammatory pathways and
modulation of innate immunity, has been well-established in
gout and familial Mediterranean fever treatment [11].
Furthermore, ongoing investigations are exploring the potential
therapeutic roles of colchicine in rheumatic diseases like
osteoarthritis and Behget’s disease, as well as non-rheumatic
conditions such as pericarditis, atherosclerosis and liver cirrhosis
[11].

Studies on the use of colchicine in knee osteoarthritis
have presented inconsistent results [12-15]. On the other hand,
to the best of our knowledge, only two studies have been
conducted so far on the use of colchicine in HOA, which did not
report positive results [2,16]. One potential limitation of these
studies is that they enrolled both EHOA and non-EHOA patients,
which could have obscured the potential beneficial effects,
specifically in patients with EHOA [2,16].

We hypothesized that colchicine, an anti-inflammatory
agent with potent effects in various inflammatory diseases, might
be more effective in EHOA due to the higher prominence of
inflammation in this HOA subtype. As the primary goal of this
study, we aimed to investigate whether colchicine could offer
symptomatic relief to patients with EHOA. Additionally, as a
secondary objective, we sought to determine whether colchicine
therapy could significantly improve the levels of inflammation
markers in these patients.

Materials and methods

Ethical statement

The ethical protocol for this study was approved by the
Afyonkarahisar Health Sciences University Clinical Research
Ethics Committee (decision date: April 7, 2023; decision
number: 2023/193). All procedures were conducted in
compliance with the ethical standards set forth by the
institutional research committee and the Helsinki Declaration
and its subsequent amendments. Written informed consent was
obtained from all participants.

Study design and setting

This retrospective cohort study was conducted in the
Department of Rheumatology, Afyonkarahisar Health Sciences
University, Afyonkarahisar, Turkey, from January 2019 to
December 2022.

Diagnosis of erosive hand osteoarthritis

The diagnosis of EHOA was made according to the
following criteria of the American College of Rheumatology
(ACR) [17]: Presence of radiological signs of EHOA,
categorized as either J phase (complete disappearance of joint
space in a relatively short period) or E phase (erosion of the
subchondral plate concurrently or shortly after the loss of
articular cartilage), observed in one or more finger joints on
recently taken hand radiographs (Figure 2). Additionally, clinical
findings of inflammatory osteoarthritis (i.e., pain on pressure
and/or active joint swelling and/or redness and/or warmth) were
identified in more than three finger joints, despite using
analgesics and/or nonsteroidal anti-inflammatory drugs for over
3 months (Figure 1) [18].
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Administration of colchicine and standard treatment

approach
At our center, patients with EHOA receive
comprehensive information about the disease, established

management approaches, and potential treatment side effects.
Despite the lack of compelling evidence for the efficacy of
colchicine, based on our clinical observations, we offer
colchicine therapy to patients with EHOA. Before commencing
treatment, we explicitly inform the patients that colchicine
treatment for EHOA is a management approach not yet fully
supported by scientific data, but we have observed significant
improvements among recipients. Those who agreed to colchicine
treatment and had no contraindications received standardized
colchicine therapy and other standard treatments. The colchicine
group was administered the following treatment: colchicine 2 x
0.5 mg (1 mg) and paracetamol 3 x 500 mg (1.5 gr) daily.
Patients receiving colchicine were designated as the colchicine
group, while those receiving paracetamol alone were labeled as
the standard therapy group. After receiving the intended
interventions for three months (12 weeks), both groups were
examined for this study.

Study population

The patients’ follow-up files were examined to identify
the study groups when conducting the present study. A total of
43 EHOA patients undergoing colchicine + paracetamol
treatment, who met the inclusion criteria, were included. For the
control group, we randomly selected 43 EHOA patients matched
for age and sex, receiving only paracetamol treatment. The
inclusion criteria for the study were as follows: age between 40—
80 years, diagnosed with EHOA based on the ACR criteria, a
history of hand pain for at least 6 months, experiencing pain for
more than half of the prior 90 days, and having a VAS pain score
greater than 40 mm for hand pain within the last 48 hours [2].
Exclusion criteria included: being diagnosed with any chronic
comorbidity  (diabetes, hypertension, and disorders of
cardiovascular, nervous, pulmonary, renal, hepatic, endocrine, or
gastrointestinal systems), having any other concomitant
inflammatory rheumatic disease (including gout and calcium
pyrophosphate arthritis), pregnancy or breastfeeding, body mass
index <20 kg/m? or >35 kg/m? use of steroid and/or
immunosuppressive therapy within the prior month, receiving
any osteoarthritis treatment, including physiotherapy and new
hand splint(s) in the prior month, documented or suspected
allergy to colchicine, failure to provide informed consent, and
any drug or device use in the past 30 days related to any other
research. Additionally, we excluded patients with the following
laboratory values: eGFR <50 mL/min/1.73m?, hemoglobin <10
g/dL, leukocyte count <3.5 x 10%L, neutrophil count <1.5 x
10%/L, platelet count <100 x 10%L, and detection of >2 times the
upper reference limit for alanine aminotransferase or aspartate
aminotransferase [2]. Finally, any patients who refused
participation or withdrew from the study, those who discontinued
treatment due to side effects (paracetamol and/or colchicine), and
those who had not attended control visits for at least 3 months
were also excluded from the analyses. The flow diagram of the
study is presented in Figure 3. We evaluated both groups 3
months after the intervention, as has been done in most previous
studies [2,12,16].
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Figure 3: Flowchart of the study
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Data collection and instruments

Sociodemographic data, including age, sex, smoking,
and alcohol use status of the participants, were recorded. From
the laboratory results routinely studied in the management of
patients with osteoarthritis (assessed at baseline and 3 months
after treatment), we documented the following from the digital

records: hemogram  parameters, including hemoglobin,
hematocrit, mean corpuscular volume (MCV), absolute
leukocyte, neutrophil, lymphocyte, monocyte, and platelet

counts, as well as erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP) levels. Additionally, inflammation-related
indices, such as neutrophil-to-lymphocyte ratio, monocyte-to-
lymphocyte ratio, platelet-to-lymphocyte ratio, systemic
immune-inflammation  index  (SIl), and  pan-immune-
inflammation value (PIIV), were calculated using hemogram
parameters at baseline and 3 months after treatment.

SII was calculated using the following formula: SII (x
10%) = Absolute neutrophil count (x 10%) x Absolute platelet
count (x 10%) / Absolute lymphocyte count (x 10%) [19]. PIIV
was calculated with the following formula: PIIV (x 10°) =
Absolute neutrophil count (x 103%) x Absolute monocyte count (x
10%) x Absolute platelet count (x 10%) / Absolute lymphocyte
count (x 10°) [20].

The changes in laboratory parameters and results
(amount of change) from baseline to 3 months after treatment
were also included in the study as separate variables.

At baseline, the patients were asked about the duration
of their osteoarthritis symptoms. Clinical measures, such as the
visual analog scale (VAS) scores for pain (ranging from 0 to 100
mm) and Australian Canadian Osteoarthritis Hand Index
(AUSCAN) questionnaire scores, were applied and recorded at
baseline and at 3 months after treatment. The AUSCAN
questionnaire was used to assess pain, stiffness, and hand
function, as previously described [21]. Briefly, the AUSCAN
pain score consists of five questions, each scored between 04,
resulting in a final score between 0-20, with higher scores
indicating more severe pain. The AUSCAN stiffness score
consists of one question, scored between 0—4, resulting in a score
between 0-4, with higher scores indicating more severe stiffness.
The AUSCAN function score consists of nine questions, and
each question is scored between 0-4, yielding a total function
score between 0-36, with higher scores indicating worse
function. The overall AUSCAN total score was obtained by
summing all AUSCAN domain scores (ranging from O to 60).
The study also examined the changes from baseline to 3 months
for all scores (VAS and all AUSCAN subscores).
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Laboratory analysis

The blood test-related quantitative results mentioned
above were obtained from laboratory parameters routinely
studied in osteoarthritis patients. No additional blood samples
were drawn from the patients, and no extra laboratory work was
conducted for this study. Blood samples were collected from the
antecubital vein. All measurements were performed in the
Clinical Biochemistry Laboratory of Afyonkarahisar Health
Sciences University Hospital using routine calibrated devices
and following the manufacturer’s recommendations and
international standards.

Efforts to address potential sources of bias

To enhance the validity and reliability of our study, we
implemented several measures to address potential sources of
bias. Standardized treatment protocols were employed to
minimize treatment-related bias, with both paracetamol and
colchicine administered to their respective groups at standardized
dosages. This approach aimed to reduce variability in treatment
responses and increase the study’s internal validity. Additionally,
we assessed demographic and clinical data, including age, sex,
disease duration, and osteoarthritis severity, to control for
potential confounding variables. During the statistical analysis,
these baseline characteristics were considered to adjust for their
potential effects on the study outcomes.

Statistical analysis

All analyses were conducted using IBM SPSS v25.0
(IBM, NY, USA), with a significance threshold set at P<0.05.
The normality of distribution was assessed using the Shapiro-
Wilk test. Continuous variables are presented as mean (standard
deviation) or median (1st quartile - 3rd quartile) based on the
normality of distribution. Categorical variables were reported as
absolute and relative frequencies. For normally distributed
variables, the Student’s t-test was employed. Non-normally
distributed variables were analyzed using the Mann-Whitney U
test. Categorical variables were analyzed using chi-square tests
(Fisher’s exact and Fisher-Freeman-Halton tests when
appropriate). Repeated measurements of normally distributed
variables were analyzed with two-way repeated measures
analysis of variance (ANOVA). On the other hand, repeated
measurements of non-normally distributed variables were
analyzed using the Wilcoxon Signed Ranks test. To compare
between groups, the Mann-Whitney U test was used to compare
the amount of difference between measurements.

Based on the effect size (0.666) reported in the study by
Richette et al. [22], a sample size of 37 participants for each
group (74 in total) was determined to achieve 80% power with a
two-tailed 0.05 threshold for significance. The sample size
calculation was performed using PASS’s two-sample t-test
power analysis function (Hintze, J. (2011). PASS 11. NCSS,
LLC. Kaysville, Utah, USA. www.ncss.com).

Results

The mean age of the standard therapy group was 64.79
(7.20) years, while the mean age in the colchicine group was
65.72 (7.25) years (P=0.552). Most patients in both groups were
female, and the sex distribution was similar (76.74% vs. 79.07%;
P=1.000). The baseline sociodemographic characteristics of the
groups were similar, as summarized in Table 1.
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Table 1: Summary of sociodemographic features with regard to treatment groups.
Treatment
Paracetamol = Colchicine + P-value
(n=43) Paracetamol (n=43)
Age, years | 64.79 (7.20) | 65.72 (7.25) 0.552
Sex
Female 33 (76.74%) 34 (79.07%) 1.000
Male 10 (23.26%) 9 (20.93%)
Smoking
Yes 7 (16.28%) 3 (6.98%) 0.313
No 36 (83.72%) | 40 (93.02%)
Alcohol use
Yes 3 (6.98%) 2 (4.65%) 1.000
No 40 (93.02%) 41 (95.35%)

Data are given as mean (standard deviation and frequency (percentage) for categorical variables.

Table 2: Summary of laboratory measurements with regard to treatment groups.

Treatment

Paracetamol Colchicine + P-value

(n=43) Paracetamol (n=43)
Hemoglobin, g/dL 13.20 (1.70) 13.76 (1.70) 0.127
Hematocrit, % 40.67 (4.73) 42.42 (4.74) 0.091
Mcy, fl 85.0 (83.4 - 89.1) 88.9 (85.4 - 92.0) 0.005
Leukocyte (x10°%)
Baseline 7.56 (6.23 - 8.90) 7.27 (5.83 - 8.91) 0.479
3rd month 7.20 (6.10 - 8.46) 6.82 (5.50 - 8.39) 0.310
P (within groups) 0.717 0.187
Change -0.04 (-0.95 - 0.66) -0.56 (-1.77 - 1.38) 0.424
Neutrophil (x10%)
Baseline 4.56 (3.80 - 5.60) 4.07 (3.20 - 5.30) 0.115
3rd month 4.43 (3.60 - 5.40) 3.61 (3.10 - 4.98) 0.179
P (within groups) 0.174 0.163
Change © -0.20 (-1.34 - 0.55) -0.66 (-1.88 - 1.00) 0.843
Lymphocyte (x10°%)
Baseline 2.15(1.85 - 2.53) 2.27 (1.89 - 2.56) 0.487
3rd month 2.10 (1.83 - 2.50) 2.13(1.64 - 2.58) 0.829
P (within groups) 0.735 0.668
Change ® 0.05 (-0.50 - 0.21) -0.12 (-0.69 - 0.30) 0.843
Monocyte (x10%)
Baseline 0.57 (0.33 - 0.68) 0.53 (0.42 - 0.64) 0.921
3rd month 0.55 (0.40 - 0.70) 0.46 (0.37 - 0.69) 0.442
P (within groups) 0.305 0.582
Change © 0.05 (-0.10 - 0.21) -0.04 (-0.18 - 0.23) 0.204
Platelet (x10°)
Baseline 247 (201 - 335) 264 (215 - 315) 0.644
3rd month 250 (174 - 307) 239 (204 - 281) 0.962
P (within groups) 0.447 0.046
Change ® -2 (-38-21) -31 (-63 - 18) 0.106
NLR
Baseline 2.12 (1.80 - 2.47) 1.69 (1.25 - 2.49) 0.053
3rd month 1.95 (1.61 - 2.45) 1.66 (1.28 - 2.90) 0.179
P (within groups) 0.305 0.469
Change ® -0.14 (-0.71 - 0.36) -0.25 (-0.81 - 0.65) 0.819
MLR
Baseline 0.26 (0.17 - 0.32) 0.23 (0.18 - 0.32) 0.945
3rd month 0.25 (0.17 - 0.37) 0.22 (0.17 - 0.39) 0.680
P (within groups) 0.274 0.875
Change ® 0.03 (-0.06 - 0.10) 0.00 (-0.12 - 0.10) 0.370
PLR
Baseline 102.08 (87.57 - 144.39) 119.17 (96.51 - 141.53) 0.506
3rd month 112.31 (80.56 - 140.00) 117.15 (95.54 - 158.54) 0.554
P (within groups) 0.754 0.952
Change ® -3.53 (-20.13 - 24.97) -1.79 (-34.20 - 33.49) 0.826
Sl (x10%)
Baseline 502.02 (341.74 - 819.06) = 487.35(289.76 - 693.28) = 0.427
3rd month 467.33 (331.29 - 706.48) = 426.52 (277.72 - 709.30) | 0.409
P (within groups) 0.218 0.218
Change ® -36.28 (-243.43 - 92.58) -96.19 (-379.52 - 142.22) | 0.566
PIIV (x105)
Baseline 302.95 (110.55 - 557.84) = 243.91 (135.44 - 414.88) = 0.660
3rd month 287.41 (132.51 - 419.23) | 187.74 (123.73 - 441.95) 0.409
P (within groups) 0.413 0.316
Change © -19.45 (-175.35 - 88.49) -29.80 (-263.90 - 152.04) | 0.758
ESR, mm/h
Baseline 30.74 (11.10 31.02 (12.74 0.914
3rd month 32.67 (11.00 19.88 (8.52 <0.001
P (within groups) 0.113 <0.001
Change ® 1.93 (5.83 -11.14 (9.54 <0.001
CRP, mg/L
Baseline 5.1 (2.7 - 6.35) 5.8(3.0-9.3) 0.183
3rd month 54(3.7-7.7) 2.1(1.2-4.4) <0.001
P (within groups) 0.022 <0.001
Change ® 0.2 (-0.3-1.03) -2.93(-5.0--0.9) <0.001

Data are given as mean (standard deviation or median (1st quartile - 3rd quartile) for continuous variables
according to normality of distribution. (1) Difference between 3rd month and baseline, negative values
represent a decrease, and positive values represent an increase. CRP: C-reactive protein, ESR: Eritrosit
sedimentation rate, MCV: Mean corpuscular volume, MLR: Monocyte-to-lymphocyte ratio, NLR:
Neutrophil-to-lymphocyte ratio, PIIV: Pan-immune-inflammation value, PLR: Platelet-to-lymphocyte ratio,
SlI: Systemic immune-inflammation index
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Standard therapy recipients’ baseline MCV was
significantly lower than that of colchicine recipients (P=0.005).
In the third month, ESR and CRP levels in the colchicine group
were significantly lower compared to the standard therapy group
(Figure 4). Moreover, the reductions in ESR and CRP levels
from baseline were significantly greater in the colchicine group
than in the standard therapy group (P<0.001 for all). The
colchicine group showed significant decreases in platelet count
(P=0.046), ESR level (P<0.001), and CRP level (P<0.001) from
baseline to 3 months. Interestingly, the standard therapy group
demonstrated a significant increase in CRP values at 3 months
compared to baseline (P=0.022) (Table 2).

At 3 months, the VAS and Australian/Canadian
Osteoarthritis Hand Index (AUSCAN) scores (pain, stiffness,
function, and total score) of the colchicine group were
significantly lower compared to the standard therapy group
(P<0.001 for all) (Figure 5). The baseline-to-3rd-month
decreases in VAS and AUSCAN scores were significant for both
treatment groups (P<0.001 for all). However, the amount of
decrease in these scores (from baseline to 3 months) was
significantly greater in colchicine recipients compared to
standard therapy recipients (P<0.001 for all) (Table 3).

Figure 4: Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) with regard to
treatment groups *P<0.05, ** P<0.001, # P>0.05
Treatment
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Figure 5: Visual analog scale (VAS) pain score and Australian Canadian Osteoarthritis Hand
Index (AUSCAN) total score with regard to treatment groups ** P<0.001, *** P<0.0001
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Table 3: Summary of symptomatic features and scale scores with regard to treatment groups

Treatment

Paracetamol | Colchicine + P-value
(n=43) Paracetamol (n=43)

Duration of symptoms, months | 30 (15 - 60) 36 (20 - 62) 0.320
Visual analog scale score
Baseline 6(45-7) 6(5-7) 0.338
3rd month 5(4-6) 2(2-3.5) <0.001
P (within groups) <0.001 <0.001
Change ® -1(-1-0) -4 (-5--2) <0.001
AUSCAN pain score
Baseline 12 (10 - 14) 12 (9-14) 0.855
3rd month 11(8-12) 4(3-6) <0.001
P (within groups) <0.001 <0.001
Change @ -1(-2--1) -8 (-9 - -6) <0.001
AUSCAN stiffness score
Baseline 2(2-3) 2(1-3) 0.245
3rd month 2(1-3) 1(0-1) <0.001
P (within groups) 0.047 <0.001
Change @ 0(-1-0) -1(-2--1) <0.001
AUSCAN function score
Baseline 19 (13- 22) 16 (12 - 20) 0.196
3rd month 17 (11 - 20) 8(5-11) <0.001
P (within groups) <0.001 <0.001
Change @ 2(-3--1) -7 (-10 - -5) <0.001
AUSCAN total score
Baseline 33(25-38) 30 (24 - 36.5) 0.294
3rd month 29 (22-33) 14 (8.5 - 18.5) <0.001
P (within groups) <0.001 <0.001
Change ® -4 (-5--2) -17 (-20 - -13) <0.001

Data are given as median (1st quartile - 3rd quartile) for continuous variables according to normality of
distribution. (1) Difference between 3rd month and baseline, negative values represent a decrease, and
positive values represent an increase. AUSCAN: The Australian Canadian Osteoarthritis Hand Index.

Discussion

This retrospective cohort study utilized a prospective
collection of follow-up data from patients with EHOA. The study
shows that both treatments, paracetamol + colchicine and
paracetamol alone, led to significant improvements in VAS and
AUSCAN scores (including pain, stiffness, function, and total
score) among patients with EHOA. However, the colchicine
group showed greater improvements in VAS and AUSCAN
scores, as evidenced by direct comparisons at 3 months and the
change in scores. Additionally, recipients of colchicine also
demonstrated significant decreases in CRP and ESR levels, with
significantly lower ESR and CRP levels at 3 months compared to
the standard therapy group.

The main challenge in developing treatments that can
effectively control the initiation and progression of EHOA is the
lack of understanding of the underlying pathological processes
[5]. While analgesics provide temporary and partial relief for
EHOA symptoms, no pharmacotherapeutics currently can truly
treat EHOA [2]. Given that osteoarthritis is common in old age
and the proportion of elderly individuals in the population is
increasing, there is an evident need for effective treatments [3,5].
Colchicine is well-established as an effective drug for reducing
joint pain and swelling in gouty arthritis and other diseases, but
positive results regarding its efficacy in osteoarthritis have not
been reported [2]. Although there is a considerable number of
studies on the use of colchicine in knee osteoarthritis, research
on its efficacy in treating HOA is quite limited. In the present
study, a 12-week treatment with 1.5 grams of paracetamol plus 1
mg of colchicine daily resulted in greater reductions in VAS
scores and AUSCAN outcomes (pain, stiffness, function, and
total score) compared to just 1.5 grams of paracetamol daily.
Furthermore, while the scores of the two groups were similar at
baseline, the colchicine group demonstrated significantly lower
scores after 12 weeks of treatment.

Davis et al. [2] conducted a randomized, double-blind,
placebo-controlled clinical trial with the hypothesis thatA
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colchicine might be effective in HOA based on the idea that
inflammatory osteoarthritis was more common in HOA than
knee osteoarthritis. To our knowledge, this was the first study to
investigate the efficacy of colchicine in HOA. The researchers
reported that colchicine (1 mg daily for 12 weeks) was
ineffective in reducing pain, the number of tender and swollen
joints, ultrasound synovitis grade, and scores from the Michigan
Hand Questionnaire, or increasing grip strength in symptomatic
HOA. Therefore, the results did not support the use of colchicine
in HOA. However, it should be noted that approximately 60% of
the subjects in this study [2] had EHOA, while almost half of the
patients did not have EHOA, which might have confounded
findings and masked potential benefits exclusive to patients with
EHOA. Plotz et al. [23], in their response to the study mentioned
above, emphasized that Davis et al. did not require the presence
of erosive, tender, swollen, or painful joints when including
patients, which could have limited the number of subjects with
active disease since these are well-established indicators of
active inflammation.

Additionally, they did not assess Doppler signals when
selecting subjects. Therefore, the study population did not consist
of a sufficient number of patients with active inflammation,
significantly limiting the accuracy of the evaluation of treatment.
Large studies testing anti-inflammatory therapy must strive to
include patients with inflammation, perhaps exclusively those
with active inflammation, as the exposure (treatment) would be
expected to demonstrate its effects mainly in these patient
subsets. Secondly, the researchers did not consider pre-existing
analgesic medications or provide any relevant data in this
context. Thirdly, while colchicine is expected to decrease CRP as
it suppresses inflammation, the authors did not discuss the
possible reasons for the alarming increase in CRP levels after
treatment [23]. We agree with the objections put forth by Plotz et
al. [23] because it is evident that EHOA differs from non-EHOA
in terms of both clinical severity and response to treatment. In a
recent study, a group receiving 0.5 mg of colchicine twice daily
for 12 weeks was compared to a placebo group for changes in
target finger pain from baseline to week 12. The study reported
that treatment with colchicine did not effectively reduce pain or
improve  AUSCAN scores in people with painful hand
osteoarthritis and caused more side effects. However, the study
population did not solely include EHOA cases [16]. We think it
would be a better choice to investigate the efficacy of colchicine
in a study population including only patients with EHOA, as was
the case with the current study.

Studies on the use of colchicine in the treatment of knee
osteoarthritis offer conflicting results. In one study of patients
with knee osteoarthritis, treatment with colchicine (in addition to
the standard therapy) resulted in greater improvement in patient-
and physician-assessed outcomes at 3 months after treatment
initiation [12]. A systematic review on colchicine in knee
osteoarthritis stated that colchicine appears to be an effective and
safe alternative for treating knee osteoarthritis, as evidenced by
lower pain and improved functionality [13]. Similarly, some
other studies have claimed that colchicine improves symptoms in
treating knee osteoarthritis [24—-26].

However, in contrast, Leung et al. [14] reported that
colchicine (0.5 mg oral, twice daily) did not reduce symptoms of
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knee osteoarthritis, as measured by the Western Ontario and
McMaster Universities Osteoarthritis Index score during a 16-
week study period. Another study compared the efficacy of
physiotherapy and colchicine in patients with knee osteoarthritis
and found that physical therapy was more effective than
colchicine in reducing symptoms. Additionally, there were no
significant differences in ultrasound-determined parameters at
the end of the 16 weeks [15].

ESR and CRP values can detect inflammation, but these
tests are not specific to osteoarthritis [26]. CRP is an
inflammatory marker produced in the liver and released into the
blood as a result of the stimulation of cytokines such as
interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-a [28—
30]. Colchicine can inhibit CRP production, but corticosteroids
and other anti-inflammatory or immunosuppressive drugs cannot
[28]. ESR is a common hematology test that can increase in the
presence of inflammatory activity due to various disorders,
including autoimmune diseases, acute inflammatory pathologies,
infections, tumors, rheumatological diseases, and conditions
causing increased physiological stress (such as pregnancy) [27—
31]. While ESR and CRP levels are expected to increase in
osteoarthritis, the effect of colchicine on the ESR and CRP levels
of patients with EHOA is unclear [27].

In the present study, the combined use of colchicine and
paracetamol resulted in a significant reduction in both ESR and
CRP after 3 months, but no significant reduction was observed in
the paracetamol-only group. Furthermore, while the baseline
CRP and ESR levels were similar in both groups, the 3rd-month
results showed that colchicine recipients’ ESR and CRP levels
were significantly lower compared to the standard therapy group.
This result was further reinforced by the significantly greater
decrease in ESR and CRP values in the colchicine group.
Intriguingly, there was a significant increase in the CRP levels of
the standard therapy group after 3 months of treatment, lending
further credibility to the utility of colchicine and demonstrating
that paracetamol alone was insufficient to prevent
hyperinflammation.

In one study, it was reported that colchicine (0.5 mg
orally twice a day) decreased inflammation markers, including
CRP and bone turnover biomarkers, known to be associated with
osteoarthritis severity and the risk of progression, but these
differences were not significant [14]. Conversely, the study by
Davis et al. [2] showed that 12 weeks of colchicine treatment did
not significantly affect CRP levels in patients with HOA
compared to placebo.

The fact that HOA tends to be predominantly
symmetrical has an erosive subtype, and occurs in non-weight-
bearing joints suggests that it may be affected to a greater degree
by the systemic effects of osteoarthritis relative to hip and knee
osteoarthritis [32,33]. Despite these data, most studies examining
the response of HOA to therapeutic agents targeting specific
inflammatory mediators have failed to reach their primary
endpoints [23]. These ‘unsuccessful’ anti-inflammatory agents
include  hydroxychloroquine  [34], lebrikizumab  [35],
adalimumab [36], etanercept [37], and tocilizumab [22].

On the other hand, the HOPE study stated that 10 mg of
prednisolone for 6 weeks was effective and safe in treating
patients with painful HOA and signs of inflammation [38].
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Although these results suggest a feasible short-term treatment
option for patients with HOA exacerbation, it is clear that there is
a need for alternative treatment options due to the adverse effects
of steroids [39]. Moreover, the possible differences in the
pathological processes and inflammatory burdens of HOA
subtypes necessitate the differentiation of management
strategies. However, no studies have investigated the efficacy of
colchicine in patients with EHOA. A recently published review
reported that current evidence did not suggest a benefit for
colchicine in reducing pain and improving physical function in
patients with hand/knee osteoarthritis, but the authors also
suggested that future studies investigating colchicine should
focus on different osteoarthritis subtypes [40].

In our clinical experience, we have observed that
colchicine significantly improves EHOA patients. Furthermore,
the significant decrease in ESR and CRP levels supported the
anti-inflammatory effect of colchicine. We hope our results will
sufficiently trigger further comprehensive studies investigating
the efficacy of daily treatment with colchicine (2 x 0.5 mg) +
paracetamol (3 x 500 mg) in patients with EHOA.

Limitations

To the best of our knowledge, this is the first study
investigating the efficacy of colchicine in patients with EHOA.
Our results illustrate the utility of colchicine in patients with
EHOA, as demonstrated by improvements in pain and AUSCAN
scores. However, it should be noted that the study has some
limitations. Primarily, it is a retrospective cohort study conducted
at a center that offers colchicine therapy to patients. Although
including only those with EHOA was necessary to enable
reliable comparisons between treatments, the fact that it is a
single-centered study with a relatively small sample size of
EHOA patients limits the generalizability of its results. The
efficacy of colchicine was evaluated using pain and AUSCAN
scores, but further objective tools such as ultrasonographic
examination, grip strength, and magnetic resonance imaging
were not employed, which should be the focus of future
prospectively-planned studies.

The treatments were administered for 12 weeks; only
patients who attended follow-up studies during therapy were
included. Therefore, those who did not benefit would have had a
greater likelihood of being lost to follow-up, potentially skewing
the results towards patients who benefitted from colchicine
therapy. To prevent such confounding, future studies should
employ ‘intention-to-treat’ analyses. The short follow-up period
also limits the evaluation of long-term effects and potential side
effects. Thus, more extended follow-up periods are necessary to
assess the treatment’s lasting impact and safety profile.

Conclusions

In conclusion, the concomitant use of colchicine and
paracetamol for 12 weeks appears to lead to greater
improvements in CRP and ESR levels, VAS score, and
AUSCAN scores compared to paracetamol alone in patients with
EHOA. Despite the need for further studies considering the
limitations of the present study, colchicine shows promise as an
effective therapeutic agent in the treatment of EHOA.
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Abstract

Background/Aim: Hypersensitivity pneumonitis (HP) is a lung disease from inhaling diverse
environmental and occupational organic substances, such as fungi, bacteria, birds, and occasionally
nonorganic materials. An immune response triggers this condition. A high-resolution chest computed
tomography (HRCT) scan is typically performed as part of the initial diagnostic assessment. This study
assesses HRCT findings in HP patients and examines associated factors between fibrotic and non-fibrotic
patient groups.

Methods: This retrospective cross-sectional study encompassed all HP patients monitored between 2010
and 2022. The analysis included data from 117 patients. HRCT findings from the patients were categorized
based on fibrosis presence, leading to the division of patients into fibrotic and non-fibrotic groups.
Comparative analyses were conducted between these groups.

Results: Among the 117 subjects analyzed, 59 (50.4%) were male, and 58 (49.6%) were female. The mean
age at diagnosis was 52.1 (13.6) years, ranging from 20 to 81. The non-fibrotic HP group comprised 70
(59.8%) patients, while the fibrotic HP group comprised 47 (40.2%). The most prevalent HRCT findings
were ground-glass opacity (90.6%), mosaic attenuation (87.2%), and traction bronchiectasis (50.4%).
Statistically significant disparities were observed between non-fibrotic and fibrotic HP groups in terms of
HRCT findings: ground-glass opacity, irregular linear opacities, reticulation, traction bronchiectasis,
honeycombing, and fibrosis (P=0.024, P<0.001). In contrast, the lymphocyte ratio in bronchoalveolar
lavage fluid was 28.78 (16.2) in the non-fibrotic HP group and 14.66 (10.3) in the fibrotic HP group. The
fibrotic HP group exhibited a statistically significant lower lymphocyte ratio in bronchoalveolar lavage
fluid (P<0.001).

Conclusion: HRCT findings are pivotal in HP diagnosis and classification. Computed tomography also
assists in delineating the HP classification. This study identified ground-glass opacity and mosaic
attenuation as the most prevalent HRCT findings in HP patients. Investigating the connection between
fibrosis and prognosis is vital for determining patient outcomes, as fibrosis appears to be the principal
determinant.

Keywords: hypersensitivity = pneumonitis, non-fibrotic hypersensitivity —pneumonitis, fibrotic
hypersensitivity pneumonitis, high-resolution computed tomography
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Introduction

Hypersensitivity pneumonitis (HP) is an immune-
mediated lung disorder triggered by inhaling various
environmental and occupational organic substances, primarily
encompassing fungi, bacteria, avian sources, and, less
commonly, nonorganic irritants [1]. This condition’s historical
identification dates back to 1700 and has been associated with
many inciting agents. More than 300 etiological agents have
been pinpointed as contributors to the ailment. Understanding the
historical evolution of HP is crucial not only for discerning its
antigenic triggers but also for comprehending how changes in
risk factors over time have impacted its development [2]. In the
United Kingdom, the reported incidence stands at 0.9 cases per
100,000 person-years, while the overall age-adjusted mortality
rate in the United States is 0.19 per million individuals [3].

HP is conventionally classified as acute, subacute, or
chronic, delineated by its clinical attributes and the duration of
the ailment [4]. Nevertheless, these categories often prove
difficult to confine due to their variable and arbitrary definitions
across numerous studies. The ATS/JRS/ALAT guideline
committee has opted for an alternative classification, sorting HP
into fibrotic (including mixed inflammatory and fibrotic patterns
or exclusively fibrotic presentations) and non-fibrotic (purely
inflammatory) categories. This classification hinges on the
pivotal role of radiographic fibrosis in prognostic determination,
offering enhanced clinical applicability [5]. In HP cases,
histological identification or detection via chest computed
tomography of fibrosis is correlated with reduced survival rates
[6].

A chest high-resolution computed tomography (HRCT)
scan is often conducted as an integral component of the initial
diagnostic assessment. Specific HRCT patterns may indicate the
likelihood of HP in a relevant clinical context. Patients diagnosed
with HP are categorized into fibrotic or non-fibrotic
classifications based on the presence or absence of fibrosis in
their HRCT results. HRCT indications of pulmonary fibrosis
encompass irregular linear opacities, reticulation, traction
bronchiectasis, and honeycomb formations [1]. This study
assesses the HRCT findings in HP patients and scrutinizes the
factors associated with the division between fibrotic and non-
fibrotic patient groups.

Materials and methods

The population of this retrospective cross-sectional
study comprises all patients diagnosed with hypersensitivity
pneumonia at the outpatient clinic and service of Ankara Atatlirk
Sanatorium Training and Research Hospital between January 1,
2010, and December 31, 2022. HP is a rare disease. Due to its
rarity, the study aims to encompass the entire patient population
rather than opting for a sample selection. The hospital
management information system identified patients diagnosed
with J67 HP. Over the designated research period, 132 patients
with HP were identified in the hospital’s management
information system. However, fifteen patients were excluded
from the study due to the unavailability of their HRCT images
and information.
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For the study, the hospital employed data from their
records on cases of HP. This encompassed laboratory test results,
evaluations of pulmonary function, and radiological images
stored within their information management system. The HRCT
findings were subjected to analysis for a range of observations,
including centrilobular nodules, ground-glass opacity, mosaic
attenuation, irregular linear opacities, reticulation, traction
bronchiectasis, honeycomb formations, fibrosis, and prevalence
of distribution of fibrotic opacities. A Radiology Specialist
within the research team meticulously reviewed the HRCT scans
of the enrolled patients to ascertain the presence of either fibrotic
or non-fibrotic findings, aligning with the guidelines stipulated
by ATS/JRS/ALAT. The identification of fibrosis hinged on the
concurrent presence of a reticular pattern alongside traction
bronchiectasis and/or honeycomb formations.

The study’s primary dependent variable categorizes HP
cases based on their fibrosis status in HRCT scans,
distinguishing between fibrotic and non-fibrotic instances.
Meanwhile, the independent variables encompass a spectrum of
socio-demographic factors such as age, gender, smoking status,
and attributes linked to occupational history. Additionally, the
independent variables include functional assessment outcomes
(FEV1, FVC, FEV1/FVC, DLCO), laboratory findings
(hemogram, biochemistry), and exposure-related characteristics.
The accumulation of data was facilitated by using a dedicated
patient follow-up form.

The study received ethical clearance via decision
number 2012-KAEK-15/2727, granted by the Ankara Atatiirk
Sanatorium Education and Research Hospital Ethics Committee.
After obtaining the committee’s ethical endorsement, the study
was initiated.

Statistical analysis

The statistical analysis was performed utilizing the
SPSS Windows version 22.0, a commonly employed software
package. Descriptive statistics, specifically mean (standard
deviation) (SD), were employed to depict numerical data. The
independent groups t-test assessed the distinctions between
continuous variables within two groups. In contrast, the chi-
square test was employed to compare categorical variables.
Outcomes with a P-value of <0.05 were considered statistically
significant.

Results

Between January 1, 2010, and December 31, 2022, a
total of 117 cases of HP were diagnosed at the Ankara Atatiirk
Sanatorium Training and Research Hospital, constituting the
research cohort. Among the 117 subjects encompassed in this
study, 59 (50.4%) were male, while 58 (49.6%) were female.
The mean age of patients at the time of diagnosis was 52.1 (13.6)
years, ranging from 20 to 81 years. The cases were stratified into
two groups based on their fibrosis status observed in HRCT
scans. The non-fibrotic HP group accounted for 70 (59.8%)
patients, while the fibrotic HP group comprised 47 (40.2%).
Among patients subjected to HRCT evaluation, the most
prevalent findings included ground-glass opacity (90.6%),
mosaic attenuation (87.2%), traction bronchiectasis (50.4%),
centrilobular nodules (45.3%), reticulation (44.4%), and irregular
linear opacities (41.0%). Comparatively less common
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observations were fibrosis (40.2%), three-density findings
(28.2%), and honeycomb formations (13.7%) (Table 1).

No statistically significant differences were observed in
centrilobular nodules, mosaic attenuation, and three-density
patterns between non-fibrotic HP and fibrotic HP HRCT
findings. However, a statistically significant distinction emerged
between the two groups concerning ground-glass opacity,
irregular linear opacities, reticulation, traction bronchiectasis,
honeycombing, and fibrosis (Table 1).

Table 1: HRCT findings of the 117 patients with non-fibrotic HP and fibrotic HP cases.
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or pulmonary function values (FVC, FEV1, FEV1/FVC, DLCO)
(Table 3).

Table 3: Evaluation of the relationship between non-fibrotic HP and fibrotic HP cases with
laboratory and pulmonary function tests.

HP phenotypes P-value*
Characteristics Total Non-Fibrotic HP  Fibrotic HP
n (%) n (%) n (%)

Centrilobular nodules 53 (45.3) 35 (50) 18 (38.3) 0.257
Ground-glass opacity 106 (90.6) = 60 (85.7) 46 (97.7) 0.024
Mosaic attenuation 102 (87.2) = 58 (82.7) 44 (93.6) 0.074
Three-density pattern 33(28.2) 20 (28.2) 13 (27.7) 0.543
Irregular linear opacities | 48 (41.0) 18 (25.7) 30 (63.8) <0.001
Reticulation 52 (44.4) 5(7.1) 47 (100) <0.001
Traction bronchiectasis 59 (50.4) 12 (17.1) 47 (100) <0.001
Honeycombing 16 (13.7) 0(0.0) 16 (34.0) <0.001
Fibrosis 47 (40.2) 0(0.0) 47 (100) <0.001

* Chi-square test, HRCT: High-Resolution Computed Tomography, HP: Hypersensitivity pneumonitis

No statistically significant differences were identified in
terms of gender, recognized environmental risk factors, presence
of cough, shortness of breath, and smoking status, whether
considering fibrotic HP or non-fibrotic HP. However, notable
statistical significance emerged regarding fibrotic HP and non-
fibrotic HP cases concerning the presence of a known
occupational risk factor and the detection of crackles during
physical examination (P=0.022, P<0.001) (Table 2).

Table 2: The relationship between non-fibrotic HP and fibrotic HP cases with some
demographic characteristics.

Non-Fibrotic = Fibrotic P-value*
HP HP
n % n %
Gender (n=117) Female 36 51.4 22 46.8 0.382
Male 34 48.6 25 532
Occupational risk (n=117) Yes 25 35.7 8 17 0.022
None 45 64.3 39 83
Environmental risk (n=117) = Yes 30 42.9 17 36.2 0.298
None 40 57.1 30 638
Cough (n=117) Yes 54 77.1 42 894  0.072
None 16 22.9 5 10.6
Breathlessness (n=117) Yes 66 94.3 42 ' 915 0.408
None 4 5.7 5 8.5
Crackles on physical Yes 13 18.6 23 | 489 | <0.001
examination (n=117) None 57 | 814 24 511
Cigarette (n=117) Non-smoker | 35 50 20 426 @ 0.160
Ex-smoker 17 24,3 19 404
Smoker 18 25,7 8 17.0

* Chi-square test

The average age at diagnosis in the non-fibrotic HP
group was 47.79 (13.1) years, while in the fibrotic HP group, it
was 58.68 (11.6) years. The non-fibrotic HP group received a
statistically significant diagnosis at a younger age than the
fibrotic HP group (P<0.001). Furthermore, the mean duration of
smoking was notably higher in the fibrotic HP group than in the
non-fibrotic HP group, displaying statistical significance
(P=0.010). Laboratory tests revealed that lactate dehydrogenase
and white blood cell values were significantly elevated in the
fibrotic HP group (P=0.003, P=0.024). Additionally, the
lymphocyte ratio in bronchoalveolar lavage fluid was recorded as
28.78 (16.2) in the non-fibrotic HP group and 14.66 (10.3) in the
fibrotic HP group, exhibiting a statistically significant reduction
in the fibrotic HP group (P<0.001). No statistically significant
differences were observed between the two groups regarding
time from symptom onset to diagnosis, C-reactive protein levels,

Non-Fibrotic HP | Fibrotic HP | P-value*

mean (SD) mean (SD)
Age, years (n=117) 47.79 (13.1) 58.68 (11.6) <0.001
Cigarettes (pack/year) (n=24) 17.8 (12.2) 30.0 (8.6) <0.010
Time from symptom onset 14.4 (26.2) 19.5 (25.0) 0.299
to diagnosis, months (n=117)
CRP, (n=117) 12.04 (25.1) 22.28 (45.3) = 0.164
LDH,) (n=117) 230.47 (82.4) 286.12 (106) = 0.003
WBC, (n=117) 8727 (2644) 9810 (2295) = 0.024
FVC, (n=105) 79.98 (16.5) 76.7 (20.4) 0.384
FEV1, (n=105) 75.4 (16.9) 70.43(19.2) = 0.166
FEV/FVC, (n=105) 81.9 (10.9) 85.61 (7.7) 0.580
DLCO, (n=83) 88.87 (22.3) 77.47 (20.7) = 0.200
The ratio of lymphocytes (n=75) | 28.78 (16.2) 14.66 (10.3) <0.001

* Independent groups t-test, SD: standard deviation, CRP: C-Reactive Protein, LDH: Lactate
Dehydrogenase, WBC: White Blood Cell, FVC: Forced vital capacity, FEV1: Forced expiratory volume in
the first second, DLCO: Diffusing Capacity of the lung for carbon monoxide.

Discussion

A characteristic  HRCT pattern can suggest the
diagnosis. A compatible HRCT pattern becomes indicative of HP
when supported by multidisciplinary discussions. The HRCT
pattern may point toward an alternative diagnosis in cases where
it is indeterminate. A higher confidence level in diagnosing HP is
generally achieved when a more distinct HRCT confidence level
is attainable [7].

It is crucial to thoroughly evaluate the computed
tomography features of HP to determine the extent of
radiological certainty. According to the ATS/JRS/ALAT
algorithm, a non-fibrotic HP with a typical HRCT pattern
indicates diffuse parenchymal infiltration and signs of small
airway disease. Parenchymal infiltration might manifest as
ground-glass opacity or mosaicism, while small airway disease
could exhibit signs of air trapping and vaguely defined
centrilobular nodules up to 5 mm in size. In cases where fibrotic
patterns are observed on HRCT scans, compatible with HP, it
suggests a combination of fibrosis and small airway disease in
specific areas [5].

The study encompassed the assessment of HRCT
findings from 117 cases that had been diagnosed with HP. The
HRCT outcomes revealed that ground-glass opacities (90.6%)
and mosaic attenuation (87.2%) were the most frequently
observed features. Similar evaluations were carried out in a
separate study conducted by Shobeiri et al. [8] involving 45 HP
patients. Additionally, in a study focused on 92 patients with
fibrotic HP, Walsh et al. [9] identified ground-glass opacification
(93.3%) and reticulation (93.3%) as the predominant HRCT
findings.

Mosaic attenuation and three-density findings are
radiological terms associated with heterogeneous lung
attenuation. “mosaic attenuation” pertains specifically to
computed tomography during the inspiratory phase. It is defined
as distinctly demarcated areas of both low and high attenuation.
This phenomenon can be observed in vascular, airway, or
infiltrative diseases [5]. Recognizing that the “headcheese” sign
might not resonate with most individuals, the term “three-density
pattern” has become the preferred nomenclature [10]. This term
is utilized to depict a scenario where obstructions and
infiltrations coexist with regions of healthy lung tissue, resulting
in well-defined zones exhibiting three distinct levels of
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attenuation [11]. Within the domain of fibrotic HP, three-density
findings have been identified [10].

Our study revealed no significant distinction between
fibrotic and non-fibrotic HP patients concerning mosaic
attenuation and three-density findings. However, our research
exhibited statistically notable elevations in irregular linear
opacities, reticulation, Traction Bronchiectasis, honeycombing,
and fibrosis within the fibrotic patient group. This aligns with the
findings of Nishida et al. [12], who, in their investigation
involving 121 HP patients, identified higher statistical
significance in honeycombing, traction bronchiectasis, and lung
distortion findings within the fibrotic patient group, akin to our
study.

When dealing with individuals suspected of having HP,
it is recommended to amalgamate HP-specific HRCT findings
with clinical information to bolster the diagnosis of HP.
However, relying solely on CT findings for a definitive diagnosis
is cautioned against [11].

Numerous studies have underscored the pivotal role of
lung fibrosis in prognostic determination [13-17]. In their
examination of 69 HP patients, Hanak et al. [16] categorized
37.6% as having fibrotic HP. Similarly, Nishida et al. [12]
reported a fibrotic patient rate of 38.8% among 121 patients. In
concurrence with this literature, our study found 40.2% of
patients fall into the fibrotic HP category.

While the mean age of all diagnosed patients was 52.1
(13.6) years, the non-fibrotic HP group exhibited a mean age at
diagnosis of 47.79 (13.1) years, while the fibrotic HP group
skewed older, with a mean age of 58.68 (11.6) years. In the study
conducted by Nishida et al. [12], the mean age of HP patients
was 63.0, with the non-fibrotic patient group averaging 59 years
and the fibrotic patient group averaging 67 years. In a separate
investigation, Wang et al. [18] identified the mean age across all
patients as 53.6, with the acute hypersensitivity group averaging
51.9 and the chronic hypersensitivity group averaging 57.8.
Corresponding with our findings, the literature also indicates that
fibrotic HP patients tend to receive their diagnosis at an older
age.

Despite thoroughly evaluating exposure histories,
laboratory results, and radiological findings in HP cases, the
causative agent may remain undetectable in 49-60% of instances
[1,19]. The responsible agent can be identified in approximately
half of HP cases by meticulously exploring environmental and
occupational backgrounds. A notable observation emerged in our
study: while there was a statistically significant increase in non-
fibrotic HP cases within the group exposed to occupational risk
factors, no statistically significant distinction was noted for either
group in patients with environmental risk factors.

A parallel discovery was made in the study conducted
by Walters et al., where, akin to our results, no disparity surfaced
within the group harboring environmental risk factors. However,
they did find a statistically significant reduction in fibrosis
among individuals with occupational risk factors. By delving
into a comprehensive occupational history, detecting non-fibrotic
HP cases early becomes feasible, facilitating their treatment by
removing the causative agent [19].

Frequently observed symptoms and indications in non-
fibrotic and fibrotic HP encompass breathlessness, cough, and
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mid-inspiratory squat. Our investigation unveiled no noteworthy
contrast between patient groups with fibrotic and non-fibrotic HP
concerning symptoms like cough and shortness of breath.
However, a significant elevation was identified in the occurrence
of crackles during physical examinations within the fibrotic
patient group.

Consistent with our findings, Walters et al. reported no
discernible differences in cough, fever, weight loss, or dyspnea.
Nevertheless, they did establish a statistically significant increase
in crackles detected through physical examination within the
fibrotic patient cohort [19].

Recently published reports have ignited a discourse
regarding the influence of smoking on individuals with HP.
Warren [20] and Terho et al. [21] proposed a notable association
between HP and non-smoking, asserting that acute
hypersensitivity pneumonitis is less prevalent among current
smokers than non-smokers with similar exposure risks. A study
by Furuiye et al. [22] demonstrated that cigarette smoke could
dampen inflammation and lymphocyte proliferation in cases of
acute hypersensitivity pneumonitis. However, an intriguing
counterpoint emerges: if an individual who smokes develops HP,
the condition may progress into a chronic state, accompanied by
poorer survival rates than their non-smoking counterparts. This
divergence stems from prolonged exposure to cigarette smoke
can exacerbate both lung inflammation and fibrosis [23].

In line with the existing literature, our research found a
parallel pattern; specifically, the duration of smoking within the
fibrotic group significantly exceeded that of the non-fibrotic
group.

Pulmonary function tests are a valuable tool for
assessing the pattern and extent of respiratory impairment,
although neither model stands alone as diagnostic.
Distinguishing between non-fibrotic HP and fibrotic HP is
beyond the capabilities of pulmonary function tests. Within our
study, despite lacking a statistically significant differentiation in
the pulmonary function tests (FEV1, FVC, FEV1/FVC, DLCO)
of the fibrotic and non-fibrotic patient groups, it was observed
that the FEV1, FVC, and DLCO values were notably lower
within the fibrotic patient cohort. Consistent with our findings,
Nishida et al.’s study reported similar results: while no
discernible disparity existed in diffusion between the fibrotic and
non-fibrotic patient groups, the FVC value was reduced in the
fibrotic patient group [12].

Bronchoscopy plays a pivotal role in diagnosing HP,
with bronchoalveolar lavage (BAL) fluid collection and analysis
and lung biopsy serving as the principal procedures conducted
through this method. BAL testing emerges as a highly effective
means of identifying alveolitis in individuals suspected of having
HP. Typically, patients afflicted with HP exhibit alveolitis
characterized by a notable abundance of lymphocytes. However,
it’s noteworthy that individuals with fibrotic HP tend to display
lower levels of lymphocytes in their BAL fluids when contrasted
with those suffering from non-fibrotic HP [5].

Within our investigation, the lymphocyte ratio in the
BAL samples of fibrotic HP cases was measured at 14.66 (10.3),
while non-fibrotic HP cases exhibited a lymphocyte ratio of
28.78 (16.2), resulting in a statistically significant discrepancy.
In alignment with our study, Nishida et al. [12] also identified a
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significantly lower lymphocyte ratio in the BAL samples of the
fibrotic HP patient group compared to the non-fibrotic HP
patient group. Notably, a diminished lymphocyte ratio in BAL
has been linked to an unfavorable prognosis in patients
diagnosed with HP [5].

Limitations

Our study possesses certain limitations. The primary
limitations of our research stem from the small sample size and
retrospective design employed in the study. Due to the
retrospective design of the study, we were unable to access the
prognosis of the patients. Consequently, there is a need for future
studies to examine the correlation between fibrosis and
prognosis.

Conclusion

The outcomes of an HRCT scan hold substantial
significance in identifying HP. Computed tomography aids in
categorizing HP. Following this study, ground-glass opacity and
mosaic attenuation were frequently noted in HRCT scans of
individuals with HP. Irregular linear opacities, reticulation,
traction bronchiectasis, honeycombing, and fibrosis exhibit a
statistically higher prevalence in fibrotic HP cases than in non-
fibrotic HP cases. Our investigation revealed that the non-fibrotic
patient group skewed younger, and the lymphocyte ratio was
elevated in BAL fluid. HP patients who are cigarette smokers
face an increased likelihood of developing fibrosis. Since fibrosis
is the principal determinant of prognosis, investigations
exploring the relationship between fibrosis and prognosis are
imperative.
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Abstract

Background/Aim: Heavy metals are elements known for their toxic effects even at low concentrations,
and human exposure to these elements spans history. This study aimed to investigate trace element levels
in the bones of individuals from the Roman Imperial Period. The objectives were to determine the values
of specific metals, including heavy metals, make a rough comparison with present-day values, and gain
insights into the environmental conditions of that era.

Methods: Due to the use of dry bone samples, ethical committee approval was not required for this
research. The study analyzed element levels in human bones dated back to the Roman Imperial Period
(218-244 AD), unearthed in 2018 during excavations in Turkey-Kayseri. Only bones that archaeologists
verified to belong to the specified period were included, while those with uncertain origins were excluded.
The samples were taken from os coxae of 15 individuals (eight males and seven females) to analyze Ca, P,
Zn, Cu, Pb, and Hg levels. Instrumental techniques such as Wavelength Dispersive X-ray Fluorescence
(WDXRF) (X-ray fluorescence) and ICP-MS (Inductive Coupling Plasma-Mass Spectrometer) were used
to determine element concentrations. The Ca/P ratio was assessed for diagenesis evaluation, and statistical
analysis was performed using Statistical Package for Social Sciences (SPSS) 22.0, with a significance
threshold set at P-value <0.05.

Results: The Ca/P ratio for the general population was calculated as 2.34 (0.10). The mean concentrations
of heavy metals in the bones were as follows: Cu 18.27 (11.04) ppm, Pb 13.30 (5.66) ppm, Zn 27.22
(13.84) ppm, and Hg 2.45 (2.86) ppm. The corresponding P-values for Ca, P, Ca/P, Cu, Zn, Pb, and Hg
were 0.109, 0.120, 0.104, 0.063, 0.113, 0.089, and 0.070. No statistically significant difference emerged
when comparing elemental accumulations between males and females. Notably, copper and mercury levels
were higher in Roman Imperial Period bones than contemporary ones, whereas zinc levels were lower, and
lead concentrations aligned with reference values.

Conclusion: The study results underscore the historical exposure of Roman Imperial Period individuals to
heavy metals. These findings suggest that environmental health concerns related to heavy metal exposure
date back millennia, emphasizing the long-standing nature of this issue.

Keywords: bone, anatomy, heavy metals

ﬁ How to cite: Giler H, Guglu Ekinci HK. Heavy metals in human bones from the Roman Imperial Period: The example of Turkey. J Surg Med. 2023;7(8):463-467. ]

Page | 463


https://jsurgmed.com/

R J Surg Med. 2023;7(8):463-467.

Introduction

Archaeological investigations illuminate the obscure
facets of history [1,2]. These studies strive to recreate the
existence of ancient societies while establishing connections
between bygone eras and the contemporary world [2]. In
essence, deciphering the chemical composition of ancient bones
furnishes insights into bone characteristics and permits
observations on the era when they were living tissue. Bones
represent metabolically active organs, wherein trace elements
such as Zn, Cu, Ca, and P orchestrate bone metabolism and
growth. These trace elements’ imbalances, be they deficiency or
excess, are postulated to carry inherent risks [3]. The acquisition
of elements can occur through dietary intake or contamination of
food storage receptacles and water conduits. Toxicity is
associated with all elements when present above certain
thresholds, yet Pb and Hg exhibit toxicity even at minute levels
[4].

Kayseri, formerly recognized as Caesarea or Mazaca in
antiquity, is a prominent city in the Cappadocia region. In the
contemporary context, a substantial portion of what was once
Kaisarea, a vital stronghold during the Roman Empire, lies
beneath the veneer of the modern cityscape [5]. The inception of
human habitation in Kayseri finds its roots in Kiltepe
(Kanig/Karum), an establishment that emerged during the Early
Bronze Age. Kiiltepe endured as a steadfast settlement from
4000 BC through the culmination of the Roman epoch. Situated
along the historical silk road pathway, Kayseri’s significance has
endured from ancient epochs to the present [6].

The historical opulence of Kayseri province has
perennially magnetized the attention of illicit traders,
occasionally leading to a detrimental impact on valuable
artifacts. To counteract these occurrences, the Kayseri Museum
Directorate diligently undertakes systematic excavations and
conscientiously safeguards and documents the cultural
heirlooms. The unearthing of the Kayseri/Koskdagi burial site
transpired as a consequence of a salvage excavation orchestrated
by experts from the Kayseri Museum Directorate on 09.03.2018,
prompted by reports of unauthorized excavations. The skeletal
remains unearthed during these efforts were subsequently
entrusted to the Anatomy Department of Erciyes University
Medical Faculty. The precious artifacts retrieved from this burial
site are curated and protected by the Directorate.

The primary objective of this research is to ascertain the
levels of specific hazardous metals (notably lead and mercury) as
well as trace elements (such as zinc and copper) within bones
procured from the Késkdagi excavation site. This site’s historical
context is linked to the Roman Imperial Period in Anatolia. The
overarching goal is to unveil the intricate interplay between
societies and their surrounding environment during this historical
epoch. Furthermore, this study endeavors to enrich the “Late
Roman/Byzantine period dataset.” Comprehensive permissions
were secured from the Department of Anatomy to facilitate the
scrutiny of elemental concentrations within the skeletal remains.
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Materials and methods

Obtaining the samples

The human skeletal remains from the Roman Imperial
Period included in our study were excavated from a stone
sarcophagus and an adjacent burial site. These remains were
uncovered during excavations in the Kayseri/Koskdag1 District
in 2018 (Figure 1). Alongside the human skeletons, artifacts such
as gold coins, gold jewelry, and pottery from the same period
were unearthed during the excavation (Figure 2).
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Among the recovered artifacts, two of the coins were
identified as belonging to the reign of Emperor Elagabalus (218-
222 AD), while another coin bears the inscription ‘Emperor 111,
which archaeologists have attributed to the period of Gordian 111
(238-244). The grave goods found in the vicinity can be dated to
the period spanning from the 1st century AD to the middle of the
3rd century AD.

Notably, the absence of evidence indicating that the
tombs had been previously disturbed and the presence of gold
coins within the same burial site as the skeletons served as
valuable clues for dating the skeletal remains.

Selection of bone materials

Given the commingling of bones within the graves, we
focused on selecting those bones that could be accurately
identified by sex and attributed to specific skeletons. To
determine the sex of the bones, we followed the method
proposed by Buikstra and Ubelaker [7]. Our bone selection
process aimed to encompass diverse skeletal regions.
Accordingly, we opted for two bones: the os frontale from the
neurocranium and the mandible from the viscerocranium, both
representing the cranium; the humerus for the upper extremity;
the femur for the lower extremity; and the os sacrum for the
columna vertebralis.

Following the sex determination process, it was
established that seven of the bones (46.67%) could be attributed
to females, while the remaining eight belonged to males
(53.33%).

In order to delve into the lives of individuals from the
Roman Imperial Period (218-244 AD), we scrutinized elemental
concentrations within bones from a sample group of 15
individuals. These concentrations were assessed using samples
extracted from the os coxae (Figure 3). The analysis focused on
Ca, P, Zn, Cu, Pb, and Hg elemental levels. These measurements
were obtained using WDXRF Spectroscopy) and ICP-MS
(Inductively Coupled Plasma-Mass Spectrometry) instruments.
The Ca/P ratio was also determined to glean insights into
potential diagenetic processes impacting the bones.

Figure 3: Coxa bones (Photos by Kayseri Museum Directorate Team)
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WDXRF analysis (used for the determination of Ca
and P percentages)

Each sample underwent a meticulous process to ensure
the accuracy of our analysis. Initially, the samples were
mechanically cleansed of soil or debris and subsequently rinsed
with distilled water for 10 min. To mitigate potential external
influences, the samples were air-dried for 2 days, followed by
repeated washing with distilled water on at least two occasions.

Upon 15 days of air-drying, the samples were further
subjected to 24 h of oven drying at an approximate temperature
of 80°C. These dried bones were methodically numbered and
then securely placed within ziplock bags. The collection of
bagged bones was then transported to the Erciyes University
Technology Research and Application Center.

Subsequently, bones that had completed the requisite
washing and grinding procedures were positioned within
platinum crucibles. The hydroxyapatite segment of the bone was
utilized for the subsequent trace element analysis. A high-
temperature procedure was employed to isolate the inorganic
constituents from the hydroxyapatite portion. Samples were
incinerated in a PROTHERM Furnaces brand oven at 1000°C for
an hour to eliminate organic matter.

Following this, 1.3 g of the samples were meticulously
combined with a mixture of 5% gold and 95% platinum within
crucibles. This blend introduced 13 g of lithium tetraborate and
lithium metaborate. The prepared amalgams were then subjected
to fusion within a Leneo FLUXER brand apparatus at a
temperature of 1065°C for 23 min. The molten samples were
subsequently analyzed wusing the PANalytical AXIOS
ADVANCED device, and the results were seamlessly transferred
to the computer environment for further interpretation.

Sample thawing process for ICP-MS device

Roughly 0.200-0.300 g of meticulously washed, dried,
and finely ground samples were measured for further analysis. 8
ml of HNOs; and 2 ml of HCI were added to these samples.
Employing the wet burning method, a controlled temperature and
pressure regimen was executed within a closed system, utilizing
a microwave solubilizer of the Speed Wave brand.

Upon completion of this process, the resulting clear
solutions were carefully collected. Subsequently, distilled water
brought these solutions to a final volume of 25 ml.

Before the analysis, standard solutions were
meticulously prepared at predetermined concentrations (ranging
from 0 to 50 ppb) for the elements earmarked for examination. A
Tune solution (containing 200 ppb of Li, Yb, and Cs) was
introduced into the system, facilitating performance calibration
adjustments to ensure the device’s measurement parameters were
optimal. Following this calibration, the analysis of the
appropriately diluted samples commenced.

The dissolved samples were analyzed using an Agilent
7500a model ICP-MS device [8].

Statistical analysis

Statistical evaluations of trace element levels within the
samples from the Kayseri-Késkdagi Roman Imperial Period
were executed using the IBM SPSS Statistics 22.0 software. Key
statistical parameters, including minimum, maximum, mean,
median, percentage, and standard deviation, were computed to
gauge the concentrations of elements within the bones.
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As part of the statistical analyses, an initial normality
assessment was conducted using SPSS (IBM SPSS, 2021).
While elements like Ca, P, Cu, and Pb exhibited a normal
distribution, Zn and Hg displayed deviations from normality. To
discern variations in element concentrations based on gender, the
Student’s T-Test was employed for elements conforming to
normal distribution, whereas the Mann-Whitney U test was
chosen for those with non-normal distribution.

A significance threshold of P-values <0.05 was adopted
to delineate between statistically significant and non-significant
differences.

Results

Table 1 displays the concentrations of six elements,
analyzed without gender discrimination, alongside the Ca/P ratio,
a crucial finding for diagenesis. The variance between the
minimum and maximum element concentrations is indicated.
However, the minimum and maximum values of Ca/P ratios
exhibit proximity.

Table 2 presents the element concentrations and Ca/P
ratios categorized by gender. A comparison between males and
females reveals non-statistically significant differences (P>0.05).

Table 1: Element levels of bones (without gender discrimination)

Total (n=15) Ca P Ca/P Cu Zn Pb Hg
% % (ppm)  (ppm)  (ppm)  (ppm)
Mean \ 22,71  9.76 2.34 18.27 27.22 13.30 2.45
Median | 2328  9.90 2.37 16.17 24.27 12.67 0.65
\

Standard deviation | 5.79 2.75 0.10 11.04 13.84 5.66 2.86

Minimum \ 11.88 4.76 2.12 1.33 11.49 2.85 0.04
Maximum | 3283 1545 250 @ 39.52 67.80 2554 | 831
Table 2: Comparison of female and male element levels and Ca/P ratios
Element Gender | n  Mean (SD) P-value
Ca % female 7 2267 (3.10) 0.109

male 8 | 2275 | (7.67)
P % female 7 971 (1.24) 0.120

male 8  9.80 (3.71)
Ca/P female 7 233 (0.08) 0.104

male 8 235 (0.12)
Cu (ppm) = female 7 2100 (8.10) 0.063

male 8 | 1587 @ (13.17)
Zn (ppm)  female 7 27.09 (759 0.113

male 8 | 27.33 | (18.26)
Pb (ppm)  female 7 1593  (6.60) 0.089

male 8 | 11.01 | (3.71)
Hg (ppm) = female 7 370 (3.35) 0.070

Male 8 | 1.36 (1.98)

Discussion

Chemical analysis of archaeological bones aids in
comprehending the ecological relationships and health status of
ancient societies. This data significantly contributes to
reconstructing the lifestyles prevalent in those times [9].
Calcified tissues, including bones and teeth, can harbor
indicators pertinent to diet and environmental conditions. These
tissues are regarded as biological archives of past organisms
[10,11]. In chemical investigations, the extent of environmental
pollution becomes discernible by scrutinizing heavy metal
accumulation in calcified tissues [9,12,13]. Consequently,
elemental analysis of archaeological bones is a pivotal tool for
assessing the prevailing environmental conditions of the era.

In our research, we conducted analyses of toxic metals
and trace elements in the os coxae of 15 individuals presumed to
have lived during the Roman Imperial Period in Kayseri, Turkey.
The o0s coxae was selected based on its suitability for
examination in cases where skeletal remains were intact across

Public health problem in the Roman Empire: Heavy metalsA

JOSAM ¢

all individuals. Calcium (Ca) and phosphorus (P) percentages
(%) were assessed using the WDXRF instrument. Additionally,
zinc (Zn), copper (Cu), lead (Pb), and mercury (Hg) levels were
measured in parts per million (ppm) using the Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) device.

Diagenesis, encompassing chemical and physical
alterations occurring post-burial, presents a universal challenge
impacting skeletons across archaeological sites. Changes within
bones manifest through the calcium-to-phosphorus ratio, a value
historically established at 2.16 for all humans [14,15]. Any
deviation from this ratio signifies a diagenetic influence on the
bone. This phenomenon, encountered in various locales,
indicates elemental exchange within the Koskdagi society’s
skeletal remains post-interment. The findings imply a greater
susceptibility of men to elemental modifications (diagenesis)
than women within the Koskdagi society. This could be
attributed to variations in individual lifespans. Archaeological
studies have noted fluctuating lifespans for women, with some
indicating longer durations [16] and others suggesting shorter
spans [17], adding complexity to the understanding of prehistoric
epochs. Our study hypothesizes that the observed sex-based
disparities in diagenesis outcomes might be linked to differing
lifespans between men and women.

While the Ca/P ratios provide insight into the
occurrence of diagenesis in the bones, it is noteworthy that the
bones were situated within an environment characterized by
gravel and stone. Moreover, while a conventional Ca/P ratio is
commonly assumed for assessing diagenesis, recent research has
proposed an alternative ratio of 5.3. This perspective asserts that
the Ca/P ratio might exhibit regional variability, challenging its
application as a steadfast constant [4,18].

Based on these findings, it can be inferred that
diagenesis exposure remains confined, assuming suitable storage
conditions for the bones, and a fixed Ca/P ratio cannot
definitively demarcate diagenetic effects. Hence, we posit that
the elemental levels detected in the bones surpass those in the
soil.

Giner et al. [9] documented copper (Cu) levels at 44.23
ppm in rib samples obtained from 17 individuals dating back to
the Early Byzantine Period, uncovered during excavations in the
Adramytteion (Orentepe, Balikesir) region. This outcome was
construed as not being attributed to diagenesis; instead,
introducing the metal into the area from an external source was
proposed as an explanation.

In a Byzantine bone investigation, Grattan et al. [19]
documented a copper (Cu) concentration of 52.57 ppm within
skeletons originating from the Faynan Valley, a location
characterized by extensive copper mining activities. The contrast
between the average Cu level observed in the Kdskdag: skeletons
and the Cu levels within skeletons from regions known for
copper exposure in our study underscores the significance of
environmental pollution exposure.

As per Wilson’s assessment [20], the copper (Cu)
concentration in contemporary dry bone should ideally remain
under 30 ppm. On average, the Giiltepe community 0s coxae
exhibits a Cu concentration of 18.27 ppm. Upon gender-based
scrutiny, this value proves higher in women compared to men.
This discrepancy arises because women are more frequently
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exposed to  copper-containing  kitchenware  materials.
Considering Wilson’s specified benchmark, we infer that the
copper values identified in our study are devoid of contamination
and remain unaffected by diagenetic processes.

While it is evident that environmental pollution
significantly elevates the copper (Cu) levels, we deduce that the
Cu concentration in our study surpasses that found in
contemporary bones. This discrepancy could potentially stem
from diagenetic influences. Furthermore, our investigation
reveals a higher Cu level among women. This trend could be
attributed to women’s increased involvement in food preparation
activities and interaction with kitchen utensils.

In the investigation conducted by Glner et al. [9] and
Zapata et al. [21], elevated zinc (Zn) values were attributed to
diagenetic processes. In the tombs of the ancient city of lasos,
the average Zn concentration within rib samples was recorded as
111.24 ppm, whereas the Camihdyuk skeletons exhibited a Zn
value of 96.40 ppm [2]. Interestingly, our study presents a
markedly lower Zn concentration than similar or disparate
region-based studies. Moreover, our findings reveal that the Zn
levels are inferior to those observed in modern bones.

Zinc, a divalent cation, is not synthesized within the
human body and necessitates appropriate levels for its
maintenance. Elevated phytate consumption, particularly from
legumes, cereals, and their seeds, notably contributes to zinc
deficiency [22]. Notably, the continental climate prevalent in the
region promotes a predominantly plant-focused diet.
Consequently, we hypothesize that impaired Zn absorption and
subsequent concentration reduction occur.

In our investigation, lead (Pb) values were higher in
women than in men. This divergence might be attributed to
increased lead exposure among women, potentially originating
from using lead-containing kitchen utensils.

Mercury (Hg) exerts toxic effects even at minimal
concentrations. Our study identified a notably elevated Hg
content. Limited attention has been directed toward Hg analysis
in the realm of heavy element investigations about prehistoric
eras. We attribute this scarcity of studies to the prevailing
disparity in interest between elemental analyses targeting
environmental pollution versus those centered on historical
dietary practices.

Limitations

Given the restricted temporal scope of this study
focusing on bones from a specific era, the limited bone sample
size poses a constraint. Despite the modest number of bones,
their contribution to illuminating the environmental pollution
during the post-Christ period renders the study highly valuable.
However, a conclusive elucidation of the extent of diagenetic
exposure on the bones remained elusive.

Subsequent research endeavors could enhance
understanding by investigating the surrounding soil and water
near the bones. Analyzing these elements would allow for a more
comprehensive evaluation of environmental pollution levels and
the influence of diagenesis, thereby refining our comprehension
in this domain.
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Conclusion

The elevated levels of copper (Cu) and mercury (Hg)
detected in bone tissues from Koskdagi could potentially be
linked to environmental factors and culinary practices, such as
the use of copper utensils for cooking and food storage.
Although the lead (Pb) concentration within the bone tissues
aligns with reference values, the absence of leaded materials in
excavations at the Koskdagi archaeological sites suggests that
elemental accumulation within the bones likely results from
dietary choices and/or the living environment. Furthermore, we
conjecture that our study’s diminished zinc (Zn) concentrations
might be associated with dietary habits.

Collectively, these findings underscore a lasting
continuum of environmental pollution driven by heavy metals,
with associated public health implications spanning from
historical times to the present day.
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Abstract

Background/Aim: Postoperative pancreatic fistula (POPF) development is a common complication after
pancreaticoduodenectomy. Various surgical anastomosis techniques have been proposed to mitigate this
risk. This study compares two techniques: the two-layer duct-to-mucosa pancreaticojejunostomy (TLPJ)
and the modified layer-to-layer end-to-side duct-to-mucosa pancreaticojejunostomy with jejunal serosa
resection (MLLPJ).

Methods: A  retrospective cohort study was conducted on patients who underwent
pancreaticoduodenectomy between January 2012 and December 2020. The primary outcome was the rate
of biochemical leak and clinically relevant POPF (grades B and C POPFs).

Results: The rate of biochemical leak was significantly higher in the TLPJ group than in the MLLPJ group
(54.5% vs. 4.0%, P<0.001). Clinically relevant POPFs developed in 5.2% of all patients, with rates of
6.1% in the TLPJ group and 4.0% in the MLLPJ group. Patients with longer surgery durations, increased
bleeding, and a soft pancreas texture had significantly higher risk of developing clinically relevant POPFs
(P=0.009, P=0.039, and P=0.022, respectively).

Conclusion: The MLLPJ anastomosis technique demonstrated a significant reduction in biochemical leak
rates. However, the choice between TLPJ and MLLPJ did not significantly impact the rates of clinically
relevant POPFs. Other factors, such as surgery duration, bleeding volume, and pancreas texture, were
identified as significant risk factors for the development of these fistulas.

Keywords: pancreaticoduodenectomy, fistula,
complications, jejunum, serosa

pancreaticojejunostomy, pancreatic postoperative
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Introduction

Pancreatic cancer is the fourth leading cause of cancer-
related deaths in developed countries [1]. Surgical resection is
the primary treatment method in operable pancreatic cancer
patients. The operative mortality related to
pancreaticoduodenectomy (PD) has been reduced to below 3% as
a result of improved surgical techniques, new technologies, and
increased surgical experience [2]. Nevertheless, the rate of
patients who develop a postoperative pancreatic fistula (POPF)
after PD is still above 10%. Up to 40% mortality rates have been
reported, depending on the severity of POPF [2,3].

According to the International Study Group of
Pancreatic Fistula (ISGPF), three times more drain amylase
levels than serum amylase levels on the third postoperative day
[4] indicate POPF. POPF, graded as A in the older version of the
ISGPF guidelines, has been redefined as a biochemical leak in
the updated guidelines. Thus, POPFs are currently categorized as
either Grade B or C. The incidence of POPF reported in the
literature varies considerably based on the different definitions of
POPF [3,4]. Therefore, the incidence rate of clinically relevant
POPFs needs to be revised.

Narrow pancreatic duct (<3 mm) and soft pancreatic
tissue, which are among the risk factors for the development of
POPF, have been studied extensively [5,6]. It has been
speculated that technical modifications, including external
stenting of the pancreatic duct, pancreatico-jejunal or
pancreatico-gastric anastomosis, and reinforcement of the
anastomosis via several materials, might reduce POPF rates
compared to the use of only two-layer end-to-side duct-to-
mucosal pancreaticojejunostomy (TLPJ) [7,8]. Nevertheless, the
use of techniques or modifications, such as the Blumgart method
with one to six transpancreatic jejunal seromuscular U-sutures,
modified Kakita anastomosis with two to eight nonabsorbable
interrupted penetrating sutures between the pancreatic stump and
jejunal  seromuscular  layer, two-layer  duct-to-mucosa
anastomosis with resection of jejunal serosa (layer-to-layer PJ),
and modified layer-to-layer PJ (MLLPJ), resulted in
controversial outcomes [7,9-14]. Several studies have proposed
that MLLPJ might be an effective way to reduce the rates of
POPF [10,12].

In light of the preceding evidence, this study aimed to
compare the efficacies of TLPJ and MLLPJ in terms of the rate
of POPF after PD and determine the risk factors associated with
the development of clinically relevant POPFs.

Materials and methods

Population and sample

The population of this retrospective cohort study
consisted of 186 patients who underwent PD with the diagnosis
of a benign or malignant pancreatic tumor at Haydarpasa
Numune Training and Research Hospital between January 2012
and  December  2020. Patients  with  neoadjuvant
chemoradiotherapy (n=20) and incomplete medical data (n=108)
were excluded from the study. In the end, 58 patients were
included in the study sample. The patients were divided into two
groups based on the type of PF anastomosis technique, i.e., TLPJ
or MLLPJ, performed by two different surgical teams.
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Accordingly, 33 (56.9%) and 25 (43.1%) patients who were
operated on using the TLPJ and MLLPJ techniques constituted
TLPJ and MLLPJ groups, respectively.

The Haydarpasa Numune Training and Research
Hospital Ethics Committee approved the study protocol (date:
05.03.2021; number: HNEAH KAEK 2021/KK/49). The study
was performed in accordance with the principles set forth in the
Declaration of Helsinki. Written informed consent could not be
acquired from the patients due to the study’s retrospective design
and the data’s anonymity.

Data collection

Patients’ demographic characteristics, intraoperative
findings, pathological diagnoses, postoperative morbidities,
including biochemical leak, Grades B and C POPFs, intra-
abdominal abscess, intra-abdominal bleeding, and delayed
gastric emptying, and 90-day mortality rates were obtained from
the medical files of the patients and the hospital information
system.

We diagnosed biochemical leak, Grades B and C
POPFs, based on the 2016 ISGPF criteria [4].

The pancreatic duct size was measured using images
from preoperative radiological examinations. The hardness of the
pancreatic tissue, which is categorized as either hard or soft, was
determined intraoperatively.

Patients with high total bilirubin values received
preoperative drainage with endoscopic retrograde
cholangiopancreatography (ERCP) or percutaneous transhepatic
cholangiography (PTC), as well as biliary stenting, where
necessary.

Surgical procedure

In Group TLPJ, the jejunal serosa and pancreatic
capsule were sutured intermittently with 4/0 polydioxanone
(PDS) without resection of the serosa, and duct-to-mucosa
anastomosis was performed with 4/0 PDS [8]. Conversely, in
Group MLLPJ, a segment of the jejunal serosa smaller than the
surface of the pancreas was excised using a scalpel, allowing the
pancreas to invaginate into the small intestine, with surgeons
taking care not to open the mucosa. After the posterior wall was
sutured with 4/0 PDS, the jejunal mucosa was opened from the
section corresponding to the level of the duct. A duct-to-mucosa
anastomosis was performed with four to six individual sutures
with 4/0 PDS. The anastomosis was completed by ensuring that
the jejunum serosa and pancreatic capsule were more inverted,
employing intermittent sutures with 4/0 PDS on the anterior side
[10].

In both anastomosis groups, a silicone internal stent was
placed in the pancreatic duct. Choledochojejunostomy and
gastrojejunostomy were performed to conduct Roux-Y
anastomosis as described previously [8,10].

Postoperative follow-up

A standard follow-up procedure was applied to all
patients. Feeding was started early in patients who did not have
gastric emptying problems. Somatostatin was started in patients
with a narrow pancreatic duct (<3 mm), soft pancreatic tissue, or
high drain amylase levels. A lasting need for nasogastric
decompression by the tenth postoperative day or the inability to
tolerate oral intake was considered a delay in gastric emptying
[15].
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Postoperative complications were classified according
to the Clavien-Dindo staging system [16]. In order to follow the
development of POPF, serum amylase levels on the first and
third postoperative days and drain amylase levels on the third
postoperative day were checked.

Statistical analysis

The study’s primary outcome was the incidence of the
biochemical leak and Grade B and Grade C POPFs, whereas the
study’s secondary outcome was the risk factors with an impact
on the development of clinically relevant POPFs (Grades B and
C).

For descriptive statistics, mean (standard deviation) was
used to present continuous data with normal distribution. Median
with minimum-maximum values was applied for continuous
variables without normal distribution. Numbers and percentages
were used for categorical variables. The Shapiro-Wilk,
Kolmogorov-Smirnov, and Anderson-Darling tests analyzed the
normal distribution of the numerical variables.

The Independent Samples t-test compared two
independent groups in which numerical variables had a normal
distribution. For the variables without normal distribution, the
Mann-Whitney U test was used to compare two independent
groups. The Pearson Chi-Square and Fisher’s Exact tests were
used to compare the differences between categorical variables in
2x2 tables. The Fisher-Freeman-Halton test was used in RxC
tables.

For statistical analysis, Jamovi (Version 2.2.5.0) and
JASP (Version 0.16.1) were used. The significance level (P-
value) was determined at 0.05 in all statistical analyses.

Results

The age and gender distribution of the patients in
Groups TLPJ and MLLPW were similar (P=0.986 and P=0.279,
respectively). The comparison of preoperative and postoperative
clinical findings revealed no significant difference between the
groups (P>0.05 for all comparisons) (Table 1). The median
duration of surgery was 315 and 300 min in Groups TLPJ and
MLLPJ, respectively (P=0.641). The pancreatic duct width and
the proportion of patients with soft pancreas were similar
between the groups (P=0.879 and P=0.287, respectively).
Adenocarcinoma was the most common diagnosis in both groups
(75.8% in Group TLPJ and 76.0% in Group MLLPJ). There was
no significant difference between the groups in the frequencies
of the pathological diagnoses (P=0.287). Other characteristics of
the patients are summarized in Table 1.

There was a significant difference between the groups in
the rates of patients with a biochemical leak and different POPF
grades (P<0.001). The rate of patients with biochemical leak was
54.5% in Group TLPJ and 4.0% in Group MLLPJ. There was
one (3.0%) patient with Grade B POPF in Group TLPJ and one
with Grade C POPF in each group (3.0% in Group TLPF and
4.0% in Group MLLPJ). The rate of patients who developed
clinically relevant POPFs, either Grade B or C, was 6.1% and
4.0% in Groups TLPJ and MLLPJ, respectively (P=0.999). The
distribution of other postoperative complications, except for
gastric paresis, was similar between the groups (P>0.05 for all
comparisons). The incidence of gastric paresis was significantly
higher in Group TLPJ than in Group MLLPJ (P=0.022). There
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was a significant difference between the groups in terms of
grades of surgical complications as determined by the Clavien-
Dindo classification system (P=0.008). The Ilength of
hospitalization was significantly shorter in Group MLLPJ than in
Group TLPJ (P=0.002). The 30-day and 90-day mortality rates
were similar between the groups (P=0.999 and P=0.687,
respectively) (Table 2).

Table 1: Distribution of demographic and clinical characteristics by the anastomosis
technique.

Groups

TLPJ MLLPJ P-value

(n=33) (n=25)
Sex *
Female 15 (45.5) 7(28) 0.279°
Male 18 (54.5) 18 (72)
Age (year) ¥ 62.8 (14.2) 62.9 (12.0) 0.986%
BMI (kg/m?) * 28.9 (6.2) 30.7 (5.1) 0.228*
Comorbidities * 24 (72.7) 18 (72.0) 0.999°
ASA stages *
1 2(6.1) 3(12) 0.698°
2 23 (69.7) 14 (56)
3 6 (18.2) 6 (24)
4 2(6.1) 2(8)
Biliary drainage method
ERCP 6 (28.6) 8 (57.1) 0.181°
PTC 15 (71.4) 6 (42.9)
Biliary stenting ¥ 6(18.2) 8 (34.8) 0.272°
Duration of surgery (min) § 315 (180-540) = 300 (235-480) 0.641°
Amount of bleeding (ml) § 600 (50-1600) = 450 (200-2000) | 0.819°
Pancreatic duct width (mm) $ 4 (2-10) 4 (2-15) 0.879°
Structure of pancreatic tissue
Soft 12 (36.4) 5 (20) 0.287°
Hard 21 (63.6) 20 (80)
Pathological diagnosis *
Adenocarcinoma 25 (75.8) 19 (76.0) 0.287¢
Neuroendocrine tumor 3(9.1) 3 (12.0)
Chronic Pancreatitis 0 (0) 3(12.0)
Other 5(15.2) 0(0)
TNM Stage *
1B 3(10.7) 3(13.6) 0.752°
2A 4(14.3) 5(22.7)
2B 18 (64.3) 11 (50)
3 3(10.7) 3(13.6)

:n (%), £ mean (standard deviation), $: median (min-max), 2 Independent Samples T-Test, ® Mann-Whitney
U test, ¢ Pearson Chi-Square/Fisher's Exact test/Fisher Freeman Halton test, TLPJ: two-layered end-to-side
duct-to-mucosal pancreaticojejunostomy, MLLPJ: modified layer-to-layer pancreaticojejunostomy, BMI:
body mass index, ASA: American Society of Anesthesiologists, ERCP: endoscopic retrograde
cholangiopancreatography, PTC: percutaneous cholangiopancreatography.

Table 2: Distribution of postoperative findings in the groups based on the anastomosis
technique.

Groups

TLPJ MLLPJ P-value

(n=33) (n=25)
Postoperative third day drain amylase | 558 (5-32865) = 29 (4-15748) = 0.001°
level (1U/mL) §
POPF Grades *
Biochemical leak 18 (54.5) 1(4.0) <0.001°
POPF Grade B 1(3.0) 0(0)
POPF Grade C 1(3.0) 1(4.0)
Patients with clinically relevant POPF | 2 (6.1) 1(4.0) 0.999¢
Biliary fistula 3(9.1) 0(0) 0.251¢
Gastric paresis * 16 (48.5) 4 (16.0) 0.022¢
Intraabdominal abscess 3(9.1) 1(4.0) 0.627¢
Bleeding * 3(9.1 1(4.0) 0.627°
Wound infection * 11 (33.3) 8 (32.0) 0.999¢
Clavien-Dindo grades *
1 3(12) 7 (63.6) 0.008°
2 16 (64) 2(18.2)
3 4 (16) 1(9.1)
5 2(8) 1(9.1)
Length of hospital stay $ 16 (8-60) 11 (7-20) 0.002°
30-day mortality * 2(6.1) 2(8.0) 0.999°
90-day mortality * 5(15.2) 2(8.0) 0.687¢

2 n (%), 8 median (min-max), ® Mann-Whitney U test, ¢ Pearson Chi-Square/Fisher's Exact test/Fisher
Freeman Halton test, TLPJ: two-layered end-to-side duct-to-mucosal pancreaticojejunostomy, MLLPJ:
modified layer-to-layer pancreaticojejunostomy, POPF: postoperative pancreatic fistula.

There were three (5.2%) patients with clinically relevant
POPFs in the entire study group. There was no significant
difference between the groups in terms of the demographic and
preoperative clinical characteristics of the patients with clinically
relevant POPFs (P>0.05 for all comparisons) (Table 3). The
patients with clinically relevant POPFs had a significantly longer

&

&
A4

v
Page | 470



_ JSurg Med. 2023;7(8):468-472.

duration of surgery and a significantly higher amount of bleeding
(P=0.009 and P=0.039, respectively). All three patients with
clinically relevant POPFs had soft pancreas (P=0.022). There
was no significant difference between the groups in other
intraoperative and postoperative characteristics (P>0.05 for all
comparisons) (Table 3).

Table 3: Distribution of demographic and clinical characteristics in patients with and without
clinically relevant fistula.

Patients
Without POPF With POPF P-value
(n=55) (n=3)
Sex *

Female 20 (36.4) 2 (66.7) 0.551°

Male 35 (63.6) 1(33.3)

Age (year) ¥ 62 (31-93) 67 (59-78) 0.493°

BMI (kg/m?) * 29.0 (17.5-45.0) = 29.6 (28.2-33.0) 0.686°
Comorbidities 39 (70.9) 3(100.0) 0.554¢
ASA stages *

1 5(9.1) 0(0.0) 0.999°
2 35 (63.6) 2 (66.7)

3 11 (20.0) 1(33.3)

4 4(7.3) 0(0.0)

Biliary drainage method *

ERCP 13 (39.4) 1 (50.0) 0.999°
PTC 20 (60.6) 1 (50.0)

Biliary stenting 13 (24.5) 1(33.3) 0.999¢
Duration of surgery (min) § 300 (180-540) 480 (420-480) 0.009°
Amount of bleeding (ml) $ 450 (50-2000) 1050.0 (800-1700) = 0.039°
Pancreatic duct width (mm) & | 4 (2-150) 3(3-3) 0.333°
Structure of pancreatic tissue *

Soft 14 (25.5) 3 (100) 0.022¢

Hard 41 (74.5) 0(0)

Anastomosis type

TLPJ 31 (56.4) 2 (66.7) 0.999°

MLLPJ 24 (43.6) 1(33.3)

Pathological diagnosis *

Adenocarcinoma 42 (76.4) 2 (66.7) 0.571°¢

Neuroendocrine tumor 5(9.1) 1(33.3)

Chronic Pancreatitis 3 (5.5) 0(0)

Other 5(15.2) 0 (0)

TNM Stage *

1B 5 (10.6) 1(33.3) 0.619°
2A 9(19.1) 0(0.0)
2B 27 (57.4) 2(66.7)

3 6(12.8) 0(0.0)

T: n (%), I: mean standard deviation, §: median (min-max), b Mann-Whitney U test, ¢ Pearson Chi-
Square/Fisher's Exact test/Fisher Freeman Halton test, POPF: postoperative pancreatic fistula, BMI: body
mass index, ASA: American Society of Anesthesiologists, ERCP: endoscopic retrograde
cholangiopancreatography, PTC: percutaneous cholangiopancreatography, TLPJ: two-layered end-to-side
duct-to-mucosal pancreaticojejunostomy, MLLPJ: modified layer-to-layer pancreaticojejunostomy.

In addition, there were significant differences between
the groups in the postoperative clinical findings of the patients
with clinically relevant POPFs. Accordingly, the rates of gastric
paresis, intra-abdominal abscess, and wound infection were
significantly higher in patients with POPF than those without
POPF (P<0.05 for all comparisons) (Table 4). There were
significant differences between the patients with and without
POPF in the grades of surgical complications graded according
to the Clavien-Dindo classification system, the length of hospital
stay, and the 90-day mortality (Table 4).

Table 4: Distribution of postoperative clinical characteristics in patients with and without
clinically relevant fistula.

Patients

Without POPF ~ With POPF = P-value

(n=55) (n=3)
Biliary fistula * 2(3.6) 1(33.3) 0.150°
Gastric paresis 17 (30.9) 3(100.0) 0.037¢
Intraabdominal abscess ¥ | 2 (3.6) 2 (66.7) 0.011¢
Bleeding 3(5.5) 1(33.3) 0.196°
Wound infection * 16 (29.1) 3(100.0) 0.031°
Clavien-Dindo grades *
1 10 (30.3) 0(0.0) 0.012¢
2 18 (54.5) 0(0.0)
3 3(9.1) 2 (66.7)
5 2(6.1) 1(33.3)
Length of hospital stay $ 14 (7-60) 35 (18-38) 0.025°
30-day mortality * 3(5.5) 1(33.3) 0.196°
90-day mortality * 5(9.1) 2 (66.7) 0.036°

2 n (%), % median (min-max), ® Mann-Whitney U test, ¢ Pearson Chi-Square/Fisher's Exact test/Fisher
Freeman Halton test, POPF: postoperative pancreatic fistula
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Discussion

The study findings indicated that the MLLPJ
anastomosis technique significantly prevented the development
of biochemical leaks. In addition, it was determined that the
length of surgery, the amount of bleeding, and the texture of the
pancreas were significant risk factors for clinically relevant
POPFs. On the other hand, the anastomosis type used—TLPJ or
MLLPF—had no impact on the development of clinically
relevant POPFs. Therefore, intraoperative findings and
pancreatic tissue characteristics seem to have a higher prognostic
value in predicting POPF than the technical variances.

Reconstruction in relation to the PD procedure and the
effects of reconstruction on the development of POPF are still a
matter of debate. Invagination PJ and duct-to-mucosa PJ
continue to be the most popular reconstruction procedures.
Although each procedure has some advantages and
disadvantages, several systematic reviews and meta-analyses
failed to show the superiority of either technique [17-19]. In the
Pancreatic Anastomosis Audit (PARANOIA) study, the authors
reported that invagination PJ, compared to the duct-to-mucosa
technique, was associated with reduced rates of all POPF,
including biochemical leaks and clinically relevant fistula types
[17]. The most recent version of the Cochrane review did not
find any significant difference between duct-to-mucosa and
invagination PJs in terms of the development of Grade B or C
POPFs [18]. Although several studies have reported that the
modified Blumgart technique was associated with significantly
lower POPF rates [7,9], the Cochrane review reported that the
evidence on the superiority of duct-to-mucosa PJ using the
modified Blumgart technique was inconclusive [18]. Another
study that compared six-stitch PJ and standard PJ determined
that six-stitch PJ reduced POPF development by 81.7% and that
pancreatic tissue hardness, pancreatic duct size, and anastomosis
technique were important risk factors for the development of
POPF [20]. Kone et al. [21] compared invagination PJ and duct-
to-mucosa PJ techniques and reported that multivariate logistic
regression and propensity score analyses did not reveal any
significant difference between the two techniques in terms of
POPF development rate. Thus, it is still unclear which
anastomosis technique has the lowest rate of developing
clinically relevant POPFs after PD.

Hayashibe et al. [14], in 2005, were the first researchers
to perform the duct-to-mucosa PJ with resection of jejunal serosa
(layer-to-layer PJ). This technique did not result in any leakage
after PD in any of their consecutive studies [12-14]. They
suggested that promoting the vascularization and enhancement of
the anastomotic healing process could be possible via the
resection of the serosa. This new duct-to-mucosa PJ technique
with resection of the jejunal serosa (layer-to-layer PJ) is regarded
as a safe, reliable, and favorable anastomosis technique after PD.
In 2006, lbrahim et al. [22] added a new anastomotic layer
(triple-layer duct-to-mucosa PJ) to the technique previously
described by Hayashibe et al. [14] and found that 1.96% of
patients operated on with this modified technique developed
POPF. Su et al. [10] abbreviated this modified technique as
MLLPJ in an article published in 2014. They performed triple-
layer duct-to-mucosa PJ with jejunal serosal resection and found
that a significantly higher rate of patients with soft pancreatic
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tissue and pancreatic duct diameter <3 mm and patients in whom
anastomosis with the TLPJ technique was used developed POPF.
Accordingly, they speculated that the partial invagination
achieved in the MLLPJ technique reduced the tension over the
anastomosis, as there be no dead space around the anastomosis,
and that the alignment of the pancreatic stump and the jejunal
mucosa might have resulted in better healing. In contrast, the
findings of this study did not reveal any significant relationship
between the anastomosis type and the development of clinically
relevant POPFs. Although the MLLPJ technique resulted in
significantly lower rates of biochemical leak compared to the
TLPJ technique, this significant difference did not translate into a
clinical benefit. Therefore, a definitive conclusion on the
superiority of MLLPJ in reducing POPF after PD could not be
made.

POPF can lead to severe complications such as delayed
gastric emptying, intra-abdominal abscess, and intra-abdominal
bleeding [23]. Delayed gastric emptying, which is reported in
19% to 57% of the patients with POPF, is a non-life-threatening
morbidity that decreases the quality of life and prolongs
hospitalization. It has been reported that delayed gastric
emptying can predict complications such as POPF or intra-
abdominal abscess [24, 25]. In fact, the incidence of gastric
paresis was significantly higher in patients who developed POPF
in this study.

Limitations

The most important limitations of this study were its
retrospective nature and relatively small sample size.
Additionally, the fact that the two surgical techniques
investigated within the scope of this study were performed by
two different teams might have impacted the results, given the
differences between the teams in surgical experience. The size
and heterogeneity of the sample and lack of control might have
prevented significant differences. The performance of each
technique by two different teams might be regarded as a strength
of the study, considering the standardized surgical experience.
Future large-scale studies are needed to obtain more evident
outcomes for the optimum anastomotic technique for
pancreaticojejunostomy.

Conclusion

In conclusion, the findings of this study indicated that
the use of the MLLPJ anastomosis technique might have
prevented the occurrence of biochemical leaks following PD.
The length of surgery, the amount of bleeding, and the texture of
the pancreas were significant risk factors for the development of
clinically relevant POPFs. However, further studies are needed to
shed light on the debate about the optimum PJ technique.
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Abstract

Background/Aim: Endometriosis is a condition characterized by endometrial tissue outside the uterus; it
can lead to pelvic pain, although most cases remain asymptomatic. Abnormalities in the immune system
have been hypothesized to contribute to development of ectopic endometrial tissues. Endometriosis is a
chronic local inflammatory disorder associated with autoimmunity and thyroid disorders. This study aims
to compare thyroid gland volumes between patients diagnosed with pathological endometrioma and those
undergoing the removal of ovarian cysts for other gynecological reasons. Additionally, the study seeks to
identify the coexistence of thyroid disease and determine the threshold value for thyroid volume in cases
of endometriosis.

Methods: This prospective cohort study included 64 patients who met the defined inclusion criteria.
Thyroid volumes were measured in women aged 18-45 with ovarian cysts before surgery. Group 1
comprised individuals with surgically planned endometrioma diagnoses later histologically confirmed after
surgery. The control group (Group 2) consisted of women with similar anthropometric characteristics
undergoing gynecological surgery for non-endometrioma ovarian cysts. Thyroid volume, functional
thyroid hormone levels, tumor markers, and demographic data were compared between the groups.
Results: The endometrioma group exhibited a significantly higher thyroid volume. The thyroid volume
variable demonstrated a diagnostic performance of 0.863 (0.771-0.956) regarding ROC-AUC in the
presence of endometrioma, with a determined cutoff of 7.40. Although patients with endometrioma
displayed a notably larger thyroid volume, cases of goiter were not observed. While there was no
significant difference in thyroid hormones (serum TSH, T3 levels) between the groups, serum T4 was
elevated in the endometrioma group, albeit within the normal laboratory range. All thyroid levels were
within the normal range (euthyroid). As anticipated, serum CA-125 and CA19-9 levels were notably
higher in the endometrioma group. Pathological reports did not indicate the presence of malignant cysts.
Conclusions: Patients with endometriosis experience increased thyroid volume, even without clinical
signs of thyroid disease. The potential clinical interplay between thyroid diseases, thyroid volume, and
endometriosis warrants consideration during patient follow-ups.

Keywords: endometriosis, thyroid disease, thyroid volume, ultrasonography
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Introduction

Endometriosis is a condition characterized by the
presence of tissues resembling the endometrium outside the
uterine cavity. This estrogen-dependent chronic inflammatory
process affects 5-10% of women of reproductive age [1].
Despite extensive research, the definitive etiology of this
condition remains elusive. The prevailing hypothesis suggests
that recurrent retrograde menstruation, followed by the
implantation of ectopic endometrial tissue within the pelvic or
abdominal cavities, is the most widely accepted cause [1,2].
Moreover, it is noteworthy that immunological factors can
contribute to the persistence of endometriotic tissues beyond the
uterus. These factors may also induce alterations in progesterone
receptor levels and the production of crucial transcription factors
[1-3]. The realm of endometriosis holds much yet to be unveiled.

The clinical manifestations of this condition, which
encompass pelvic pain, gastric reflux, inflammatory bowel
disease, and infertility, exhibit a spectrum of variation due to its
distinct molecular pathogenesis [2-4]. Surgical detection and
pathological confirmation vyields designations such as
endometriomas (ovarian endometriosis), peritoneal
endometriotic implants, and rectovaginal nodules, all
representing forms of pelvic endometriosis [5].

Recent studies have illuminated the relationship
between autoimmune and endocrine disorders in individuals with
endometriosis [6,7]. Aghajanova et al. [8] conducted a study
elucidating the expression and cellular localization of thyroid
receptors and thyroid-stimulating hormone receptors (TSHR)
within the endometrium of women devoid of prior medical
history. Additionally, they unveiled that thyrotropin could bind
to TSHR in endometrial cells independently of the hypothalamic-
pituitary system. Thyroid disorders are often intertwined with
conditions such as miscarriage, preterm delivery, or infertility,
and thyroid hormones have already been linked to the physiology
of the endometrium and ovaries [9].

This study aimed to perform a comparative analysis of
thyroid gland volume and investigate the coexistence of
concurrent thyroid disease in patients diagnosed with
endometrioma via pathological examination who had undergone
surgery for diverse gynecological indications involving the
ovaries. As far as we know, there is a lack of research concerning
thyroid volume in individuals with endometriosis. Thyroid
volume measurements have been undertaken in patients with
diabetes mellitus and pregnant women [10-12]. Should a
substantial ~ association  between thyroid volume and
endometriosis emerge, our study could potentially provide
insights into the monitoring and management of patients.

Materials and methods

This study was conducted at a tertiary Training and
Research Hospital from September 2021 to May 2022. Written
informed consent was acquired from all participants. The Ethical
Committee of Adana City Training and Research Hospital
approved the study under Decree No: 1557/2021. The clinical
trial number assigned was NCT05323539.

The study included 18-45-year-old women who
presented at our clinic with a pre-diagnosis of surgically planned
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endometrioma (Group 1). The control group (Group 2) consisted
of women undergoing gynecological surgery for reasons other
than endometriosis, specifically non-endometrioma ovarian
cysts. Prior to surgery, gynecological ultrasounds and
assessments were conducted for all patients. Following surgery,
all cysts underwent pathological examination to confirm the
histology of endometriosis.

During preoperative hospitalization, ultrasonography
was employed to measure the thyroid volume of all participants.
Longitudinal and transverse scans were conducted while
participants were supine, encompassing depth, width, and length
measurements for each lobe. The ellipsoid formula was applied
to estimate thyroid volume, calculated as the sum of both lobes
with the exclusion of the isthmus [12]. These measurements were
consistently acquired by a single experienced radiologist (BP)
using the same equipment — an advanced high-resolution
ultrasound system (Philips EPIQ 7) equipped with a high-
resolution linear transducer (12-5 MHz) manufactured by Philips
Healthcare, Bothell, WA, USA (Figure 1).

Figure 1: Thyroid volume measurement A: Thyroid gland, B: Measurement of thyroid
volume.

TISO.0 MIO6

Confirmation of the patients’ pathological diagnoses
was undertaken, and those with divergent results (e.g.,
malignancy or pelvic abscess) were excluded from the study.
Patients with diabetes goiter, individuals with historical or
current autoimmune thyroid dysfunction, those undergoing
thyroid hormone or iodine-containing medication treatments,
patients with chronic autoimmune conditions, and pregnant
participants were also excluded.

Body mass index (BMI, kg/m?) and demographic
characteristics of the patients, including gravidity (G), parity (P),
and comprehensive gynecological history, were meticulously
documented. Moreover, serum levels of thyroid-stimulating
hormone (TSH), free triiodothyronine (T3), total thyroxine (T4),
and ovarian cyst-related serum tumor markers such as
carbohydrate-associated antigen 19-9 (CA19-9) and cancer
antigen 125 (CA125) were meticulously analyzed and recorded
for all enrolled patients. The reference ranges for normal serum
TSH, T4, and T3 levels are 0.34-5.6 mU/L, 0.61-1.38 ng/dL,
and 2.6-4.37 ng/dL, respectively.

The sample size was determined based on a power
analysis utilizing the study by Gomez et al., which investigated
thyroid volume in patients with type 1 diabetes mellitus [13].
The calculated number of participants needed for the study was
60, with 30 allocated to the study group and an additional 30 for
the endometrioma-negative group.

Statistical analysis

All analyses were executed utilizing the SPSS 22.0
statistical software package. Normally distributed continuous
variables in the group data were presented as mean (standardA
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deviation). Calculations were performed using the G*power
3.1.9.7 software, with an effect size of 1.019, a study power of
95%, and a type | error of 5%. For non-normally distributed
variables in the study, descriptive statistics were provided in the
form of the median and the range of values (from minimum to
maximum). Categorical variables were represented using
numerical values along with corresponding percentages. The
normality of distribution for continuous variables was assessed
using the Kolmogorov-Smirnov test. The continuous variables
between the two groups were compared by employing either
Student’s t-test or the Mann-Whitney U test, based on the
fulfillment of statistical assumptions. A receiver operator
characteristic (ROC) curve analysis was performed to identify
the optimal cutoff point for thyroid volume. A significance
threshold of 0.05 was applied to all statistical tests.

Results

The mean age of women in the endometrioma-positive
group was 41 (8.2), while 46 (7.5) was in the endometrioma-
negative group. Gravida and parity were significantly higher in
the endometrioma-negative group (P=0.003 and P=0.006,
respectively). No statistical differences were observed in mean
BMI and abortion history. The comparison of variables between
the groups with and without endometrioma is presented in Table
1. There was no significant difference in thyroid hormones
(serum TSH and T3 levels) between the groups, although serum
T4 was found to be higher in the endometrioma group
(P=0.016). Notably, the T4 levels fell within the normal
laboratory range, indicating euthyroid status. Serum CA-125 and
CA19-9 levels were significantly higher in the endometrioma
group, as anticipated. Pathological reports did not indicate the
presence of any malignant cysts.

Table 1: Comparison of variables between groups with and without endometrioma.

Variables Endometrioma P-value

Negative Positive

Mean (SD) Mean (SD)
Age (year) 48.750 (7.556) 41.000 (8.219) <0.001
BMI (kg/m?) 25.090 (3.052) 24.380 (3280) 0.368
Gravidity” 2.50 (0.0-6.0) 2.00 (0.0-7.0) 0.003
Parity” 2.00 (0.0-5.0) 1.00 (0.0-6.0) 0.009
Abortion” 0.00 (0.0-2.0) 0,.0 (0.0-2.0) >0.999
CA125" 28.50 (8.0-56.0) 46.50 (29.0-108.0) = <0.001
CA19-9" 14.00 (6.0-32.0) 29.00 (21.0-49.0) <0.001
Thyroid volume (mL) 5.972 (1.981) 8.859 (1,936) <0.001
T3 (mg/dL) (2.6-4.37)" 3.700 (2.10-4.60) = 3.555 (2.50-4.60) 0.984
T4 (mg/dL) (0.61-1.38) " | 0.975 (0.60-1.40) = 1.280 (0.76-165) 0.016
TSH (MUI/L) (0.34-5.6) | 2.869 (1.342) 3.462 (1.184) 0.065

BMI: body mass index, TSH: thyroid-stimulating hormone, * Median (min-max) was used as descriptive
statistics.

Thyroid volume exhibited a noteworthy increase in the
endometrioma group. When considering the presence of
endometrioma, the diagnostic performance of the thyroid volume
variable yielded a value of 0.863 (0.771-0.956) in terms of
ROC-AUC, and an optimal cutoff value of 7.40 was identified.
Refer to Table 2 and Figure 2 for the ROC curve representation.

Table 2: ROC curve characteristics of the thyroid volume.

| ROC-AUC P-value = Cutoff = Sensitivity = Specificity

Thyroid 0.813 0.844

volume

0.863 (0.771-0.956)  <0.001 | 7.40

ROC: receiver operating characteristic, AUC: area under the curve
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Figure 2: The thyroid volume and cutoff value in the ROC curve.
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Discussion

This study discovered a greater thyroid volume in
women with endometrioma. In the context of endometrioma, the
diagnostic accuracy of thyroid volume was calculated to be 7.40
for the optimal cutoff level. Among the patients, there were no
thyroid dysfunction, diabetes, or other chronic diseases. As a
result, our findings demonstrated no notable elevation in thyroid
function hormones.

Petta et al. [14] assessed the risk of autoimmune thyroid
disease or dysfunction in women with endometriosis. They
collected data through self-administered questionnaires and
compared serum values of thyroid function hormones, thyroid
peroxidase antibody (TPO-Ab), and thyroglobulin antibody (TG-
Ab) between groups with endometriosis (n=148) and control
subjects (n=158). According to their findings, women with
endometriosis do not face an elevated risk of developing thyroid
disease. It is important to note that these results pertain
specifically to the Brazilian female population of reproductive
age.

On a different note, Sinaii et al. [6] concluded that
women with endometriosis exhibited increased rates of
hypothyroidism in a comprehensive survey analysis of the
female population in the US. However, it is worth mentioning
that they did not substantiate these diagnoses with laboratory
tests.

A recent study compared the prevalence of thyroid
diseases between women with and without endometriosis. The
study participants were drawn from Korean health insurance
reviews, resulting in two distinct groups (5615 with
endometriosis and 22,460 controls). Their findings indicated an
association between Graves’ disease and endometriosis, whereas
hypothyroidism, including autoimmune hypothyroidism, did not
display a similar correlation [15]. The potential link between
Graves’ disease and endometriosis could be explained by
autoimmunity. While the cause of endometriosis remains
unknown, the disease shares common pathways with
autoimmune disorders, encompassing factors like polyclonal B
cell activation, imbalanced T and B cell ratios, and inflammation
[16].

Furthermore, estrogen is pivotal in the pathogenesis of
endometriosis and Graves’ disease [15]. This is primarily due to
antibodies binding to the TSH receptor, which leads to
hyperplasia and hypertrophy within the thyroid gland. However,
it is noteworthy that Yuk et al. [15] did not delve into the
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assessment of thyroid volume or the histology of endometriosis
within their study group.

In contrast, our study undertook a comprehensive
approach. We not only compared the thyroid gland volume but
also scrutinized the presence of concurrent thyroid diseases
among patients diagnosed with endometrioma and those with
ovarian cysts who underwent surgical procedures for other
gynecological indications. It is crucial to mention that
individuals with diabetes, goiter, prior or ongoing autoimmune
thyroid dysfunction, and those utilizing thyroid hormones or
medications containing iodine were deliberately excluded from
our study. Consequently, we did not investigate serum TPO-Ab
or TG-Ab levels.

Remarkably, our investigation yielded a noteworthy
cutoff value of 7.4 concerning thyroid volume measurement. It is
important to acknowledge that thyroid gland volume can exhibit
variability across different nations and is influenced by factors
such as age, gender, and BMLI. In our country, a total thyroid
volume exceeding 10.94 ml indicates goiter [17]. Despite
observing a significantly larger thyroid volume in patients with
endometrioma, no instances of goiter were detected among them.
This outcome implies an inflammation-linked condition in
patients with endometrioma who exhibit neither thyroid-related
complaints nor abnormal hormone levels.

Within our study, patients with endometrioma displayed
elevated tumor marker levels, aligning with existing literature.
Notably, the average age of patients lacking endometrioma was
significantly greater. This disparity can be attributed to
endometrioma predominantly precipitating infertility, pelvic
discomfort, and mass-related complications during the
reproductive years. Consequently, the mean age of patients
within the endometrioma-negative group skewed higher.
Moreover, this divergence in age also translated into distinct
patterns concerning gravidity and parity, with both parameters
being notably lower among individuals in the endometrioma-
positive group.

Gomez et al. [13] conducted a study involving
individuals with type 1 diabetes mellitus (DM1) who lacked
thyroid dysfunction. Their findings suggested that DM1 patients
exhibited a greater thyroid volume than healthy controls within
similar anthropometric populations. It is worth noting that factors
like autoimmunity and inflammation could potentially contribute
to alterations in thyroid volume among these patients. However,
it is important to highlight that a consensus has yet to be reached,
as discrepancies in thyroid volume have not been consistently
observed in analogous studies conducted in diverse nations [18].

A notable strength of the present study lies in the
histological confirmation of endometriosis diagnosis and the
absence of any chronic conditions that might impact the thyroid
gland.

Limitations

The primary limitation of the study was its small sample
size. Conducting larger-scale investigations across diverse
nations could potentially influence the outcomes.

Conclusion and recommendations

In summary, endometriosis presents a challenging
scenario with many symptoms and no definitive treatment
options. Given its multifaceted pathophysiology, exploring its
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connections and interactions with other organ systems is
imperative. Specifically, diligent monitoring of patients for
potential thyroid diseases and assessing potential goiter
development should be undertaken. Additionally, prospective
longitudinal studies are warranted to unravel the clinical
interplay between thyroid health and endometriosis, providing
valuable insights for patient follow-up protocols.
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Abstract

Background/Aim: In pediatric populations, the frequent challenges of patient cooperation often
necessitate treatments to be performed under general anesthesia. Since these procedures do not fall under
the category of major surgery, daycare anesthesia has become a prevalent approach in this field. The
advantages of daycare anesthesia, such as reduced hospital stay durations and costs, make it a preferred
method. It is well-recognized that daycare anesthesia, when applied across various surgical fields, has
unique postoperative complications, which can sometimes be linked to the surgical procedure itself. Dental
treatments represent a specific surgical domain, and elucidating potential postoperative complications in
this area draws attention to preventive measures and is vital for enhancing postoperative patient comfort.
The primary objective of this study was to evaluate and identify the most prevalent postoperative
symptoms and complications associated with pediatric dentistry.

Methods: This retrospective cohort study was conducted at the Erciyes University Faculty of Dentistry
between January 15 and April 15, 2019. We analyzed records of 245 pediatric patients aged 3 to 13 who
underwent day-case dental procedures. The inclusion criteria encompassed all patients who underwent
dental procedures under general anesthesia and were classified as ASA 1-2. Variables such as
demographic data, procedure duration, comorbidities, and postoperative complications were extracted and
analyzed for the current study.

Results: Out of the 245 pediatric patients, the median age was 6.0 years, ranging from 3.0 to 13.0 years.
Females comprised 52.7% of the cohort. Most patients (62.9%) were classified under ASA class one.
27.8% of the patients reported postoperative complications such as sore throat, hoarseness, cough, or
nausea/vomiting. The most prevalent postoperative complications were hoarseness (11.4%) and sore throat
(9.8%). Demographic and clinical characteristics of patients with and without postoperative complications
were compared. Gender significantly influences the occurrence of postoperative complications. Males had
a rate of 11.0% (27 out of 245), while females had a rate of 16.7% (41 out of 245), with females
experiencing complications at a higher rate than males (P=0.01). Age also played a role in complications:
the mean age for patients with complications was 6.0 years, compared to 5.0 years for those without
complications (P=0.02).

Conclusion: Pediatric daycare anesthesia, especially for dental procedures, has proven effective and safe.
However, each child presents a unique set of challenges, and it’s crucial to recognize and mitigate
potential risks. By understanding common postoperative symptoms and tailoring anesthesia techniques
accordingly, healthcare professionals can optimize outcomes and enhance the quality of pediatric patient
care.
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Introduction

Day surgery, entailing the discharge of patients on the
same day as their surgical procedure, offers numerous
advantages, including cost savings, shorter hospital stays, and
diminished postoperative complications [1]. The adoption of day
surgery and anesthesia, particularly in pediatric care, has been
steadily increasing, driven by enhanced patient and family
comfort, cost reduction, and a decreased reliance on bed
availability. Day surgeries now account for 51% to 65% of all
surgical procedures, a percentage that continues to rise
incrementally [2].

The inception of day surgery and anesthesia for children
can be attributed to Nicoll in 1909. Generally, children are
deemed optimal candidates for day surgery anesthesia due to
their overall good health and their procedures’ predictable, brief
nature. Although complications stemming from outpatient
anesthesia in children are infrequent, when they do arise, they
predominantly manifest as nausea, vomiting, respiratory
challenges, or cardiovascular issues [3].

Numerous studies have emphasized pediatric day
surgeries’ advantages and potential considerations. For example,
in a 30-year hospital experience, Postuma et al. [4] illuminated
pediatric daycare surgery’s changing patterns and safety aspects.
In a parallel vein, during a five-year investigation, Letts and
coauthors [2] assessed the effectiveness of pediatric day surgery
and identified its numerous benefits, including cost-
effectiveness, abbreviated hospital stays, and diminished
postoperative complications. Lerman [5] also delivered a
comprehensive overview of pediatric ambulatory anesthesia,
highlighting contemporary optimal practices and field-related
challenges.

The objective of this study was to conduct a
retrospective assessment of the outcomes and complications
linked to day surgery and anesthesia for pediatric dental
procedures conducted at our hospital from January to April 2019.

This study aimed to assess the safety and effectiveness
of day surgery and anesthesia procedures in pediatric dentistry.
Additionally, the study aimed to identify prevalent complications
stemming from these procedures and provide recommendations
for optimal practices and opportunities for enhancement to
elevate patient care standards and mitigate complications.

Materials and methods

Study design and patient selection

This retrospective study was undertaken with the
endorsement of the Ethics Committee of Erciyes University
Faculty of Medicine, under the approval number 2018/315.
Throughout this study, the authors strictly adhered to the ethical
standards outlined in the principles of the Helsinki Declaration.
The analysis encompassed the medical records of pediatric
patients, aged between 3 and 13, who underwent day-case dental
procedures at the Erciyes University Faculty of Dentistry from
January 15 to April 15, 2019. A comprehensive evaluation of
245 patient medical records was conducted. Patients who
underwent procedures under sedation and those subjected to
general anesthesia with laryngeal mask airway were deliberately
excluded from the study.
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Postoperative complications were determined based on
observation sheets meticulously filled out by nurses in both the
recovery room and ward areas. These uniform observation sheets
were utilized to maintain a standardized and impartial evaluation
across all patients. The criteria and protocols governing nurse
observations were established beforehand, ensuring all patients
underwent assessment under equivalent conditions.

Study variables

In pursuit of the study’s objectives, we thoroughly
reviewed and extracted diverse data elements from the patient
records. This encompassed demographic particulars, such as age,
gender, and body mass index (BMI). Furthermore, we examined
the procedural duration, concurrent comorbidities, the distinct
categories and occurrences of postoperative complications noted,
and the comprehensive prevalence of postoperative
complications. Each of these variables underwent a methodical
analysis to glean significant insights concerning the outcomes of
the day-case dental procedures.

Statistical analysis

The collected data were analyzed using SPSS 22.0
(Statistical Package for the Social Sciences). For categorical
variables, frequencies and percentages were computed, while for
continuous variables, metrics such as mean, standard deviation,
minimum, and maximum values were calculated. To ascertain
distinctions between groups, the Chi-square test was employed.
A P-value of <0.05 was deemed as indicating statistical
significance.

Results

The demographic and clinical characteristics of the
study group, consisting of 245 patients, are described below. The
median age of the participants was 6.0 years, ranging from 3.0 to
13.0 years. The cohort exhibited an almost equal distribution
between genders, with females comprising 52.7% and males
accounting for the remaining 47.4%.

Regarding the ASA classification, the majority (62.9%)
belonged to ASA class 1, while the remaining individuals
(37.1%) fell under ASA class 2. The group’s average BMI was
15.39 kg/m?, and the typical duration of operations averaged
around 71.11 minutes.

Most participants (74.9%) reported no additional health
issues when investigating comorbidities. The remaining patients
presented with various conditions: asthma (7.3%), epilepsy
(3.2%), autism (0.8%), and other miscellaneous health concerns
(13.1%). Regarding postoperative complications, the majority
(72.2%) reported none. However, some individuals did encounter
problems such as hoarseness (11.4%), sore throat (9.8%), cough
(3.3%), and nausea or vomiting (3.3%) (Table 1).

Table 2 presents a comparative analysis of demographic
and clinical characteristics among patients with and without
postoperative complications. In our study involving 245 pediatric
patients, 68 experienced postoperative complications, while 177
did not encounter such issues. The median age for patients with
complications was 6.0 years (range: 4.0-13.0), in contrast to a
median age of 5.0 years (range: 3.0-13.0) for those who
remained complication-free. A statistically significant age
difference was observed between the two groups (P=0.02).
Regarding gender distribution, among the 68 patients with
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complications, 27 were male (11.0%), and 41 were female
(16.7%). Conversely, among the 177 patients without
complications, 102 were male (41.6%), and 75 were female
(30.6%). Gender was found to exert a statistically significant
influence on the occurrence of postoperative complications
(P=0.01).

Table 1: Demographic and clinical characteristics of the study group.

Overall (n=245)
Age (year) 6.0 [3.0-13.0]
Sex *
Female 129 (52.7)
Male 116 (47.4)
ASA class *
1 154 (62.9)
2 91 (37.1)
BMI (kg/m?) * 15.39 (3.1)
Operation time' 71.11 (28.5)
Comorbidities *
No additional problems 185 (74.9)
Asthma 18 (7.3)
Epilepsy 8(3.2)
Autism 2(0.8)
Others 32(13.1)
Postoperative complication®
No complications 177 (72.2)
Hoarseness 28 (11.4)
Sore Throat 24 (9.8)
Cough 8(3.3)
Nause or vomiting 8(3.3)

i n (%), f: mean (standard deviation), §: median [min-max], ASA: the American Society of
Anesthesiologists, BMI: body mass index

Table 2: Comparison of the patients with and without postoperative complications in terms
of the demographic and clinical characteristics.

Post-op complications P-value

Yes (n=68) No (n=177)
Age (year) § 6.0 [4.0-13.0] @ 5.0[3.0-13.0] = 0.02***
Sex * 0.01**
Male 27 (11.0) 102 (41.6)
Female 41.0 (16.7) 75.0 (30.6)
ASA class * 0.08**
1 46 (18.8) 140 (57.1)
2 22 (8.9) 37 (15.1)
BMI (kg/m?) 14.91 (2.6) 15.58 (3.3) 0.09 ***
Operation time' 71.38 (25.9) 71.00 (28.6) 0.92%**
Comorbidities * @0 ==
No Additional Problems | 46 (18.7) 139 (56.7)
Asthma 9(3.7) 9 (3.7)
Epilepsy 3(1.2) 5 (2.0)
Autism 1(0.4) 1(0.4)
Others 9(3.7) 23 (9.4)

f: n (%), f: mean (standard deviation), §: median [min-max], ASA: the American Society of
Anesthesiologists, BMI: body mass index, * Mann-Whitney U test, ** Pearson Chi-Square, or Fisher’s exact
test, *** Independent samples t-test.

Discussion

Pediatric daycare anesthesia in dentistry is gaining
prominence due to its numerous benefits compared to traditional
inpatient procedures. A significant global shift is occurring
towards adopting day-case anesthesia, driven by cost-
effectiveness, enhanced patient and guardian satisfaction, shorter
hospital stays, and reduced risks of hospital-acquired infections.
The swift return to a familiar environment often contributes to a
faster recovery for pediatric patients, thereby diminishing the
psychological distress associated with prolonged hospitalization
[6]. The frequency of pediatric ambulatory surgery has recently
surged, resulting in 80-90% of pediatric surgeries being
performed as ambulatory procedures [5].

The safety and effectiveness of outpatient surgical
procedures in pediatric patients remain a significant concern
among healthcare professionals. In a 5-year study, Letts and
colleagues [2] investigated 4900 pediatric patients who
underwent outpatient anesthesia for procedures such as
myringotomy, tonsillectomy, adenoidectomy, dental procedures,
and inguinal hernia repair. They identified several advantages of
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this approach, including cost savings, abbreviated hospital stays,
and decreased postoperative complications.

In our study, which observed a relatively high rate of
postoperative complications, we compared the incidence of these
complications with the demographic and clinical data of the
patients. Our analysis revealed that age and gender exerted
statistically significant influences on the occurrence of
postoperative complications. In line with our findings, a study
conducted by Chao et al. [7] on pediatric patients undergoing
dental treatments under general anesthesia as daycare procedures
also noted a significant correlation between postoperative
complications, operation time, and age.

Lerman [5] has extensively reviewed pediatric daycare
anesthesia procedures, using adenotonsillectomy as a primary
example. This review delves deeply into preoperative and
postoperative events within this field, providing a comprehensive
understanding of pediatric daycare anesthesia on a broader scale.
In contrast, our study concentrates on a more specific procedure,
an area with limited representation in the current literature.
Consequently, our contribution offers a valuable addition to the
existing body of knowledge.

Pediatric populations undergoing day-case anesthesia
frequently report procedure-specific postoperative symptoms,
such as nausea or bleeding [2,8]. However, our pediatric cohort,
which specifically focused on dental procedures, exhibited a
distinct profile, with complications like hoarseness and sore
throat being more prevalent. This disparity highlights children’s
distinctive postoperative challenges, a viewpoint also shared by
Kain et al. [9] in their study, which delved into behavioral
outcomes in children following surgery.

According to our findings, 245 patients underwent
dental treatments under general anesthesia and underwent
retrospective review. The rates of postoperative complications
were as follows: hoarseness in 28 patients, sore throat in 24
patients, cough in eight patients, and nausea or vomiting in eight
patients, resulting in an overall complication rate of 27.76%. The
otolaryngology service has been among the most frequent users
of day surgery. Existing literature reports complication rates
associated with tonsillectomy procedures ranging from 2.2% to
20% [2].

In a study examining postoperative complications
among children undergoing dental treatments with general
anesthesia as a day surgery procedure, a postoperative
complication rate of 61.9% was identified. The most frequently
reported complications were drowsiness, pain, and difficulty
eating [10]. In contrast, our study revealed that hoarseness and
sore throat were the most common postoperative complications.
Our postoperative complication rate stood at around 30%. This
lower rate in our study may be attributed to a combination of
improved preoperative assessment, the proficiency of our
surgical and anesthetic team, and rigorous postoperative care
protocols.

In dental practices, procedures conducted under general
anesthesia inherently carry a risk for postoperative complications
such as sore throats and hoarseness. Considering that these
procedures are performed within the oral cavity and involve the
utilization of general anesthesia equipment, the occurrence of
such complications can be foreseen. Our study highlights the
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necessity for supplementary measures to improve postoperative
comfort within this context. These measures might involve a
more cautious approach to intraoral instrument and device usage,
particularly selecting softer throat tampons for use during general
anesthesia.

The importance of multidisciplinary collaboration in
modern healthcare cannot be emphasized enough. This is
especially crucial in the realm of pediatric anesthesia.
Incorporating perspectives from pediatricians, anesthetists, and
dentists can lead to a more comprehensive care approach [11].
Additionally, existing literature underscores the pivotal role of
preoperative counseling and postoperative support systems in
improving outcomes [12].

Limitations

Despite our meticulous methodology, this study has its
limitations. The findings might not be universally applicable due
to the region-specific nature of our sample. Furthermore, our
postoperative evaluation may not comprehensively capture
potential long-term complications.

Conclusion

In conclusion, pediatric daycare anesthesia in dentistry
demands specialized skills, interdisciplinary teamwork, and a
profound comprehension of the distinctive challenges pediatric
patients pose. We found that patients undergoing dental
treatments under general anesthesia as daycare procedures most
frequently encountered postoperative sore throat and hoarseness.
Given our findings, it is imperative to implement targeted
measures, such as utilizing softer tampon materials within the
oral cavity, ensuring cautious manipulation of intraoral
instruments to prevent trauma, and the anesthetist’s selection of
appropriate tube size, to mitigate these complications. Such
approaches hold the potential to significantly heighten
postoperative patient comfort and satisfaction.

Given the procedure-specific nature of our sample,
future studies might contemplate incorporating a more diverse
and expansive population to amplify the external validity of the
results. Furthermore, extended postoperative follow-ups could
prove pivotal in comprehensively understanding potential long-
term complications.
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Abstract

Background/Aim: Pressure ulcers (PU) pose a significant problem for patients in intensive care. Various
factors contribute to the development of pressure sores. The primary focus of treatment is to implement
measures that prevent factors such as nutrition and positioning, which can lead to PUs. Therefore, it is
crucial to identify parameters that can serve as warning signals for the formation and progression of PU.
This study investigates the potential use of hematological parameters as warning signals.

Methods: Demographic data, co-morbidities, PU stages, and laboratory parameters of 158 patients
hospitalized in the intensive care unit who developed pressure ulcers during their hospital stay were
recorded and analyzed.

Results: Among the 158 cases included in the study, PUs were more prevalent in patients of advanced age,
those with pneumonia, chronic obstructive pulmonary disease (COPD), coronary diseases, and
neurodegenerative diseases. Mean platelet volume (MPV) was significantly higher in PU stages 2 and 3
compared to stage 1. However, age, lymphocyte count, monocyte count, neutrophil-to-lymphocyte ratio
(NLR), lymphocyte-to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio (PLR) did not exhibit
significant differences among the stages of PU (P<0.05).

Conclusion: Advanced age, pneumonia, COPD, coronary diseases, and neurodegenerative diseases are
identified as risk factors for PU. Although MPV was initially considered a potential, stimulating
parameter, the evidence was insufficient. Further research is required to explore this issue. The impact of
parameters other than MPV did not show any excitatory signal in this study.

Keywords: pressure ulcer, pressure ulcer stage, hematological parameters, intensive care unit
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Introduction

Thanks to advancements in technology and medicine
and improvements in the standard of care provided in intensive
care units (ICUs), patients’ life expectancy has been steadily
increasing. However, this prolonged life expectancy comes with
certain challenges, including a rise in the number of days patients
spend in intensive care, increased healthcare costs, and higher
occupancy rates in ICUs. Despite implementing measures such
as air beds and regular repositioning, pressure ulcers (PUSs),
commonly known as pressure sores, remain a significant issue
during extended hospital stays, particularly among patients
connected to mechanical ventilators. The incidence of PUs in
ICUs ranges from 10% to 56% [1].

While PU can occur across all age groups, the risk is
particularly elevated in geriatric patients. Aging is often
accompanied by co-morbidities such as heart failure, coronary
artery diseases, and neurodegenerative conditions like
Alzheimer’s disease and stroke. Furthermore, respiratory
ailments stemming from smoking and a decline in respiratory
capacity become more prevalent with advancing age. Geriatric
patients also face additional factors such as incontinence,
reduced subcutaneous adipose tissue, malnutrition, and
dehydration, which can contribute to the development of PU,
often exacerbated by prostate issues and Alzheimer’s disease [2].
Therefore, accurate prediction of PUs, implementation of
preventive measures, adequate pain management, and early
treatment are vital for significantly enhancing the quality of life,
particularly among these patient groups.

Studies have demonstrated that in addition to age and
co-morbidities, certain parameters derived from complete blood
counts, such as the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte  ratio (PLR), and lymphocyte-to-
monocyte ratio (LMR), can serve as valuable predictors of PU
formation and wound healing. Therefore, this study also
examines the potential of these parameters [3]. PUs give rise to
significant issues, including infection, pain, and increased
healthcare costs. Hence, our study aims to guide for predicting
PUs, implementing preventive measures, and determining
appropriate treatment strategies.

In this study, we investigated the impact of
hematological changes, hospitalization diagnoses, and co-
morbidities on the development of PUs and their progression
across different stages.

Materials and methods

This retrospective cohort study was conducted in
compliance with the Declaration of Helsinki and STROBE
guidelines, following approval from Malatya Turgut Ozal
University Clinical Research Ethics Committee (date: November
3, 2022, number: 2022/49). The minimum required sample size
for the study was determined as 150 patients, based on similar
studies, with an alpha error of 0.05 and a beta error of 0.8. The
study was carried out from January 1, 2022, to September 30,
2022. All participants were informed about the study, and written
consent was obtained from them and/or their legal guardians.

Initially, a total of 180 patients with PUs who were
hospitalized in the tertiary ICU were included for analysis.

Hematological parameters and pressure ulcer stage
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However, 22 patients were excluded due to their refusal to
participate or the unavailability of their medical data.
Consequently, the study continued with a final sample of 158
patients aged between 18 and 100 years. Exclusion criteria
included patients who developed PUs before ICU admission,
those with a history of diabetes or sepsis, individuals with
peripheral arterial disease, patients requiring inotropic support,
those unwilling to participate in the research, individuals with
short postoperative hospital stays, and pediatric patients.
Furthermore, patients who had PUs during hospitalization or had
previously undergone plastic surgery or PU surgery were not
included to optimize the study.

In our hospital’s intensive care unit, all patient beds are
equipped with air mattresses, and patients were regularly
repositioned. To address the nutritional factor, each patient
received enteral or oral feeding tailored to their specific caloric,
protein, and electrolyte requirements. Patient data, including age,
gender, hospitalization diagnoses, co-morbidities, laboratory
results, and PU stages, were retrieved from the hospital’s
automation system. The study aimed to analyze the effects of
these parameters on PU formation and staging.

PU stages were evaluated as: Stage 1, redness on intact
skin that does not fade with pressure; Stage 2, partial thickness
skin loss with exposed dermis; Stage 3, full-thickness skin loss;
and stage 4, full-thickness skin and tissue loss.

Statistical analysis

Data analysis was performed using SPSS 22 (Statistical
Package for Social Sciences; SPSS Inc., Chicago, IL) software.
Descriptive statistics were presented as n and % values for
categorical variables, while continuous variables were expressed
as mean (standard deviation [SD]) or median with interquartile
range (IQR) (25th—75th percentiles). The Pearson chi-square test
was employed to compare categorical variables between groups.
The normal distribution of continuous variables was assessed
using the Kolmogorov-Smirnov test. The Kruskal-Wallis test
was utilized for comparisons involving more than two variables.
A statistical significance level of P-value <0.05 was considered
in the analysis of continuous variables.

Results

Of the 158 cases included in the search, 84 (53.2%)
patients were males. The mean age of the cases was 73.9 (13.5)
years, and 100 (63.3%) had co-morbidities. The PU stages of the
patients were as follows: Stage 1 in 95 (60.1%) patients, stage 2
in 37 (23.4%) patients, and stage 3 in 26 (16.5%) patients. The
demographic characteristics, blood, and laboratory data of the
patients are demonstrated in Table 1. The diagnoses of the cases
were as follows: pneumonia in 61 (38.6%) patients,
cerebrovascular diseases (CVD) in 44 (27.8%) patients, chronic
obstructive pulmonary disease (COPD) in 20 (12.7%) patients,
Alzheimer’s disease in 12 patients, heart failure (HF) in 10
(6.3%) patients, myocardial infarction (M) in 8 (5.1%) patients,
and sepsis in 3 (1.9%) patients (Figure 1).

&

&
A4

v
Page | 482



 JSurg Med. 2023;7(8):481-485.

Table 1: Demographic, clinical, and laboratory characteristics of the patients.

Parameter Value
Gender (Male) 84 (53.2)
Co-morbidity 100 (63.3)
Stage Stage 1 95 (60.1)

Stage 2 37 (23.4)

Stage 3 26 (16.5)
Age, (year) 75.0 (65-85)
Neutrophil (10°uL™?) 10.39 (0.69-14.21)
Lymphocyte (10%uL) | 0.78 (0.54-1.15)

Monocyte (10°uL?)
Platelet (10°uL™)

0.66 (0.57-0.86)
270 (230-450)

MPV (fL) 12.8 (9.9-13.8)
NLR 11.8(7.1-21.7)
PLR 0.4 (0.2-0.6)
LMR 1.2 (0.7-2.1)

MVP: Mean Platelet Volume, NRL: Neutrophil-to-Lymphocyte Ratio, LMR: Lymphocyte-to-Monocyte
Ratio, PLR: Platelet-To-Lymphocyte Ratio. Gender, comorbid diseases, and pressure ulcer stages are given
as n (%). Other values are given as median (interquartile range) + (minimum-maximum)

Figure 1: Distribution of patients according to their diagnoses
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CVD: Cerebrovascular Disease, COPD: Chronic Obstructive Pulmonary Disease, CHF: Chronic Heart
Failure, MI: Myocardial Infarction

Among men, 58.3% were at stage 1, 22.6% were at
stage 2, and 19% were at stage 3. For women, 62.2% were at
stage 1, 24.3% were at stage 2, and 13.5% were at stage 3. The
distribution of PU stages did not show a significant difference by
gender (P=0.645). Among patients with co-morbidities, 55%
were at stage 1, 25% were at stage 2, and 20% were at stage 3.
The PU stages did not differ significantly based on the presence
of co-morbidities (P=0.169).

There was a significant difference in mean platelet
volume (MPV) between the stages (P<0.001). This difference
was primarily observed between stage 1 and the other two stages,
with the MPV value of stage 1 being lower than the other two
stages. No significant differences were found between the stages
in terms of age, neutrophils, lymphocytes, monocytes, platelets,
NLR, PLR, and LMR (P=0.156, P=0.613, P=0.593, P=0.667,
P=0.360, P=0.602, and P=0.569, respectively) (Table 2). The
relationship between MPV and the pressure stages of the patients
is illustrated in Figure 2.

Table 2: Comparison of patient characteristics according to the pressure ulcer stages

Stage 1 (n=95) Stage 2 (n=37) Stage 3 (n=26) P-value
Gender (male) 49 (58.3) 19 (22.6) 16 (19) 0.645"
Co-morbidity 55 (55) 25 (25) 20 (20) 0.169"
Age (year) 77(65-85) 76.0 (69-86) 70 (65-81) 0.300™
Neutrophil (10°uL?) 10.43 (0.64-14.07) = 12.14(8.2-15.34) = 8.39 (6.83-13.37) = 0.156™
Lymphocyte (10°uL) | 0.77 (0.51-1.15) 0.86 (0.62-1.10)  0.74 (0.56-1.43)  0.613™
Monocyte (10°uL?) 0.67 (0.59-0,85) 0.62 (0.59-0.82) | 0.63(0.43-0,90) 0.593™
Platelet (10°uL?) 275 (235-425) 365 (189-463) 242.0 (236-463)  0.667"
MPV (fL) 1.3(9.9-135)* 13.4 (12.9-13.9)>  13.5(9.9-14.7) <0.001™
NLR 11.7 (7.1-22.1) 13.6 (8.4-21.4) 11.1 (4.3-19.6) 0.360"
PLR 0.4 (0.2-0.5) 0.4 (0.2-0.6) 0.3 (0.2-0.6) 0.602™
LMR 1.2(0.7-2.1) 1.3 (1.0-1.7) 1.3(0.8-2.7) 0.569™

MVP: Mean Platelet Volume, NRL: Neutrophil-to-Lymphocyte Ratio, LMR: Lymphocyte-to-Monocyte
Ratio, PLR: Platelet-To-Lymphocyte Ratio, *Chi-squared test **Kruskal-Wallis test. a, b give the groups
with difference. Gender, and comorbid diseases are given as n (%). Other values are given as median
(interquartile range) (minimum-maximum). P<0.05 was considered statistically significant.
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Figure 2: Comparison of MPV values according to the compression stage
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Discussion

The development of PU poses numerous challenges,
particularly in intensive care and palliative care centers,
including worsened clinical conditions, prolonged
hospitalization, and increased treatment costs. Therefore, various
scales such as the Braden Risk Assessment Scale, Norton Risk
Assessment Scale, and Waterlow Risk Assessment Scale are
employed to assess multiple risk factors such as physical activity,
mental state, incontinence, and skin condition [1]. In this study,
we aimed to investigate the impact of hematological parameters
on the formation and stages of PUs. Our findings revealed that
MPV was lower in stage 1 compared to stages 2 and 3. However,
demographic data, hemogram parameters, and values of NLR,
PLR, and LMR did not show significant differences among
different stages of PUs.

Our study exhibited similarities in terms of age, gender,
and co-morbidities compared to previous studies. Adiyeke E and
Adiyeke L [3] reported demographic data of patients with and
without PUs that aligned with our study. In a 2017 article by Jaul
et al. [2], it was stated that the likelihood of PU development is
higher in geriatric patient groups due to factors such as diabetes,
HF, increased neurodegenerative diseases, immobility,
nutritional deficiency, incontinence, and peripheral vascular
diseases. Given that our study population consisted of geriatric
patients with an average age of 75 years, our findings could not
be evaluated based on different age groups.

In our study, 53.2% of the patients were male.
Consistent with our findings, the literature does not report a
significant gender-related difference in PUs. Shi et al., in their
meta-analysis of 65 articles, found that 53% of PU patients were
female [4]. Similarly, Dincer et al. [5] reported that 44.8% of
patients with PUs in the palliative unit were female.

In the present study, the most common diagnoses at
hospitalization for patients who developed PUs were pneumonia,
CVD, and COPD. However, the diagnoses at hospitalization did
not significantly impact the stage of PUs. Tissue hypoxia is a
major concern in PUs. It is widely recognized that, in addition to
pressure, comorbid factors that impede perfusion and
oxygenation can predispose individuals to PUs and hinder wound
healing under conditions of tissue hypoxia. Our study revealed
that pneumonia and COPD, which affect the respiratory system,
were significant co-morbidities. As this patient group primarily
consisted of geriatric patients, they often require mechanical
ventilation support due to impaired oxygenation, tissue hypoxia,
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and reduced lung capacity associated with advanced age. The
need for mechanical ventilation support results in patient
immobilization and prolonged ICU stays. Manzano et al. [6]
documented the impact of mechanical ventilation support on PU
formation. In a multicenter study involving 13,254 patients,
Labeau et al. [7] identified COPD as a risk factor for PUs.

In our study, co-morbidities such as cardiogenic
diseases, including heart failure (HF) and MI, played a
significant role in forming PUs. Conditions like low cardiac
output, hypotension, and rhythm disorders contribute to the
development of PUs by reducing tissue perfusion pressure [8]. In
a 2017 article by Cox, it was mentioned that inadequate tissue
perfusion is a notable risk factor for PUs in Ml patients with left
ventricular failure caused by reduced ejection fraction (EF) and
subsequent decreased cardiac output [9]. HF increases the risk of
PU development due to factors such as dehydration (resulting
from diuretic use, for example), edema, and decreased cardiac
output [10]. While we considered decreased arterial blood flow
in the affected extremity due to peripheral arterial diseases as an
exclusion criterion in our study, it remains an inevitable risk
factor that predisposes individuals to PUs. Lopatina et al. [11]
identified diabetes and hypertension as risk factors for post-
surgical PUs in patients with cardiogenic diseases. They also
demonstrated a significant increase in the likelihood of
developing PUs in patients with a high ASA score.

CVDs are another significant factor contributing to the
development of PUs. Given that most PU patients are geriatric,
the incidence of neurodegenerative diseases such as Alzheimer’s
tends to be higher. Particularly in the advanced stages of the
disease, factors like immobility and malnutrition emerge as risk
factors for PU development in these patients. In our study,
Alzheimer’s disease was observed as a co-morbidity in 12
(6.3%) patients.

Our literature search revealed a scarcity of publications
regarding hemogram values, as well as parameters such as NLR,
PLR, and LMR, in relation to PUs. The NLR ratio is commonly
utilized to assess inflammation and mortality. Therefore, it was
expected that the NLR ratio would be higher, particularly in
stage 3 and stage 4 PUs. However, our study had no patients with
stage 4 PUs. Our investigation solely involved a retrospective
review of patients who developed PUs. Consequently, we could
not ascertain the difference in NLR between patients with and
without PUs. Nonetheless, our findings indicated that NLR did
not impact the stage of PUs.

Similar to NLR, MPV is frequently used to indicate
inflammation and mortality. Platelets play a crucial role in
maintaining a balance between inflammation and hemostasis in
patients with PUs. They enhance the efficacy of leukocytes and
contribute to wound healing [12]. As the wound site and stage
progress, inflammation intensifies, leading to increased
production of new platelets to compensate for platelet
consumption. Younger platelets are expected to be larger in size.
In line with this expectation, our study observed that MPV was
higher in stage 2 and stage 3 PUs compared to stage 1, indicating
that MPV can serve as an important parameter for evaluating the
follow-up and treatment outcomes of PUs.

Adiyake E and Adiyake L [3] conducted a study
evaluating PUs and hematological parameters. They found that
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the NLR was higher in patients with PUs than those without.
Additionally, they observed higher MPV values in patients with
PUs. Their findings regarding MPV align with our study results.
Kutlu et al. examined blood values in bedridden patients, a
primary population susceptible to PUs, and demonstrated a
significant decrease in MPV values following exercise [13]. This
decrease could be attributed to a partial relief of compression in
the pressure area and a reduction in tissue hypoxia in parallel
with increased blood circulation due to exercise.

Numerous studies have examined whether lymphocyte
and monocyte counts, as well as LMR and PLR, can serve as
indicators of inflammation and mortality. For instance,
Durmusoglu et al. [14] conducted studies on ovarian cancers and
found that LMR, NLR, and PLR did not impact mortality.
Conversely, in his specialized thesis, Dede [15] determined that
although LMR is a poor prognostic indicator in COVID-19, it is
not effective in predicting mortality. There are limited studies in
the literature investigating the effects of LMR and PLR on PUs
and their stages. While these studies may have demonstrated an
association between these parameters and PUs due to their
involvement in inflammation, we lacked data on this matter since
our study exclusively focused on patients who developed PUs.
Consequently, we could not arrive at a definitive conclusion
regarding the staging and/or prognosis of PUs in our study.

Limitations

Our study had certain limitations. First, we solely
focused on patients who developed PUs, which prevented us
from comparing them with patients who did not develop PUs.
Second, the study was conducted at a single center, which may
limit the generalizability of the findings. Additionally, the small
number of patients included in the study is another limitation that
should be taken into consideration.

Conclusion

Our search revealed that age, pneumonia, COPD,
coronary artery diseases, and neurodegenerative diseases, as well
as MPV, may influence the risk of development and stage of PU.
While we initially hypothesized that MPV could be a
contributing factor, we lacked sufficient evidence to support this
claim. Further research is needed to explore the role of MPV in
PU. Other parameters, apart from MPV, did not demonstrate a
significant association with PU. Alongside preventive measures
such as proper nutrition, early mobilization, and the use of air
mattresses, early treatment of PUs and addressing the underlying
factors are crucial in preventing the formation of PUs and
potential complications.
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Abstract

Background/Aim: Published studies of surgical outcomes in patients aged 90 years and older have mostly
focused on specific surgeries such as hip fractures. Unlike previous reports, our study includes all surgical
procedures in patient groups aged 90 and over for eight years in our hospital. We aim to be able to predict
the responses of an older adult’s kidney due to surgical stress by using the values of plasma urea and
creatine, which are preoperative and postoperative routine laboratory parameters, and to predict its effect
on mortality.

Methods: Our study was conducted as a retrospective cohort study with 284 patients whose ages ranged
from 90 to 119 and who had undergone a surgical operation. The patients were divided into four groups
according to preoperative and postoperative creatinine values: preoperative and postoperative creatinine
<1.25 mmol/L RFT-I group; preoperative creatinine <1.25 mmol/L but postoperative creatinine >1.25
mmol/L RFT-II group; preoperative creatinine >1.25 mmol/L but postoperative creatinine <1.25 mmol/L
RFT-111 group; and preoperative and postoperative creatinine >1.25 mmol/L RFT-IV group.

Results: Of the 284 cases, 62% required intensive care after surgery. While 95.4% of the patients were
discharged, 4.6% did not survive. No renal dysfunction was observed in the RFT-I group (68.7%, n=195)
(preoperative and postoperative creatinine <1.25 mmol/L). In the RFT-Il group (17.6%, n=50), renal
dysfunction (creatinine >1.25 mmol/L) developed due to postoperative surgical stress (creatinine <1.25
mmol/L). In patients in the RFT-111 group (6%, n=17), preoperative renal dysfunction (creatinine >1.25
mmol/L) improved with postoperative care (creatinine <1.25 mmol/L). In the RFT-IV group (7.7%, n=22),
preoperative renal dysfunction (creatinine >1.25 mmol/L) did not improve postoperative renal dysfunction
despite appropriate perioperative fluid replacement.

Conclusion: Our study observed an increase in postoperative urea and creatinine values due to surgical
stress in our patient group aged 90 and over, who had limited physiological reserves. However, it has been
shown that improvement in renal function tests can be achieved with appropriate fluid replacement and
postoperative intensive care treatment in patients with postoperative or preoperative renal dysfunction. Our
rates of postoperative renal dysfunction due to surgical stress were lower and did not change mortality.

Keywords: geriatrics, acute kidney injury, mortality
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Introduction

Aging encompasses all the functional and structural
changes that occur over time at the level of cells, tissues, and
systems in the organism. It is an irreversible physiological
process [1]. The World Health Organization considers the age of
65 to be the old age limit. However, the transition of people to
dependent lives is around the age of 75 [2].

With the decrease in death rates in recent years, life
expectancy in our country has increased to 70 years. It is
estimated that the number of older people will increase twice in
the next 20 years and reach 12 million in 2050 [3]. Diseases and
organ dysfunctions increase in the elderly population with age
and prolonged life span [4]. Renal blood flow and mass decrease
with age, which increases the risk of developing renal failure in
elderly patients, especially in the perioperative and postoperative
periods, when exposed to nephrotoxic drugs and applications.
The reduced capacity to hold water and electrolyte loads makes
liquid treatment more critical [5].

With the advancement of anesthesia and surgical
techniques, major elective and emergency surgery services are
being provided to a larger number of elderly patients; therefore,
the life expectancy of the elderly is increasing even more [6]. In
the elderly, a limited physiological reserve is sufficient to
maintain hemostasis in a normal state, while surgery may result
in stress-related insufficiency. However, decreased body mass
index and total water and fat ratios change the distribution and
elimination of anesthetic drugs [7].

Published studies on surgical outcomes in patients 90
years of age and older have mostly focused on specific surgeries,
and most are based on hip fracture cases [8,9]. Plasma creatinine
and urea values are the most commonly used preoperative
laboratory tests to evaluate kidney function [10].

Patients aged 90 years and older who had been admitted
to our hospital with various symptoms over eight years and
underwent surgical treatment were included in our study. Our
aim is to predict the responses of an elderly person’s kidney due
to surgical stress by using the values of plasma urea and creatine,
which are preoperative and postoperative routine laboratory
parameters, and to predict their effects on mortality.

Materials and methods

Our retrospective cross-sectional study was carried out
in accordance with the Declaration of Helsinki after the approval
of the Ethics Committee of X University dated November 7,
2022, and numbered 2022/191. The study included 284 patients
between the ages of 90 and 119 who presented to our hospital
with various symptoms between June 30, 2014, and October 7,
2022, and underwent surgical treatment. The data of the patients
included in the study were obtained from the patient files and the
hospital’s automation system. Patients with chronic renal failure
and at risk of severe blood loss were excluded from the study.
The age of the patients, comorbidities, and American Society of
Anesthesiologists (ASA) scores were recorded. The patients’
urea and creatinine values were recorded on the first and second
postoperative days. Also, the type of operation and type of
anesthesia; the status and duration of hospitalization in the
intensive care unit (ICU); whether there was intubation,
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inotropic, dialysis, and blood transfusion treatment; discharge;
and non-survival status were recorded.

In our study, the serum creatinine limit value was
accepted as 1.25 mmol/L according to the laboratory parameters
in our clinic. The patients included in our study were divided into
four groups according to preoperative and postoperative
creatinine values: preoperative and postoperative creatinine
<1.25 mmol/L RFT-I group; preoperative creatinine <1.25
mmol/L but postoperative creatinine >1.25 mmol/L RFT-II
group; preoperative creatinine >1.25 mmol/L but postoperative
creatinine <1.25 mmol/L RFT-III group; and preoperative and
postoperative creatinine >1.25 mmol/L RFT-1V group.

Statistical analysis

While evaluating the findings obtained in the study,
IBM SPSS Statistics 22 program was used for statistical
analyses. The Kolmogorov-Smirnov test evaluated the
conformity of the parameters to the normal distribution, and it
was found that the parameters did not show a normal
distribution. While evaluating the study data, in addition to
descriptive statistical methods (mean [standard deviation],
median, frequency), the Kruskal Wallis test was used to compare
the quantitative data between the groups, and Dunn’s test was
used to determine the group that caused the difference. The Chi-
Square, Fisher’s Exact Chi-Square, and Fisher Freeman Halton
Exact Chi-Square tests were used to compare the qualitative data.
The significance was evaluated at the level of P<0.05.

Results

The study was conducted with 284 patients ranging in
age from 90 to 119. The average age was 93.08 (3.71) years.
While only 4.2% of the cases were ASA 2, 95.8% were ASA 3.
Hypertension was observed in 63.4% of the patients,
neurological diseases in 29.2%, chronic obstructive pulmonary
disease (COPD) in 21.8%, congestive heart failure (CHF) in
13.4%, coronary artery disease (CAD) in 12.7%, diabetes in
11.3%, and other comorbidities in 3.5%. Of the cases, 83.1%
underwent orthopedic surgery. Of the patients, 85.2% underwent
regional anesthesia (Table 1).

A total of 62% of the cases required postoperative
intensive care. The most common cause of intensive care
hospitalization was respiratory failure (73.9%), followed by
delirium (21.6%), hemodynamic follow-up (2.8%), and
hypotension (1.7%). Of the cases, 3.9% were intubated, 9.2
received inotropic treatment, 0.7% received dialysis, and 56.7%
received blood transfusion treatment. While 95.4% of the
patients were discharged, 4.6% did not survive (Table 2).

We accessed the urea and creatinine values of the
patients participating in the study on the preoperative and
postoperative first and second days but we could not access the
urine follow-ups. However, we divided our patients into four
groups based on >0.3 mg/dl increases in serum creatinine levels
within 48 hours according to the KDIGO classification. No renal
dysfunction was observed in 68.7% (n=195) of the patients
(preoperative and postoperative creatinine <1.25 mmol/L) in the
RFT-1 group. There was no preoperative renal dysfunction
(creatinine <1.25 mmol/L) in the RFT-II group (17.6%, n=50),
but renal dysfunction (creatinine >1.25 mmol/L) developed due
to postoperative surgical stress. Patients in the RFT-III group
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(6%, n=17) had preoperative renal dysfunction (creatinine >1.25
mmol/L), and with postoperative care, these patients saw
improved renal dysfunction (creatinine <1.25 mmol/L).

Table 1: ASA scores, comorbidities, operation type and anesthesia type in patients

n %
ASA 2 12 4.2
3 272 | 95.8
Comorbidities Hypertension 180 634
Diabetes Mellitus 32 11.3
CHF 38 134
COPD 62 21.8
CAD 36 12.7
Neurological diseases 83 29.2
Other diseases 10 3.5
Operation type Neurosurgery 6 2.2
Subdural hemorrhage 8 11
Epidural hematoma 1 0.4
Kyphoplasty 2 0.7
General Surgery 17 6
Inguinal hernia 8 2.8
Malignancy 3 11
Acute cholecystectomy 2 0.7
Ileus 2 0.7
Appendectomy 2 0.7
Otolaryngology surgery 1 0.4
FES 1 0.4
Cardiovascular surgery 5 1.8
Embolectomy 4 1.4
Pericardial tamponade 1 0.4
Orthopedics surgery 236 | 83.1
Hip fracture 224 | 789
Radius fracture 5 1.6
Tibia fracture 3 11
Knee arthroplasty 2 0.7
Proximal humeral fracture | 1 0.4
Foot amputation 1 0.4
Plastic surgery 2 0.7
Tissue injury 2 0.7
Urology surgery 17 6
Prostate hyperplasia 12 4.2
Ureteroscopy 3] 11
Hydrocele 2 0.7
Anesthesia type = General anesthesia 25 8.8
Peripheral nerve block 12 4.2
Sedation 5 1.8
Rejyonel anesthesia 242 852

ASA: The American Society of Anesthesiologists physical status classification, FES: Functional endoscopic
sinus surgery, HF: Heart failure, COPD: chronic obstructive pulmonary disease, CAD: Coronary Artery
Disease

Table 2: Perioperative treatments, intensive care stay and duration

Min- Median
Max
Length of stay in intensive care 0-91 2.18 (6.49)
(@)
Duration of hospital stay 2-95 11.05 (9.13)
9)
n %
Status of hospitalization No 108 38
in the ICU Yes 176 62
Reason for hospitalization Hemodynamic monitoring 5 2.8
in ICU (n=176) Delirium 38 21.6
Hypotension 3 17
Respiratory failure 130 73.9
Intubation No 273 96.1
Yes 11 3.9
Inotropic therapy No 258 90.8
Yes 26 9.2
Leaving the hospital Discharge 271 95.4
Non survivors 13 4.6
Dialysis therapy No 282 99.3
Yes 2 0.7
Blood transfusion therapy No 123 43.3
Yes 161 56.7

ICU: Intensive care units

In the RFT-1V group (7.7%, n=22), preoperative renal
dysfunction (creatinine >1.25 mmol/L) (Figure 1) did not
improve postoperative renal dysfunction despite appropriate
perioperative fluid replacement.

ASA was similar among groups (P=0.685). The number
of inpatients admitted to the ICU was higher in the RFT-1V
group. The number of patients intubated and given inotropic
drugs was higher in the RFT-1I group, and dialysis was applied
to two patients in the RFT-II group. The number of patients who
were given blood and did not survive was higher in the RFT-I1II
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group. Hospital and intensive care hospitalization periods were
longer in the RFT-III group, but these results were not
statistically significant (P=0.285) (Table 3).

Figure 1: Distribution of groups

RFT-II
6,0%

RFT-IV

N

There was a statistically significant difference between
the groups in terms of preoperative urea levels (P=0.001).
Preoperative urea levels in the RFT-1 group were lower than in
the RFT-Il, RFT-Ill, and RFT-IV groups (P=0.001).
Preoperative urea levels in the RFT-11 group were lower than in
the RFT-1Il and RFT-1V groups (P=0.001). Preoperative urea
levels were similar between RFT-1Il and RFT-1V groups. There
was a statistically significant difference among the groups in
terms of postoperative day 1 and day 2 urea levels (P=0.001).
The postoperative day 1 and day 2 urea levels in the RFT-I group
were lower than in the RFT-II, RFT-III, and RFT-IV groups
(P=0.001). Postoperative day 1 and day 2 urea levels were
similar among RFT I, RFT-11, and RFT IV groups (Table 4).

Table 4: Evaluation of groups in terms of laboratory findings

\ RFT-1 RFT-11 RFT-111 RFT-1V
Mean (SD) Mean (SD) Mean (SD) Mean (SD) P-
(Median) (Median) (Median) (Median) value
s
Preoperative urea 48.13 (17.54) 57.35 (22.83) 101.83 (41.36) | 87.41 (29.96) 0.001
mmol/L (45.2) (53) (98) (76) *
Urea on postoperative ‘ 53.7 (31.1) 78.49 (36.66)  70.5(21.76) 95.49 (39.06)  0.001
day 1 mmol/L (50) (71) (72) (94.8) *
Urea on postoperative 54.01 (20.4) 88.84 (33.07)  71.2(24.97) 97.21(29.75)  0.001
day 2 mmol/L (51) (88.1) (71) (87) *

Kruskal Wallis Test, *P<0.05
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Table 3: Evaluation of perioperative treatments, intensive care stays and durations between groups
RFT-I RFT -11 RFT-I11 RFT-1V
n (%) n (%) n (%) n (%) P-values
ASA 2 9 (4.6) 1(2) 1(5.9) 1(4.5) 10.685
8 186 (95.4) 49 (98) 16 (94.1) 21 (95.5)
Status of hospitalization in the ICU No 76 (39) 21 (42) 6 (35.3) 5 (22.7) 20.449
Yes 119 (61) 29 (58) 11 (%64.7) 17 (77.3)
Intubation No 190 (97.4) 45 (90) 16 (94.1) 22 (100) 10.075
Yes 5 (2.6) 5 (10) 1(5.9) 0(0)
Inotropic therapy No 179 (91.8) 44 (88) 13 (76.5) 22 (100) 10.066
Yes 16 (8.2) 6 (12) 4 (23.5) 0(0)
Leaving the hospital Discharge 188 (96.4) 47 (94) 15 (88.2) 21 (95.5) 10.285
Non survivors 7(3.6) 3 (6) 2 (11.8) 1(4.5)
Hypertension 120 (61.5) 34 (68) 12 (70.6) 14 (63.6) 20.771
Comorbidities Diabetes 26 (13.3) 2 (4) 2(11.8) 2(9.1) 10.279
CHF 25 (12.8) 5 (10) 3(17.6) 5(22.7) 10.429
COPD 41 (21) 15 (30) 2 (%11.8) 4(18.2) 10.400
CAD 22 (11,3) 9 (18) 1(5,9) 4(18.2) 10.405
Neurological diseases 58 (29.7) 17 (34) 5 (29.4) 3 (13.6) 20.367
Dialysis therapy No 195 (100) 48 (96) 17 (100) 22 (100) 10.097
Yes 0(0) 2(4) 0(0) 0(0)
Blood transfusion therapy No 90 (46.2) 17 (34) 5 (29.4) 11 (50) 20.246
Yes 105 (53.8) 33 (66) 12 (70.6) 11 (50)
Anesthesia type General anesthesia 18 (9.2) 4 (8.0) 0 (0) 3 (13.6) 30.350
Peripheral nerve block | 9 (4.6) 2 (4.0 0 (0) 1(4.5)
Sedation 2 (1.0) 1(2.0) 0(0) 2(9.1)
Regional anesthesia 1666 (85.1) 43 (86.0) 17 (100) 16 (72.7)
Duration of hospitalization 1.94 (6.99) 2.66 (5.14) 4.35 (7.84) 1.45(1.18) = “0.609
in the ICU (median) (€] 1) ()] (1.5)
Duration of hospital stay (median) 10.87 (9.16) = 11.98(10.02) 12.35(7.42) 9.5(8.2) 40.306
) ) (11) ®)

L Fisher Freeman Halton Exact Test, 2 Ki-square test, 2 Fisher’s Exact Test, 4 Kruskal Wallis Test

Discussion

During illness or surgical stress, the kidneys’ ability to
adapt to changing conditions decreases in older individuals.
While young people can easily tolerate such changes, they can
cause fluid—electrolyte disorders and kidney failure in the elderly
[11].

Our study was conducted retrospectively with 284
patients whose ages ranged from 90 to 119 years and who
underwent surgical operations. The patients were divided into
four groups according to their preoperative and postoperative
creatinine values. With appropriate perioperative fluid
replacement and postoperative intensive care treatment, more
than half of our patient group’s preoperatively existing kidney
dysfunction improved. Our rates of postoperative kidney
dysfunction were lower and did not affect mortality.

In our study, hypertension and neurological diseases
were the most common comorbidities among the groups, and the
incidence rates of comorbidities were similar. In a study
conducted by Karaman et al. [12] on 255 patients, hypertension
and diabetes were the most common comorbidities. In our study,
we attribute the more frequent occurrence of neurological
diseases to the fact that our age group is more advanced. Hip
fractures are an important health problem among the elderly [13].
Most of our patients had hip fractures. The most common type of
anesthesia used in our study was regional anesthesia, and it was
similar among the groups. Baki et al. [14] defended the
superiority of regional anesthesia over general anesthesia in
terms of complications in their study conducted in 2014.

In a study conducted by Stahl et al. [15] on 115 patients
over 90 years of age who underwent orthopedic surgery, delirium
and respiratory failure were the most common complications. In
our study, respiratory failure was the most common
complication. The number of inpatients admitted to the ICU was
higher in the RFT-IV group. The hospital and intensive care
hospitalization periods were longer in the RFT-1Il group. Our

Apatients’ hospital and intensive care hospitalization times were

like those of a study conducted by Kassahun et al. [16] in 2017.
However, our intensive care hospitalization rates were lower.

Most of the time, it is difficult to clinically evaluate
liver function correctly. Two classification systems are helpful in
detecting and staging renal function: risk, injury, failure, loss,
end-stage renal disease (RIFLE), and acute kidney injury
network (AKIN) staging systems. In both systems, creatinine
increases, and urine flow measurements are at the forefront [5].

In our study, we determined the urea and creatinine
values of the patients on the preoperative and postoperative first
and second days. However, we could not access the urine follow-
ups, which was one of the restrictive factors of our study. Our
patient rates in the RFT-1l group were similar to the study
conducted by Ghanem et al. [17] in an orthopedic patient group
over 90 years of age. In a multicenter comprehensive study
conducted by Bell et al. [18], postoperative renal dysfunction
rates were lower than the rates in our study. In a study conducted
by Baki et al. [9] on orthopedic patients in 2021, the rates of
renal dysfunction were lower than in our RFT-II patient group.
This situation depended on the advanced age of our patient
group. In the studies conducted by Hobson et al. [19] on patients
undergoing surgery, the rates of renal dysfunction were higher
than in the RFT-1I group in our study. Again, Leistner et al. [20]
reported higher rates of renal dysfunction in patients aged 80
years and older who underwent cardiac interventions than in the
RFT-1I group. We attribute this condition to appropriate
perioperative fluid replacement and postoperative intensive care
follow-up.

In this age group, the risk of dehydration and
preoperative renal dysfunction due to nonsteroidal anti-
inflammatory drugs increased. Perregaard et al. [21] found that
11.1% of patients had preoperative renal dysfunction in a study
conducted on 3416 patients in 2016. Our preoperative renal
dysfunction rates were higher in our patient group. However,
renal dysfunction recovered postoperatively in more than half of
our patients with appropriate perioperative fluid replacement
therapy.
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Recent studies conducted on elderly patient groups have
shown the relationship between postoperative renal dysfunction
and mortality. In extensive studies conducted by Chiang et al.
[22], kidney dysfunction was associated with increased
mortality. Again, in their 2022 study, Kasikara et al. [23] showed
that postoperative dysfunction had a higher mortality rate.
Similarly, in our study, mortality rates were higher in the group
of patients with preoperative and postoperative renal dysfunction
than in the group without renal dysfunction. However, the rate
was not statistically significant. We attribute this situation to the
comprehensive treatments applied in perioperative and
postoperative intensive care units in our elderly patient group.

Limitations

The fact that our study was conducted in a single center,
the relatively small number of patients, and the inability to
access patients” urine follow-ups were restrictive factors. We
think that future studies need to be done more comprehensively
and prospectively. As a result, the rates of postoperative kidney
dysfunction due to surgical stress were lower in our group of
patients aged 90 and older with limited physiological reserve,
who were divided into four groups according to preoperative and
postoperative creatinine values, and had no effect on
postoperative mortality.

Conclusions

Our study observed an increase in postoperative urea
and creatinine values due to surgical stress in our patient group
aged 90 and over, who had limited physiological reserves.
However, it has been shown that improvement in renal function
tests can be achieved with appropriate fluid replacement and
postoperative intensive care treatment in patients with
postoperative or preoperative renal dysfunction. Our rates of
postoperative renal dysfunction due to surgical stress were lower
and did not change mortality. However, more comprehensive and
prospective studies are needed on this subject.
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Background/Aim: Anaphylaxis presents in multiple ways, making its diagnosis challenging. Delayed
diagnosis can lead to a postponement in administering crucial adrenaline treatment. The prevalence of
anaphylaxis varies by geographical region and gender. However, there has been no comprehensive
regional analysis of anaphylaxis data within our country. Despite an increasing incidence, our
understanding of anaphylaxis etiology, risk factors, and clinical features remains limited, particularly
within our nation. This study aims to assess the frequency, etiology, risk factors, and clinical findings of
anaphylaxis among patients seen at the allergy clinic of a tertiary university hospital. Additionally, it seeks
to compare regional data with existing literature.

Methods: This retrospective cohort study reviewed the medical records of 8,295 patients who visited the
allergy outpatient clinic at Sivas Cumhuriyet University Hospital between July 2, 2018, and December 10,
2019. The hospital’s data system retrospectively analyzed records using the ICD code T78.2 (anaphylaxis).
Only cases where patients were prescribed an adrenaline auto-injector were included. The study evaluated
anaphylaxis frequency, etiologies, demographics, and clinical features.

Results: The study identified 77 patients (n=77) with a mean age of 40.29 (3.77) years, consisting of 47
females and 30 males. The frequency of anaphylaxis among allergy outpatient admissions was less than
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Introduction

Anaphylaxis represents a swiftly advancing and
potentially life-threatening systemic allergic reaction. Its
immediate diagnosis and prompt treatment are imperative, yet it
can be overlooked due to diagnostic challenges. Globally, the
prevalence and incidence of allergic diseases are rising [1,2]. The
causative factors and clinical manifestations of anaphylaxis
exhibit variability. Shortcomings and delays persist in diagnosing
and treating this condition within the realm of healthcare
providers [2]. Conducting regional and national studies can
enhance awareness among healthcare services, physicians, and
the general public about anaphylaxis diagnosis and treatment
[3,4].

Research on anaphylaxis has predominantly taken place
in Western nations, often involving the analysis of hospital
records, regional health data, or examining prescriptions for
adrenaline auto-injectors [5-7].

The prevalence of anaphylaxis exhibits variations based
on geographic regions and genders. However, a comprehensive
analysis of anaphylaxis data within our country on a regional
level has not been conducted. Our operational area represents a
region where allergy immunology experts are not frequently
available. The services of the respective specialized branch are
only accessible when assigned by the Ministry of Health. If the
designated specialist is unavailable, cases are typically referred
to other regional hospitals for evaluation following initial
treatment in emergency departments. With the recent assignment
of an allergist to the Sivas province during the specified period,
cases are retained within our region, establishing region-specific
records.

Comprehending the causative factors, prevalence, and
triggers of anaphylaxis holds significant importance for accurate
patient treatment, preventing the recurrence of anaphylactic
episodes, and devising preventive measures.

Our study endeavors to comprehensively depict
anaphylaxis cases within the northeastern region of our country,
meticulously scrutinizing the clinical and demographic attributes,
as well as anaphylactic episodes among individuals prescribed
adrenaline auto-injectors. Additionally, we seek to discern
distinctive regional traits associated with these cases.

Materials and methods

The medical records of 8295 patients above the age of
16, who sought treatment at the outpatient clinic of the
Department of Chest Diseases, Division of Allergy and Clinical
Immunology, Sivas Cumhuriyet University Faculty of Medicine,
between July 2, 2018, and December 10, 2019, due to
anaphylaxis, were analyzed to establish a retrospective cohort
using the hospital data system.

In our single-center cohort study, we retrospectively
reviewed the hospital data system using the ICD-10 code T78.2
(anaphylaxis). Only instances where patients were prescribed the
adrenaline auto-injector were included.

Our study encompassed the hospital records of all
individuals who presented at the allergy clinic within the
designated timeframe. Periods preceding and succeeding this
window were excluded due to the allergist’s exclusive
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association with the relevant center during this period. The
EAACI 2021 anaphylaxis guideline (update) served as the basis
for determining the inclusion criteria for our cases [2].

To diagnose anaphylaxis, it is necessary to fulfill one of
the three primary clinical criteria. The most easily recognizable
is the inclusion of one of these systemic presentations (such as
respiratory, cardiovascular, neurological, or gastrointestinal
symptoms) in conjunction with skin signs like acute onset
urticaria, angioedema, and flushing. The second diagnostic
criterion entails acute involvement in two systems following
exposure to a recognized allergen (involving the skin,
respiratory, cardiovascular, neurological, or gastrointestinal
systems). The third and final diagnostic criterion involves the
onset of acute hypotension after exposure to a known allergen,
specifically characterized by a systolic blood pressure reduction
to below 90 mmHg or a decrease of more than 30% from
baseline in adults [2].

The same allergist evaluated all these patients.
Conditions encompassing the differential diagnosis of
anaphylaxis were ruled out through comprehensive anamnesis,
thorough examinations, and laboratory tests.

However, given that the diagnosis of anaphylaxis was
primarily clinical, meticulous attention was dedicated to the
differential ~ diagnosis  process. This encompassed a
comprehensive assessment of potential alternative diagnoses.
The complete differential diagnosis included a sequential
evaluation of allergic conditions (variants of urticaria, asthma),
followed by respiratory and upper respiratory tract conditions
(chronic lung disorders and upper respiratory tract diseases),
cardiovascular disorders (vasovagal syncope, arrhythmias),
endocrine disorders (hypo-hyperthyroidism, hypoglycemia),
neuro-psychiatric conditions, toxic factors (such as scombroid
poisoning), and pharmacological reactions. This evaluation was
supported by various accessible laboratory tests (including
complete blood count, liver and kidney function tests, TSH, and
blood glucose levels), electrocardiography, abdominal
ultrasonography, bidirectional chest X-ray, and pulmonary
function tests.

Nonetheless, given that patients were not under direct
observation during the episodes of anaphylaxis, diverse
approaches were employed for recording, contingent upon the
underlying causes. These methods encompassed relying on the
patient’s verbal account, consulting the records from the
emergency department or medical teams, and when patients
granted consent, accessing individual electronic medical record
systems to gather details regarding their medical history and
potential triggers.

Initially, we assessed the prevalence of anaphylaxis
within the patient population under study. Subsequently, a
comprehensive questionnaire was employed to scrutinize the
demographic details found in the hospital records. This
encompassed information such as the patient’s gender, age,
presence of atopic diseases, pre-existing chronic conditions,
ongoing medication regimens, clinical manifestations of
anaphylaxis, specifics of the triggering agent, clinical indications
(about the affected organ systems), duration of hospitalization,
and the therapeutic approaches employed. These details were
meticulously documented alongside case report forms, which
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were gathered from hospital records in a cross-sectional and
retrospective manner.

Anaphylaxis was classified into four grades following
the Mueller classification [8]. Due to unmet conditions,
provocation tests could not be conducted using the triggering
agents (e.g., drugs, venom, and foods). Instead, skin prick tests
were administered employing standardized allergen extracts of
venoms (Apis mellifera and Vespula vulgaris), foods, inhalant
allergens, and latex from ALK-Abell6*.

Ethics committee approval

Ethics approval and written informed consent was
procured in accordance with ethical standards. The study
received approval from the non-interventional clinical research
ethics committee of Sivas Cumhuriyet University, under decision
number 2020-01/01, dated January 15, 2020.

Statistical analysis

The data were presented as frequency (number and
percentage) and mean (range) as applicable. Fisher’s exact and
chi-square tests were employed for 2 x 2 comparisons involving
categorical variables. For numerical variables with counts below
30, the Mann-Whitney U and Kruskal-Wallis H tests were
utilized for comparisons. All statistical analyses were conducted
using SPSS software, version 23 (SPSS Inc., Chicago, IL, USA).
Results with a P-value below 0.05 were considered statistically
significant.

Results

Study group and the frequency of anaphylaxis

The group comprised 8295 patients aged 16 and above
who sought treatment at the outpatient allergy clinic of Sivas
Cumhuriyet University Faculty of Medicine, specifically within
the Department of Chest Diseases, Division of Allergy and
Clinical Immunology, during the period between July 2, 2018,
and December 10, 2019. This retrospective analysis identified 77
cases (n=77) where adrenaline auto-injectors were prescribed
and coded under the ICD-10 designation T78.2, indicating
anaphylaxis. Our study revealed that the incidence of
anaphylaxis among admissions to the allergy outpatient
department was less than 1%, specifically amounting to 0.009%.

Demographics and characteristics of the patients
with anaphylaxis

A total of 77 patients were included in the evaluation,
with a mean age of 40.29 (13.77) years. Of these, 47 were
female, and 30 were male. Among the patients, 73 (94%) had
atopic diseases. Allergic diseases were categorized as single-type
and multiple allergic diseases. Single-type allergic diseases
comprised venom allergies (Apis mellifera and Vespula vulgaris)
in 18 cases (23%), drug allergies in 11 cases (14%), food
allergies in four cases, respiratory allergies in six cases, and
cutaneous allergies in three cases. Multiple allergic diseases were
identified in 31 patients (40%) (Figure 1). Among the 77
patients, 39 (51%) reported drug allergies, with predominant
sensitizations to NSAIDs (43%) (Table 1).

A total of 32 individuals (41%) had a history of chronic
illness,, 24 individuals (31%) reported chronic drug usage, with
ten of them (12%) specifically using anti-hypertensive
medications (Table 1).
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Figure 1: Distribution of atopic diseases among patients with anaphylaxis (shown as number)
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Table 1: General characteristics of patients with anaphylaxis.

Variables Number, %
Total number of patients 77

Age, mean (SD) (years) 40.29 (13.77)
Gender (female/male) 47/30
Chronic disease 32 (41%)
Chronic drug usage 24 (31%)
Anti-hypertensive drug usage 10 (12%)
Atopic disease 73 (94%)
History of drug allergy 39 (51%)
History of Food Allergy 19 (24%)
Prick test results (+/-/not performed) | 31 (40%) /25 (32%) /21 (27%)

SD: Standard deviation

Prick tests were administered to 56 patients (72%), of
whom 25 individuals (44%) yielded negative results. Equally
observed were sensitivities to pollen, cockroach, and house dust
mites, each accounting for four cases. Polysensitization was
evident in ten patients; only two exhibited positive food prick
test responses. Interestingly, although cases of anaphylaxis
stemming from Apis mellifera were more numerous than those
from Vespula vulgaris, the instances of Vespula vulgaris
reactivity exceeded those of Apis mellifera reactivity in prick
tests (Figure 2). Regarding prick test positivity, venom accounted
for 82% of anaphylactic cases, while for those with prick test
negativity, drug allergies were the predominant cause (68.2%)
(P=0.016). Notably, the presence of sensitivities to inhalant
allergens and the presence of multiple allergen sensitivities did
not significantly impact the etiology of anaphylaxis (P<0.001)
(Figure 2).

Figure 2: Prick test results of the patients with anaphylaxis (shown as numbers)
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Certain patterns emerge when assessing the relationship
between the etiology of anaphylaxis and various atopic diseases,
prick test results, and specific prick test outcomes. Notably,
when neither drug nor venom allergy is present, anaphylaxis is
solely attributed to food allergies (100%) (P<0.001). In cases
where venom allergy is present, venom is identified as the
predominant cause (95%), whereas in the absence of venom
allergy, drug allergy assumes an 86% causal association
(P<0.001).

Clinical characteristics of the anaphylaxis episodes

Based on a systematic assessment, cutaneous symptoms
were observed in 94% of cases, respiratory symptoms in 88%,
cardiovascular symptoms in 63%, neurological symptoms in
57%, and gastrointestinal symptoms in 12% of all patients.
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Additionally, 55% of the patients experienced recurrent
anaphylaxis episodes (Table 2).

Table 2: Clinical characteristics of anaphylaxis episodes

Variables Number, %
Recurrent anaphylaxis 43 (55%)
Biphasic anaphylaxis 4 (5%)
Symptoms

Mucocutaneous symptoms 73 (94%)
Respiratory tract symptoms 68 (88%)
Cardiovascular system symptoms | 49 (63%)
Neurologic system symptoms 44 (57%)
Gastrointestinal tract symptoms 10 (12%)
Adrenalin administration 19 (25%)
Antihistaminic administration 77 (100%)
Corticosteroid administration 77 (100%)

In cases of grade 4 anaphylaxis, cardiovascular and
neurological symptoms were observed more frequently (100%)
compared to other grades (P<0.001). Gastroenterological
symptoms were also more prevalent in patients with grade 3
anaphylaxis compared to other grades (P=0.002). Furthermore,
in situations where cutaneous symptoms were absent, grade 4
anaphylaxis was more prevalent (80%) than grade 2 anaphylaxis
(P=0.047).

The causes of anaphylaxis included drugs (47%), venom
(31%), food (16%), food-dependent exercise-induced reactions
(n=2), idiopathic cases (n=2), and cold urticaria (n=1) (Figure 3).
A gender-based comparison of anaphylaxis etiology revealed
that drug- and food-related anaphylaxis was notably more
frequent in women than men (P=0.032 and P=0.042,
respectively). Regarding venom allergies, instances of
anaphylaxis linked to Apis mellifera were significantly more
prevalent than those related to Vespula (P=0.028) (Table 3).

Table 3: Etiologies of anaphylaxis according to the gender

Etiology Female = Male = P-value
Drug 25 11 0.032
Food 8 4 0.042
Wheat flour 3] 1

Others 5 3

Venom 12 12 >0.05
Apis mellifera 9 8

Vespula vulgaris 3 4

Idiopathic 1 1 >0.05
Food-dependent exercise-induced | 0 2

Figure 3: The triggers of anaphylaxis are categorized according to the etiologies (The
frequencies are given as numbers).

20
16 17
15
10
10 7
4 4
5 3
I211| 2 2 1
0 Il 1 I
Drug Venom Food Food dependent Idiopathic Cold urticaria
exercise-induced
anaphylaxis
NSAII Beta lactams Non-beta lactams = Other medications
= Apis Vespula m Wheat flour = Nuts
® Banana m Cacao m Other foods
Both cases of food-dependent exercise-induced

anaphylaxis were male, and the reaction occurred following mild
exercise or even walking within the initial 10 min after eating. In
both instances, skin tests yielded negative results. The diagnosis
was established through patient history (anamnesis). Given that
the suspected allergen could be wheat protein based on existing
literature, the diagnosis was confirmed by implementing an
elimination diet and restricting exercise for the initial 2 h after
meals, leading to the disappearance of the symptoms.
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In the emergency room, a patient with cold urticaria
received an anaphylaxis diagnosis after presenting with
widespread cutaneous manifestations, shortness of breath,
palpitations, and dizziness following exposure to extremely cold
temperatures during winter. Among instances of drug-related
anaphylaxis, the predominant culprits were non-steroidal anti-
inflammatory drugs (NSAIDs) (44%) and beta-lactams (10%). In
food allergens, anaphylaxis was most frequently associated with
wheat flour, although there were also cases triggered by bananas,
cacao, and nuts (Figure 3).

Symptoms manifested within 30 min in 62% (n=58) of
cases and within 1 h in 33% (n=26) of patients. Following the
Mueller scale of anaphylaxis, 38% (n=30) experienced grade 2
reactions, 48% (n=37) had grade 3 reactions, and 12% exhibited
grade 4 reactions (Figure 4).

Figure 4: The characteristics of the anaphylaxis episodes are categorized according to the
time, grade, and number of the episodes (The frequencies are given as numbers).
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Management of the anaphylaxis episodes

Merely 25% of cases received epinephrine injections
upon arrival at the emergency department, with all individuals
also being administered antihistamines and corticosteroids (Table
2).

It is important to note that, in our country, the
acquisition of an adrenaline auto-injector necessitated a
prescription ~ from  allergists;  post-emergency  service
administration, the prescription of adrenaline auto-injector was
not feasible.

Treatments and follow-up of the anaphylaxis
patients

Venom immunotherapy was administered for cases with
venom allergies. Oral provocation tests were conducted using
alternative medications to identify safe options for those allergic
to NSAIDs and antibiotics. Drug skin tests were not feasible due
to challenging circumstances and inadequate facilities for
patients with drug allergies. In cases of drug sensitivity, oral
provocation was predominantly carried out using COX-2
inhibitors for those reacting to COX-1 inhibitors, and non-beta-
lactam antibiotics were employed for individuals with beta-
lactam antibiotic allergies.

Furthermore, comprehensive drug and food allergy
cards were provided to patients, containing detailed information.
Guidance was imparted on recognizing the significance of
managing food allergies within their social lives. Precautions
specific to cold urticaria were also communicated. Given that the
city of Sivas, where our study is situated, experiences prolonged
sub-zero temperatures during the winter as one of Turkey’s
coldest cities, individuals in these cases were advised to carry an
adrenaline auto-injector. Notably, heightened vigilance was
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stressed in instances of cold urticaria due to the inherent risk of
anaphylaxis in physical urticaria conditions. Every patient
received instruction in the proper use and carriage of adrenaline
auto-injectors.

Discussion

In our study, we conducted a retrospective analysis of
anaphylaxis cases admitted to the allergy outpatient department
of a tertiary university hospital in the northeast region of Turkey.
We determined the frequency of anaphylaxis among patients
seeking care at this single center. Our study revealed that
anaphylaxis is exceedingly rare among admissions to the allergy
outpatient clinic. According to existing literature, the lifetime
prevalence of anaphylaxis ranges from 0.5% to 2% [9]. Research
conducted in Korea demonstrated that anaphylaxis in adults rose
from 8 to 13 cases per 100,000 individuals between 2007 and
2011 [10]. This upward trend in anaphylaxis incidence can be
attributed to advancements in diagnostic methods and the
increasing frequency of allergic diseases [11].

In a nationwide study conducted by Civelek et al. [12], a
total of 843 cases were examined. The study revealed a
predominance of females among anaphylaxis cases involving
individuals older than 10 years, with venom identified as the
primary etiological factor. In our study, drugs emerged as the
leading cause of anaphylaxis within the general population.
However, when analyzed by gender, drugs were the primary
cause of anaphylaxis among women, whereas venom held the top
position among men. Nearly 95% of the cases we investigated
had a history of allergic disease. Conversely, drug allergies were
frequently noted in the existing literature, particularly in cases of
adult anaphylaxis, with up to 50% of cases displaying atopic
tendencies [10,13,14].

Parallel to our findings, studies from China and Pakistan
also identified drugs as prominent culprits in anaphylactic
episodes [15,16]. The incidence of venom-induced anaphylaxis
displayed significant variation across different populations,
ranging from 1.5% to 59% [17]. In our country, venom-related
anaphylaxis is particularly prevalent, a phenomenon attributed to
the substantial number of individuals engaged in beekeeping and
heightened awareness of the condition [18].

Food-induced anaphylaxis in adults is a rarity compared
to children, with nuts/peanuts triggering the highest
susceptibility, closely trailed by seafood sensitivity [19,20].
Within our study, wheat flour emerged as the leading cause of
food sensitivity, although we also identified sensitivities to
bananas, cacao, and nuts.

Literature data indicate a greater susceptibility to
allergic diseases among female patients. This propensity is
attributed to the augmenting role of estrogens in mast cell
activation and allergen sensitization, whereas progesterone has
been demonstrated to enhance sensitivity within target organs,
exhibiting a synergistic impact. Consequently, this interplay
leads to a prevailing female presence in non-venom-allergic
conditions [21]. In the context of venom allergies, however, a
male predominance persists. This phenomenon is primarily
ascribed to the fact that men predominantly undertake
beekeeping, resulting in a higher frequency of bee stings among
the male population [17].
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Typically, mucocutaneous manifestations are prevalent;
however, cardiovascular and neurological symptoms occur more
in grade 4 anaphylaxis cases. While dermatological
manifestations are frequently documented in the literature and
align with our findings, it’s imperative to recognize that
anaphylactic reactions can manifest without skin involvement
and even with cardiovascular collapse. In instances where skin
involvement is lacking, diagnosing anaphylaxis becomes more
challenging, resulting in a decrease in the administration of
adrenaline when cardiovascular symptoms are present [22,23].

Collapse is less commonly observed in cases of food-
related anaphylaxis, with gastrointestinal symptoms taking on a
more anticipated role [24]. Conversely, in instances of venom
and drug-induced anaphylaxis, cardiovascular symptoms are
more likely and have been more frequently linked to fatal
outcomes [18].

In a nationwide study, biphasic reactions were
documented at 4.3%, while recurrent episodes of anaphylaxis
were observed in 60% of cases [12]. In our study, a notable
proportion — over 20% — experienced two episodes, and 30% had
three separate anaphylactic episodes. Within our study, the
incidence of biphasic anaphylactic reactions stood at 5%,
recurrent cases were noted in 55%, and adrenalin administration
was administered at a rate of 25%. Biphasic reactions frequently
arise due to delayed or inadequate administration of adrenaline
and are most commonly reported within the initial 8 h. As a
standard protocol, individuals presenting with anaphylaxis
should undergo at least 8 h of observation within emergency
departments [25].

Similar to our own country’s experience, the rate of
epinephrine prescription spans from 10% to 40%, and referral
rates to allergy specialists fluctuate between 10% and 60%, as
reported in the literature [26,27]. The prevention of biphasic and
recurrent anaphylactic episodes hinges upon enhancing the
awareness of healthcare providers regarding accurate diagnosis,
effective treatment, and diligent follow-up. The endorsement of
prescribing an adrenaline auto-injector holds significance,
particularly in outdoor settings where venom allergies or food
allergies are pertinent. Nevertheless, when a safe alternative
exists for drug allergies, the prescription of an adrenaline auto-
injector may not be deemed necessary.

Limitations

The principal limitation of our study resides in its
limited sample size and retrospective design, coupled with the
reliance on patient-reported data. Inherent to our retrospective
approach is the potential for documentation bias, while recording
patient-reported data introduces the possibility of data collection
bias. Aspects such as the grading of anaphylactic reactions and
determination of etiology were derived from the electronic
patient files, introducing potential recall bias since they stem
from patients’ recollections. To mitigate this bias, a consistent
allergist oversaw each patient and posed standardized inquiries,
with the resultant data meticulously entered into the hospital’s
electronic records system. Notably, a paramount limitation
influencing epidemiological data stems from the tendency in our
country, akin to global trends, for physicians, patients, and/or
caregivers to delay the diagnosis of anaphylaxis unless
unmistakable shock-related indicators are evident or, in some
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instances, not making the diagnosis at all. In such scenarios,
accurate diagnosis remains elusive, and the referral to an allergist
becomes unattainable.

Anaphylactic cases triggered by drugs were managed by
implementing alternative drug recommendations. This approach
is adopted due to physicians’ inclination to opt for safe
alternative drugs when circumstances for conducting skin tests
are not conducive — factors like the absence of secure test sites,
time constraints, challenges in describing the suspected drug, or
patient use of medications affecting the testing process, among
others. Regrettably, diagnostic tests for confirmation or drug
provocations to pinpoint the causative drug could not be
administered. It’s worth noting that provocation tests stand as the
benchmark for diagnosing genuine drug allergies and should be
conducted under safe conditions. Regarding non-drug origins,
standardized allergen extracts were employed for skin prick tests;
however, no provocations involving venom or food sources
could be conducted.

In addition, basal tryptase could not be measured
because laboratory conditions were not possible. An increase of
tryptase [(1.2 x baseline tryptase) +2 pug/L)] measured in serum
within the first 2 h after the anaphylaxis attack supports the
diagnosis [28].

Systemic mastocytosis and mast cell activation
syndromes, entities encompassed within the anaphylaxis
differential diagnosis, underscore the utility of basal tryptase
levels. When evaluating patients’ medical history, factors
prompting physicians to consider mast cell disorders encompass
the recurrence of numerous anaphylactic episodes, instances of
idiopathic or grade 4 anaphylaxis, the emergence of direct
cardiovascular manifestations devoid of cutaneous signs, and
anaphylactic reactions linked with venom allergies [29].

Nevertheless, it is crucial to recognize that tryptase is
not exclusively indicative of anaphylaxis. Particularly in
instances of mast cell disorders or hereditary alpha tryptazemia,
both susceptibility to anaphylaxis and heightened basal tryptase
levels (normal basal tryptase <11.5 ng/ml) can manifest.
Consequently, when anaphylaxis is suspected, basal tryptase
measurements should be taken at least 24 h after induced tryptase
measurements. It’s important to note that tryptase levels may not
consistently rise in children, particularly in anaphylactic episodes
characterized by food-related reactions, especially those
presenting with gastrointestinal symptoms. In summary, the
absence of an elevated tryptase level during an anaphylactic
event does not definitively rule out the occurrence of anaphylaxis
[30,31].

Strengths

Literature reviews have predominantly centered on
subgroups of anaphylaxis, conducting subgroup analyses that
delve into triggers such as drugs or food. While epidemiological
studies on anaphylaxis are within the literature, our country’s
landscape lacks investigations that ascertain the risk associated
with anaphylactic incidents [32]. In the current study, we aimed
to ascertain the prevalence and distribution of anaphylaxis
triggers across all cases attending a solitary allergy outpatient
clinic, thereby illuminating the region’s epidemiological insights.
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Future research

There is a paramount need to educate healthcare
providers during their post-graduate training about the diagnosis
and treatment protocols for anaphylaxis, ensuring that these
essential teachings are reiterated through mandatory annual
training sessions. Employing technological reminders such as
mobile phones, smart watches, and virtual intelligence systems
can effectively enhance early awareness of anaphylactic risks. In
laboratory settings, blood samples should be collected under
optimal conditions for accurate tryptase measurement to support
diagnostic endeavors. The serum must be segregated and
appropriately stored if an immediate analysis is unfeasible.
Patients should be strongly encouraged to carry a minimum of
two auto-injectors, equipping them to recognize anaphylactic
symptoms and self-administer them as needed. Organizing group
activities —in-person or online — with patients can aid in
dispelling misconceptions such as needle apprehensions and
concerns regarding adrenaline’s side effects.

Strategic social responsibility initiatives, particularly
within educational institutions and workplaces, are essential for
fostering awareness about triggers such as food allergies and
anaphylaxis. These initiatives should emphasize first-response
training to equip individuals with the necessary skills to handle
anaphylactic emergencies effectively [2].

Conclusions

Our study presents the inaugural dataset for analyzing
the northeastern region of Turkey. Within the scope of
anaphylaxis studies in our country, there has been a notable
absence of research into the outcomes of adult cases within this
specific region, particularly through the eyes of allergist
evaluation.

While allergic diseases tend to exhibit a higher
prevalence among females, our anaphylaxis study vyielded
comparable frequencies between the female and male genders.
The prominence of venom allergy as the second leading cause of
anaphylaxis etiology, coupled with the observation that nearly all
venom-induced allergies occurred in males engaged in
beekeeping, appears to have influenced this gender-based
distribution. Our findings underscore the enduring prominence of
drug-induced anaphylaxis as the primary etiological factor — a
preventable trigger that remains at the forefront. Notably, the
incidence of recurrent anaphylaxis stood alarmingly high at 55%,
shedding light on the insufficient awareness surrounding this
matter, particularly in cases where triggers such as drugs and
food could be averted with greater knowledge. The recurrent
exposure to the same triggers emphasizes the need for
heightened understanding. Implementing immediate adrenaline
administration is a pivotal preventive measure against biphasic
and prolonged anaphylactic episodes.  Strikingly, our
investigation reveals a concerning statistic: only 25% of
anaphylaxis cases in our region receive adrenaline promptly.

NSAIDs and antibiotics stand out as the prevailing
culprits in etiology. This observation underscores the imperative
for all medical practitioners, pharmacists, and healthcare units to
comprehensively understand anaphylactic triggers. By doing so,
these stakeholders can effectively heighten vigilance when
providing outpatient and inpatient care, including surgical
procedures. Furthermore, a compelling need exists to foster
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patient awareness concerning drug-induced anaphylaxis — a
preventable catalyst in this context.

Sivas, the focal point of our study, assumes a significant
role in our nation as a hub for beekeeping and honey production.
Despite venom sensitivity emerging as the foremost solitary
allergic condition among our admitted patients, it assumes the
second position in the hierarchy of anaphylaxis etiology. It
remains common knowledge that Venom Immunotherapy (VIT),
a treatment regimen extended to our venom-allergic cases, is the
exclusive therapeutic approach capable of altering the trajectory
of this ailment. Encouragingly, VIT demonstrates both efficacy
and safety right from its initial administration.

Furthermore, an exhaustive patient history becomes
imperative in instances of anaphylaxis incited by food-dependent
exercise — a notably rare yet acknowledged category of
anaphylaxis. While these cases remain symptom-free when
physical exertion remains below a certain threshold after
consuming food, symptoms manifest when exercise coincides
with food ingestion. The intricacies of this presentation often
render differential diagnosis challenging, even for allergy
specialists. Once accurately diagnosed, proactive measures and
medical interventions effectively manage the condition, greatly
enhancing the affected individuals’ quality of life.

Adrenaline administration presents no contraindications
when faced with an anaphylactic episode and should be promptly
administered without reservation. Within the purview of our
study, the intended recipients of this guidance encompass a
diverse group of medical practitioners. Among them are clinical
allergists, spanning specialists and sub-specialists, and primary
care physicians, internists, emergency physicians,
anesthesiologists, and intensive care specialists. This directive
also extends to nurses, dietitians, and other healthcare
professionals. Essential to effective management, the ability to
differentially diagnose anaphylaxis falls within the domain of
emergency room physicians. In such cases, a swift and accurate
diagnostic discernment, based on history and physical
examination findings aligning with anaphylaxis, warrants the
immediate administration of adrenaline.

In conclusion, our study is noteworthy due to the
infrequency of anaphylactic occurrences among cases attending
the tertiary allergy immunology outpatient clinic in the
northeastern region of Turkey.

Notwithstanding its limitations, our study fills a crucial
gap by furnishing insights into a region hitherto unexplored,
emphasizing anaphylaxis — a matter of significance for
practitioners across various medical disciplines and healthcare
sectors. The implications of our findings underscore the
essentiality of bolstering awareness surrounding the diagnosis
and management of anaphylaxis in both emergency and primary
healthcare settings, both prior to and after graduation.
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Abstract

Background/Aim: Although vitamin D deficiency has been associated with cancer and its prognosis, data
is unclear regarding associations with myelofibrosis. This study aimed to measure 25-hydroxy vitamin D
levels in patients with myelofibrosis and to evaluate its relationship with prognoses.

Methods: This case-control study consisted of 72 patients with myelofibrosis and 75 controls. The
Dynamic International Prognostic Scoring System was used to determine prognostic risk groups, and
patients were divided into two subgroups: intermediate-1 (low risk) and intermediate-2 (high risk).
Results: The median 25-OHD levels were decreased in the myelofibrosis group more so than in the
controls (13.05 vs. 23.0 ng/mL, P<0.001). A cut-off value of < 16.5 ng/mL yielded a sensitivity of 84.72%
and a specificity of 80% for the identification of patients with myelofibrosis. This impact was also evident
when adjusted for age and sex, showing that patients with low 25-hydroxy vitamin D (<16.5) had a
23.787-fold higher probability to have myelofibrosis (OR: 23.787, 95% CI: 9.676-58.479, P<0.001).
When examined for the two prognostic subgroups, 25-hydroxy vitamin D was found to be significantly
lower in the intermediate-2 and high subgroup (P=0.017). For a cut-off value of <13.7 ng/mL, 25-hydroxy
vitamin D level was able to discriminate patients in the intermediate-2 and high subgroup from those with
lower risk (sensitivity: 77.8%, specificity: 55.6%).

Conclusion: A serum 25-hydroxy vitamin D level may serve as a biomarker associated with myelofibrosis
diagnosis and prognosis; however, the discriminatory value for prognostic groups was low, indicating the
need for larger and longitudinally-designed studies.

Keywords: dynamic international prognostic scoring system, myeloproliferative neoplasm, myelofibrosis,
prognosis, vitamin D
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Introduction

Myelofibrosis is an uncommon hematological neoplasm
arising from clonal abnormalities in stem cells, displaying both
clinical and biological heterogeneity [1]. It has an incidence
between 0.47 and 1.98 per 100,000 individuals, and greatly
shortens life expectancy (median survival 5.2-5.9 years) [2,3].
Clinical presentation varies greatly from patient to patient, but
typically includes debilitating systemic effects such as weight
loss, night sweats, fever, hepatosplenomegaly, and vascular
complications. Additionally, myelofibrosis can lead to the
development of acute leukemia [3]. Disruption of the JAK/STAT
signaling pathway is a recognized mechanism leading to
myelofibrosis, resulting in myeloproliferation, cytopenia,
cytokine secretion, bone marrow hyper-cellularity, collagen and
reticulin  fibrosis, bone modification and extramedullary
hematopoiesis [4]. Given the high variability in clinical
presentation and short survival, it is critical to identify
determinants that can be used to guide treatment decisions and
act as prognostic indicators.

A pleiotropic, fat-soluble secosteroid hormone with a
major regulatory function in calcium and phosphorus
homeostasis, vitamin D is recognized as contributing to a wide
range of disease conditions [5]. Vitamin D also plays a crucial
role in the immune system as an anti-inflammatory,
immunomodulatory, anti-fibrotic, and antioxidant molecule, and
is also involved in the pathogenesis of various clinical conditions
in non-skeletal tissues, including malignancies [6,7]. Vitamin D
may inhibit tumorigenesis by modulating inflammatory
responses, cellular survival, cell-cell interactions, and
angiogenesis —all of which can impact cancer spread and
progression [8]. Previous observational studies have found a link
between vitamin D deficiency and a higher chance of developing
cancer as well as a worse prognosis [9]. To date, there have been
case reports examining vitamin D levels in patients with
myelofibrosis, but the results are uncertain and information
regarding its clinical or prognostic significance is lacking [10].
Therefore, our goal was to measure 25-hydroxy vitamin D levels
in myelofibrosis patients and assess any potential associations
with the prognosis of the condition.

Materials and methods

Study population

This case-control study was carried out between May
2022 and May 2023 in the Department of Hematology of Kartal
Dr. Lutfi Kirdar City Hospital, Istanbul, Turkey. The study had
72 myelofibrosis patients who were 18 years of age or older and
75 healthy controls. Subjects in the healthy control group were
consecutively included among those referred for routine
evaluations from primary care physicians, given that they were
not referred for any specific suspicion and did not have any
comorbidities. The patient group was chosen based on
inclusion/exclusion criteria.

Myelofibrosis was diagnosed using the updated World
Health Organization 2022 categorization criteria, which were
supported by biochemical analysis, cytogenetic testing, and bone
marrow biopsies [11]. Participants with a history of chronic or
inflammatory diseases, rheumatological disorders, severe liver or
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kidney disease, and malignancies other than myeloproliferative
neoplasms were excluded from the study. Subjects referred for
allogenic stem cell transplantation, or participants presenting
with acute malignancies such as AML or ALL were also
excluded. The control group was comprised of 75 healthy people
aged 18 years and older, with no history of malignancies and no
known disease. Sex, age, body mass index (BMI), smoking
status, type of myelofibrosis, Eastern Cooperative Oncology
Group (ECOG) performance status, and the presence of
comorbid conditions like ischemic heart failure, hypertension,
diabetes  mellitus, peripheral  arterial hypertension,
hypothyroidism, or hepatomegaly were obtained from files and
pertinent records. Additionally, spleen size, peripheral blood
blasts, presence of constitutional symptoms such as weight loss,
night sweats and fever were recorded based on the Dynamic
International Prognostic Scoring System (DIPSS). In addition,
cytogenetic profiles were examined, including mutations of
Janus kinase (JAK) 2, JAK2 exon 12, calreticulin (CALR), and
myeloproliferative leukemia virus oncogene (MPL), all of which
were collected from the most recent data available for each
subject.

The Kartal Dr. Lutfi Kirdar City Hospital's Clinical
Study Ethics Committee accepted all study methods. All ethical
principles specified in the Declaration of Helsinki (Decision
date: 29.05.2023 and Decision number: 2023/514/250/7) were
also accepted.

Prognostic stratification

DIPSS is prognostic risk stratification tool. It is
calculated by utilizing five variables: 1 point for age >65 years, 2
points for hemoglobin value <10 g/dL, 1 point for peripheral
blood blasts >1%, 1 point for presence of constitutional
symptoms, and 1 point for white blood cell counts >25 x 10%/L
[4]. Risk groups were as follows: low-risk (0O points),
intermediate-1 risk (1 or 2 points), intermediate-2 risk (3 or 4
points), and high-risk (5 or 6 points). All myelofibrosis patients
were evaluated using a DIPSS score at the time of the last
follow-up. ECOG performance status was employed to evaluate
functionality by determining an individual's level of functioning
in relation to daily activities and physical capabilities, including
work and walking. This assessment was quantified on a scale
ranging from 0 to 5 points [12]. A lower ECOG score of 0 and 1
defines fewer activity restrictions, while a higher score indicates
elevated disability or mortality. All measurements were carried
out by the same clinician with strict measures to ensure
reliability and reproducibility.

Biochemical analysis

Each participant was asked to provide blood samples,
which were drawn from the antecubital vein following an
overnight fast in preparation for the laboratory analyses. To
collect serum, serum separator tubes were centrifuged at 2400 g
for 7 minutes. Using a Mindray BC-6800 analyzer (Mindray,
China), the full blood count, comprising hemoglobin and the
hematocrit levels, mean corpuscular volume (MCV), white blood
cell (WBC), and platelet values, were determined. On an
Architect c8000 autoanalyzer (Abbott, USA), serum creatinine,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase (LDH), total protein, albumin, and
C-reactive protein (CRP) were measured. Using a UniCel DxlI
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800 (Beckman Coulter, USA), a chemiluminescent enzyme
immunoassay was used to measure the levels of 25-
hydroxyvitamin D and vitamin B12. Of note, mutation analyses
including JAK2, JAK2 exon 12, CALR, and MPL were
performed in duplicate at the hospital.

Statistical analysis

The data analysis was conducted using IBM SPSS
Statistics for Windows, Version 28.0. The normality of
distribution was assessed using the Shapiro-Wilk test.
Continuous variables were presented as mean (standard
deviation) or median (1st quartile-3rd quartile), depending on the
normality of distribution. Categorical variables were expressed
as frequency (percentage). For normally distributed variables, the
Student's t-test was used for analysis, while the Mann-Whitney U
test was employed for non-normally distributed variables.
Categorical variables were analyzed using chi-square tests or
Fisher's exact tests as appropriate. The discrimination
performance of 25-hydroxy vitamin D was assessed through the
receiver operating characteristic (ROC) curve analysis. The
Youden index was used to calculate the best cut-off positions.
For the chosen cut-off values, sensitivity, specificity, accuracy,
positive predictive value (PPV), and negative predictive value
(NPV) were calculated. Odds ratios (OR) were also computed for
the determined cut-off points using logistic regression analysis.
The cutoff for statistical significance was P-value <0.05.

Results

Seventy-two patients diagnosed with myelofibrosis and
75 healthy individuals were enrolled in the study. The mean age
in the patient group was 63.71 (7.87) years, and 44 (61.11%)
were males. The control group consisted of 40 (53.33%) males,
and the mean age was 60.59 (10.21) years. The groups were
similar for age and sex distribution. The mean 25-hydroxy
vitamin D levels were 13.05 (10.35-15.45) ng/mL in the
myelofibrosis group and 23.0 (17.7-29.5) ng/mL in the control
group (P<0.001) (Table 1, Figure 1).

Table 1: Summary of age, sex and 25-hydroxy vitamin D levels with regard to groups

Groups
Total Control Myelofibrosis P-value
(n=147) (n=75) (n=72)
60.59 (10.21) = 63.71(7.87) 0.039

Sex

Male, (n/%)

Female, (n/%)
25-hydroxy vitamin D,
ng/mL

84 (57.14%) | 40 (53.33%) | 44 (61.11%) 0341
63 (42.86%) | 35(46.67%) 28 (38.89%)
16.12 23.00 13.05
(12.40-24.30) | (17.70-29.50) | (10.35-15.45)

Data are given as mean (standard deviation) or median (1st quartile-3rd quartile) for continuous variables according to normality
of distribution and as frequency (percentage) for categorical variables.

\
Age, years | 62.12 (9.24)
|
\
|

<0.001

Figure 1: Box-plot of the 25-hydroxy vitamin D with regard to groups
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We determined the 25-hydroxy vitamin D level to
distinguish between myelofibrosis patients and healthy controls
by ROC analysis. The sensitivity and specificity values for the
cut-off (<16.5 ng/mL) were 84.72% and 80%, respectively.

APatients with a low 25-hydroxy vitamin D level (<16.5) had a

Vitamin D levels in myelofibrosis patientsA

JOSAM ¢

23.787-fold higher probability of having myelofibrosis than
others after adjusting for sex and age (OR: 23.787, 95% CI:
9.676-58.479, P<0.001) (Table 2, Figure 2).

Table 2: Performance of 25-hydroxy vitamin D to discriminate patients with myelofibrosis
and healthy controls

Cut-off <16.5

Sensitivity 84.72%

Specificity 80.00%

Accuracy 82.31%

PPV 80.26%

NPV 84.51%

AUC (95% Cl) 0.857 (0.794-0.921)
P-value for AUC <0.001

OR (95% CI) 22.182 (9.426-52.197)
P-value for OR <0.001

Adjusted OR (95% CI) ® | 23.787 (9.676-58.479)
P-value for adjusted OR <0.001

PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under ROC curve, Cl: Confidence intervals, OR:
Odds ratio, (1) Adjusted for age and sex.

Figure 2: ROC curve of the 25-hydroxy vitamin D to discriminate patients with
myelofibrosis and healthy controls

1o, ROC Curve (Myelofibrosis vs Control )

Sensitivity

J " AUC: 0.857, 95% CI: 0.794 - 0.921, p<0.001

b0 02 04 oo [ 10

1 - Specificity

ROC: Receiver operating characteristic analysis, AUC: Area under the curve, Cl: Confidence interval

The DIPSS risk groups of the patients were as follows:
19 low risk, 17 intermediate-1, 30 intermediate-2, and 6 high
risk. The patient population was then further divided into two
subgroups: (i) Low and intermediate-1 and (ii) Intermediate-2
and high, with respect to DIPSS risk groups. No significant
differences were found between the groups regarding age, sex,
BMI, ECOG performance status, smoking status, comorbidities,
type of myelofibrosis, the presence of mutations, and
hepatomegaly (all, P>0.05). Spleen size was greater in the
intermediate-2 and high group compared to the low and
intermediate-1 group (20.19 [2.94] cm vs. 18.24 [2.85] cm,
P=0.006) (Table 3).

Table 3: Demographics and clinical characteristics with regard to DIPSS risk groups
DIPSS risk groups

Total (n=72) Low & Intermediate-2 P-value
Intermediate-1 & High
(n=36) (n=36)
Age, years 63.71 (7.87) 64.18 (7.56) 63.25 (8.24) 0.621
Sex
Male, (n/%) 44 (61.11%) 23 (63.89%) 21 (58.33%) 0.809

Female, (n/%)
Body mass index, kg/m?
ECOG performance status

28 (38.89%)
26.4 (23.4-29.1)

13 (36.11%)
26.8 (24.0-29.3)

15 (41.67%)
26.3(22.8-28.7) | 0.258

0, (/%) 67 (93.06%) 34 (94.44%) 33 (91.67%) 1.000
1, (n/%) 5 (6.94%) 2 (5.56%) 3 (8.33%)

Smoker, (n/%) 19 (26.39%) 11 (30.56%) 8 (22.22%) 0.593
Comorbidities

Ischemic heart disease, (n/%) 15 (20.83%) 4 (11.11%) 11 (30.56%) 0.082
Hypertension, (n/%) 22 (30.56%) 13 (36.11%) 9 (25%) 0.443
Diabetes mellitus, (n/%) 18 (25%) 9 (25%) 9 (25%) 1.000
Peripheral arterial disease, (n/%) | 3 (4.17%) 2 (5.56%) 1 (2.78%) 1.000
Hypothyroidism, (/%) 10 (13.89%) 5 (13.89%) 5 (13.89%) 1.000
Type of myelofibrosis

Primary, (n/%) 24 (33.33%) 16 (44.44%) 8 (22.22%) 0.080

Secondary, (n/%)
Mutations

48 (66.67%) 20 (55.56%) 28 (77.78%)

JAK2, (n/%) 33 (45.83%) 15 (41.67%) 18 (50%) 0.636
JAK2 exon 12, (n=25) (n/%) 0 (0%) 0 (0%) 0 (0%) N/A
CALR, (n=49) (n/%) 2 (4.08%) 1 (4.55%) 1 (3.70%) 1.000
MPL, (n=49) (n/%) 0 (0%) 0 (0%) 0 (0%) N/A
Hepatomegaly, (n/%) 29 (40.28%) 18 (50%) 11 (30.56%) 0.149
Size of spleen, cm 19.22 (3.04) 18.24 (2.85) 20.19 (2.94) 0.006
DIPSS risk group

Low, (n/%) 19 (26.39%) 19 (52.78%) 0 (0%) <0.001
Intermediate-1, (n/%) 17 (23.61%) 17 (47.22%) 0 (0%)

Intermediate-2, (n/%) 30 (41.67%) 0 (0%) 30 (83.33%)
High, (n/%) 6 (8.33%) 0 (0%) 6 (16.67%)

DIPSS: Dynamic International Prognostic Scoring System, ECOG: Eastern Cooperative Oncology Group, JAK: Januse kinase,
CALR: Calreticulin, MPL: Myeloproliferative leukemia virus oncogene. Data are given as mean (standard deviation) or median
(1st quartile-3rd quartile) for continuous variables according to normality of distribution and as frequency (percentage) for
categorical variables.
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25-hydroxy vitamin D levels were found to be 14.1
(10.6-17.35) ng/mL in the low and intermediate-1 subgroup and
11.95 (9.95-13.6) ng/mL in the intermediate-2 and high subgroup
(P=0.017) (Figure 3). No significant differences were found for
vitamin B12, creatinine, AST, ALT, LDH, total protein, albumin,
CRP, and MCV and platelet values. WBC, hemoglobin and
hematocrit values were significantly lower in the intermediate-2
and high subgroup (all, P<0.05) (Table 4).

Figure 3: Box-plot of the 25-hydroxy vitamin D with regard to DIPSS risk groups
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Table 4: Laboratory measurements with regard to DIPSS risk groups

DIPSS risk groups
Total (n=72) Low & Intermediate-2 P-

Intermediate-1 & High value

(n=36) (n=36)
25-hydroxy vitamin D, 13.05 (10.35- 14.10 (10.60- 11.95 (9.95- 0.017
ng/mL 15.45) 17.35) 13.60)
Vitamin B12, pg/mL 340.96 (109.47) 331.92 (126.93) 351.17 (87.38) 0.545
(n=49)
Creatinine, mg/dL 0.83 (0.65-1.01) 0.81 (0.65-0.96) 0.89 (0.66-1.06) 0.327
AST, U/L 20 (17-22) 20 (17-20.5) 19.5 (17-23.5) 0.359
ALT, U/L 17 (13-23.5) 16 (13.5-21) 20 (12-24.5) 0.376
LDH, U/L 237 (207-313) 245.5 (209-294) 226.5 (192.5-415) = 0.723
Total protein, g/dL 7.00 (6.70-7.45) 7.00 (6.60-7.50) 7.05 (6.85-7.30) 0.236
Albumin, g/dL 4.63 (0.25) 4.59 (0.27) 4.67 (0.23) 0.207
CRP, g/dL 1.27 (0.66-2.28) 1.23 (0.79-2.28) 1.28 (0.59-2.34) 0.951
White Blood Cell, 10°/L 8.21 (5.90-10.46) 9.29 (7.13-14.15) 7.19 (4.59-8.87) 0.002
Hemoglobin, g/dL 11.71 (10.06- 12.55 (12.00- 10.06 (8.71- <0.001

12.55) 13.05) 10.90)

Hematocrit, % 34.90 (5.59) 39.67 (2.37) 30.14 (3.33) <0.001
MCV, FI 90.1 (82.9-101.1) 86.15 (82.6-99.6) 91.2 (84.1-1035) | 0.162
Platelet (x10°%) 353 (257.5-502) 375.5 (286-510) 334.5 (254-502) 0.430

DIPSS: Dynamic International Prognostic Scoring System, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
LDH: Lactate dehydrogenase, CRP: C-reactive protein, MCV: Mean corpuscular volume. Data are given as mean (standard
deviation) or median (1st quartile-3rd quartile) for continuous variables according to normality of distribution and as frequency
(percentage) for categorical variables

We determined the 25-hydroxy vitamin D level that
would allow discrimination of the two subgroups. The cut-off
value was <13.7 ng/mL, and resulted in a specificity of 55.6%
and sensitivity of 77.8%. Patients with low 25-hydroxy vitamin
D (£13.7) had a 4.695-fold higher likelihood of being
categorized in the intermediate-2 and high-risk subgroup, after
adjusting for sex and age (OR: 4.695, 95% CI: 1.638-13.459,
P=0.004) (Table 5, Figure 4).

Table 5: Performance of 25-hydroxy vitamin D to discriminate patients with intermediate-2
& high risk and low & intermediate-1 risk

Cut-off <13.7

Sensitivity 77.78%

Specificity 55.56%

Accuracy 66.67%

PPV 63.64%

NPV 71.43%

AUC (95% CI) 0.664 (0.536-0.792)
P-value for AUC 0.017

OR (95% CI) 4.375 (1.571-12.187)
P-value for OR 0.005

Adjusted OR (95% CI) @ | 4.695 (1.638-13.459)
P-value for adjusted OR 0.004

PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under ROC curve, Cl:
Confidence intervals, OR: Odds ratio, (1) Adjusted for age and sex
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Figure 4: ROC curve of the 25-hydroxy vitamin D to discriminate patients with intermediate-
2 & high risk from those with low & intermediate-1 risk
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DIPSS: Dynamic International Prognostic Scoring System, ROC: Receiver operating characteristic analysis,
AUC: Area under the curve, Cl: Confidence interval

Discussion

The goal of the study was to determine the levels of 25-
hydroxy vitamin D in myelofibrosis patients and possibly
determine how they relate to the disease's prognosis. With a cut-
off value of 16.5 ng/mL that produced good sensitivity and
specificity, we discovered that patients with myelofibrosis could
be distinguished from controls by having lower 25-hydroxy
vitamin D levels. We also showed that lower 25-hydroxy vitamin
D levels were linked to a larger chance of having a worse
prognostic score, but the ROC analysis reported that accuracy
was poor. Notably, after adjusting for gender and age, these
associations held true.

Humans require adequate amounts of vitamin D, which
can be taken through food sources, including supplements, or
produced in the skin by exposure to ultraviolet B rays from
sunshine. The 1.25-dihydroxy vitamin D that is produced in the
body as a result of hydroxylation occurs in the liver and proximal
tubule. By attaching to the vitamin D receptor, this active version
performs as a steroid hormone [13]. Hematopoietic stem cells,
macrophages, thymocytes, activated lymphocytes, and
monocytes all contain the vitamin D receptor. The modulation of
many signaling pathways connected to cellular processes like
proliferation, differentiation, autophagy, apoptosis, and
epithelial-mesenchymal transition is thought to be a function of
the vitamin D receptor. Additionally, this affects how cells
interact with their surroundings, affecting processes including
angiogenesis, oxidative stress, inflammatory response, and both
innate and adaptive immunity [14-16]. Adequate levels of
vitamin D are essential for normal hematopoiesis. Insufficient
vitamin D levels can result in the suppression of bone marrow
cell lines, leading to clinical manifestations, such as neutropenia,
anemia, and thrombocytopenia [17]. The functional form of
vitamin D is not suitable for direct measurement due to its short
half-life of 4-6 hours and significantly lower circulating levels
compared to the primary storage form, known as 25-hydroxy
vitamin D [18]. As a result, the levels of 25-hydroxy vitamin D
have been used as a marker of vitamin D shortage in various
investigations, including the present study. According to current
diagnostic guidelines, vitamin D insufficiency is frequently seen
in the general population and is widely evaluated in clinical
settings around the world.

It has been reported that a lack of vitamin D raises the
risk of certain cancers, including hematological malignancies
[19]. In a study of 332 newly diagnosed diffuse large B-cell
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lymphoma patients, Chen et al. found that 92.8% of patients had
vitamin D deficiency (30 ng/mL) [20]. Although not as commaon,
Shanafelt et al. [21] also showed widespread vitamin D
insufficiency in patients with chronic lymphocytic leukemia
(30% of 309 patients), and suggested an impact on overall
survival. In 97 adult patients with newly diagnosed acute
myeloid leukemia who were receiving intensive care, Lee et al.
[22] found that 35% of patients had insufficiency (20-30 ng/mL)
and 30% had deficiency (20 ng/mL). Additionally, these patients'
relapse-free survival was worse than that of patients with normal
levels of 25-hydroxy vitamin D. There are limited reports of
primary myelofibrosis despite the high prevalence of vitamin D
insufficiency. Pardanani et al. [23] showed in 247 primary
myelofibrosis patients that 48% and 9% of myelofibrosis
patients, respectively, had vitamin D insufficiency and severe
deficiency. We repeatedly discovered lower 25-hydroxy vitamin
D levels in myelofibrosis patients compared to controls, and that
the existence of myelofibrosis could be accurately predicted by a
cut-off level of 16.5 ng/mL. To understand if this difference is
related to the pathophysiology of myelofibrosis or whether it is
an outcome of the condition, more research is necessary. To this
end, it can be postulated that inadequate vitamin D levels could
impair the immune system and facilitate tumor development and
growth. Given the vitamin D deficiency observed in
myelofibrosis patients, we believe that it is crucial to assess
whether vitamin D supplementation can benefit myelofibrosis
patients.

Myelofibrosis can arise either as an idiopathic condition
or as a secondary manifestation associated with various
conditions. These conditions include chronic kidney failure,
hypoparathyroidism, lymphoma, acute lymphoblastic leukemia,
neuroblastoma, osteopetrosis, tuberculosis, and systemic lupus
erythematosus [24]. A limited number of case-report studies
have also reported secondary myelofibrosis caused by vitamin D
deficiency, suggesting that it is due to secondary elevation of
parathormone or nutritional factors. Balkan et al. [24] presented
a case report in a six-month-old infant who developed secondary
myelofibrosis and found that myelofibrosis rapidly resolved after
vitamin D treatment. Venkatnarayan et al. [25] revealed a ten-
month-old rachitic male infant with hepatosplenomegaly and
anemia secondary to bone marrow fibrosis, whose clinical
characteristics improved following vitamin D treatment. In a
study conducted by Yetgin and colleagues [26], they observed
that in a group of 12 infants with rickets and anemia, early
indications of myelofibrosis were evident through increased
reticulin levels. Furthermore, they found that more advanced
stages of rickets led to varying degrees of bone marrow
myelofibrosis.

Interestingly, increased parathormone levels can also
cause bone resorption and deposition through stimulation of
osteoblasts and osteoclasts, as well as decrease erythropoietin
receptors on erythroid progenitor cells, inducing defective new
bone formation and medullary fibrosis [27]. For instance,
Stephan et al. [28] demonstrated a relationship between
increased PTH level and myelofibrosis in rachitic infants.
Furthermore, myelofibrosis associated with vitamin D deficiency
can contribute to reduced levels of active vitamin D metabolites.
These metabolites play a role in the maturation of
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megakaryocyte and monocyte precursors. The deficiency of
active vitamin D metabolites can lead to impaired collagen
breakdown and increased deposition, which are characteristic
features of myelofibrosis [29]. These pathways suggest that
vitamin D may affect myelofibrosis, and they may also be
responsible for the low vitamin D levels found in our patient
sample.

In order to choose the best therapeutic approaches for
patients, improve their prognosis, and gain a better understanding
of the pathophysiology of the disease, it is essential to define the
prognostic variables for myelofibrosis. Many prognostic models,
such as the mutation-enhanced International Prognostic Scoring
System (MIPSS) and DIPSS, have been created to forecast
survival in primary and secondary myelofibrosis [30]. As a
prognostic predictor, we used DIPSS. A limited number of
studies have been published to date, evaluating the correlation
between serum 25-hydroxy vitamin D levels and the prognosis of
cancer patients, including those with breast and colorectal cancer
[31]. However, there is a need to determine whether vitamin D is
an effective and beneficial prognostic factor for myelofibrosis
patients. We are aware of only one study that looked at 25-
hydroxy vitamin D level as a predictive factor. In 247 patients
with primary myelofibrosis, Pardanani et al. [10] found no
correlation between vitamin D deficiency and overall and
disease-free survival. In contrast, we demonstrated that
myelofibrosis patients with low 25-hydroxy vitamin D levels
tended toward poor prognoses. We discovered that patients with
a high prognosis score could be distinguished from those with a
poor prognostic score using the 25-hydroxy vitamin D cut-off
value of 13.7 ng/mL. Measurement of 25-hydroxy vitamin D
levels may not have a reliable role in prognostication, because
overall accuracy is too low. However, more research is needed to
determine the impact of vitamin D levels on the outlook for
myelofibrosis as well as the direction of the association over
time.

Limitations

The study did have some drawbacks, including a small
sample size, a retrospective design originating from a single
institution, the heterogeneity of myelofibrosis patients' illness
status, and the fact that they received various medications. In
addition, we were unable to use different prognostic indicators,
as DIPSS was the only scoring system that was used consistently
in all patients. Finally, the measurement of 25-hydroxy vitamin
D levels are influenced by diet, geographic region, lifestyle, and
environmental factors, so these may have contributed to our
results [19]. Nonetheless, we adjusted for age and sex to assess
whether the relationship between low vitamin D and
myelofibrosis persisted, showing that these factors did not alter
the demonstrated relationships.

Conclusions

We demonstrated that lower serum 25-hydroxy vitamin
D level may serve as a reliable biomarker that is closely
associated with the presence of myelofibrosis. Additionally,
despite far lower accuracy, vitamin D levels also appear to be
associated with the prognostic score. The potential role of
vitamin D supplementation on prognosis of myelofibrosis and its
impact on progression should be addressed with further studies
with larger sample sizes and a longer follow-up.
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Abstract

Background/Aim: The use of patches to repair the aortic arch is believed to have a positive effect on
long-term morbidity. In this study, perioperative and follow-up data of patients who underwent transverse
arch repair with a patch were compared with the data of patients who underwent end-to-end anastomosis
(ESA).

Methods: In this retrospective cohort study, the data of 27 patients (including 18 newborns) who
underwent aortic arch repair at the Gazi Yasargil Education and Research Hospital between January 2018
and April 2023 were analyzed. The inclusion criteria included a diagnosis of proximal and distal transverse
aortic arch hypoplasia, an age younger than 12 months of age, and the completion of aortic arch repair
using cardiopulmonary bypass. Patients who underwent recoarctation repair due to residual obstruction,
patients with single ventricular physiology, and patients who underwent aortic arch repair via a lateral
thoracotomy without undergoing cardiopulmonary bypass were excluded from the study. The patients
were divided into two groups. Group 1 included individuals who underwent aortic anterior wall expansion
with autologous pericardium in addition to ESA; Group 2 included patients who underwent ESA only.
Results: The median age of the patients was 21 days (range: 6-365 days), and the median body weight of
the cohort was 3.5 kilograms (range: 2.4-8.9 kilograms). Enlargement with autologous pericardial patch
was applied to 11 patients (40.7%). Surgical procedures performed in addition to arch repair included eight
ventricular septal defect closures, six instances of pulmonary banding, three atrial septal defect closures,
and one subvalvular pulmonary stenosis repair. The in-hospital mortality rate was 11.1% (n=3). Those
three patients died due to sepsis. The median follow-up period was 152 days (range: 10-1316 days).
Recoarctation requiring re-intervention did not occur in any of the studied patients. The antegrade selective
cerebral perfusion time was statistically significantly longer in patients who underwent aortic arch repair
using a patch (P=0.03).

Conclusion: Repair of the arch with a patch may contribute to a reduction in long-term mortality and
morbidity. However, there is a need for more comprehensive and long-term follow-up studies to verify
these findings.

Keywords: aortic arch, aortic coarctation, congenital heart defects, infant, surgery
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Introduction

Aortic arch hypoplasia is an anomaly that commonly
requires surgical intervention during the neonatal period. The
outcomes of aortic arch repair using the extended end-to-side
anastomosis (ESA) technique are favorable [1]. Surgical
techniques employed for the repair of transverse aortic arch
hypoplasia include extended ESA, autologous pericardial patch,
and bovine pericardial patch aortoplasty [2-5]. While the
relatively shorter duration of surgery for direct anastomosis
might be advantageous, it has been argued that recoarctation
might occur due to changes in arch geometry [2]. On the other
hand, patch aortoplasty preserves the geometry of the arch aorta
and reduces tension at the anastomotic site [6,7]. In this study,
we compare aortic arch repair results in patients with aortic arch
hypoplasia.

Materials and methods

Ethical declaration

The study was conducted in accordance with the
Declaration of Helsinki, and the study protocol was approved by
the Diyarbakir Gazi Yasargil Training and Research Hospital
Ethics Committee (Date: May 26, 2023, No: 404).

Definitions

The transverse aortic arch is the name given to the part
of the aorta between the innominate artery and the left subclavian
artery. Proximal transverse arch hypoplasia is indicated when the
ratio of the outer diameter of the proximal arch to the diameter of
the ascending aorta is less than 0.6, and distal transverse arch
hypoplasia is defined as a ratio of the outer diameter of the distal
arch to the ascending aorta diameter below 0.5 [6,8]. Z-scores of
the aortic arch were calculated using transthoracic
echocardiography  [9]. In  postoperative  transthoracic
echocardiography, recoarctation was diagnosed if a gradient
exceeding 20 mmHg was measured at the surgically repaired
area [10].

Patient population

A total of 27 patients diagnosed with transverse arch
aortic hypoplasia and aortic coarctation who underwent aortic
arch repair from January 2018 to April 2023 at the Gazi Yasargil
Education and Research Hospital in Diyarbakir, Turkey were
included in the study. Preoperative, intraoperative, and
postoperative data were recorded using the hospital's database.
Follow-up visits were planned at 1, 3, and 6 months after
discharge, every 6 months for the following 18 months, and
subsequently annually. Follow-up data were collected by
reviewing echocardiography reports from the outpatient clinic
system.

The inclusion criteria included a diagnosis of proximal
and distal transverse arch aortic hypoplasia, an age younger than
12 months, and completion of aortic arch repair with
cardiopulmonary bypass via median sternotomy. Patients
undergoing re-coarctation repair due to residual obstruction,
those with single ventricle physiology, and those undergoing
aortic arch repair via lateral thoracotomy without
cardiopulmonary bypass were excluded. Seven of the patients
were on preoperative mechanical ventilator support. Milrinone
was given to eight patients, and adrenaline treatment was given
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to three patients. Ten of the patients had undergone preoperative
balloon angioplasty. The patients were divided into two groups:
Group 1 included individuals who underwent aortic anterior wall
expansion with autologous pericardium in addition to ESA,
Group 2 included individuals who underwent ESA only. The
patients' ages, genders, body weights, diagnoses, accompanying
anomalies, antegrade selective cerebral perfusion (ASCP) times,
cross-clamp times, cardiopulmonary bypass times, postoperative
complications,  vasoactive inotrope scores, mechanical
ventilation times, length of stay in the intensive care unit, length
of hospital stay, follow-up times, and preoperative transverse
arch Z-scores were compared.

Surgical technique

Following median sternotomy, all of the patients
underwent a cardiopulmonary bypass via the innominate artery
and bicaval venous cannulation. Antegrade selective cerebral
perfusion and systemic hypothermia at 28°C were employed.
The transverse aortic arch, innominate artery, left carotid artery,
left subclavian artery, isthmus, and descending aorta were
individually dissected. After clamping the innominate artery,
aortic arch branches, and descending aorta, a single dose of 20
ml/kg del Nido cardioplegia solution was administered from the
aortic root. The isthmus and proximal descending aorta were
divided, and ductus arteriosus tissue on the side of the
descending aorta was completely removed. A longitudinal
incision was made on the lesser curvature of the aortic arch
between the innominate artery and the isthmus. The descending
aorta was sutured to the posterior wall of the aortic arch using a
continuous suturing technique. In cases where mobilization of
the descending aorta was limited and there might be tension at
the anastomotic site, the lesser curvature of the transverse arch
was widened using an autologous pericardial patch treated with
glutaraldehyde. In patients with adequately mobilized
descending aorta, the anterior wall of the aorta was sutured to the
native aorta using the same suture, completing the anastomosis.
After deairing and removing the clamps, full-body perfusion was
resumed.

Statistical analysis

Statistical analyses were performed using SPSS
statistical software version 23. The Kolmogorov-Smirnov test
was used to assess normality. Descriptive statistics were
provided as median (minimum-maximum) for continuous
variables and as percentages for categorical variables. The
Mann-Whitney U test was used for binary comparisons of
continuous variables between independent groups, and the chi-
squared test was used for categorical variables. P-values less
than 0.05 were considered to be statistically significant.

Results

Patient characteristics

Between January 2018 and April 2023, a total of 27
consecutive patients underwent aortic arch repair surgery at the
Gazi Yasargil Education and Research Hospital. Patient
information was retrospectively obtained from the hospital's
database. Of the 27 patients, 51.8% (14) were male. Eighteen
patients (63%) were newborns, and five (18.5%) were premature.
The median age of the patients on the day of surgery was 21 days
(range: 6-365 days), and the patients’ median body weight was
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3.5 kilograms (range: 2.4-8.9 kilograms). The demographic
characteristics of the patients are listed in Table 1. Sixteen
patients (59.2%) were intubated preoperatively. Eleven patients
(40.7%) had identified genetic anomalies. The most common
genetic anomaly was Down syndrome (n=4, 36.4%), followed by
Turner syndrome (n=1, 9.1%) and DiGeorge syndrome (n=1,
9.1%). Other anomalies included genitourinary anomalies, limb
anomalies, orofacial anomalies, anal atresia, and a dysmorphic
facial appearance (n=5, 45.4%). A bicuspid aortic valve was
present in 10 patients (37.1%), persistent left superior vena cava
was present in three patients (11.1%), and aberrant right
subclavian artery was present in two patients (7.4%).

Intraoperative and postoperative outcomes

Sixteen patients (59.3%) underwent direct ESA, and 11
patients (40.7%) underwent ESA with expansion of the anterior
wall using an autologous pericardial patch. Additional cardiac
surgical procedures other than patent ductus arteriosus ligation
and division were performed in 15 patients (55.6%). Those
procedures included eight (29.6%) ventricular septal defect
closures (using an autologous pericardial patch), six (22.2%)
pulmonary bandings, three (11.1%) atrial septal defect closures,
and one (3.7%) pulmonary valvotomy (Figure 1). The mean
(standard deviation) duration of ASCP was 35.6 (13.3) minutes;
the mean (standard deviation) aortic cross-clamp time was 59.2
(26.9) minutes. The mean (standard deviation) cardiopulmonary
bypass time was 109.4 (38.1) minutes. Antegrade selective
cerebral perfusion time was statistically longer in patients who
were repaired using a patch compared with patients in the other
group (P=0.03).

Figure 1: Additional cardiac surgical procedures performed on patients
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5
4 3 3 3
3 - 2 mpatch (+)
2 1 1 1 m patch (-)
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VSD repair ASD repair Pulmonary Pulmonary

banding valvotomy

ASD: atrial septal defect, VSD: ventricular septal defect

Table 1: Demographic and preoperative data
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Postoperative hospital mortality

Postoperative hospital mortality was recorded for three
patients (11.1%). Two patients succumbed to sepsis during the
early postoperative period (0-30 days), and one patient who
understand a prolonged intensive care unit stay due to fungal
sepsis passed away in the late postoperative period (after one
month). Sepsis was the most common complication and was
observed in seven patients (25.9%). Four of those patients were
successfully treated with appropriate antibiotic therapy. Other
complications included acute renal failure requiring peritoneal
dialysis (n=3, 11.1%), arrhythmia (n=2, 7.4%), acute respiratory
distress syndrome (n=1, 3.7%), pneumonia (n=1, 3.7%), and
chylothorax (n=1, 3.7%). The postoperative complications are
shown in Figure 2. The median follow-up duration for all of the
patients was 152 days (range: 10-1316 days). No recoarctation
was detected on echocardiography at discharge or during follow-
up, and no interventions were required. The patients’
perioperative data are listed in Table 2.

Figure 2: Postoperative complications
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3 = patch (+)
m patch (-)

ARF

Sepsis

Arrythmia Pneumonia Chylothorax ~ ARDS

ARF: Acute renal failure, ARDS: Acute respiratory distress syndrome

Patient characteristics ESA + patch ESA P-value
(n=11) (n=16)

Gender n, (%)

Female 5 (45.5%) 8(50%) 0.81"

Male 6 (54.5%) 8(50%)

Age at surgery (days), median (min-max) 24(10-365) 21(6-120) 0.31*

Weight at surgery (kg), median (min-max) 4 (2.86-8.90) 2.87 (2.41-7.78) 0.07+

Neonates n, (%) 6 (54.5%) 12(75%)

Preoperative LVEF (%), median (min-max) | 65(40-78) 65(40-74) 0.48 #

Transvers arch Z score, median (min-max) -4.7 ([-19.1]-[-3.6]) = -5.1([-8.2]-[-3.6]) = 0.44%

ESA: End-to-side anastomosis, LVEF: Left ventricular ejection fraction, min-max: minimum-maximum, *: Mann-Whitney U test, *: Chi-squared test

Table 2: Perioperative findings of the patients

Parameters ESA + patch ESA P-value
(n=11) (n=16)

CPB time (min), median (min-max) 113(62-192) 105(40-152) 0.34%
ACC time (min), median (min-max) 53(30-112) 46(18-105) 0.55H
ASCP time (min), median (min-max) 37(26-65) 30(16-70) 0.03#
Postoperative gradient (mmHg), median (min-max) 5(3-28) 6(3-39) 0.71#
ICU stay (days), median (min-max) 11(5-40) 14(5-64) 0.21#
Mechanical support time (h), median (min-max) 5(1-12) 5.5(2-26) 0.24#
In-hospital time (days), median (min-max) 17(9-86) 18.5(7-70) 0.74¥
Vasoactive inotropic score, median (min-max) 12(7-27) 11(7-20) 0.43#
In-hospital mortality (0-30 days) n 1 1 0.78 "
Follow-up time (days), median (min-max) 167.5(10-1164) 123(17-1316) 0.69

ESA: End-to-side anastomosis, ACC: Aortic cross-clamp, ASCP: Antegrade selective cerebral perfusion, CPB: Cardiopulmonary bypass, min-max: minimum-maximum, *: Mann-Whitney U test, ™ Chi-squared test
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Discussion

The goal of surgically treating patients with aortic
coarctation in conjunction with arch hypoplasia is to achieve the
least number of repeat interventions and ensure adequate arch
growth over the long term [11-13]. To this end, the arch
geometry should be restored as close to normal as possible.
Surgical repair with extended ESA in the segment between the
innominate artery and the left common carotid artery, where
proximal arch hypoplasia is present, can be relatively
challenging [12-14]. Researchers have differing viewpoints as to
the most appropriate repair strategy for this part of the
hypoplastic arch. Some centers prefer repairing the arch with
median sternotomy and a cardiopulmonary bypass; others opt for
a posterolateral thoracotomy without stopping the heart
[11,15,16]. However, aortic repair using cardiopulmonary bypass
necessitates consideration of its potential harmful effects. In our
study, aortic arch repair was performed in all patients after
median sternotomy with cardiopulmonary bypass and ASCP.

The use of transverse aortic arch repair using ESA is
debated in the literature. Some studies have demonstrated
favorable and positive results with ESA in cases of proximal
transverse arch hypoplasia [16,17]. However, satisfactory results
could not be obtained with ESA in some patients with a large
anastomotic area [2,18]. Reducing tension at the anastomotic site
is crucial for preventing postoperative recoarctation and is the
most significant factor in the treatment of transverse arch
hypoplasia [18,19]. In patients with pronounced distance
between the hypoplastic segment of the transverse arch and the
descending aorta, creating an anastomosis without tension may
not always be possible [3]. Additionally, tension at the
anastomotic site can lead to late recoarctation [3,18]. Reducing
anastomotic tension and creating a smooth arch geometry can be
achieved with patch aortoplasty. The use of a patch can
sufficiently expand the hypoplastic segment to prevent
recoarctation and achieve a relatively normal geometry [18,20].
In a study comparing ESA and patch aortoplasty techniques, a
lower incidence of recoarctation was reported in the patch group
[21]. Li et al [21] reported that the ESA method was preferable
to patch aortoplasty in patients for whom ESA was suitable (i.e.,
individuals in which descending aorta mobilization was not
limited and aortic arch geometry was normal). The authors noted
that the ESA method was associated with fewer procedures and a
shorter ASCP time. Among our patients, 11 (40.7%) had a
relatively long distance between the narrow segment and the
descending aorta (Group 1). Therefore, we enlarged the lesser
curvature of the aorta using an autologous pericardial patch to
reduce tension at the anastomotic site. Antegrade selective
cerebral perfusion times were statistically significantly longer in
those patients than in Group 2 patients.

The relationship between transverse arch hypoplasia and
intracardiac defects has been described by Rudolph et al [22].
Those authors found that intracardiac defects may lead to
decreased blood flow in the aortic arch, resulting in
underdevelopment. Furthermore, Conte et al [23] reported that
one-stage repair yielded better outcomes than two-stage repair in
307 newborns with aortic coarctation and accompanying
complex cardiac defects. The feasibility and superiority of
simultaneous repair of intracardiac defects with arch repair have
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been reported by other studies as well [24,25]. In our
investigation, 70.4% of patients with transverse aortic arch
hypoplasia had one or more accompanying intracardiac defects.
At our center, we perform simultaneous (one-stage) repair
procedures for patients with aortic coarctation/hypoplasia
associated with perimembranous ventricular septal defect (VSD).
For patients with multiple VSDs, midmuscular VSD, or
atrioventricular septal defects, we prefer the arch repair and
pulmonary banding (two-stage) procedure.

Limitations

The retrospective nature of our study, its small sample
size, and its limited follow-up duration are its most significant
limitations. Furthermore, our investigation was a single-center
study. Therefore, increasing the number of cases, supporting the
study's findings with prospective comparative research, and
investigating long-term outcomes with extended follow-up are
necessary.

Conclusions

Repairing the aortic arch in newborns and infants with
transverse arch hypoplasia using extended ESA is a safe,
effective, and promising procedure with low rates of early
reintervention and favorable short-term outcomes. It allows for
the repair of accompanying intracardiac defects and preserves the
growth potential of the aortic arch via tissue-on-tissue
reconstruction. Aortic arch repair can be done with or without a
patch. However, the use of a patch on the anterior aortic wall of
the aorta in aortic arch repair reduces tension on the anastomotic
line, protects the growth of the aortic arch, and helps prevent
recoarctation.
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Abstract

Background/Aim: Numerous studies have assessed the relationship between macrocytosis and responses
to chemotherapeutic agents and TKIs such as sunitinib and imatinib. However, there is limited data in the
literature regarding the prognostic or predictive value of macrocytosis in using erlotinib. If a relationship is
detected, early response/resistance assessment can be performed before imaging time in the follow-up of
treatments, and a more cost-effective, non-invasive method can be employed for response monitoring. This
study aimed to elucidate the effect of macrocytosis on response rates in patients treated with erlotinib for
non-small cell lung cancer.

Methods: Seventy-five individuals diagnosed with non-small cell lung cancer (NSCLC) and admitted to
our institution were enrolled in this retrospective cohort study. Baseline demographics, time of diagnosis,
previous treatment, and the initiation or cessation of erlotinib were recorded. Data of patients with and
without macrocytosis were analyzed. Stable disease, partial and complete response rates, and progressive
disease response were evaluated separately as response rates. Progression-free survival between drug
initiation and discontinuation due to progression was interpreted using Kaplan-Meier curves.

Results: The distribution of the overall survival (OS) and progression-free survival (PFS) evaluations
revealed that 84% (n=63) of the patients were deceased, and the progression rate was 94.7% (n=71). The
median OS of the patients was 18 months, and the median PFS was 11 months. There was a statistically
significant difference in overall survival in females, with a median OS of 25 months (95% CI 17-32
months) and a median OS of 13 months in males (95% CI 9-20 months) (P=0.008). PFS was 14.5 months
(95% CI 11-21 months) in women and six months (95% CI 4-17 months) in men, and there was a
statistically significant difference (P=0.02). A statistically significant difference was achieved between
MCYV values measured during diagnosis and the third month between age groups (P=0.044).

Conclusion: The outcomes of this research suggest a statistically significant difference between the MCV
values measured at the time of diagnosis and the third month regarding age groups. Both OS and PFS in
women were statistically significantly higher than in men.

Keywords: erlotinib, macrocytosis, non-small cell lung cancer
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Introduction

The mean corpuscular volume (MCV) is one of the
most  prevalent  hematological  laboratory  parameters.
Macrocytosis (identified by MCV >100 fl) is commonly
associated with deficiencies in vitamin B12 and/or folic acid,
hypothyroidism, alcoholism, and myelodysplastic syndromes.
Recently, tyrosine kinase inhibitors (TKIs) have gained
increasing employment in cancer treatment. These inhibitors
target the ATP binding site of one or more constitutively
activated tyrosine kinases within cancer cells [1]. The elevation
in MCV induced by sunitinib and imatinib can be attributed to
the inhibition of stem cell factor (c-KIT). Furthermore, various
drugs bring about macrocytosis through distinct mechanisms [2].

In recent years, there has been a growing exploration of
the prognostic and predictive implications of MCV in diverse
solid tumors. Numerous studies have highlighted the prognostic
and predictive significance of MCV in conditions such as
colorectal cancer (CRC), advanced breast cancer, and esophageal
cancer.

Macrocytosis can also manifest based on the therapeutic
agents administered. While numerous mechanisms have been
proposed, the underlying cause remains unidentified in most
cases. Several studies have examined the correlation between
macrocytosis and reactions to chemotherapeutic agents and TKIls
like sunitinib and imatinib [3-7]. Certain studies have indicated
that the utilization of capecitabine and/or bevacizumab is
associated with macrocytosis [8]. Nevertheless, the outcomes
concerning its predictive role in treatment could benefit from
greater consistency [9].

Tracking tumor markers in the blood aids in this
endeavor, although a definitive standard biomarker for lung
cancer has not yet been established. The potential to forecast
early resistance and progression lies in the ability to monitor
patient responses through straightforward blood tests, such as
MCV. While TKIs can yield sustainable responses, swift
progression can emerge due to resistance, resulting in rapid
deterioration. Patient assessments occur at 3-month intervals
through imaging modalities. Nevertheless, an uncomplicated,
cost-effective, and minimally invasive approach is still lacking
for monitoring treatment response [10]. This study examines
macrocytosis’s impact on response rates among patients
undergoing erlotinib treatment.

Materials and methods

In this retrospective cohort study, 75 individuals aged
18 and above who applied to our institution, underwent erlotinib
treatment for a minimum of 3 months, and were diagnosed with
NSCLC were included. At the commencement of the treatment,
patients presenting macrocytosis due to alternative causes (e.g.,
alcoholism, hypothyroidism, megaloblastic anemia) were
excluded.

Baseline demographics, time of diagnosis, previous
treatments, and the initiation or discontinuation of erlotinib were
recorded. MCV values were documented at the initiation of
erlotinib and the third month of treatment. Data from patients
with and without macrocytosis were subjected to analysis.
Treatment outcomes included response rates, progression-free
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survival (PFS), and overall survival (OS). Response assessment
was based on the RECIST (Response Evaluation Criteria In
Solid Tumors) criteria (version 1.1) [11], categorizing responses
as complete response (CR), partial response (PR), stable disease
(SD), or progressive disease (PD). Kaplan-Meier curves assessed
PFS from drug initiation to discontinuation due to progression.

The procedures adhered to the ethical standards set by
the responsible committee on human experimentation
(institutional) and aligned with the Helsinki Declaration of 1975,
as revised in 2008. This study was approved by the Karadeniz
Technical University Medical Faculty Scientific Research Ethics
Committee on 07/07/2022 under protocol number 20224/158.

Statistical analysis

The data underwent analysis using IBM Statistical
Package for the Social Sciences (SPSS) version 29.0 for macOS
(IBM Corp., Armonk, NY) and MedCalc statistical software
version 12.7.0.0 package programs (MedCalc Software, Ostend,
Belgium). Categorical data were presented as frequencies and
percentages. Descriptive statistics for continuous data included
mean, standard deviation, median, minimum, and maximum. The
normality of variables was assessed using the Kolmogorov-
Smirnov test.

For normally distributed variables, the Paired Sample T-
test evaluated differences between dependent measurements.
Non-normally distributed variables were assessed using the
Wilcoxon Test. The comparison of categorical variables
employed either Fisher’s Exact Test or the Chi-Square test.

The repeated measurements analysis of variance
(ANOVA) test was performed to analyze the variation in MCV
measurements between diagnosis and the third month. Gender-
based assessments of overall and PFS utilized the Log-rank test,
with plotting Kaplan-Meier curves. Results with a P-value below
0.05 were considered statistically significant.

Results

As part of the study, 75 patients were evaluated,
comprising 53.3% (n=40) females and 46.7% (n=35) males. The
patients’ ages ranged from 27 to 82 years, with a mean age of 65
years. Table 1 presents the distribution of demographic and
clinical findings among the patients.

The distribution of laboratory measurements, taken both
at the time of diagnosis and at the third month, is outlined in
Table 2. Analysis revealed no statistically significant differences
between the laboratory parameters measured at diagnosis and
those measured at the third month. Specifically, the parameters
including  hemoglobin, MCV, platelets, lymphocytes,
neutrophils,  neutrophil-lymphocyte  ratio, and platelet-
lymphocyte ratio yielded P values of 0.802, 0.775, 0.081, 0.467,
0.326, 0.318, and 0.447, respectively.

The distribution of patients’ OS and PFS evaluations is
displayed in Table 3. The median OS and PFS for the patients
were 18 (14.4-21.6) months and 11 (6.8-15.2) months,
respectively. Notably, the 6-month OS and PFS rates reached
81.3% and 64%, respectively (Figures 1 and 2).
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Figure 1: OS and PFS data of the study group.
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Figure 2: OS and PFS
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Table 1: Distribution of demographic and clinical findings of patients.

L 2

Table 2: Distribution of diagnosis and third month laboratory measurements of the patients.

v

Variables Laboratory Mean (SD) Median (Min-Max) = P-value

Age (years), mean (SD) 62 (12) Hemoglobin (at diagnosis) | 12.1 (1.8) 11.9 (8.8-17.7) 0.802

Median (Min-Max) 65 (27-82) Hemaoglobin (3rd month) 12.1(1.5) 12.2 (8.4-14.8)

n (%) MCYV (at diagnosis) 90.7 (6.2) 89.8 (77-112.9) 0.775

Age <65 37 (49.3) MCYV (3rd month) 90.6 (5.6) 90 (78.7-106.4)

Age 265 38 (50.7) PLT (at diagnosis), x10° 249.7 (98.9) | 245.0 (61.0-558.0) 0.081

Gender PLT (3rd month), x10° 267.6 (97.3) 253.0 (65.0-554.0)

Female 40 (53.3) Lymphocyte (at diagnosis) | 1.8 (0.9) 1.7 (0.3-5.8) 0.467

Male 35 (46.7) Lymphocyte (3rd month) 1.8(1.3) 1.6 (0.2-10.8)

Histological subtype Neutrophil at diagnosis) 5.3(3) 4.5 (1-13.5) 0.326
Adenocarcinoma 63 (84) Neutrophil (3rd month) 5.9 (3.8) 4.3(1.6-21.2)

Squamous cell carcinoma | 8 (10.7) NLR (at diagnosis) 4.1(3.9) 2.7 (0.5-23.6) 0.318

NOS 4(5.3) NLR (3rd month) 4.0 (3.0) 3.2 (0.4-16.4)

Smoking PLR (at diagnosis), x10° 186.3 (146.1) = 150.4 (24.2-936.7) 0.447

Non-smoker 51 (68) PLR (3rd month), x10° 207.4 (220.0) | 162.0 (16.0-1825.0)

Quit . 4(5.3) SD: Standard Deviation, MCV: Mean Corpuscular Volume, PLT: Platelet, NLR: neutrophil-lymphocyte
Smoking 2(2.7) ratio, PLR: Platelet-lymphocyte ratio

Unknown - 18 (24) Table 3: Progression-free survival and overall survival.

Alcohol consumption

None 49 (65.3) Total Events/n | Total

Quit 0(0) Overall Survival (OS) 63/75

Drinking 0(0) Median (95% CI), month 18.0 (14.4-21.6)

Unknown 26 (34.7) 6 months overall survival rate 81.3%

Mutation 12 months overall survival rate 68.9%

Exon 19 15 (20) 24 months overall survival rate 38.1%

Exon 21 13 (17.3) 36 months overall survival rate 19.8%

Unknown 43 (57.3) Progression-free survival (PFS) 71/75

Negative 3(4) Median (95% CI), months 11.0 (6.8-15.2)

Other 1(1.3) 6 progression-free survival rate 64.0%

Progression 71 (94.7) 12 progression-free survival rate 49.3%

Deceased 63 (84) 24 progression-free survival rate 19.3%
Treatment response 36 progression-free survival rate 8.3%

Stable disease 26(34.7) Table 4 illustrates patients’ demographic and clinical
Progression 24 (32.0)

Partial response 14 (18.7) characteristics based on their treatment responses and
Somples fesponse e progression status in the third month. Upon analysis of the table,

SD: Standard Deviation

it was observed that no statistically significant correlation existed
between treatment response and the development of progression
concerning demographic and clinical variables, including age
(P=0.997), gender (P=0.092), histological subtype (P=0.131),
smoking status (P=0.290), and driver mutations (P=0.290).

A statistically significant discrepancy in OS was evident
between females and males, with females exhibiting a median
survival of 25 months (95% CI 17-32 months), while males
displayed a median survival of 13 months (95% CI 9-20 months,
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P=0.008). In terms of PFS, women experienced a PFS of 14.5
months (95% CI 11-21 months), whereas men had a PFS of six
months (95% CIl 4-17 months), demonstrating a statistically
significant distinction (P=0.02).

Table 4: Response rates of patients and distribution of demographic and clinical findings.

Stable + Partial Progression = P-value
+ Complete Response
n (%) n (%)
Age 0.997
<65 22 (46.8) 12 (50)
>65 25 (53.2) 12 (50)
Gender 0.092
Female 29 (61.7) 9 (37.5)
Male 18 (38.3) 15 (62.5)
Histological subtype 0.131
Adenocarcinoma 42 (89.4) 17 (70.8)
Squamous cell carcinoma | 3 (6.4) 5 (20.8)
NOS 2(4.3) 2(8.3)
Smoking 0.290
Non-smoker 34 (72.3) 14 (58.3)
Quit 1(2.1) 3(1255)
Smoking 1(2.1) 1(4.2)
Unknown 11 (23.4) 6 (25)
Mutation 0.192
Exon 19 9 (19.1) 6 (25)
Exon 21 11 (23.4) 2(8.3)
Unknown 24 (51.1) 15 (62.5)
Negative 3(6.4) 0 (0)
Other 0(0) 1(4.2)

No statistically significant difference was observed
between the MCV measurements at the time of diagnosis and the
third month concerning factors such as gender, histological
subtype, smoking status, and mutation types.

The MCYV value at the time of diagnosis decreased from
91.0 to 89.7 in individuals aged <65 years by the third month,
while in individuals aged >65 years, it increased from 90.4 to
91.4. Although no statistically significant difference emerged in
MCV measurements (P=0.775), a significant contrast was
evident in MCV values between the diagnosis and the third
month concerning different age groups (P=0.044). Notably,
there was only one patient with macrocytosis (MCV >100) and
no other underlying causes who also displayed a baseline MCV
>100.

Discussion

Tyrosine kinases constitute a subgroup of protein
kinases primarily responsible for facilitating the transfer of
phosphate groups, typically derived from ATP, to target proteins.
This process induces functional modifications within the protein
structure. These molecules play a pivotal role in instigating
tumor growth through diverse mechanisms. These mechanisms
encompass cell proliferation, stromal expansion, angiogenesis,
and tissue invasion. Genetic mutations leading to activating the
pathways above are frequently identified in tumors. Instances
encompass the overexpression of growth factors or hormones,
their receptors, or the activation of tyrosine kinase receptors.

TKIs operate by impeding the signaling pathways of
growth factors through various means. During chronic cancer
treatment, the evolution of resistance mechanisms in cancer cells
entails secondary mutations in the target site, the activation of
alternative signaling pathways, and evasive maneuvers against
the immune system. Among these mechanisms, the most
prevalent is the occurrence of point mutations at the tyrosine
kinase’s binding site, resulting in a diminished affinity for TKIs.
Given that TKIs necessitate prolonged administration, non-
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compliance with the prescribed treatment regimen is one of the
foremost reasons for diminished efficacy [12].

Erlotinib is employed in treating non-small cell lung
cancer (NSCLC) characterized by epidermal growth factor
receptor (EGFR) mutations. The prevalent mutations comprise
exon 19 deletion (del19) and exon 21 (L858R) substitution.
Among the frequently encountered and controllable side effects
are skin-related toxicities like rash, muscle and joint discomfort,
diarrhea, and cough. In rare instances, more severe side effects
may manifest, encompassing interstitial  pneumonitis,
gastrointestinal perforation, stroke, and corneal ulceration. The
emergence of these side effects can be attributed to the inhibitory
effects on EGFR.

MCV is a non-invasive, convenient, and cost-effective
indicator for assessing red blood cells. This indicator can be
readily obtained through a comprehensive analysis of the
complete blood count. Macrocytosis, an emerging and frequent
laboratory side effect, has been associated with prolonged
treatment using the widely utilized TKI sunitinib [13]. The
precise mechanism underlying sunitinib-induced macrocytosis
remains elusive. Investigations have ruled out alternative causes
such as vitamin B12 or folic acid deficiency, liver disease, or
nutritional inadequacies. According to Rini et al. [13], sunitinib
might directly trigger macrocytosis. A plausible explanation
posits that sunitinib induces macrocytosis by inhibiting the c-KIT
receptor of progenitor cells within the bone marrow. The
restoration of MCV to normal levels following the
discontinuation of the agent underscores the transient and
reversible nature of this phenomenon. In contrast, sorafenib, a
multikinase inhibitor with a potent impact on vascular
endothelial growth factor (VEGF), does not affect MCV in renal
cell carcinoma (RCC) patients due to its limited effect on c-kit
[14].

In this investigation, no differences were detected in
gender, histological subtype, smoking habits, or mutation types
when comparing MCV measurements taken at the time of
diagnosis and those obtained in the third month. However,
variations in MCV values were noted between measurements
taken solely at the diagnosis and those at the third month,
stratified by age groups. Among individuals below the age of 65,
the MCV value decreased at the time of diagnosis, while in the
third month, an increase was observed among those aged 65 or
older. Existing research has demonstrated that generally healthy
individuals” MCV values rise with age [15]. Nonetheless, the
observed MCV elevation in our study did not meet the criteria
for macrocytosis. It is reasonable to consider that this outcome
may not be linked to the treatment regimen.

The research conducted by Schallier et al. [16] revealed
a notable elevation in mean MCV values from baseline with the
administration of sunitinib and imatinib. They noted that neither
sorafenib, a vascular endothelial growth factor receptor
(VEGFR) inhibitor, nor erlotinib, an EGFR inhibitor, exhibited
an impact on MCV. The progression of macrocytosis was
characterized by a gradual increase over time, a sustained
elevation that remained statistically significant, and eventual
plateauing after 6 months, all observed under the standard dose
of sunitinib. However, our study lacked the necessary long-term
patient follow-up to perform analyses spanning 6 months.
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The underlying mechanism behind macrocytosis in TKI
treatment remains elusive, though it is speculated to be linked to
the inhibition of c-KIT in red blood cell progenitors within the
bone marrow. This hypothesis is reinforced by the absence of
macrocytosis when administering sorafenib, which exhibits a
lower affinity for c-KIT. Nevertheless, it’s plausible that
inhibiting additional signaling pathways might also contribute to
the emergence of macrocytosis [16,17]. Prior research has
indicated that hematological progenitors are involved in
regulating normal cell proliferation and differentiation within the
bone marrow, displaying inherent signaling activity.
Furthermore, the effects of newly developed signal transduction
inhibitors warrant investigation [16].

Macrocytosis was identified in nearly half (42%) of
gastrointestinal stromal tumors (GIST) patients undergoing
treatment with the c-KIT inhibitor imatinib [18].

Limited literature exists investigating macrocytosis’s
potential prognostic or predictive significance in erlotinib usage.
The discovery of any such correlation could pave the way for
more extensive studies, enabling early assessment of treatment
response/resistance prior to imaging and facilitating the adoption
of a cost-effective and non-invasive method for monitoring
treatment outcomes. The macrocytosis observed using TKIs is
primarily believed to be associated with c-kit inhibition. Notably,
erlotinib functions as an EGFR inhibitor without any known
impact on c-kit. Hence, an inquiry was conducted to determine
whether macrocytosis could emerge through unidentified
mechanisms. Nonetheless, upon examining these findings, it was
ascertained that erlotinib did not lead to the development of
macrocytosis.

In this study, we additionally observed that gender
exerted an influence on OS and PFS, with females exhibiting
statistically significant superiority over males. Existing literature
supports the notion that response rates are most prominent in
cases of nonsquamous histology, particularly among women with
no smoking history [19].

Limitations

The retrospective nature of our study constitutes a
primary limitation, leading to inherent heterogeneity within the
examined subgroups. Moreover, our analysis was confined to the
third-month measurements due to the absence of extended
follow-up data for certain patients. The potential for MCV
elevations to manifest over an extended follow-up period is an
additional constraint in our study. Consequently, assessing
longer-term outcomes would hold significance and provide a
more comprehensive understanding of the phenomenon.

Conclusion

Considering the outcomes of this study, in contrast to
certain other TKIs like imatinib and sunitinib, there was no
observed increase in MCV values at the third-month
measurement. This finding supports the notion that macrocytosis
associated with TKI usage can be attributed to c-kit inhibition, a
mechanism not applicable to erlotinib. Distinct disparities in
MCV values were noted between measurements taken at
diagnosis and those at the third month, stratified by age groups.
Notably, within the third month, MCV levels increased among
individuals aged 65 and above, yet macrocytosis did not
manifest. Furthermore, OS and PFS were more favorable in
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female patients than their male counterparts. In conclusion, this
study suggests a lack of correlation between erlotinib use and the
occurrence of macrocytosis, but it highlights the greater benefit
experienced by female patients undergoing erlotinib treatment. It
is important to note that these conclusions should be considered
within the context of long-term follow-up results.
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Abstract

Background/Aim: Prolonged wound complications and the possibility of reoperations are significant
outcomes following minor amputations. As time progresses after the initial surgery, re-amputations
become more prevalent. Contrary to prevailing beliefs, the incidence of early amputations remains
consistent. Additionally, it is widely acknowledged that the first 6 months following the initial surgery
pose the highest risk period for reoperation. This retrospective clinical study aims to investigate the risk
factors contributing to ipsilateral re-amputation procedures within 6 months of the initial minor
amputation.

Methods: A retrospective cohort study was conducted involving amputee patients from 2008 to 2020.
Patients with traumatic events, musculoskeletal tumors, prior major amputations, and those who underwent
soft tissue procedures such as debridement, incision, drainage, or secondary closure were excluded.
Patients who had undergone preoperative lower limb arterial Doppler ultrasound and whose initial
preoperative laboratory records were accessible were included. The total cohort comprised 168 patients,
comprising 57 women and 109 men. The mean follow-up duration was 1.5 years (range: 1.1-3.2 years).
Patients who underwent ipsilateral re-amputation were categorized into two groups based on the timing of
the subsequent surgery. The first group comprised 110 (65.5%) patients who underwent ipsilateral re-
amputation 6 months after the initial amputation, while the second group encompassed 58 (34.5%) patients
who underwent ipsilateral re-amputation within 6 months of the initial amputation.

Results: Among the 168 patients, 58 (34.5%) experienced ipsilateral re-amputation within 6 months of
their initial minor amputations, while 64.5% underwent re-amputation surgery after the initial 6 months.
The absence of peripheral arterial disease was not linked to early re-amputations (P=0.001). Although the
mean C-reactive protein values (80.30 mg/dL and 84.26 mg/dL for groups 1 and 2, respectively) did not
display significance between the groups (P=0.40), the group undergoing amputation within 6 months
demonstrated significance with elevated serum white blood cell mean levels (10.44 mcL and 11.96 mcL
for groups 1 and 2, respectively; [P=0.004]). Moreover, lower hemoglobin levels (11.41 g/dL and 10.77
g/dL for groups 1 and 2, respectively) were associated with re-amputation within the initial 6 months
following the initial surgery (P=0.024).

Conclusion: The study underscores that the incidence of re-amputation after minor amputations in diabetic
patients is comparably high, as has been reported in recent literature. While the selection of the initial
amputation level remains pivotal, and not all patient-specific factors were examined in this study, the
research brings attention to specific laboratory values and the vascular status of the diabetic limb as crucial
considerations for surgeons prior to the initial surgery.

Keywords: minor amputation, re-amputation, diabetic foot
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Introduction

Recently, there has been a surge in the incidence of
lower extremity diabetic amputations. Among these amputations,
those that arise due to diabetes predominantly involve minor
procedures, encompassing the removal of toes or portions of the
foot up to the ankle [1-4].

Indeed, the choice of a minor amputation harms the
quality of life and can lead to prolonged wound complications.
What’s even more concerning is that minor amputation often
paves the way for subsequent re-amputations [5]. In a
retrospective analysis of forefoot amputations involving 81
patients, the average period between the primary and subsequent
amputation was 10.9 months. This group conducted 23 out of 29
major amputations within two months following the forefoot
amputation [6]. Beaulieu et al. [7] documented 94 instances of
re-amputation out of 100 readmissions in a cohort of 152
transmetatarsal amputations. A decade-long observational study
by Izumi et al. [8] revealed that the greatest risk for a patient to
undergo further amputation of the same limb occurs 6 months
after the initial minor amputation. Their data indicates a re-
amputation rate of 60% over 5 years.

Numerous descriptive studies have reported risk factors,
including infection, peripheral arterial disease, chronic renal
disease, and Hemoglobin Alc (HbAlc) levels associated with re-
amputation. Alongside these variables, modifications in human
serum parameters influence the necessity and timing of re-
amputation [2,9-11]. This study focused on investigating the risk
factors that lead to ipsilateral re-amputation procedures within 6
months after the initial amputation. We hypothesize that patients
affected by malnutrition, peripheral arterial issues, and renal
disease are predisposed to undergoing early re-amputation
procedures.

Materials and methods

A retrospective study was conducted on patients with
amputations between 2008 and 2020. Approval from the local
ethics committee was obtained under the reference number
2022/37-03. The amputations were carried out following a
multidisciplinary approach to determine the appropriate level of
amputation. Patients with amputations resulting from traumatic
events, musculoskeletal tumors, previous major amputations, or
those who had undergone soft tissue surgeries such as
debridement, incision, drainage, or secondary closure were
excluded from the study.

The study involved the assessment of records from 249
patients who had undergone at least one minor ipsilateral re-
amputation. The analysis was carried out by excluding sixty-
eight patients who did not have lower limb arterial Doppler
ultrasonography performed within a month before the initial
surgery. The peripheral arterial disease (PAD) diagnosis was
exclusively confirmed for patients who had undergone Doppler
ultrasonography. Patients exhibiting monophasic Doppler signals
at the ankle level were included in the PAD category. From the
remaining pool of 181 patients, thirteen individuals lacking
serum hemogram, creatinine, and C-reactive protein (CRP)
values within 2 days prior to the initial surgery were
subsequently excluded. HbAlc values were recorded monthly
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following the initial surgery [5,12-14]. The American Society of
Anesthesiologists (ASA) physical status classification was
employed to categorize participants based on their physical
condition prior to the anesthesia for the initial amputation. The
ASA values of the 163 patients were segregated into groups
according to their preoperative scores.

The total patient count is 168, comprising 57 women
and 109 men. The average follow-up duration was 1.5 years (1.1
to 3.2 years). Patients who underwent ipsilateral re-amputation
were categorized based on the timing of their subsequent
surgeries. The initial group encompasses 110 (65.5%) patients
who experienced ipsilateral re-amputation 6 months after the
primary amputation. Meanwhile, the second group comprises 58
(34%) patients who underwent ipsilateral re-amputation within 6
months of their initial amputation. An investigation was
conducted on these two groups, focusing on serum hemoglobin,
white blood cell (WBC) count, albumin levels, CRP levels,
creatinine levels, HbAlc levels, ASA scores, smoking habits,
and PAD. Due to incomplete documentation on peripheral
neuropathy presence and infection progression, these parameters
were excluded from the analysis.

Statistical analysis

The study findings underwent statistical analysis
utilizing IBM SPSS Statistics, version 22 (IBM SPSS, Armonk,
NY). The normal distribution of parameters was evaluated
through the Shapiro-Wilk test, a widely employed technique for
assessing data normality. Statistical evaluations encompassed
Wilcoxon rank sum tests for continuous variables, Pearson’s chi-
squared tests and Fisher’s exact tests for categorical variables.
These analyses considered diverse attributes such as hemoglobin
levels, presence of PAD, gender distribution, WBC count,
HbAlc levels, CRP levels, serum albumin levels, creatinine
levels, and ASA scores.

The study further undertook an analysis aimed at
identifying factors linked to the occurrence of PAD. To assess
the relationships between these characteristics and the presence
of PAD, odds ratios (ORs), confidence intervals (CIs), and P-
values were calculated. The significance threshold was
established at P <0.05.

Results

The initial group comprised 110 patients with a mean
age of 58 (53.62), while the second group consisted of 58
patients with an initial mean age of 56 (52.59). The age
parameter exhibited no significant difference between the two
groups (P=0.30). The distribution of male and female
participants’ percentages is detailed in Table 1, revealing no
statistical disparity between genders (P=0.70). The percentages
of smokers and non-smokers are presented in Table 1 as well,
indicating no statistically significant distinction between the two
groups (P=0.60).

In the initial group, 30 patients underwent PAD
determination in accordance with our study protocol. Within the
second group, comprising patients who underwent amputation
within 6 months, 23 cases were identified with PAD. The
absence of PAD did not correlate with early re-amputations. A
statistically significant disparity between the two groups was
observed (P=0.001).

&

&
A4

v
Page | 515



_ JSurg Med. 2023;7(8):514-517.

Age was uniformly distributed both between the groups
and among genders. The mean hemoglobin value was 10.77
(1.73) in the second group and 11.41 (1.78) in the first group.
The group subjected to re-amputation within 6 months exhibited
notably lower serum hemoglobin levels than group one, with a
statistically significant difference (P=0.024).

The initial mean WBC values were 10.44 (4.01) for
group 1 and 11.96 (3.81) for group 2. The early amputation
group (Group 2) displayed significantly higher values than the
first group, with a P-value of 0.004. As an indicator of
malnutrition, the mean serum albumin levels were 3.18 (0.66) for
group 1 and 3.17 (0.70) for group 2. However, statistical
analyses regarding serum albumin values did not reveal any
significant difference between the two groups (P=0.50).

CRP levels (80.30 [72.93] for group 1 and 84.26 [67.53]
for group 2) and HbAlc values (8.51 [2.07] for group 1 and 8.59
[1.50] for group 2) were higher in the second group.
Nonetheless, the two groups did not have a statistically
significant difference in CRP levels (P=0.40) and HbAlc values
(P=0.40).

The mean serum creatinine levels were 1.38 (0.98) for
group 1 and 1.77 (1.75) for group 2. These higher levels were
observed in the early amputation group (Group 2), although no
significant values were obtained (Table 1). Percentages of
participants within each ASA category were presented in Table
1, showing no significant difference between the groups
(P=0.70).

Table 1: Demographic findings, comorbidities and serum parameter values of both groups

Variable Re-amputation | Re-amputation P-value
after 6 months = within 6 months
n=110 n=58
Mean (SD) Mean (SD)
n (%) n (%)
Age 58.31 (8.18) 56.88 (6.31) 0.30
Gender 0.70
Male 72 (65%) 36 (62%)
Female 38 (35%) 22 (38%)
Smoking 0.60
Smokers 24 (22%) 15 (26%)
Non-smokers 86 (78%) 43 (74%)
Peripheral Arterial Disease (PAD) 0.001
PAD (+) 30 (%27) 35 (%60)
PAD (-) 80 (%73) 23(%40)
Hemoglobin (g/dL) 11.41 (1.78) 10.77 (1.73) 0.024
White Blood Cells (mcL) 10.44 (4.01) 11.96 (3.81) 0.004
HbAlc (mmol/mol) 8.51 (2.07) 8.59 (1.50) 0.40
CRP (mg/dL) 80.30 (72.93) 84.26 (67.53) 0.40
Albumin (g/dL) 3.18 (0.66) 3.17 (0.70) 0.50
Creatinine (mg/dL) 1.38 (0.98) 1.77 (1.75) 0.40
ASA (n=163) 0.70
1 9 (8.6%) 2 (3.4%)
2 57 (54%) 35 (60%)
3 23 (22%) 12 (21%)
4 16 (15%) 9 (16%)

Discussion

In this retrospective analysis, our objective was to
determine the rate of ipsilateral re-amputation and identify the
factors contributing to early re-amputation. Our findings indicate
that the percentage of ipsilateral re-amputation 6 months after the
initial amputation is 34.5%. Interestingly, the absence of PAD is
not correlated with early re-amputations. While CRP values did
not exhibit significant differences between the groups, we
speculate that there might exist a propensity for early re-
amputation in the patient group with higher WBC levels.

In their study focusing on diabetic patients, specifically
examining six-month readmissions and re-amputations, Ratliff et
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al. reported an ipsilateral re-amputation rate of 24%. They
observed a higher incidence of more proximal-level amputations
following minor amputations [15]. In a population-based cohort
study, the prevalence of ipsilateral re-amputation after a minor
amputation was documented at 10.7% [16]. Murdoch et al. [17]
found that within 1 year after the initial amputation, 60% of all
individuals underwent subsequent amputations, 21% required a
third amputation, and 7% needed a fourth. Comparatively, our
observed rate of ipsilateral re-amputation over 6 months is
higher. This could be linked to evolving trends, particularly in
determining amputation levels.

Inadequate selection of the initial amputation level can
lead to suboptimal debridement and subsequent re-amputations.
Moreover, a proclivity to preserve extremity length by favoring
more distal amputations might contribute to the escalation in the
re-amputation rate. Skoutas et al. [9] suggest a considerable
likelihood of re-amputation in diabetic foot conditions, especially
within the first 6 months following the index amputation,
primarily due to poorly informed choices regarding the
amputation level, ostensibly aimed at retaining extremity length.

The presence of PAD was assessed through physical
examinations (including peripheral pulse palpation or ankle-
brachial index measurements) or diagnostic tools such as
angiography or Doppler ultrasonography. Re-amputation rates
can escalate to as much as 60% over 5 years when associated
with PAD [2,18]. A recent study investigating the risk of major
amputation after an initial minor amputation found that
individuals with both PAD and diabetes faced a higher risk of
subsequent major and minor amputations compared to patients
with only one of these conditions. Notably, around half of the
cases of limb loss occurred approximately 1 year following the
initial minor amputation. The rate of subsequent minor
amputations stood at 16% for cases with both PAD and diabetes,
as opposed to 15.2% for those with only PAD and 12.2% for
patients with diabetes [19]. However, this study did not provide
information regarding the laterality of the amputations
(ipsilateral or contralateral).

In our study, over 6 months following the initial minor
amputation in diabetic patients, we did not find any statistically
significant difference related to PAD. Moreover, any
combination of comorbidities with PAD did not show
significance in cases of re-amputation within 6 months.
Nevertheless, we speculate that patients without PAD may have
undergone ipsilateral minor amputations less frequently than
those diagnosed with PAD within 1 year of the index surgery.
Our vascular disease determinations relied solely on Doppler
ultrasonography; including records involving angiography,
ankle-brachial index measurements, or the degree of vascular
occlusion could have yielded more substantial analyses.

Various combined parameters, encompassing initial
serum levels of CRP, hemoglobin, WBC, HbAlc, and renal
disease, have been explored in existing literature [20]. A recent
study identified HbAlc, CRP, WBC, and creatinine levels as
upper reference bounds for predicting re-amputation.
Additionally, lower levels of albumin were linked to increased
amputation rates. The study emphasized the significance of
HbAlc levels as highly sensitive indicators for anticipating the
likelihood of re-amputation [21].
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In our study, only lower serum hemoglobin levels and
higher WBC values demonstrated significance. These differences
did not yield statistically significant outcomes despite observing
higher serum HbAlc and creatinine levels and lower albumin
levels in the re-amputation group within the 6-month timeframe.
Notably, a mere 1 mg/dl difference in hemoglobin levels was
observed between the two groups, yet both values fell below
those of healthy individuals.

Limitations

The retrospective nature of data collection is this study’s
primary limitation. Notably, the specific levels of amputations
performed were not detailed; all instances were categorized as
minor amputations. This classification doesn’t account for the
variability from toe to heel amputations, which could have
introduced differences in the analyses. While the timing of
subsequent surgeries was factored into the group categorization,
patient-specific comorbidities and prior peripheral vascular
conditions were regrettably not considered. Noteworthy
unmeasured variables include sensitivity analysis and the
progression of infections, both of which could exert significant
influence. Despite these limitations, the study holds value in its
focused inclusion of exclusively ipsilaterally reamputated minor
amputations.

Conclusion

The study reveals that re-amputation following minor
amputations in diabetic patients is strikingly consistent with the
rates reported in recent literature. While acknowledging that the
selection of the initial amputation level is pivotal and certain
patient-specific factors were not addressed in this study, this
research underscores the need for surgeons to pay particular
attention to laboratory parameters and the vascular condition of
the diabetic limb prior to the initial surgical intervention. To
advance our understanding, future cohort studies should strive
for greater homogeneity within the groups and should encompass
an algorithm for guiding decisions regarding amputation levels.
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Abstract

An inguinal hernia is a condition characterized by the protrusion of the intestine through an opening in the
abdominal wall into the inguinal canal. There are various techniques available for the surgical repair of
inguinal hernias, including open and laparoscopic approaches. On the other hand, a hydrocele refers to the
accumulation of fluid within the scrotum and is often referred to as a "water hernia." In adults, hydroceles
can be caused by factors such as injury, infection, or radiation therapy. Definitive treatment typically
involves a surgical approach, which has an excellent prognosis. This case report presents the clinical scenario
of a 58-year-old male patient, who presented with pain in the right inguinal region that radiated to the right
scrotum. Upon examination, mild swelling was observed in the right inguinal region, along with significant
edema of the right scrotum, which was tender to touch. Following admission, the patient underwent surgical
treatment. The purpose of this case presentation is to enhance understanding of inguinal hernias and
hydroceles, facilitating their identification and diagnosis.

Keywords: inguinal hernia, hydrocele, Winkelmann, Liechtenstein

Introduction

Inguinal hernias can be categorized into different types, including congenital and
acquired, as well as direct and indirect hernias. An indirect hernia occurs when there is weakness
in the muscles and supporting structures of the inguinal canal, allowing the intestine to protrude
through the internal and external inguinal rings and descend towards the scrotum. This type of
hernia is often congenital or acquired and can occur bilaterally in about 30% of cases in men. In
women, the hernia is located within the round ligament of the uterus.

On the other hand, a direct hernia is always acquired and is more common in middle-
aged and older men. It occurs in Hesselbach's triangle, which is medial to the lower epigastric
blood vessels [1]. Unlike an indirect hernia, a direct hernia is not located within the spermatic
cord but can extend along the entire length of the inguinal canal to the scrotum. The lifetime
prevalence of inguinal hernias is higher in men (27%) compared to women (3%) [2].

The primary symptom of an inguinal hernia is typically a painless lump in the groin area
[3]. However, some patients may experience discomfort or a burning sensation in the inguinal
region due to nerve compression. In addition to pain, complications such as obstruction and
intestinal ischemia can occur [4]. Surgical treatment is the recommended approach for all hernias
unless there are contraindications. Conservative management is not curative. There are several
surgical methods available, including the tension method (introduced by Eduardo Basini) and the
Lichtenstein method, which is considered the gold standard in modern surgery and involves the
placement of a mesh (prosthetic material) to reinforce the area.
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A hydrocele is characterized by the collection of fluid
inside the scrotum, following the processus vaginalis [5]. The
processus vaginalis is a protrusion of abdominal tissue into the
scrotum and follows the spermatic ducts within the inguinal canal.
Hydroceles are often benign and do not have significant health
consequences, but large hydroceles can exert pressure on the
testicles, potentially leading to atrophy and sterility. In adults,
hydroceles can occur due to injury, infection, or radiation therapy.

Most hydroceles do not cause symptoms, but they may
result in painless enlargement of one or both scrotums. Patients
may experience discomfort or pressure on the affected side. If an
inguinal hernia coexists with a hydrocele, pain may be present.

In adults, it occurs in every hundred patients. The
majority of hydroceles do not cause any symptoms. Painless
enlargement of one or both scrotums occurs most often [5].
Patients may complain of a feeling of discomfort or pressure on
the side where the hydrocele is located.

Definitive treatment for hydroceles usually involves a
surgical approach, such as the Winkelmann method, which entails
excising the hydrocele sac through an inguinal approach [6,7].
This approach is typically performed when a hydrocele is
associated with an inguinal hernia.

Case presentation

A 58-year-old male patient presented with swelling and
pain in the right inguinal region, along with pain spreading to the
right hemiscrotum. The intensity of the pain was low a week
before admission but became more intense immediately before
seeking medical attention. Upon examination, there was swelling
in the right inguinal region and right hemiscrotum, and the patient
experienced significant pain sensitivity upon palpation. The
patient was admitted to a surgery department, where preoperative
preparation was conducted. Basic laboratory and biochemical
analyses were performed, including white blood cell count
(WBC), neutrophil percentage (NE), C-reactive protein (CRP),
albumin, proteins, sodium (Na), potassium (K), calcium (Ca), and
liver function tests (AST, ALT, ALP, and gGT), all of which were
within the reference values. Additionally, the patient underwent a
chest X-ray and an ECG, both of which yielded normal findings.
An internist and an anesthesiologist were consulted to ensure
appropriate  medical care. After adequate preoperative
preparation, the patient underwent operative treatment under OET
anesthesia, while being positioned in a supine, horizontal position.
During the surgery, a classic inguinal hernia incision was made in
the right inguinal region to access the inguinal canal. Upon
dissection of the hernia sac, an expansion resembling a sac was
observed (Figure 1), which increased in size when pressure was
applied to the right hemiscrotum. Further preparation revealed the
presence of a hydrocele associated with the inguinal hernia
(Figure 2).

Inguinal herniation associated with hydroceIeA
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Figure 1: Bridled funiculus, saccular dilatation observed

Figure 2: Prepared hydrocele

After dissection of the hernia sac, it is repositioned in the
abdomen and reconstruction is performed. We evacuate the clear
liquid content (about 50ml) from the hydrocele through an
incision and approach the Winkelmann technique.

We return the testicle to the scrotum (Figure 3) and place
the drain in the scrotal sac. After that, we perform reconstruction
of the inguinal canal according to Lichtenstein (Figure 4, 5).

Figure 3: Condition after Winkelmann, the testicle

Figure 4: Reconstruction of the inguinal canal returned to the scrotum according to
Lichtenstein
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Figure 5: Placed drain in the right hemiscrotum

Discussion

Hernias are a common surgical condition, and their repair
is one of the most frequently performed surgical procedures
worldwide. Inguinal or groin hernias account for approximately
75% of all hernias, with indirect inguinal hernias comprising 50%
and direct inguinal hernias comprising 25% of cases. Inguinal
hernias are more prevalent in men, and they occur more frequently
on the right side than on the left. Previous experience and research
have shown favorable results in the management of hernias and
hydroceles. The technique described in this case, accessing the
hydrocele through the inguinal canal, is in line with previous
studies that have reported successful outcomes and prevention of
recurrence [8]. Elective surgeries under general anesthesia, often
performed as "day surgery,"” are common in the treatment of
hernias and hydroceles. Inguinal hernias associated with
hydroceles are relatively uncommon, except in cases of
incarcerated hernias where immediate surgery is necessary to
prevent damage to the organs within the hernia sac due to
compromised blood supply. Surgical approaches such as the
Bestenstion method, characterized by proper tension adjustment
during hernioplasty, have demonstrated advantages such as
reduced postoperative pain, faster recovery, and quicker return to
daily activities compared to open-tension hernioplasty [9]. A
conservative approach may be considered for patients with
minimally symptomatic inguinal hernias. In cases where
hydroceles develop later in life, it is important to identify the
underlying pathology as prognosis can vary depending on the
specific cause. Overall, surgical intervention remains the
definitive treatment for hernias and hydroceles, providing
successful outcomes and alleviating symptoms for patients.

Conclusion

The presented case of a patient with an inguinal hernia
associated with a hydrocele highlights a rare occurrence of these
two conditions coexisting. While inguinal hernias and hydroceles
individually are commonly encountered in clinical practice, their
combined presentation is relatively uncommon. This case report
serves to enhance understanding and awareness of this particular
entity among healthcare professionals.
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Abstract

Granulomatous polyangiitis (GPA) is the most common anti-neutrophil cytoplasmic antibody-associated
vasculitis (AAV), characterized by necrotizing inflammation of small and medium-sized vessels. It can
affect various organs, particularly the lung, kidneys, upper respiratory tract, ears, and skin. Diagnosis of
AAV poses significant challenges due to its diverse clinical features. This report presents two interesting
cases of GPA: one with rare ocular involvement, who subsequently developed end-stage kidney disease
(ESKD), and the other with palpable purpura mimicking immunoglobulin A vasculitis, who relapsed with
mastoiditis while in renal remission. Early and effective treatment can improve patient prognosis,
highlighting the importance of increasing disease awareness during initial diagnosis and in pediatric AAV
patients experiencing relapses.

Keywords: ANCA, vasculitis, 1gG4, IgA, case report

Introduction

Anti-neutrophil cytoplasmic antibody- (ANCA) associated vasculitis (AAV) is a small
vessel vasculitis characterized by pauci-immune necrotizing inflammation of small vessels.
Constitutional symptoms and multiple organ/system manifestations, including recurrent epistaxis,
chronic sinusitis, subglottic stenosis, hemoptysis, pulmonary nodules (involving the upper and
lower respiratory tract), hematuria, proteinuria, renal impairment (crescentic glomerulonephritis),
skin rash, red eye, arthritis, mastoiditis, and hearing loss, among others, may be observed [1].

Consequently, the diagnosis of AAV poses significant diagnostic challenges, and delays
in diagnosis are common. This report presents two interesting cases of GPA: one with ocular
involvement and mild renal impairment that progressed to end-stage kidney disease (ESKD), and
the other with palpable purpura mimicking immunoglobulin A vasculitis (IgAV), who
subsequently relapsed with mastoiditis while in renal remission.
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Case presentation

Case 1

A 14-year-old female patient was admitted to our hospital
two years ago with complaints of swelling and redness on the skin
of her left upper eyelid (Figure 1A). Her family history was
unremarkable. Physical examination was normal except for left
eyelid edema and hypertension (blood pressure: 180/100 mmHg).
Laboratory tests revealed a creatinine level of 2.64 mg/dL, 24-
hour urine protein excretion of 5415 mg/day, C-reactive protein
(CRP) level of 1.32 mg/L (normal range: 0-5), erythrocyte
sedimentation rate (ESR) of 67 mm/h, antinuclear antibody
(ANA) by IFA of +2, and anti-MPO-ANCA of +1.

It was noted that the patient's creatinine level at her first
admission for eye complaints a year ago was 1.1 mg/dL.
Additionally, her ESR was 68 mm/h, CRP was 52.31 mg/L, and
urinalysis showed +3 protein and +3 blood reaction. Orbital
magnetic resonance (MR) imaging revealed an orbital
pseudotumor and dacryoadenitis in the left eye.

Kidney biopsy showed moderate tubular
atrophy/interstitial fibrosis and cellular crescent formation in 1/8
glomeruli, while the remaining glomeruli had global
glomerulosclerosis. The patient was diagnosed with GPA with
renal and orbital involvement, and treatment was initiated with
pulse methylprednisolone (MPZ) (1 g daily for 3 days) followed
by 60 mg/day of prednisolone.

The patient received five sessions of therapeutic plasma
exchange (TPE) and six monthly intravenous pulse
cyclophosphamide courses. The prednisolone dose was gradually
tapered, and azathioprine was prescribed for maintenance therapy.
At 6 months of treatment, the creatinine level was 3.31 mg/dL,
and proteinuria was 828 mg/day. Hemodialysis was initiated on
the 18th month of treatment due to pericardial effusion
development when the creatinine level was 4.8 mg/dL.

Kidney transplantation from a living donor was
performed 16 months later. Currently, the patient is in remission
with a well-functioning allograft, and the parents have given
written consent to publish this report and the image.

Case 2

A 12-year-old male patient presented to a local hospital
complaining of pain and swelling in his wrists, ankles, and knees,
red-purple purpuric rashes on his palms and ankles, and darkening
of his urine. Laboratory tests revealed a CRP level of 200 mg/L
(normal range: 0-5), ESR of 105 mm/h, a 24-hour urine protein
level of 1200 mg, a C3 level of 145 mg/dL, a C4 level of 30
mg/dL, and normal creatinine levels. He was diagnosed with IgA
vasculitis (Henoch-Schénlein purpura), and oral corticosteroid
therapy was initiated.

The patient was referred to our hospital for further
evaluation when his creatinine level increased. His past medical
and family histories were unremarkable. On physical examination,
the only finding was purpuric rashes on the lower extremities.
Laboratory tests revealed a serum creatinine level of 2.4 mg/dL
and a 24-hour urine protein level of 3184 mg. C-ANCA was 2+,
p-ANCA was negative, ANA was negative, anti-ds DNA was
negative, and the anti-glomerular basement membrane (GBM)
antibody was negative.
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Kidney biopsy showed pauci-immune diffuse necrotizing
crescentic glomerulonephritis with the cellular crescent formation
in 20/36 glomeruli. Thorax and paranasal computed tomography
(CT) scans were normal. The patient was diagnosed with GPA.
Three days of pulse methylprednisolone (MPZ) therapy followed
by 60 mg oral prednisolone with gradual tapering, six doses of
monthly pulse cyclophosphamide, and seven sessions of
therapeutic plasma exchange (TPE) were administered due to
severe renal involvement.

The creatinine level decreased to 1.17 mg/dL. On follow-
up, four doses of rituximab (375 mg/m?) one week apart were
given due to persistent nephrotic-range proteinuria (5610
mg/day). The patient was prescribed mycophenolate mofetil as
maintenance therapy, and serum creatinine and urinary protein
levels returned to normal. While in remission, the patient
presented with hearing loss in the left ear in the 24th month of
treatment. Temporal CT showed pneumatized petrous apex on the
right, soft tissue densities in the petrous apex, mastoid air cells,
epitympanum, and mesotympanum in the middle ear cavity
consistent with mastoiditis (Figure 1B and C).

Laboratory tests showed that serum creatinine level had
risen to 1.16 mg/dL, CRP was 76.5 mg/L, ESR was 76.5 mm/h,
and proteinuria was 1366 mg/day, with c-ANCA being positive.
This was accepted as disease exacerbation, and the patient's
symptoms improved with the initiation of 60 mg/day prednisolone
and the second course of rituximab treatment, resulting in a
significant response. The patient's parents have given their written
consent to publish this report and the image.

Figure 1: A: Proptosis, upper lid swelling, mild ptosis and hyperemia in the left periorbital area
(Case 1). B: The decreasing aeration of the mastoid cells and hypodense soft tissue densities
in the mastoid cells in the computer tomography imaging (Right mastoid) (Case 2). C: The
absence of middle ear aeration and increased soft tissue densities in the mastoid cells,
epitympanum, and mesotympanum mastoid in the computer tomography imaging (Left
mastoid).

Discussion

Childhood AAV patients may present with a wide variety
of clinical symptoms, and diagnosing AAV can be challenging for
clinicians because it can mimic other diseases. Orbital
involvement may be the first or only clinical presentation in 30%
of GPA patients. Orbital GPA is difficult to diagnose because its
clinical manifestations often overlap with other inflammatory
disorders, such as IgG4-related disease [2]. The clinical
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manifestations of ocular GPA result from inflammation of ocular
structures, including orbital fat, orbital nerves, extraocular
muscles, lacrimal glands, and optic nerve. Patients may present
with ocular pain, erythema and edema of the eyelids, nasolacrimal
duct obstruction, epiphora, limited extraocular muscle
movements, proptosis, diplopia, and vision loss [3,4]. ANCA
titers are positive in only 50-65% of these patients [3].

In our first case, we observed eyelid edema, proptosis,
and erythema, and MRI revealed orbital pseudotumor and
dacryoadenitis. Accompanying proteinuria and hematuria were
also noted at the patient's admission to our clinic, and GPA was
confirmed with a kidney biopsy. Periorbital biopsy was not
performed, and therefore 1gG4 staining was not available. This
case of GPA is presented to emphasize that ocular involvement,
albeit rare, might be the initial finding and that systemic
evaluation is extremely important.

In a large study conducted in Canada of children with
GPA, 43% of those with the multisystem disease had ophthalmic
complications [5]. In a European study, this rate was half as
common, at 21%, and the median time to progression to ESKD
was 12.9 years, while the median time to diagnosis was one
month. No statistical correlation was found between the time of
diagnosis and the risk of ESKD [6]. Therefore, GPA should be
considered in the differential diagnosis of protracted eyelid edema
and redness.

Palpable purpura in the lower extremities, which is the
main finding of IgAV, can also be observed in GPA, as in our Case
2 [7], which underscores the importance of differential diagnosis.
Some patients present with recurrent otitis or mastoiditis that does
not respond to medical and surgical treatment and are
subsequently diagnosed with GPA [8,9]. In previous reports,
sensorineural hearing loss was observed in 10% and
otitis/mastoiditis in 17% of patients with GPA with multisystem
involvement [5,10]. However, mastoid involvement is less
common in pediatric patients than in adults with GPA.

After induction therapy, one or more disease recurrences
may occur in half of the patients in remission with maintenance
therapy [9]. The most common disease recurrences are in the
kidney, lung, and upper respiratory tract [5]. In Case 2, the patient
relapsed with mastoiditis while following up under remission with
low-dose steroids and mycophenolate mofetil. Although pediatric
patients with GPA presenting with mastoiditis have been reported
[1], to our knowledge, this is the first reported case of a pediatric
patient relapsing with mastoiditis. The success of surgical
treatment is limited in cases of mastoiditis and otitis due to GPA,
and immunosuppressive therapy is the mainstay of treatment in
these patients [8,9]. Indeed, mastoid involvement was
successfully treated with steroids and rituximab in our case.

Early diagnosis and prompt treatment in patients with
GPA are critical for improving prognosis. Combination therapy
with corticosteroids plus cyclophosphamide or corticosteroids
plus cyclophosphamide and TPE is recommended for induction
therapy in pediatric AAV patients [5]. Corticosteroids combined
with rituximab can also be used in induction therapy [3]. Both of
our cases received combination therapy. However, one had
progressed to ESKD and subsequently received a kidney allograft.
On the other hand, the other patient relapsed with mastoiditis
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while on maintenance therapy and was successfully treated with a
combination of steroids and rituximab.

Conclusion

Since AAV mimics various clinical entities, it should be
considered in pediatric patients who visit hospitals repeatedly for
specific reasons. Taking the patient's history carefully, performing
a detailed physical examination, and closely monitoring the
patient can lead to a proper diagnosis. We believe that increasing
awareness of the disease in the initial diagnosis and in relapses in
pediatric AAV patients is critical for achieving early and effective
treatment and improving patient prognosis.
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