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ABSTRACT

Introduction: Endovascular aortic repair (EVAR) is commonly used for abdominal aortic aneurysms, but its mortality rate remains
high. The hemoglobin, albumin, lymphocyte, and platelet (HALP) score, which measures hemoglobin, albumin, lymphocyte, and
platelet levels, provides prognostic value by reflecting the nutritional status and systemic inflammation. This study aimed to explore
the relationship between the HALP score upon admission and long-term mortality in patients with EVAR.

Methods: Consecutive patients with EVAR at our tertiary center from October 2010 to August 2021 were retrospectively analyzed.
HALP scores were calculated using the following formula: hemoglobin (g/L) % albumin (g/L) x lymphocyte count (/L)/platelet count
(/L). In-hospital and long-term mortality data were extracted. Receiver operating characteristic curve analysis identified predictors of
in-hospital mortality. Multivariate Cox regression analysis was performed to examine determinants of long-term mortality.

Results: Among the 162 participants (mean age: 69.4+8.2 years, 90.1% male), the HALP score was the most significant predictor of in-
hospital mortality (area under the curve: 0.752, 95% confidence interval: 0.674-0.830; p<0.001). Multivariate Cox regression analysis
revealed HALP (p=0.001) and C-reactive protein (p=0.004) as independent determinants of long-term mortality.

Conclusion: This study is the first to investigate the association between the HALP score and in-hospital and long-term mortality
in EVAR patients. The HALP score is a robust prognostic tool compared with its components and other parameters in this patient

population.

Keywords: Endovascular aortic repair, HALP score, long-term mortality

Introduction

Abdominal aortic aneurysm (AAA) manifests as the enlargement of the
abdominal aorta, which is the primary artery in the abdomen. Often
asymptomatic, it is typically incidentally diagnosed during imaging
examinations. Risk factors associated with AAA include advanced age,
male sex, tobacco use, familial predisposition, and atherosclerosis (1-3).
AAA, often linked with elevated morbidity and mortality rates if rupture
occurs, presents considerable health hazards that necessitate timely
detection and suitable intervention. Initially reliant on open surgery,
endovascular aneurysm repair (EVAR) emerged in 1986 (4), and it has
gained wide acceptance as a safe AAA treatment since Parodi et al’s
(5) report in 1991 (6). Although initially used for elderly or unsuitable
surgical candidates, EVAR has become the gold standard for anatomically
suitable patients today (7).
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The hemoglobin, albumin, lymphocyte, and platelet (HALP) score,
a novel indicator reflecting both nutritional status and systemic
inflammation, has demonstrated prognostic significance for diverse
cancer types (8). Looking at the components that make up HALP; Anemia
and hypoalbuminemia signify malnutrition, lymphocytes modulate
inflammation, and platelets contribute to thromboembolism and
atherosclerosis (9).

Considering advanced age and potential malnutrition in AAA patients
undergoing EVAR, alongside atherosclerosis risk factors, we investigated
the HALP score’s association with long-term mortality in this cohort,
recognizing the dearth of similar studies in the literature.
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Methods

Study Population

This observational, retrospective study was conducted at a solitary
center. We included 162 consecutive patients who underwent successful
EVAR between October 2010 and August 2021. All participants were
monitored for an average duration of 40227 months. Patients with AAA
rupture, neoplastic diseases, receiving chemotherapy, evidence of acute
or chronic inflammatory diseases, glucocorticoid therapy in the last 3
months, immunosuppressive drug use, major trauma or surgery within
the last 6 months, severe liver or kidney dysfunction, and those with
missing demographic data were excluded. All clinical and demographic
data were extracted from the hospital’s electronic database. Thirty-
nine patients (24.1%) were symptomatic, and the majority (75.9%)
were asymptomatic, with AAA diagnosed incidentally through imaging
modalities. All procedures were performed in the catheterization
laboratory under sterile conditions with anesthesia administered by two
experienced invasive cardiologists. Procedural success was determined
by the absence of intraoperative fatalities, no need for conversion to
open procedures, the absence of type 1-3 endoleaks, peripheral arterial
circulation issues, and no stenosis in the renal and hypogastric arteries.
After the procedure, all patients underwent postoperative monitoring
in the coronary intensive care unit. Blood samples were collected from
all patients via the antecubital vein following a 12 h fast prior to the
endovascular procedure. Complete blood counts and hiochemical
analyses were conducted using an automated analyzer (Roche
Diagnostic Modular Systems, Tokyo, Japan) at our institution. All patients
were monitored for an average duration of 40+27 months. The study’s
endpoint was long-term all-cause mortality. The study protocol was
approved by the University of Health Sciences Turkey, Mehmet Akif Ersoy
Thoracic and Cardiovascular Surgery Training and Research Hospital’s
Ethics and Research Committee and adhered to the principles of the
Helsinki Declaration (approval number: 2024.01-11, date: 27.02.2024).
Written informed consent was obtained from all participants.

Definition

The HALP score was calculated using the following formula: hemoglobin
level (g/L) x albumin level (g/L) x lymphocyte count (/L)/platelet
count (/L). The score was determined for each patient. Coronary artery
disease included a history of angina pectoris, myocardial infarction,
or coronary revascularization. Chronic obstructive pulmonary disease
(COPD) includes chronic bronchitis or emphysema. Chronic kidney
failure was defined as an estimated glomerular filtration rate <60 mL/
min. Cerebrovascular accident involving a history of stroke or transient
ischemic attack. Hypertension was defined as systolic blood pressure
>140 mmHg and/or diastolic blood pressure 290 mm Hg, or the use of
antihypertensive medication. Diabetes mellitus was defined as a fasting
blood glucose level >126 mg/dL, hemoglobin A1C >6.5%, or prescribed
antidiabetic medication. High cholesterol was defined as a lipid-lowering
drug use or LDL-C level >140 mg/dL. Heart failure was characterized by a
preoperative ejection fraction <50%. Peripheral artery disease included
arterial disease identified by Doppler ultrasonography and evidenced by
lower extremity claudication.
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Follow-up and Outcome

To monitor aortic health, contrast-enhanced computed tomography
angiography was performed on all patients at intervals of 1, 6, and 12
months postoperatively, followed by annual evaluations. The study’s
primary endpoint was all-cause mortality, and patients were monitored
from the day of EVAR until death. The reasons and time of mortality
were obtained from hospital records and national death registries.

Statistical Analysis

The normality of variables was evaluated utilizing Kolmogorov-Smirnov
tests, histograms, and probability plots. Numeric variables are reported
as mean + standard deviation (e.g., age, AAA diameter, etc.) or median
(interquartile range) (e.g., HALP score, triglycerides, etc.) depending on
their distribution. Categorical variables like gender, smoking status,
etc., are expressed as percentages (%). Numerical variables between
the two groups were compared using either unpaired Student’s t-test
or Mann-Whitney U test, while categorical variables were compared
using the chi-square or Fisher’s exact test. Kaplan-Meier modeling was
utilized to depict the duration until the cessation of service events,
serving as a proxy for mortality following aneurysm surgery. The analysis
was conducted using SPSS 26.0 software (SPSS, Chicago, IL). Statistical
comparisons of the time-to-event data for various interventions and
controls were performed using log-rank tests and reported as median
survival rates [years + 95% confidence interval (Cl)]. Additionally, in
patients undergoing EVAR, a single-variable Cox proportional hazards
model was utilized to compute hazard ratios and corresponding 95%
Cls for long-term mortality. Multivariable Cox proportional hazards
regression models were used to assess potential independent predictors
of survival. The significance level was set at p<0.050.

Results

The study comprised 162 participants, with a mean age of 69.4+8.2
years, predominantly consisting of males (146 participants, 90.1%).
Throughout the follow-up period, 50 out of 162 participants
experienced mortality. Participants were stratified into two cohorts:
survivors and non-survivors. The hasic demographic, laboratory, and
procedural data of the study group are summarized in Table 1. While
demographic characteristics were similar between the two groups, non-
survivors exhibited higher rates of congestive heart failure (p=0.013),
COPD (p=0.021), and ES replacement requirement (p<0.001), whereas
survivors demonstrated higher left ventricular ejection fraction (LVEF),
% (p<0.001).

Regarding laboratory parameters, higher hemoglobin (p<0.001),
albumin (p<0.001), lymphocyte count (p<0.001), and HALP score
(p<0.001) were observed in the survivor group, whereas C-reactive
protein (CRP) (p=0.004) and glucose (p=0.023) values were elevated
in the non-survivor group. Other laboratory parameters did not differ
significantly between the two groups. No significant differences were
found in procedural data between the groups.

Univariate Cox regression analyses were performed to identify
determinants of long-term mortality, revealing parameters significantly
associated with mortality, such as COPD, LVEF, HALP, Glucose, and CRP
(Table 2). In the multivariate Cox regression analysis, HALP (p=0.001)



Table 1. Characteristics of all-cause mortality and survivors among patients undergoing EVAR

Age, years

Sex (male), n (%)

BMI, kg/m?

Smoking frequency, n (%)
Comorbidities

Diabetes mellitus, n (%)
Hypertension, n (%)

CAD, n (%)

CHF, n (%)
Hyperlipidemia, n (%)
History of cancer, n (%)
Cerebrovascular disease, n (%)
Atrial fibrillation, n (%)
PAD, n (%)

COPD, n (%)

CKD, n (%)

LVEF, (%)

Laboratory data
Hemoglobin, g/dL

WBC, 10°/L

Platelet, 10*/mL
Neutrophil, 10*/mL
Lymphocyte, 10°/mL
Albumin, g/dL

Glucose, mg/dL
Creatinine, mg/dL
C-reactive protein level, mg/dL
LDL-C, mg/dL

HDL-C, mg/dL
Triglyceride, mg/dL

Total cholesterol level, mg/dL
HALP score

AAA diameter, mm

ES replasmant, n (%)
Symptomatic, n (%)
Procedure-related data
The type of endograft
Medtronic endurant, n (%)
Triventricular ovation, n (%)
Cook zenith, n (%)
Medtronic talent, n (%)
Vascutec anaconda, n (%)
Gore exluder, n (%)
Operation time (min)
Scopy time (min)

Fallow time, months

All patients (n=162)
69.4+8.2

146 (90.1)

26.1+3.4

50 (30.9)

42(25.9
98 (60.5
78 (48.1)
25(15.4)
49 (30.2)
14 (8.6)
74.3)
17 (10.5)
12 (7.4)
26 (16)
22 (13.6)
55.349.3

)
)

12.6+1.9
7.942.4
22674772
48419
21408
3.9405
106.4427.7
1.140.4

9 (4-18)
108.6%37.4
42.8+115
122 (88-169)
178+36.7
0.45 (0.31-0.64)
65.9+11.6
61(37.7)

39 (24.1)

124 (76.5)
15 (9.3)
9(5.6)
9(5.6)
3(1.9)
2(1.2)
147.8+54.2
31416.5
4027

Survivors (n=112)
69£8.2

100 (89.3)
25.7+3.1

35(31.3)

27 (24.1
67 (59.8
54 (48.2
12 (10.7
33(29.5
12(10.7
6 (5.4)
13 (11.6)
7(6.3)
13 (11.6)
15 (13.4)
57.247.8

)
)
)
)
)
)

13+1.8
81422
226.8480.9
47416
22408

4404
103.1425.6
1.1%0.5

7 (3-13.9)
104.6+37.6
455412

118 (88.5-160)
174.7+36.6
0.52(0.38-0.70)
64.9+11.3
30(26.8)

30 (26.8)

142.8+60.6
29.5+17.4
4244272

Non-survivors (n=50)

70.3+8.3
46 (92)
26.9%3.9
15 (30)

5(10)
13 (26)
7 (14)
51410.9

11.8+2
7.742.7
226.4+68.7
5425

1.740.6
3.740.5
113.9%31.1
1.120.4

13 (7-33.5)
117.7435.7
413+10.3

124 (84-185.8)
185.5+36.1
0.32(0.24-0.45)
68.1+12

31 (62)

9(18)

158.9+34.1
34.5£13.7
34.74£26.1

Altunova et al. HALP Score and Long-Term Mortality

p-value
0.346
0.593
0.052
0.874

0.429
0.793
0.980
0.013
0.746
0.160
0.332
0.489
0.400
0.021
0.917
<0.001

<0.001
0.313
0.972
0.315
<0.001
<0.001
0.023
0.221
0.004
0.059
0.290
0.490
0.084
<0.001
0.102
<0.001
0.227

0.311

0.080
0.070
0.094

Data are presented as percentage, mean standard deviation, or median (interquartile range). AAA: Abdominal aortic aneurysm, BMI: Body mass index, CAD: Coronary artery bypass disease,
CHF: Congestive heart failure, CKD: Chronic kidney disease, COPD: Chronic obstructive pulmonary disease, HALB: Hemoglobin, albumin, lymphocyte, and platelet, HDL-C: High-density
lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, LVEF: Left ventricular ejection fraction, PAD: Peripheral artery disease, WBC: White blood cells, min.: Minimum
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Table 2. Univariate and multivariate Cox regression analyses to identify long-term predictors of mortality

Variables
COPD
LVEF
HALP
Glukoz
CRP

Univariate analyses

HR 95% Cl (lower-upper)
2.234 1.182-4.220
0.965 0.942-0.988
0.223 0.108-0.459
1.009 1.001-1.018
1.015 1.008-1.022

Multivariate analyses

p-value HR 95% Cl (lower-upper) p-value
0.013 1.461 0.584-3.652 0.417
0.003 0.974 0.942-1.007 0.118
<0.001 0.229 0.093-0.565 0.001
0.034 1.009 0.999-1.018 0.075
<0.001 1.012 1.004-1.020 0.004

HR: Hazard ratio, Cl: Confidence interval, COPD: Chronic obstructive pulmonary disease, LVEF: Left ventricular ejection fraction, HALB: Hemoglobin, albumin, lymphocyte, and platelet, CRP:

C-reactive protein

=]

HALP score

P<0.001

0.52 (0.38-0.70)

Mortality (-)

032 (0.24-0.45)

Mortality (+)

Figure 1. Box plots comparing HALP scores between patients with and
without mortality
HALB: Hemoglobin, aloumin, lymphocyte, and platelet

1.0

Sensitivity
e e
=)} =]

e
~

e
o

0.%. 0

0.2

04 0.6
1 - Specificity

0.8 1.0

Albumin
Hemoglobin
Lymphocyte
HALP
Platelet

~—Reference Line

Albumin
Hemoglobin
Lymphocyte
HALP
Platelet

AUC 95%CI Lower-Upper P value
742 0.652-0.833 <0.001
660 0.567-0.752 0.001
710 0.625-0.794 <0.001
752 0.674-0.830 <0.001
480 0.380-0.580 0.679

Figure 2. ROC curve analysis including albumin, hemoglobin, lenfosit,
HALP, and platelet values was performed to determine the most suitable
parameter for predicting long-term mortality
ROC: Receiver operating characteristic
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and CRP (p=0.004) emerged as independent determinants of long-term
mortality.

To identify the most suitable parameter indicating in-hospital mortality,
a receiver operating characteristic curve analysis was conducted using
albumin, hemoglobin, lymphocyte, platelet, and the combined HALP
score. The HALP score exhibited the highest predictive power, with an
area under the curve of 0.752 (95% Cl: 0.674-0.830; p<0.001). A cut-off
value of 0.46 for the HALP score was used to detect long-term mortality
development with a sensitivity of 61.6% and specificity of 80%.

Kaplan-Meier survival analysis illustrated that patients with higher HALP
scores experienced significantly increased long-term mortality rates (log-
rank: p<0.001).

Discussion

Our study, to our knowledge, represents the first investigation into the
use of the HALP score in evaluating prognosis in this patient cohort. The
primary findings of our study are as follows:

1. The HALP score is an independent predictor of long-term mortality
among patients undergoing EVAR.

2. The HALP score is the strongest parameter indicating in-hospital
mortality compared with its components, including hemoglobin,
albumin, lymphocytes, and platelets.

3. Patients’ survival time is prolonged as the HALP score increases.

As life expectancy increases, the risk of AAA also rises (1), and with the
assistance of advancing technology, AAA can be detected early and
treated. The advent of cutting-edge percutaneous suture-mediated
vascular closure devices and the development of lower-profile
endograft devices have revolutionized the aortic repair landscape. These
advancements have rendered complete percutaneous endovascular
access not only a viable but also an unequivocally preferable option for
patients undergoing aortic repair procedures (10). With the increasing
number of patients undergoing EVAR in this field and their impact on
in-hospital and long-term mortalities in the postoperative period, it
has become a matter of curiosity whether the HALP score, which has
been previously proven to affect prognosis in cancer and stroke patients,
would provide any benefit in this patient group (8,11).

In a study by Diehm et al. (12), the relationship between hemoglobin,
one of the parameters constituting the HALP score, AAA diameter, and
long-term survival in patients undergoing EVAR was investigated, and
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Figure 3. Kaplan-Meier survival curves of the HALP score in long-term
mortality
HALP: Hemoglobin, albumin, lymphocyte, and platelet

during long-term follow-up, survival was significantly lower in patients
with anemia than in those without anemia. Moreover, in a separate
investigation by Nishibe et al. (13), the association between albumin,
another component of the HALP score, and long-term mortality among
patients undergoing EVAR was explored. Their findings revealed that
albumin was an independent risk factor for long-term mortality in this
patient population undergoing EVAR. Additionally, the relationship
between the Geriatric Nutritional Risk Index, which is used as a marker
of malnutrition, and long-term mortality in patients undergoing EVAR
has been demonstrated in other studies (13,14). The difference between
these studies and ours lies in the evaluation of albumin and body mass
index. However, systemic inflammation plays an undeniable role in the
formation of AAA and the post-EVAR treatment process.

The relationship between AAA and inflammatory processes is an
undisputed fact. CRP is recognized as an acute-phase protein that is
typically elevated in patients with AAA. In a study conducted by Shangwei
et al. (15), it was determined that elevated serum high-sensitivity
C-reactive protein (hsCRP) levels constituted an independent risk factor
for AAA after adjusting for confounding variables through adjustment.
In a separate investigation conducted by Wang et al. (16), the correlation
between hsCRP levels and the presence of AAA was examined. Their
findings suggested that hsCRP levels could serve as a diagnostic
biomarker in AAA patients with medium or small aortic diameters, but
not in those with large aortic diameters (16). In this study, we observed
that preoperative CRP levels independently contributed to long-term
mortality after EVAR, together with the HALP score.

The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR) are recognized as biomarkers of systemic inflammation
and atherosclerosis stemming from distinct immune pathways (17-
19). In a study by King et al. (20), an increase in preoperative NLR
was associated with increased mortality after EVAR. Octeau et al. (21)
showed in another study that a high NLR was significantly associated
with post-EVAR mortality and reintervention, even after adjusting
for variables such as age, AAA diameter, and NLR-related clinical

Altunova et al. HALP Score and Long-Term Mortality

comorbidities. Furthermore, the indirect relationship between NLR and
PLR and aneurysm sac shrinkage, which is considered an indicator of
postoperative improvement, appears to be connected to inflammation
(21). Patients with lower preoperative inflammatory status are more
likely to have aneurysm sac regression after EVAR, leading to higher
medium- and long-term survival rates (22). As demonstrated in these
studies, systemic inflammation clearly affects long-term mortality. In
this study, we evaluated the relationship between the HALP score and
long-term mortality among patients undergoing EVAR, reflecting both
nutritional status and systemic inflammation. In this regard, our study
appears to be more comprehensive and complementary than other
studies.

The HALP score is a simple index that can be easily calculated from
routine complete blood counts at hospital admission without any
additional cost or additional work. The ease of calculating the HALP
score at bedside is advantageous compared with other indices. This risk
stratification approach could empower clinicians to identify patients
at elevated risk and tailor their treatment, incorporating intensive
medical therapy and implementing vigilant monitoring protocols for
such individuals. However, further prospective studies involving long-
term follow-up in a larger multicenter patient population are needed
to elucidate the effectiveness of the HALP score in predicting in-hospital
and out-of-hospital morbidity and mortality in treated patients with
EVAR.

Study Limitations

The study’s single-center and retrospective nature can impact the
generalizability of the findings. Future multicenter, prospective studies
may provide more comprehensive insights. The relatively small sample
size in this study is a significant limitation. Larger prospective cohort
studies are essential to validate and extend the current findings. Second,
patients with AAA who were medically observed and surgically repaired
were not included in the study, which may have caused this score to not
be generalizable to other patient groups. Incorporating this aspect into
future studies may provide a more holistic understanding of patients’
conditions. Finally, the HALP score was not compared with other risk
scoring systems linked to mortality in patients undergoing EVAR.

Conclusion

In our study, we used the HALP score, which has not been previously
evaluated in this patient group, and found that the HALP score is an
independent predictor of long-term mortality in patients undergoing
EVAR. This result provides us with a new perspective that the HALP score,
which can be easily calculated and applied in practice, can be used as a
guide in the follow-up and treatment of EVAR patients.

Ethics Committee Approval: The study protocol was approved by the
University of Health Sciences Turkey, Mehmet Akif Ersoy Thoracic and
Cardiovascular Surgery Training and Research Hospital's Ethics and
Research Committee and adhered to the principles of the Helsinki
Declaration (approval number: 2024.01-11, date: 27.02.2024).

Informed Consent: Written informed consent was obtained from all
participants.
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ABSTRACT

Introduction: Adding targeted agents to chemotherapy for metastatic colorectal cancer increases survival. There have been no
clinical trials in older populations comparing the efficacy of the targeted agents. We aimed to compare the efficacy and tolerability
of anti-epidermal growth factor receptor (anti-eGFR) and anti-vascular endotelial growth factor (anti-VEGF) in elderly patients with
metastatic colorectal cancer in the first-line setting.

Methods: A total of 89 elderly patients diagnosed with KRAS wild metastatic colorectal cancer who received anti-eGFR or anti-VEGF
therapy in the first-line setting were included in the study. Patients received anti-eGFR plus chemotherapy compared with anti-
VEGF plus chemotherapy according to general characteristics, response rates, progression-free and overall survival (0S), and non-
hematological toxicities.

Results: The median age was 70 (65-81) years old in anti-eGFR group and 69 (65-78) in anti-VEGF group in our study. The progression-
free survival was 11 months in the anti-eGFR group and 10 months in anti-VEGF group (p=0.053). OS was not reached at the median
of 28 months in the anti-eGFR group and there were no statistically difference (p=0.77).

Conclusion: Progression-free and OS rates were similar between the anti-eGFR and anti-VEGF groups in older patients with metastatic
colorectal cancer. Grade 3-4 rash is the most common adverse event in the anti-eGFR group. Pulmoner thromboembolism and
diarrhea are the most common adverse events in the anti-VEGF group. Old age is not a barrier for use biological agents.

Keywords: Colon cancer, vascular endotelial growth factor, epidermal growth factor, elderly

Introduction

Colon cancer is mostly diagnosed in older people. Nearly 70% of patients
diagnosed with colon cancer are over 65 years of age (1). Comorbidities
are more common in older patients than in younger individuals (2). The
most appropriate therapy for elderly patients diagnosed with metastatic
colorectal cancer is not clear because these age group is small among
the studies (3).

Cetuximab and panitumumab are monoclonal antibodies that target
the epidermal-growth factor receptor (e-GFR) (4,5). Bevacizumab is a
monoclonal antibody that targets vascular endotelial growth factor (VEGF)
(6). Previous studies have shown that chemotherapy combined with
targeted agents confers a survival benefit compared with chemotherapy
alone in older populations (7-9). There have been no clinical trials in
older populations comparing the efficacy of the targeted agents. Some
previous studies have shown that progression-free survival (PFS) benefit
was similar between the older and younger groups (10). However, these
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targeted agents cause some toxicities like cutaneous reactions and
thromboembolic events (11). These adverse reactions sometimes cause
treatment discontinuation. Because the elderly patients were mostly
frail.

We aimed to compare the efficacy and tolerability of anti-eGFR and anti-
VEGF in elderly patients with metastatic colorectal cancer in the first-line
setting.

Methods

Patients aged 65 or older who were diagnosed with KRAS wild metastatic
colorectal cancer and received first-line chemotherapy combined with
anti-eGFR or anti-VEGF therapy in Kayseri City Training and Research
Hospital and Erciyes University Faculty of Medicine over the last 15 years
were retrospectively reviewed and included in the study. Patients who
received therapy for less than 2 months were excluded.

Received: 08.03.2024
Accepted: 24.05.2024

@@@@ ©Copyright 2024 by the University of Health Sciences Turkey, Istanbul Training and Research Hospital/istanbul Medical Journal published by Galenos Publishing House.
raarm  Licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License

181


https://orcid.org/0000-0001-8434-393X
https://orcid.org/0000-0002-2358-8260
https://orcid.org/0000-0002-6687-0899
https://orcid.org/0000-0003-3551-5234
https://orcid.org/0000-0002-3737-3420
https://orcid.org/0000-0003-0359-0504

istanbul Med | 2024; 25(3): 181-4

Data collected from the hospital’s patient records included patient
characteristics, chemotherapy regimens administered, chemotherapy
responses, metastatic sites, number of metastatic sites, and date of
death.

Patients received anti-eGFR plus chemotherapy compared with anti-
VEGF plus chemotherapy according to general characteristics, response
rates, progression-free and overall survival (0S), and non-hematological
toxicities.

The present study was approved by the Ethics Committee of Kayseri
City Training and Research Hospital (approval number: 758, date:
20.12.2022).

Statistical Analysis

Median, minimum, maximum, and frequencies were defined. The
Kaplan-Meier method and log-rank test were used to analyze PFS. PFS
was defined as the date from the first targeted therapy combined with
chemotherapy until progression or death. OS was defined as the time
of chemotherapy and the initiation of targeted agents to the date of
death or last known contact. A p-value <0.05 was considered statistically
significant. Response was evaluated as complete response (CR), partial
response (PR), stable disease (SD), or progressive disease. The Statistical
Package for Social Sciences 22.0 (SPSS Inc., Chicago, IL, USA) software was
used in all statistical analyses.

Results

Patients and Characteristics

A total of 89 patients diagnosed with KRAS wild metastatic colorectal
cancer and who received anti-eGFR or anti-VEGF in the first-line setting
were included in the study. Sixty-two (70%) patients were in the anti-
eGFR group and 27 (30%) were in the anti-VEGF group.

The median ages were 70 (65-81) years in the anti-eGFR group and 69
(65-78) in the anti-VEGF group in our study. Twenty-two of them (35%)
were female, and 40 (65%) were male in the anti-eGFR group. Sixteen
of the participants (59%) were female, and 11 (41%) were male in the
anti-VEGF group. The primary tumor was right sided in 9 patients (15%)
in the anti-eGFR group and in 7 (26%) patients in the VEGF group. All
characteristics are shown in Table 1.

Response and Survival

In the anti-eGFR group, an overall response rate was achieved in 53
patients (86%). Three patients had CR (5%), 36 had PR (58%), and 14 (23%)
had SD.

In the VEGF group, an overall response rate was achieved in 26 patients
(96%). There was no CR. Fifteen patients had PR (55%), 11 patients (41%)
had a SD.

The PFS was 11 (5.44-16.55) months in the anti-eGFR group and 10
(9.18-10.82) months in the anti-VEGF group. There were no significant
difference (p=0.053). OS was not reached at the median in anti-eGFR
group, 28 (22.47-33.52) months in anti-VEGF group and there were no
statistically significant differences (p=0.77) (Figure 1).
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Toxicity

The most common non-hematological adverse events were rash (18%)
and thromboembolism (with 5%) in the anti-eGFR group. Pulmoner
thromboembolism is the most common adverse event with 4% in anti-
VEGF group (Table 1).

Discussion

In this study, we compared anti-eGFR plus chemotherapy and anti-
VEGF plus chemotherapy according to efficacy and tolerability in
elderly metastatic KRAS wild metastatic colorectal cancer. We found no

Table 1. General characteristics

Anti-eGFR n, (%)
(n=62; 70%)

Anti-VEGF n, (%)

Characteristics (n=27; 30%)

Age (years; median; minimum-

i i) 70 (65-81) 69 (65-78)
Gender

Female 22 (35) 16 (59)
Male 40 (65) 11 (41)
Initially metastatic

Yes 50 (80) 18 (67)
No 12 (20) 933)
Neo/adjuvant chemotherapy

Yes 10 (20) 7 (26)
No 52 (80) 20 (74)
Tumors site

Right colon 9(15) 7 (26)
Left colon 53 (85) 20 (74)
Chemotherapy combination

Irinotecan based 28 (45) 10 (37)
Oxaliplatin based 34 (55) 17 (63)
Metastatic site

Liver 45 (73) 19 (70)
Lung 23 (37) 8(30)
Peritoneum 6(10) 5(19)
Non-regional lymph nodes 14 (23) 7 (26)
Number of metastatic sites

1 region 38 (61) 15 (56)
>2 region 24 (39) 12 (44)
Treatment response

Complete response 3(5) 0(0)
Partial response 36 (58) 15 (55)
Stable disease 14 (23) 11 (41)
Progressive disease 9(14) 1(4)
Grade 3-4 toxicity

Rash 11(18) 0
Pulmoner thromboembolism 3(5) 1(4)
Diarrhea 1(2) 1(4)
Unavailable 15 (24) 5(19)

eGFR: Epidermal growth factor receptor, VEGF: Vascular endotelial growth factor
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Figure 1. Progression free and overall survival

eGFR: Epidermal growth factor receptor, VEGF: Vascular endotelial growth factor

significant differences in PFS and OS between the anti-eGFR and anti-
VEGF groups. Grade 3-4 toxicities were observed mostly in the rash in
the anti-eGFR group, pulmoner embolism in the bevacizumab group,
and diarrhea in the anti-VEGF group. Rash was more common in the
anti-eGFR group than anti-VEGF group. Pulmoner thromboembolism
was similar between the anti-eGFR and anti-VEGF group.

Treatment of older patients with metastatic colorectal cancer remains
controversial. Recent studies suggest that treatment toxicitis is more
common in elderly individuals, and these individuals are more likely
to discontinue treatment (12). The efficacy of chemotherapy is similar
in elderly and younger adults (13). The survival of patients who receive
chemotherapy combined with biological agents is higher among older
patients (7-9).

In our study, we found that the PFS was statistically similar between
the anti-eGFR and anti-VEGF groups. In the CALGB/SWOG 80405
study, chemotherapy and cetuximab compared chemotherapy and
bevacizumab. They found no significant differences between the PFSand
0S. The median PFSwas 10.5 months in chemotherapy-cetuximab group
and 10.6 months chemotherapy-bevacizumab group (p=0.45). Although
our study population comprised elderly individuals, our PFS results
were similar to these results. OS was 30 months in the cetuximab and
29 months in the bevacizumab groups in the CALGB/SWOG 80405 study
(14). In our study, the median OS was not reached at the median point of
28 months in the anti-eGFR group and the anti-VEGF group. In the CALGB
study, the median age was 59. They did not compare survival in older
people. The PEAK study compared chemotherapy and panitumumab
with chemotherapy and bevacizumab (15). They observed no significant
differences between the PFS and OS groups. In this study, the median
age was 62 in panitumumab group, sixty in bevacizumab group. In a
pooled analyses of four studies, they found 9.3 months for PFS and 17.9
months in patients older than 65 years with metastatic colorectal cancer
who received chemotherapy and bevacizumab (10). In this study, in the
bevacizumab group, the patients’ median age was higher than ours. The
median age was 72 years. Perhaps the higher median age in this study
was the reason for the survival difference between them and ours.
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In the CALGB study, arterial thrombotic events were not observed higher
than 5% in both cetuximab and bevacizumab groups (14). In the PEAK
study in panitumumab group grade 3-4 rash was observed in 15%
of patients in the panitumumab group and 0% in the bevacizumab
group. Deep vein thrombosis was observed in 2% of patients in the
panitumumab group and 8% in the bevacizumab group (15). Arterial
thromboembolic events were observed in 5.7% of older patients who
received bevacizumab (10). In this study, there was no greater difference
in non-hematological adverse events between younger and older
patients (10). We observed rash in our study in 18% of the patients and
pulmoner thromboembolism in 5% of the anti-eGFR group. Pulmoner
thromboembolism was 4% in anti-VEGF group in our study.

Study Limitations

This study has several limitations. First, the number of patients was
small. Second, we could not identify adverse events in some patients.
We only analyzed available toxicities. Third, we could not perform all
mutation analyses in our patients due to the retrospective nature of
the study. The results that expand RAS, BRAF, and other mutations are
valuable. The retrospective nature and small sample size are some of
the limitations of our study.

Conclusion

Progression-free and OS rates were similar between the anti-eGFR and
anti-VEGF groups in older patients with metastatic colorectal cancer.
Grade 3-4 rash is the most common adverse event in the anti-eGFR
group. Pulmoner thromboembolism is the most common adverse event
in the anti-VEGF group. Old age is not a barrier for use biological agents.
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ABSTRACT

Introduction: Foreign body (FB) injuries constitute an important part of admission to emergency and orthopedic clinics in daily
practice. The localization and removal of FBs can be difficult. Ultrasound (USG) plays an important role in the localization of FBs. In
this study, we aimed to present the results of patients who underwent US-guided FB extraction.

Methods: Fifty-seven patients who were admitted to the emergency service and orthopedic outpatient clinic due to FB trauma to
soft tissue were retrospectively evaluated. USG-guided removal was performed under local anesthesia. The number, size, shape,
structure, distance to the skin, and integrity of the FB were determined using USG guidance. Patient satisfaction was evaluated with

Roles-Maudsley score.

Results: The mean duration of surgery was 7 min (range; 5 to 20 minutes), and the mean incision size was 11 mm (range; 5 to
25 mm). Forty-seven of the patients underwent an outpatient procedure and were discharged on the same day. No postoperative
complications were observed. Fifty one of 57 (89.5%) were very satisfied with the surgery.

Conclusion: Consequently, USG-guided FB extraction is a safe, fast, and comfortable option for the patient and the physician.
Orthopedic physicians should receive USG training starting from their assistantship, and its use in daily practice should be increased.

Keywords: Ultrasound, soft tissue, foreign body

Introduction

Foreign body (FB) injuries constitute an important part of admission to
emergency and orthopedic clinics in daily practice. While most of them are
superficial and palpable, some are located deeply. FB that penetrates the
soft tissue in the musculoskeletal system may remain asymptomatic for a
long time, as well as cause different symptoms and complications. Pain,
abscess formation, tendon irritation, neurovascular damage, inflammatory
reaction, and necrotizing fasciitis are some of the symptoms (1-4).

Radiographs can be useful for localization and are often used as part of
initial evaluation. Radiopaque objects such as metals, shrapnel, and glass
fragments can be seen on plain radiographs; radiolucent objects such
as wood, splinters, and plastics may not be visible (5). The localization
and removal of deeply located and radiolucent FBs that cannot be
palpated can be difficult. Ultrasound (USG) plays an important role in the
localization of these FB (6).

Although superficial, palpable FBs can be easily removed under emergency
and outpatient clinic conditions, deep penetrating and non-palpable FBs
may need to be extracted under operating room conditions (7).

+ Traumatology, istanbul, Turkey
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Fluoroscopy is also frequently used for the localization and removal of
radiopaque objects. The patient and surgical team may be exposed to
radiation (8). The aim of this study was to present the results of patients
who underwent USG-guided FB removal.

Methods

Sixty-one consecutive patients (34 men, 27 women) who were admitted to
the emergency service or orthopedic outpatient clinic due to FB trauma
to soft tissue were evaluated. Four patients were lost during follow-up. In
53 of the 57 remaining patients, the reason for admission was persistent
pain, whereas in three patients, it was the feeling of discomfort caused
by the presence of FB. In one patient, FB was removed for forensic
reasons. Before the intervention, 44 patients had X-ray imaging.
However, X-ray imaging was not available for 13 patients. Among those
with X-ray imaging, three underwent computed tomographies (CT)
as supplementary imaging, while one patient without X-ray imaging
underwent magnetic resonance imaging (MRI).
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Diagnostic USG was performed by the radiologist in all patients, and
USG-guided surgery was recommended for patients with confirmed FB
presence. The number, size, shape, structure, distance to the skin, and
integrity of the FB were determined with USG-guidance (Table 1).

FB that could not be palpated at a depth of at least 10 mm, localized in
the lower or upper extremities were included in the study. Objects that
are superficial (10 mm > depth) and/or felt by palpation excluded from
the study.

The surgery was performed under sterile conditions in emergency or
outpatient intervention rooms using local anesthesia in 45 patients who
could tolerate it. For 12 patients who either did not want or could not
tolerate local anesthesia, the procedure was conducted in the operating
room. Among these patients, sedation was administered to seven, spinal
anesthesia to three, and general anesthesia to two. Post-operative
control X-rays were taken for patients who underwent surgery due to
radiopaque FB; however, no examination was requested for those with
radiolucent FB. After the intervention, patients were monitored until
wound healing and suturing was performed. Satisfaction assessment
was conducted using the Roles-Maudsley questionnaire during the
second month of follow-up (Table 2) (9).

First of all, the localization of the FB was visualized by USG. The surgical
area was sterilely prepped with a povidone iodine solution. The USG
probe was covered with a sterile sheath. Local anesthesia was applied
at the site of FB. Then, the guide needle tip was sent to the FB using
USG guidance (Figure 1). Without removing the guide needle, a minimal
incision was made at the needle insertion point into the skin. Blunt
dissection was observed along the needle trace, and the FB was reached.
The FBis held along its long axis with the help of a clamp or grasper and
then removed. Fluoroscopy was not used in any of the cases (Figure 2, 3).

High-resolution USG was performed by a radiologist with an experience
of more than 10 years in USG and two orthopedic surgeons with an
experience of 3 years (M.A.C., B.K.). The study was conducted using a GE
Logiq P5 USG machine.

This study was approved by the istanbul Medipol University Ethical
Committee approval number: 190, date: 18.02.2021). All patients
provided written informed consent.

Statistical Analysis

Statistical analysis was performed using SPSS for Windows version 29.0
(IBM Corp, Armonk, NY, USA). Descriptive statistics, including means,
minimums, and maximums, were examined to gain insights into the
central tendency and variability of the variables under investigation.

Results

The mean age of the patients was 22 (range; 2 to 62). Twenty-
seven of the patients were women, and 30 were men. The mean
time between the penetration of the FB and surgical intervention
was 74 days (range; 1 day to 2 years). Thirteen patients developed
abscesses around the FB. The area where the FB penetrated was the
foot in 26 patients, hand in 19, knee in four, cruris in three, elbow
in two, forearm in one, hip in one, and thigh in one (Table 1).

Figure 1. Foreign body (needle) indicated by a red arrow. Guide needle
shown with green arrow

Table 1. Characteristics of the foreign bodies according to localizations

Localization n (%) Width (mm) Length (mm)
Foot 26 (45.6) 2.7 (0.8-15) 16.5 (3-27)
Hand 19 (33.3) 1.8(0.7-3) 10 (2-40)
Knee 4(7) 1.4 (0.7-3) 18.2 (3-25)
Cruris 3(5.2) 13(1-2) 16 (3-40)
Elbow 2(3.5) 0.9 (0.8-1) 14 (10-18)
Forearm 1(1.8) 2 6

Hip 1(1.8) 1 12

Thigh 1(1.8) 5 11

Total 57 (100) 22 139

n: Number, mm: Milimeter, min: Minute(s)
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Depth (mm) Time (min) Incision (mm)
17.3 (10-35) 7.5 (5-20) 11 (6-25)

11.8 (10-15) 6.7 (5-15) 8.4 (6-10)
23.7 (15-30) 9.5 (5-15) 16.2 (5-25)

33 (30-40) 7 (5-10) 13 (8-20)

25 (20-30) 8 (5-11) 14 (8-20)

30 5 8

7 1 20

40 15 25

18 7.5 11.1
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Figure 2. Ultrasound-assisted foreign body (glass pieces) removal from the left foot plantar area. (a, b) Localization of glass pieces under USG guidance (red arrows
show the glass pieces), () Removed glass pieces, (d) 15 mm skin incision. (Written informed consent is taken from the patient)

Figure 3. Ultrasound-assisted foreign body (needle) removal from the anterior part of the knee, (a, b) Localization of needle under USG guidance, (c) Red arrow

show the needle, (d) Approximately 13 mm skin incision, (e) Removed needle. (Written informed consent is taken from the patient)

Table 2. Roles-Maudsley score

Point Interpretation
Excellent 1 No pain, full activity
Good 2 Occasional discomfort, full activity
Fair 3 Some discomfort after prolonged activity
Poor 4 Pain-limiting activity

Three glass pieces were extracted from the foot of one patient
(Figure 2). They were considered a single piece because of their close
localization to each other. All FB were successfully removed. Local
anesthesia was preferred mainly for the patients. Local anesthesia was
applied to 45 patients, sedation to seven, spinal anesthesia to three,
and general anesthesia to two patients.

The average depth of FB was 18 mm (range; 10 to 40 mm), and the
average size was 2x14 mm (range; 2x2 mm to 15x25 mm). While 38 of
the FB were metallic (sewing needle, bullet core, iron burr), 11 were
wood (piece of wood, thorn, toothpick) and 8 of them were glass.

The mean duration of surgery was 7 minutes (range; 5 to 20 minutes),
and the mean incision size was 11 mm (range; 5 to 25 mm). Forty-
seven of the patients underwent an outpatient procedure and were
discharged on the same day. Nine patients were discharged after
hospitalization for one night and one patient for two nights. For
patients with abscess, postoperative antibiotherapy was initiated.
No postoperative complications were observed in any patient during
follow-up period. At second month follow up, 51 patients (89.5%) were

very satisfied (excellent) with the surgery, and six (11.5%) patients were
satisfied (good).

Discussion

Clinical examination may be insufficient for localization and removal of
some FBs. Additional attempts may be required to locate and remove
deeply located FBs with granulation tissue surrounding them. Under
USG, 57 non-palpable FBs were removed from the patients.

On one hand, some FBs penetrating the body may not show any
symptoms; on the other hand, some may present with symptoms such
as pain, tingling, hematoma, abscess formation, numbness, and loss of
motor function due to nerve compression and anxiety (2,7). Although
the main complaint of the patients in our study was pain, three patients
requested extraction because they wanted to get rid of the feeling of a
FB in the body, although there were no clinical symptoms.

Plain radiography is the preferred imaging modality for patients with
FB penetration. Although plain radiographs are sufficient to show
the presence of most FB, advanced imaging methods are needed to
determine the presence and localization of materials such as plastics
and wood that are not radiopaque. CT and MRI can also be used for
diagnosis. Because they are expensive test methods, they are not the
first choice and are not indicated for every FB (10). For example, most
metallic objects are contraindicated for MRI (6). USG is an inexpensive
imaging method with high sensitivity and specificity. Sonography has
a reported sensitivity of 95% for detecting FB. In addition, it provides
real-time intervention (11). In our series, 45 patients had previously
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undergone imaging. For the two cases in which glass was penetrated, CT
was requested, and in one case, MRI was used for detecting FB.

Hyperechoic appearance and shadowing are US findings that suggest
a FB. This tool can be used for preoperative FB localization and as
a guide for real-time intervention. Different methods for removal of
FB are defined before (12-14). In daily practice, the removal of deeply
located radiopaque materials is often performed under fluoroscopy in
operating rooms. Although the extraction of some objects can be done
easily with fewer fluoroscopic imaging procedures, a long operation
time, excessive labor, and exposure to high radiation volumes
(fluoroscopy) may be required to remove some FBs (8). This may lead
to increased incision size and further soft tissue damage. During the
extraction of FB located close to the vessels and nerves, these structures
may also be damaged. The use of USG has previously been described in
the literature (15-17). Our technique can also be considered a modified
version of these previously described methods. In this technique,
the localization of the FB is first determined by USG. Then, the FB is
reached with a relatively small incision with a guide needle tip, and the
FB is removed. Thus, the surrounding tissues are minimally damaged.
Thus, it is possible to remove objects in the neighboring areas of the
vascular nerve without damaging these structures. No major vascular
or neurological complications occurred in our series. Only one patient
experienced numbness around the incision side in the second week.
On the second month, he stated his complications were completely
recovered. Two months after surgery, all patients had satisfactory
outcomes.

One of the difficulties of this method is that performing USG requires
experience (18). In our study, the measurements were conducted by
an experienced radiologist, and interventions were performed by two
orthopedic surgeons with three years of experience using USG.

Complications such as tendon irritation, neuroma, and neuropathy
due to FB remaining in the body for a long time have been reported
in the literature. In addition, objects that can move like a needle tip
may migrate to surrounding tissues and cause tissue irritation (19). In
our study, we observed that a broken sewing needle penetrating the
sole of the foot migrated between the metatarsals within two weeks.
After localization with USG, the needle tip was extracted through an
incision without damaging the tendon and vascular nerve package.
Neurovascular deficit was not observed in the patient’s follow-up period.

The monthly radiation exposure of an orthopedic resident doctor
in trauma rotation was 79 mrem/month, and an orthopedic surgeon
dealing with trauma and deformity was reported to be exposed to
radiation of 53 mrem/month (20). One of the most important advantages
of USG-guided procedures is that no need for fluoroscopy. During the
procedure, the patient is exposed to radiation only during the first
presentation and postoperative control radiographs. Thus, the amount
of radiation to which both the patient and performer are exposed/to be
exposed is reduced.

Another advantage of USG-guided FB removal is that it shortens the
operation time and reduces the use of the operating room, thus reducing
the cost. The average operating room usage fees in the United States
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are 35-36 dollars according to 2018 data (21). In our study, although
the mean intervention duration was 7 min, only 12 of the 57 patients
underwent the intervention under operating room conditions. The
reasons for this are that patients do not want isolated local anesthesia,
prefer a different anesthesia method, or are too young to tolerate local
anesthesia.

Study Limitation

Our study also has some limitations. This was a retrospective study with
a small sample size. Another significant limitation was the incomplete
X-ray imaging of the 13 patients. This circumstance may have led to
the oversight of the accompanying pathologies. Additionally, we did not
have a control group with the same/similar traumas, which limits us
from comparing our results with those of other treatment methods.

Conclusion

USG-guided FB extraction is a safe, fast, and comfortable option for
patients and physicians. It should be preferred more in orthopedic
practice. For this orthopedic physicians should receive USG training
starting from their assistantship, and its use in daily practice should be
increased. New multicenter studies involving larger sample sizes should
be conducted to better demonstrate the effectiveness of this approach.
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ABSTRACT

Introduction: This study aimed to determine eating mindfulness (EM), night eating syndrome (NES), and sleep quality in adult
subjects presenting to a psychiatric outpatient clinicand to evaluate possible differences according to diagnoses and clinical variables.

Methods: This study included 381 outpatients. Sociodemographic data were collected, the Night Eating Questionnaire (NEQ),
Pittsburgh Sleep Quality Index (PSQI), and the Mindful Eating Questionnaire (MEQ) were completed, and body mass index was
measured.

Results: The median PSQI score was 3.0 (0.0-7.0), the median NEQ total score was 4.0 (0.0-14.0), and the median MEQ total score
was 76.0 (59.0-95.0). Sixteen percent of the participants met the NES criteria. The patient group with the poorest sleep quality
was the group with alcohol/substance use disorder and atypical psychosis. The patient groups with the lowest EM were those with
schizophrenia, impulse control disorder, attention deficit disorder, and hyperactivity disorder. The highest NEQ score was found
in individuals diagnosed with alcohol/substance use disorder. As the NEQ scores increased, so did the PSQI. A significant negative
correlation was found between NEQ and MEQ total, disinhibition, emotional eating, eating control, and focus. The PSQI (3=1.169,
p<0.001) and the eating control subdimension (3=-0.425, p=0.003) predicted the NEQ scale.

Conclusion: NES should not be underestimated in psychiatric outpatient clinics. EM, NES, and sleep quality are closely related.
Regarding patients’ eating attitudes, sleep problems in psychiatric disorders should also be considered. The eating habits and

attitudes of these patients must be carefully examined, and appropriate individuals must be targeted for mindfulness training.
Keywords: Eating behavior, mental disorders, mindful eating, night eating syndrome, sleep quality

Introduction

Night eating syndrome (NES), which is characterized by morning anorexia,
evening hyperphagia, and insomnia, is more common than expected
in patients presenting to a psychiatric outpatient clinic. Although NES
was first described in patients with treatment-resistant obesity, it is also
common in non-obese individuals (1). The prevalence of NES is estimated
at 1.5% in the general population (2). NES is associated with stress,
neuroticism, depression, and anxiety disorders (3-5). The serotonergic
system and circadian rhythm disturbances are thought to be responsible
for its development (6). Normally, the circadian rhythms of eating and
sleep are synchronized. However, in individuals with NES, a phase delay
of approximately 2 to 6 hours between eating and sleep rhythms. Food
eaten at night disrupts sleep rhythms and can lead to insomnia (difficulty
falling asleep and maintaining sleep). This leads to negative mental
effects (especially mood and anxiety disorders) and negative metabolic
effects. The imbalance between ghrelin and leptin that occurs in these
individuals can lead to overeating behaviors (7). Similarly, sleep disorders
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may affect eating behavior and diet composition, leading to high caloric
intake. Eating mindfulness (EM) may be an important factor in the
relationship between night eating and sleep.

EM is food-oriented eating by individuals who are aware of their eating
habits, mental thoughts, and hunger and satiety signals during eating
without being affected by environmental factors. In EM, the person
stops the action as soon as they sense a feeling of fullness by noticing
internal bodily signals, thus preventing them from eating in situations
that encourage them to eat (8). Developing this ability helps people to
control their weight and deal with sudden food cravings. It also appears
to be effective, especially in improving disordered eating behaviors, such
as NES, weight control, and mental health (9).

There is research showing that NES is related to sleep and stress and can
affect sleep quality and eating awareness (10). Night eating negatively
affects sleep, weight, and metabolism and can cause chronic medical
problems, as do inactivity and side effects of psychotropic drugs (6). We
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believe that NES, an eating disorder, and EM are important in psychiatric
patients who are vulnerable to the metabolic side effects of psychotropic
drugs. NES itself and low EM may result in overweight or obesity and may
interfere with psychiatric treatment. A person’s sleep quality and NES
can be affected by EM. It has been reported that the prevalence of NES
among individuals with psychiatric disorders is higher than expected
(11). A previous study investigating the prevalence of NES in patients
diagnosed with major depressive disorder highlighted the prevalence of
this syndrome in relation to psychiatric disorders (12). Recognizing NES
and sleep disorders accompanying psychiatric disorders and identifying
inappropriate eating habits allows the treatment team to modify their
approaches to improve patient adherence to treatment and reduce
future complications. The aim of this study was to determine EM, NES,
and sleep quality in adult patients presenting to psychiatric outpatient
clinics and to evaluate potential differences in these variables according
to various psychiatric diagnoses and clinical features. This study was
designed to understand how participants differ in terms of psychiatric
diagnoses, symptoms, medication use, and other clinical variables.
Additionally, this study aimed to comprehend the relationships between
EM, NES, and sleep quality and how these variables mutually influence
each other. This comprehensive study will be an important step towards
a deeper understanding of the effects of psychiatric disorders and sleep
problems on eating behaviors.

Methods

Ethical approval for the study was obtained from the Clinical Research
Ethics Committee of University of Health Sciences Turkey, istanbul
Training and Research Hospital (approval number: 56, date: 11.02.2022).
The study was conducted between March 2022 and June 2022 at the
psychiatric outpatient clinic of University of Health Sciences Turkey,
istanbul Training and Research Hospital after ethical approval was
granted.

All subjects who presented to the psychiatric outpatient clinic and
met the inclusion criteria were included in the study. The presence
of psychiatric disorders was determined by a psychiatrist according to
the Diagnostic and Statistical Manual of Mental Disorders, 5" Edition.
Written informed consent was obtained from all participants, and the
sociodemographic data forms, the Night Eating Questionnaire (NEQ),
the Pittsburgh Sleep Quality Index (PSQI), and the Mindful Eating
Questionnaire (MEQ) were completed for all. After completing the scales,
the weight of all participants was measured using a Medisana brand
digital scale, height was measured using a tape measure without shoes,
and body mass index (BMI) was calculated.

Sample

This study involved 381 outpatients who met the study criteria and
presented to the Outpatient Clinic of Psychiatry, University of Health
Sciences Turkey, istanbul Training and Research Hospital. Throughout
the study process, 453 individuals were identified; however, those who
did not complete the scales were excluded from the study. The inclusion
criteria for the participants were as follows: age between 18 and 65
years, no significant physical or neurological pathology preventing
completion of the scales, no dementia/cognitive dysfunction, no mental

Kazgan Kiligaslan et al. Night Eating Syndrome and Mindfulness

retardation, no known sleep disorders such as narcolepsy, hypersomnia,
sleep terrors, and none of the diagnoses eating disorders, and signing of
informed consent. There was no control group in the study.

Measures

Sociodemographic Data Form: This semi-structured scale was created by
the researchers and asked all participants about age, gender, education
status, working status, cigarette, alcohol, and drug use, known chronic
diseases, medications taken continuously, diet and exercise, BMI, and
known psychiatric treatments.

Night Eating Questionnaire: This questionnaire was developed by
Allison et al. (13) and was adapted into Turkish by Atasoy et al. (14). The
total score ranged from 0 to 52, and those who scored 30 or more points
on the scale were considered at risk. In the validity and reliability study
of the Turkish version, the cutoff value was assumed to be 18 points.

Mindful Eating Questionnaire: This questionnaire was developed by
Framson et al. (15), and its Turkish validity and reliability were studied by
Kose et al. (16). The scale includes seven subdimensions: disinhibition,
emotional eating, eating control, focus, eating discipline, mindfulness,
and interference. A high value for each subdimension of the scale
indicates that the trait associated with that subdimension is high. The
lowest score was 30 and the highest score was 150. The higher the score
on the scale, the higher the level of EM.

Pittsburgh Sleep Quality Index: The Turkish validity and reliability of
the 19-item scale were examined. The total score ranged from 0 to 21,
and a score of more than 5 points on the scale indicates poor sleep
quality (17).

Statistical Analysis

Analyses were performed using 22 package programs from SPSS
(Statistical Package for Social Sciences; SPSS Inc., Chicago, IL). Descriptive
data were reported in the study as n and percentage values for
categorical data and as mean + standard deviation and median
interquartile range (25-75 percentile values) for continuous data. Chi-
square analysis (Pearson’s chi-square) was used to compare categorical
variables between groups. The conformity of constant variables to the
normal distribution was assessed using the Kolmogorov-Smirnov test.
The Mann-Whitney U test was used to compare paired groups, and
the Kruskal-Wallis test was used to compare more than two variables.
The Spearman’s correlation test was used to examine the relationship
between continuous variables. Linear regression analysis was performed
to identify the predictors of the NEQ scale scores. The enter method
was used to construct the model. The statistical significance level in the
analyses was taken as p<0.05.

Results

A total of 381 participants with a mean age of 39.3+£14.1 (minimum:
18-maximum: 65) years were included in the study. A total of 65.4%
of participants were female and 34.6% were male. A total of 43.6% of
participants were single, 56.4% were married, 27.3% had an elementary
school degree, 27% had a secondary school degree, and 45.7% had a high
school degree. A total of 92.9% of participants had an active psychiatric
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disorder and 69.6% were receiving active psychiatric treatment. Thirty-
two percent of participants had a family history of psychiatric disorder,
9.2% had a history of self-injurious behavior, 15% had a history of
suicide attempts, and 34.1% had a history of additional organic disease.

Forty-two percent of participants reported skipping at least one meal
per day (44.4% of the 160 individuals in the morning, 43.8% in the
afternoon, and 11.9% in the evening), 35.7% reported consuming junk
food between meals, and 52.5% reported engaging in physical activity
(with frequencies ranging from daily to three or four times per month).
40.7% of participants had dieted at some point in their lives, and 23.1%
of participants had a family member with obesity in their family history.
5.8% of participants reported that they were planning bariatric surgery
for themselves (Table 1).

When all participants were examined, the median PSQI score was 3.0
(0.0-7.0), the median NES score was 4.0 (0.0-14.0), and the median MEQ
total score was 76.0 (59.0-95.0).

The scale scores by sociodemographic and clinical characteristics are
compared in Table 2. To mention only some of them: PSQI (p<0.001)
and NEQ (p<0.001) scores of individuals with active psychiatric disorder
were significantly higher than those of individuals without psychiatric
disorder, and the MEQ scores (p=0.015) were significantly lower.
The PSQI (p<0.001) and NEQ (p=0.001) scores of those who received
psychiatric treatment were significantly higher than those of those who
did not, and the MEQ scores (p=0.023) were significantly lower. The PSQI
(p<0.001) and NEQ (p=0.001) scores of those who skipped meals were
significantly higher than those who did not. The PSQI (p<0.001) and
NEQ (p<0.001) scores of those who consumed junk food between meals
were significantly higher than those who did not, and the MEQ score
(p=0.04) was significantly lower. The PSQI score (p=0.025) of those who
engaged in regular physical activity was significantly lower than that
of those who did not, and the MEQ score (p=0.001) was significantly
higher. The MEQ score of those who had a family member with obesity
in their family history was significantly lower than that of those who did
not have a family member (p=0.025) (Table 2).

The highest PSQI scores were found in those diagnosed with alcohol and
drug use disorders and those diagnosed with atypical psychosis. Subjects
diagnosed with alcohol and substance use disorder had the highest NEQ
score. The lowest MEQ score was observed in individuals diagnosed
with schizophrenia, impulse control disorder, and attention deficit and
hyperactivity disorder (ADHD) (Table 3).

The results of the correlation analysis are presented in Table 4.
Accordingly, there was a positive correlation between BMI and PSQI
and NEQ and a negative correlation between BMI and MEQ total,
disinhibition, emotional eating, eating control, and focus. A positive
correlation was found between PSQI and MEQ and a negative correlation
was found between PSQI and MEQ total, disinhibition, emotional eating,
eating control, focus, and interference. A significant negative correlation
was found between NEQ and MEQ total, disinhibition, emotional eating,
eating control, and focus (Table 4).

After multiple linear regression analysis, the PSQI (3=1.169, p<0.001)
and the eating control subdimension (3=-0.425, p=0.003) predicted the
NEQ scale (Table 5).

192

Discussion

According to our study results, 34.9% of participants had poor sleep
quality when the PSQI cutoff score was 5. It should be noted that
92.9% of the participants had an active psychiatric disorder, and 69.6%
were receiving active psychotropic medications, including hypnotic
and sedative drugs. The sleep quality of individuals with a psychiatric
diagnosis was significantly poorer than that of individuals without
such a diagnosis. In addition, those with any diagnosis had lower
EM scores and higher NEQ scores. The sleep quality of patients with
alcohol and drug use disorders and atypical psychosis was poorer than
that of other psychiatric diagnoses. Insomnia is associated with high
comorbidity, particularly depression, anxiety disorders, schizophrenia,
and alcohol and drug use disorders. NES is often associated with
psychiatric comorbidities. Psychiatric disorders trigger the occurrence of
NES (1). In a study that included psychotic disorders, 16.5% of patients
were diagnosed with NES according to the NEQ (the cut-off point was
assumed to be 25) (18). In a study of 175 patients with schizophrenia,
NES was found to be 8% associated with poor sleep quality according to
the PSQI (19).

In addition to the metabolic side effects of psychotropic drugs, high
BMI is an expected outcome in psychiatric patients because it is also
associated with EM. The participants were overweight with a mean
BMI of 25.6. On the other hand, the EM and sleep quality were lower
in those who received psychotropic drugs than in those who did not.
We hypothesized that the low EM of drug users may be due to their
psychiatric disorders. This is because a psychiatric diagnosis may have a
negative impact on eating behavior. There is very little research on this
topic. Regardless of psychiatric disorders, treatment with psychotropic
drugs can affect sleep-wake cycles. Psychotropic drugs can improve
sleep by increasing the activity of systems that provide sleep or improve
wakefulness by using vice versa mechanisms. We do not know whether
this finding is due to the use of psychotropic drugs, including the use of
multiple drugs, or the disease itself.

In our study group, 16% of participants (at 18 cut-off points) met the NES
criteria. This rate is consistent with the data reported in the literature.
NES occurs in approximately 12.3% of psychiatric patients (20). The NEQ
score was highest among patients diagnosed with substance and alcohol
use disorders, with a median score of 11 points. It has been noted that
people with alcohol/substance use disorders have high rates of eating
disorder behaviors due to shared biological and psychological risk factors
(21). Both have common denominators, such as impulsivity, compulsive
behavior, the tendency to eat to cope with negative emotions, and the
tendency to avoid emotions.

The patient groups with the lowest EM were those diagnosed with
schizophrenia, impulse control disorders, and ADHD in the present
study. EM has been studied primarily in the general population and
in individuals with obesity rather than those with eating disorders.
Therefore, very few data are available to make a comparison. The risk of
developing an eating disorder is almost three times higher in individuals
with ADHD than in the general population (22). Mindful eating indicates
that the individual chooses and is aware of the appropriate foods and is
related to self-efficacy in eating. The ability to be mindful is associated
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Table 1. Sociodemographic and clinical characteristics of the participants

Age (years), mean + SD
BMI, mean = SD

Gender

Marital status

Education status

Place of residence

Economical status

Working status

Alcohol/substance use

Cigarette use

Active psychiatric disorder

Status of receiving psychiatric treatment

A family history of psychiatric disorder

A history of self-injurious

A history of suicide attempts

A history of additional organic disease

Skipping at least one meal per day

Consuming junk food between meals

Engaging in physical activity

Physical activity pattern

Dieting effort at some point in their lives

Having a family member with obesity in their family history

Planning bariatric surgery for themselves

BMI: Body mass index, SD: Standard deviation

Female

Male

Single

Married

Elementary school degree
Secondary school degree
High school degree
Village-town

City

Below the hunger line
Below the poverty line
Above the poverty line
Working

Not working

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Daily

3-4 times per week
1-2 times per week
1-2 times per month
Yes

No

Yes

No

Yes

No

Number
39.3114.1
25.6+4.6
249
132
166
215
104
103
174
65
316
12
190
179
160
221
40
341
118
263
354
27
265
116
123
258
35
346
57
324
130
251
160
221
136
245
200
181
36
38
57
69
155
226
88
293
22
359

%

65.4
34.6
43.6
56.4
273
27.0
45.7
171
82.9
3.1

49.9
47.0
42.0
58.0
10.5
89.5
31.0
69.0
92.9
7.1

69.6
30.4
32.3
67.7
9.2

90.8
15.0
85.0
34.1
65.9
42.0
58.0
35.7
64.3
52.5
47.5
18.0
19.0
28.5
34.5
40.7
59.3
23.1
76.9
5.8

94.2
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Table 2. Comparison of scale scores according to sociodemographic and clinical characteristics

PSQI NEQ MEQ
Median (IQR) p Median (IQR) p Median (IQR) p
Female 3.0 (0.0-8.0) 4.0 (0.0-14.0) 77.0 (60.0-95.0)
Gender 0.021 0.344 0.330
Male 0 (0.0-6.0) 0(0.0-11.0) 5 (57.0-95.0)
A Single 0(0.0-7.0) 0 (0.0-15.0) 76.0 (57.0-95.0)
Marital status ) 0.375 0.208 0.813
Married 0 (0.0-7.0) 0(0.0-12.0) 76.0 (59.0-94.0)
Elementary school degree 0(0.0-7.5) 0(0.0-12.5) 80.0 (63.0-97.5)
Education status Secondary school degree 0 (0.0-8.0) 0.716 0(0.0-13.0) 0.496 72.0 (57.0-95.0) 0.316
High school degree 0(0.0-7.0) 0(0.0-15.0) 74.0 (59.0-94.0)
) Village-town 0 (0.0-6.0) 0(0.0-7.0) 70.0 (55.0-93.0)
Place of residence ) 0.052 0.004 0.065
City 0 (0.0-8.0) 0 (0.0-14.0) 78.0 (60.0-95.0)
Below the hunger line 0(0.0-10.0) 5(0.0-20.5) 72.5 (58.5-90.5)0
Economical status Below the poverty line 0(0.0-7.0) 0.814 0(0.0-14.0) 0.834 80.0 (64.0-98.0)° 0.037
Above the poverty line 0(0.0-7.0) 0(0.0-12.0) 71.0 (57.0-90.0)°
; Working 0 (0.0-6.0) 0(0.0-11.0) 78.0 (63.5-95.5)
Working status . 0.008 0.033 0.157
Not working 0 (0.0-8.0) 0(0.0-14.0) 74.0 (57.0-94.0)
Yes 0 (0.0-5.0) 0(0.0-14.0) 67.0 (55.0-88.5)
Alcohol/substance use 0.188 0.908 0.132
No 0 (0.0-8.0) 0 (0.0-13.0) 77.0 (59.0-95.0)
‘ Yes 0 (0.0-8.0) 0 (0.0-16.0) 66.0 (52.0-91.0)
Cigarette use 0.078 0.036 0.011
No 0 (0.0-7.0) 0(0.0-12.0) 78.0 (64.0-96.0)
, - Yes 0 (0.0-8.0) 0 (0.0-14.0) 74.0 (58.0-94.0)
Active psychiatric disorders <0.001 <0.001 0.015
No 0 (0.0-0.0) 0.0 (0.0-0.0) 84.0 (75.0-103.0)
o Yes 0 (0.0-8.0) 0 (0.0-14.0) 72.0 (57.0-94.0)
Status of psychiatric treatment <0.001 0.001 0.023
No 0 (0.0-6.0) 0(0.0-10.5) 80.5 (65.0-97.0)
- - Yes 4.0 (0.0-9.0) 0 (1.0-17.0) 66.0 (52.0-85.0)
Family history of psychiatric disorders 0.006 <0.001 <0.001
No 0 (0.0-7.0) 0(0.0-11.0) 80.0 (64.0-98.0)
, o Yes 0 (2.0-9.0) 0(0.0-17.0) 69.0 (59.0-82.0)
History of self-injurious 0.008 0.071 0.149
No 5(0.0-7.0) 0 (0.0-12.0) 77.0 (59.0-95.0)
; - Yes 0(2.0-12.0) 0 (0.0-15.0) 66.0 (52.0-86.0)
History of suicide attempts 0.001 0.175 0.005
No 0 (0.0-7.0) 0(0.0-13.0) 78.0 (60.0-96.0)
} o Yes 0 (0.0-7.0) 0(0.0-11.0) 77.0 (57.0-96.0)
History of organic disease 0.357 0.036 0.784
No 0 (0.0-7.0) 0 (0.0-14.0) 75.0 (60.0-94.0)
o Yes 5(0.0-9.0) 0(0.0-16.0) 75.5 (59.0-95.0)
Skipping at least one meal per day <0.001 0.001 0.627
No 0 (0.0-6.0) 0(0.0-11.0) 77.0 (58.0-95.0)
Morning 0(0.0-9.0) 0(0.0-14.0) 74.0 (61.0-95.0)
Skipped meal Afternoon 0(1.0-10.0)  0.198 5(0.0-17.0) 0419  76.0(59.0-97.0) 0.768
Evening 0 (0.0-5.0) 4.0 (1.0-7.0) 77.0 (57.0-91.0)
o Yes 0 (2.0-9.0) 10.5 (2.0-18.0) 70.0 (57.0-94.0)
Consuming junk food between meals <0.001 <0.001 0.04
No 0 (0.0-6.0) 1.0 (0.0-9.0) 78.0 (62.0-96.0)
- , - Yes 5(0.0-6.0) 0(0.0-13.0) 80.0 (63.0-97.5)
Engaging in physical activity 0.025 0314 0.001
No 0 (0.0-8.0) 4.0 (0.0-14.0) 71.0 (56.0-89.0)
o - Yes 0 (0.0-8.0) 0 (0.0-16.0) 71.0 (58.0-90.0)
Dieting effort at some point in their lives 0.162 0.084 0.052
No 0 (0.0-6.0) 0(0.0-12.0) 78.5 (59.0-98.0)
i i i itv i Yes 0(0.0-8.0 0(0.0-14.5 68.0 (57.5-88.0
Ha\{lng a faml.ly member with obesity in ( ) 0.809 ( ) 0.905 ( ) 0.025
their family history No 0 (0.0-7.0) 0 (0.0-13.0) 78.0 (61.0-97.0)
A o Yes 0 (0.0-12.0) 0 (1.0-25.0) 59.5 (51.0-94.0)
Planning for bariatric surgery 0.062 0.064 0.191
No 3.0 (0.0-7.0) 4.0 (0.0-13.0) 76.0 (59.0-95.0)

The Mann-Whitney U test was performed in paired groups, and the Kruskal-Wallis test was performed in more than two groups. **The group from which the difference originates. NEQ:
Night Eating Questionnaire, PSQI: Pittsburgh Sleep Quality Index, MEQ: Mindful Eating Questionnaire
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Table 3. Scale scores according to the participants’ primary psychiatric diagnoses
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PSQI

Median (IQR)
Generalized anxiety disorder 5.0 (2.0-8.0)
Panic disorder 5.0 (1.0-8.0)
NOS-psychosis 7.5(3.0-11.0)
Schizophrenia 8.0 (2.5-8.5)
Obsessive compulsive disorder 2.0 (0.0-7.0)
Conversion disorder 0.0 (0.0-6.0)
Somatic symptom disorder 1.0 (0.0-6.0)
Depressive disorder 5.5 (3.0-11.0)
NOS-anxiety disorder 2.0 (0.0-8.0)
Dysthymic disorder 0.0 (0.0-9.0)
Bipolar disorder 1.5(0.0-5.5)
Alcohol and substance use disorders 9.0 (9.0-9.0)
Impulse control disorders 0.0 (0.0-1.0)
Social anxiety disorder 0.0 (0.0-10.0)
Hypochondriasis 1.0 (0.0-4.5)
NOS-mood disorder 5.0 (2.0-8.0)
Attention-deficit/hyperactivity disorder 0.0 (0.0-0.0)
Gender identity disorder 0.0 (0.0-0.0)
Adjustment disorder 1.0 (0.0-2.0)
Posttraumatic stress disorder 5.5 (4.0-10.0)
Agoraphobia 0.0 (0.0-0.0)
Acute stress disorder 3.0 (3.0-4.0)

NEQ MEQ total

Median (IQR) Median (IQR)

8.0 (1.0-16.0) 77.0 (62.0-98.0) 71
9.0 (0.0-24.0) 70.0 (63.0-79.0) 15
9.5 (4.0-17.5) 57.0 (45.0-69.5) 16
3.5 (2.5-6.0) 47.5 (38.5-53.5) 12
1.0 (0.0-14.0) 85.0 (65.0-98.0) 15
0.0 (0.0-13.0) 61.0 (53.0-98.0) 1
0.0 (0.0-6.0) 85.0 (72.0-97.0) 15
7.5 (2.0-14.0) 73.5 (64.0-94.0) 50
3.0 (0.0-14.0) 86.0 (60.0-100.0) 55
0.0 (0.0-6.0) 65.0 (57.0-94.0) 11
4.0 (0.5-19.0) 68.5 (59.5-87.5) 12
11.0 (11.0-11.0) 71.0 (71.0-71.0) 1
0.0 (0.0-0.0) 53.0 (46.0-66.0) 5
0.0 (0.0-14.0) 93.0 (70.0-112.0) 11
0.0 (0.0-9.0) 92.0 (67.0-110.0) 8
11.5 (4.0-19.0) 58.0 (53.0-61.0) 10
0.0 (0.0-26.0) 55.0 (45.0-65.0) 9
0.0 (0.0-0.0) 82.0 (82.0-82.0) 1
1.0 (0.0-3.0) 78.0 (68.0-82.0) 1
10.5 (2.0-18.0) 72.0 (37.0-80.0) 6
0.0 (0.0-0.0) 89.5 (81.0-97.0) 4
8.0 (4.0-9.0) 69.0 (66.0-84.0) 5

NEQ: Night Eating Questionnaire, PSQI: Pittsburgh Sleep Quality Index, MEQ: Mindful Eating Questionnaire

with less impulsive eating, lower calorie consumption, and healthier
food choices.

In addition to subgroups of diseases that were not separately examined
in our study, ADHD patients might experience difficulties, particularly in
the focus, eating control, and disinhibition subgroups of EM. Similarly,
difficulties with disinhibition observed in schizophrenic patients might
prevent them from being aware of the signals that initiate and terminate
eating. Anhedonic states with disinhibition may reduce control over
eating behavior and even lead individuals to choose palatable, high-
carbohydrate foods. Although we are not certain, we believe that this
finding is not solely due to the effects of psychotropic drugs on appetite
and weight.

Those who skipped at least one meal per day and those who consumed
junk food had poorer sleep quality and higher NES scores. In addition,
those who consumed junk food had lower EM. Although studies have
found low EM in individuals who skip meals (23), we did not find a
significant association between these two factors. However, we found
a significant difference between junk food consumption and EM.
EM encompasses nutritious food choices, mindful awareness of the
consequences of the foods consumed, and eating patterns that respond
to hunger-satiety signals. Accordingly, the low EM observed in those who
consumed extra junk food between meals was an expected outcome.

On the other hand, skipping breakfast in NES is expected. 18.6% of the
participants skipping breakfast (42% skipped at least one meal). Sleep
quality affects eating episodes. It was found that people with low sleep
duration skipped breakfast more often than did normal people. It has
been reported that people with low sleep duration skip meals, consume
snacks in the form of junk food, and consume most of their food in the
late evening or at night. The habit of eating junk food is associated with
shorter sleep duration (24).

Individuals who reported engaging in regular physical activity had
significantly better sleep quality and significantly higher EM than
those who did not. Although participants’ reports of physical activity
ranged from “daily” to “1-2 times a month,” physical activity level was
not clearly measured in our study; however, it appears to influence
both parameters. Physical activity regulates the stress response and
helps control sleep quality and eating. It facilitates falling asleep and
maintaining sleep, increases the depth of sleep, positively regulates
the autonomic nervous system, and increases sleep quality through
restful sleep (25). Physical activity has also been reported to influence
eating behavior, eating timing, the amount of food consumed, and the
selection of palatable and high-calorie foods, which is referred to as
hedonic eating (26).

As the participants’ BMI index increased, their sleep quality decreased,
their night eating scores increased, and their EM decreased (they had less

195



istanbul Med | 2024; 25(3): 190-8

disinhibition of eating, eating control, focus on eating, and emotional
eating). This is, however, the result that we expected. A bidirectional
interaction between weight gain and sleep. The timing and content of
eating can influence our sleep duration and phases (27). Because the
relationship between EM and BMI is well known, studies have also been
conducted with EM training, and it was found that participants who
received mindfulness training ate fewer calories and improved their
control over their eating (28,29). Literature data consistent with our
findings have shown us that there is a significant negative relationship
between EM, its subdimension, and BMI (8,30). However, emotional
eating is generally positively correlated with BMI, although it is usually

Table 4. Correlation of age BMI and scale scores

Age
r 0.311
BMI
p 0.001
r -0.089
PSQI
p 0.082
r -0.112
NEQ
p 0.029
r 0.050
MEQ total
p 0.329
o r 0.036
Disinhibition
p 0.489
) ) r 0.068
Emotional eating
p 0.184
) r 0.140
Eating control
p 0.006
r 0.010
Focus
p 0.845
) o r -0.020
Eating discipline
p 0.696
) r -0.030
Mindfulness
p 0.562
r 0.041
Interference
p 0.420

not the only cause of being overweight. In the evaluation of the MEQ,
“emotional eating,” a subdimension of the scale, was one of the factors
that caused uncontrolled weight gain. However, emotional eating was
found to be less prevalent among the participants. This led us to believe
that loss of control over eating and difficulty in focusing on eating
might have a greater impact on BMI. At the same time, in this study,
we can say that the subdimension of emotional eating was not severe
enough to affect the MEQ total. It may be an alternative to evaluate the
relationship between BMI and emotional eating using another scale that
includes only emotional eating. EM is a skill training and behavior that
can be acquired. It is known that EM is low in individuals with obesity,

BMI: Body mass index, NEQ: Night Eating Questionnaire, PSQI: Pittsburgh Sleep Quality Index, MEQ: Mindful Eating Questionnaire

Table 5. Linear regression analysis of factors associated with NEQ

p

NEQ (R?=0.395; F=28.521; p<0.001)

PSQI 1,169
Disinhibition -0.136
Emotional eating -0.163
Eating control -0.425
Focus -0.210
Eating discipline -0.211
Mindfulness 0.064
Interference -0.002
MEQ total 0.157

BMI PSQI NEQ MEQ total

0.170

0.001

0.149 0.737

0.003 0.001

-0.154 -0.213 -0.126

0.003 0.001 0.014

-0.132 -0.182 -0.124 0.733

0.010 0.001 0.016 0.001

-0.159 -0.205 -0.144 0.805

0.002 0.001 0.005 0.001

-0.111 -0.277 -0.229 0.734

0.030 0.001 0.001 0.001

-0.109 -0.171 -0.111 0.734

0.034 0.001 0.030 0.001

-0.090 -0.095 -0.040 0.663

0.079 0.063 0.435 0.001

-0.035 -0.045 0.029 0.696

0.497 0.382 0.569 0.001

-0.093 -0.162 -0.094 0.716

0.070 0.002 0.066 0.001
SE Standard t p
0.082 0.595 14,278 <0.001
0.141 -0.073 -0.968 0.334
0.132 -0.092 -1,240 0.216
0.145 -0.214 -2,939 0.003
0.141 -0.101 -1,489 0.137
0.163 -0.081 -1,298 0.195
0.133 0.031 0.486 0.627
0.236 -0.001 -0.010 0.992
0.088 0.375 1,774 0.077

NEQ: Night Eating Questionnaire, PSQI: Pittsburgh Sleep Quality Index, MEQ: Mindful Eating Questionnaire
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and EM can also be observed in people who live with obese people. On
the other hand, this study also found that EM was significantly lower in
people who had a family member with obesity in their family history.
To this end, programs that involve families try to develop EM skills in
children to prevent childhood obesity (31).

As participants’ night eating behaviors increased, their sleep quality
decreased. To the extent that sleep quality decreased, EM (with the
exception of eating discipline and mindfulness) also significantly
decreased. In other words, as sleep quality decreased, participants’
emotional eating decreased, they experienced difficulty restraining
themselves from eating, and their control over their timing, speed, and
amount of food intake decreased. It became more difficult for them to
cope with the distractions of eating. It has been reported that shortening
sleep duration can lead to excessive caloric intake by affecting both
eating behavior and diet composition. These individuals have been
shown to eat more, tend to consume junk food, and choose high-calorie
foods. In addition, poor sleep quality disrupts the mechanisms that
influence appetite control (32). Another important finding of our study
is that sleep quality predicts attitude toward night eating. We know
that NES is also related to sleep problems and sleep quality (7). In a
2017 study, individuals with NES symptoms experienced shorter sleep
duration and poorer sleep quality than those without NES symptoms.
Eating and sleeping rhythms, which are closely linked and synchronized,
are disrupted in people diagnosed with NES (33).

While the participants’ night eating behaviors increased, their EM
decreased. This decrease included less disinhibition of eating, less
emotional eating, loss of eating control, and increased preoccupation
with thoughts other than eating. The overweight observed in NES was
related to eating control (34). Mindfulness means paying attention and
observing by focusing on the moment in a controlled manner. When a
person with NES eats after waking up, it is not related to mindfulness,
although it actually happens at the conscious level (13). Most eating
disorder studies have shown that higher levels of mindfulness are
associated with lower levels of eating disorder psychopathology
(35,36). Another important finding of our study is that “eating control”
in EM predicts participants’ night eating attitudes. This indicates that
individuals with NES generally prefer high-sugar and high-fat foods at
night. These individuals lack cognitive and behavioral skills for self-
control and exhibit an exaggerated reward response to eating based on
the same neural pathways as those with obesity (37).

Study Limitations

The limitations of this study include its single-center nature and
the presence of participants using psychotropic drugs, as well as the
potential influence of additional organic diseases on eating and sleep.

Conclusion

Our findings indicate that NES is under the influence of biopsychological
factors associated with psychopathology in psychiatric outpatient
clinics. Similarly, NES, EM, and sleep quality were closely related. The
fact that participants were overweight in terms of BMI underscores
the importance of this relationship. NES predicts “eating control” and
sleep quality in the EMQ. Structured and controlled eating patterns with

Kazgan Kiligaslan et al. Night Eating Syndrome and Mindfulness

high EM may improve BMI control and sleep quality. Sleep problems in
patients with psychiatric disorders should also be investigated in terms
of patients’ eating attitudes. The eating habits of these patients and
their eating attitudes should be carefully examined, and appropriate
training should be provided.
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ABSTRACT

Introduction: This study investigated the clinical and radiological characteristics and demographics of patients who developed
pulmonary embolism (PE) after Coronavirus disease-2019 (COVID-19) vaccination.

Methods: The cases of PE were analyzed retrospectively. Data on clinical, demographic, and radiologic characteristics, laboratory
findings, Pulmonary Embolism Severity Index (PESI) scores, early mortality scores, PE severity classes, and risk categories for early
mortality (low-risk, intermediate-high-risk, intermediate-low-risk and high-risk) were collected from patient files as defined in the
European Society of Cardiology guidelines. Patients were divided into two groups: those who had received a COVID-19 vaccine (group
1) and those who had not (group 2). Patients who developed PE within 1 month after vaccination were analyzed separately.

Results: A total of 97 patients were included in the study, of whom 61 (62.9%) patients were female. Seventy-five (77.3%) study
patients with PE had a history of COVID-19 vaccination (group 1), and 22 (22.7%) had never been vaccinated (group 2). Five (6.6%)
patients had received a vaccine within 1 month before PE developed. No significant differences were found between groups 1 and
2 regarding demographics, clinical and radiologic characteristics, laboratory findings, PESI scores, early mortality scores, and PE
severity classes (p>0.05), except for mean pulmonary artery pressures. The mean age of patients who developed PE within 1T month
after vaccination was 74.6 years, and 80% of these patients were female. The average time to PE after vaccination was 22.2 days, and
the mean PESI score was 86.6. Two patients (40%) were in the low-risk category for early mortality and one patient (20%) was in the
intermediate/high-risk category.

Conclusion: Overall, the characteristics of patients who developed PE after COVID-19 vaccination were comparable to those of
patients who had not received a vaccine injection. No statistically significant increases in the incidence of PE were observed within
the first month after being vaccinated.

Keywords: COVID-19, COVID-19 vaccine, pulmonary embolism

manufacturing, followed by preclinical studies (phase 0) and clinical trial
phases (phase 1, phase 2, and phase 3 clinical trials). As with COVID-19,
it may be challenging to develop, perform comprehensive testing,
and enable the mass production of effective and, most importantly,
reliable vaccines during a pandemic caused by an airborne infection
that is rapidly spreading via droplets. Multiple COVID-19 vaccines were

Introduction

Coronavirus disease-2019 (COVID-19) emerged 4 years ago and was
defined as a disease caused by a novel coronavirus strain (2019-nCoV)
never previously identified in humans. The disease spread rapidly all
over the world and resulted in one of the deadliest pandemics in recent
history, mainly transmitted from infected people through droplets

generated during activities such as sneezing and coughing. At the
beginning of the pandemic, antiviral therapies specific to COVID-19 were
not available. In the global pandemic, vaccination is among the most
cost-effective ways to fight the disease; therefore, efforts have been made
worldwide to develop a vaccine against 2019-nCoV (1,2).

As is well known, vaccine development is a sophisticated process that
begins with cell cultures, recombinant DNA technology, and digital
modeling to produce strains and antigens to be used in vaccine

-
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developed and approved in a short period and remain in use. However,
any vaccine developed and widely administered within a short period
should be closely monitored for its effects and possible adverse effects
(3-5).

To date, many studies have investigated the effects and adverse effects
of COVID-19 vaccines (5-7). Many cases of pulmonary embolism (PE) have
been reported in association with COVID-19 vaccination, and studies,
mainly consisting of case reports, have suggested a causal relationship
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between COVID-19 vaccination and PE occurring within the first month
after vaccination (8,9). This study investigated the clinical, demographic,
and radiological characteristics of patients who developed PE after
receiving COVID-19 vaccine. Furthermore, subgroup analyses were
performed in patients with PE attributed to COVID-19 vaccination who
developed PE within the first month after vaccination. The results are
reported in light of the literature.

Methods

This retrospective study was designed by the Ethics Committee of
University of Health Sciences Turkey, istanbul Medeniyet University,
Goztepe Training and Research Hospital (approval number: 2023/0768,
date: 08.11.2023) and was conducted in line with the principles of the
Declaration of Helsinki. Consent was obtained from the patients. Hospital
files were retrospectively reviewed to identify patients diagnosed with
PE based on computed tomography (CT)-angiography of the chest
between August 2021 and September 2023 at the Department of
Pulmonary Medicine of our hospital. Data on the clinical, demographic,
radiological, and laboratory characteristics of patients were collected
from the patient files.

Clinical and demographic characteristics of the study population:
For each study patient, age and sex information, comorbidities, body
temperature, pulse, blood pressure, and heart rate at diagnosis, as well
as oxygen saturation and arterial blood gas, including partial oxygen
saturation (p0,) at hospital admission, were recorded.

Risk factors for pulmonary embolism

The European Society of Cardiology (ESC) Risk factors for PE were
recorded for each patient (10).

Major risk factors for PE include hospitalization for lower extremity
fractures, heart failure, or atrial fibrillation (last 3 months), hip or knee
replacement surgery, major trauma, history of myocardial infarction in
the last 3 months, history of venous thromboembolism (VTE), and spinal
cord damage.

Intermediate risk factors for PE include arthroscopic knee surgery,
autoimmune diseases, blood transfusions, indwelling central venous
catheters and intravenous catheters, chemotherapy, congestive heart
failure or respiratory failure, erythropoiesis-stimulating agents, hormone
replacement therapy, in vitro fertilization, oral contraceptives, postpartum
therapy, infections (pneumonia, urinary tract infection and HIV, in
particular), inflammatory bowel disease, cancers (higher risk in the presence
of metastases), stroke, superficial vein thrombosis, and thrombophilia.

Low-risk factors for PE include bed rest for more than 3 days, diabetes
mellitus, elevated arterial blood pressure, prolonged static sitting,
advanced age, laparoscopic surgery, obesity, pregnancy, varicose veins,
and indwelling venous catheters.

Imaging characteristics of the population: Chest CT angiography
findings including the bilateral distribution of thrombi within the
pulmonary arterial system, in the root of the pulmonary trunk,
lobar, segmental, and subsegmental branches, and any PE-associated
infiltrations or pleural effusions were noted. If present, signs of
right ventricular strain and pulmonary artery systolic pressure on
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echocardiogram (ECHO) and any thrombus images on Doppler
ultrasound (US) were noted.

Laboratory features of the population: Results from routine
laboratory tests, including complete blood counts, white blood cell
counts, platelet (PLT) counts, mean platelet volume, C-reactive protein,
procalcitonin, alanine aminotransferase, aspartate aminotransferase,
lactate dehydrogenase, urea and creatinine, electrolytes, troponin,
brain natriuretic peptide, D-dimer measurements at diagnosis, and on

treatment were reviewed and noted.

Prognostic and early mortality evaluations: The ESC prognostic scores
for early mortality were recorded for each patient (10). The Pulmonary
Embolism Severity Index (PESI) score was used for the prognostic
assessment of PE. According to the guidelines of the ESC, patients were
classified as having a low-risk for early mortality in PESI scoring class |
and Il and high risk for early mortality in PESI scoring class Il and above
(class I11-1V-V) (Supplementary Table 1) (10).

The study patients were classified into low-, intermediate-low-,
intermediate-high-, and high-risk groups according to the Classification
of Pulmonary Embolism Severity and the risk of early (in-hospital or 30-
day) death (Supplementary Table 2). Hemodynamic instability in PE was
defined as cardiac arrest, obstructive shock, and persistent hypotension
according to the ESC guidelines (Supplementary Table 3) (10).

PESI scores and the numbers of patients in the low-, intermediate-low-,
intermediate-high-, intermediate-low-, and high-risk groups for early
mortality and, if present, hemodynamic instability were also recorded.

Study patients were divided into two groups based on the presence
(group 1) or absence (group 2) of a history of having received any
COVID-19 vaccine before the occurrence of PE, and intergroup
comparisons were performed. Furthermore, all aforementioned
characteristics were documented and analyzed in the subgroup of cases
of PE assumed to be related to the vaccine.

The exclusion criteria were uncertainty in the diagnosis of PE or
COVID-19, diagnosis of PE using methods other than CT angiography of
the chest [e.g. based on ventilation-perfusion (V/Q) scintigraphy, and/or
clinical diagnosis], pregnancy, and age under 18 years.

Statistical Analysis

All data were analyzed using SPSS 17.0 software (IBM Inc. Released
in 2008. SPSS Statistics for Windows (Chicago, USA). In descriptive
statistics, normally distributed continuous variables are presented as
means + standard deviation, and categorical variables are presented
as percentages. The Kolmogorov-Smirnov test was used to determine
whether the variables were normally distributed. The chi-square and
Mann-Whitney U tests were used for intergroup comparisons of data. A
p-value of less than 0.05 was considered significant.

Results

In total, 130 patient files were reviewed for eligibility. Out of the
130 patients, 30 were excluded because their vaccination status was
unknown, two were excluded because of uncertainty regarding the
diagnosis of COVID-19, and one was excluded because the diagnosis of
PE was made based on V/Q scintigraphy (Figure 1).



The mean age of the overall study patients was 67.7+18 years, a total
of 97 patients, including 61 (62.9%) females and 36 (37.1%) males were
found to be eligible for the study. Seventy-five study patients had a history
of COVID-19 vaccination before the diagnosis of PE (group 1), whereas 22
study patients (22.7%) had not (group 2). The mean time to the diagnosis
of PE after getting vaccinated against COVID-19 was 227.3+157.7 days
(minimum-maximum: 9 days and 793 days, respectively) in group 1. Five
(6.6%) study patients were diagnosed with PE within 1 month after being
vaccinated, and eight (10.6%) study patients were diagnosed with PE at
month 2 after being vaccinated (Figure 2). Fifty-two patients received
nucleic acid vaccines-COVID-19 vaccines (mRNA) and 23 patients (30.7%)
received inactivated vaccines.

Regarding the risk factors for PE, 47 (62.7%) patients in group 1 and
14 (63.7%) patients in group 2 had one risk factor for developing PE
(p=0.934). Thirty-four (45.3%) patients in group 1 and six (27.2%) patients
in group 2 had major or intermediate risk factors (0.130). Eleven patients
in group 1(14.6%) and eight patients (36.6%) had a low-risk factor (0.034)
(Table 1).

Seventy-three (75.3%) patients had a comorbidity and 24 patients (24.7%)
did not. Hypertension (HTN) was the most common comorbidity in 37
patients. The mean length of hospital stay was 9.47+5.65 days [9.45+5.2
days in groups 1 and 9.55%6.9 days in group 2 (p=0.431)]. The clinical
and demographic characteristics of the study patients are presented in
Table 2, and the laboratory test results are presented in Table 3. Based on
echocardiographic measurements, the PABs were 46.1£11.5 in patients
who had received a COVID-19 vaccination and 38.3£15.9 in those who

n=30 for history of ion, n=2 for lacking a definitive diagnosis of COVID-19 infection,
n=1 for a diagnosis of PE by V/Q scintigraphy

Figure 1. Flow chart
COVID-19: Coronavirus disease-2019, PE: Pulmonary embolism

Figure 2. Distribution of cases of post-vaccine PE according to months
PE: Pulmonary embolism

Dogan and Samanci. COVID-19 Vaccination and Pulmonary Embolism

had not (p=0.022). No other intergroup statistically significant differences
were found in other radiologic variables. Data from comprehensive
imaging studies (CT-angiography of the chest, ECHO, bilateral lower

extremity venous Doppler US) are presented in Table 4.

Table 1. Distribution of study patients according to risk factors

COoVID-19 CoVvID-19
vaccinated unvaccinated p-value
(group 1; n=75)  (group 2; n=22)
Major risk factors (n, %)  22-29.3% 3-13.6% 0.139
Intermediate-risk factors 12-16% 313.6% 1
(n, %)
Low-risk factors (n, %) 11-14.6% 8-36.3% 0.034
Inherited risk factors )
(n, %) 2-2.6% - 1
No risk factors (n, %) 28-37.3% 8-36.3% 0.934

COVID-19: Coronavirus disease-2019

Table 2. Patient demographics and clinical characteristics of
patients

COVID-19 CoVID-19
vaccinated unvaccinated p-value
(group 1; n=75)  (group 2; n=22)

Age (mean £ SD) 66.5+18.4 71.7£16.3 0.199

Sex (F/M; n, %) 47-62.6/28-37.4%  14-63.6/8-36.3%  0.934

Hospital stay (days, mean

+ +
+ D) 9.45+5.2 9.55+6.9 0.431
Comorbidities
- Any comorbidity (n, %) 56-74.6% 17-77.2% 0.803
- Hypertension (n, %) 30-40% 7-31.8% 0.487
- Malignancy 16-21.3% 2-9% 0.348
- DM (n, %) 16-21.3% 5-22.7% 1
- CAD (n, %) 9-12% 2-9% 1
- CHF (n, %) 6-8% 2-9% 1
- COPD (n, %) 9-12% 2-9% 1
- Asthma (n, %) 4-5.3% 1-4.5% 1
- VA (n, %) 7-9.3% 2-9% 1
- CKF (n, %) 2-2.6% 0- 1
Body temperature (mean

+ +
+ D) (°0) 36.510.2 36.4+0.1 0.222

+
i RS | o 2 95.9421 0.919
minute)
Systolic blood pressure
+ +

(mean % SD) (mmHg) 127.6126.1 116.3121.4 0.095
Diastolic blood pressure

+ +
(mean + SD) (mmHg) 74.6£12.7 68+13.1 0.070
AT O R 903+4.5 91.7+4.2 0.197
saturation (%)

_nO2

e = 603£13.2 63.5£14.5 0.274

(mean % SD)

ABG: Arterial blood gas, DM: Diabetes mellitus, COPD: Chronic obstructive pulmonary
disease, CHF: Congestive heart failure, CAD: Coronary arterial disease, CKF: Chronic kidney
failure, mmHg: millimeter mercury, pO,: Partial oxygen pressure, SD: Standard deviation,
CVA: Cerebrovascular accident
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The mean PESI score was 99.9+33.5 in group 1 and 104+38.9 in group 2
(p=0.763). Fifty-one patients (68%) in group 1 were classified as PESI-IIl or
higher, and 13 patients (59%) were classified as PESI-IIl or higher in group
2 (p=0.438) (Table 5). The assessment of the risk of early death revealed
that 10 patients (13.3%) in group 1 and two patients (9%) in group 2 were
at high risk of early mortality (p=0.729). Nine (12%) patients and two
(9%) patients presented with hemodynamic instability in groups 1 and
2, respectively (p=1). No statistically significant intergroup differences
were observed regarding prognostic status and early mortality scores
(Table 6).

Subgroup analyses of PE cases attributable to vaccination: Five
patients in group 1 were diagnosed with PE within 1 month after being
vaccinated against COVID-19. The mean age of these patients was
74.6+£19.4 (minimum: 43, maximum: 92) years, and four (80%) patients
were women. The mean time interval between getting vaccinated and
PE onset was 22.2£10.1 (minimum: 9, maximum: 31) days. Among
these patients, two (40%) received an inactive vaccine and three (60%)
received an mRNA vaccine before developing PE. No risk factors were
detected in three patients (60%); one patient (20%) had a low-risk factor,
and one patient (20%) had an inherited risk factor for PE. Comorbidities
were identified in four patients (80%), and one patient (20%) had no
comorbidities. The most prevalent comorbidity was HTN (n=3, 60%).
The mean length of hospital stay was 5.6+0.8 (minimum: 5, maximum:
7) days. The mean PLT count was 273,400+142,449 (minimum:
126,000, maximum: 440,000). Imaging studies revealed that PE mostly
affected the bilateral subsegmental branches of pulmonary arteries
(three patients, 60%) (Table 7). The mean PESI score was 86.6+16.7.

Table 3. Laboratory characteristics

COVID-19 COVID-19
vaccinated unvaccinated p-value
(group 1; n=75)  (group 2; n=22)
Laboratory parameters
WBC (mean + SD) (/ul)  10,934+4,203 8,981+3,432 0.189
Hb (mean + SD) (g/dL) 12112 121121 0.911
PLT (mean + SD) (/ul) 244,733188,415  278,272+124,129 0.268
MPV (mean +SD) (/ul)  10.8+1.4 10.2£0.9 0.245
LDH (mean + SD) (U/L) 285.8+174.9 236.7+127.5 0.338
D-dimer level (mean +
10.51£9.8 12£10.9 0.619
SD) (mg/L)
+
g[)ea (mean £ D) (Mg/ 55,501 40.2412.1 0.850
- N
Creatinine (mean + SD) 1405 0.7740.2 0.011
(mg/dL)
ALT (mean + SD) (U/L)  31.4%+39 21.2420.2 0.110
AST (mean +SD) (U/L)  34.7439.5 24.8+17.8 0.144
i +
b m=n e o 3646.5 0.945
(g/L)
BNP (mean + SD) (ng/L)  3674+6044 4119+4809 0.336
i +
IO WEN ESD) | o o/ 77341444 0.181

(ng/L)

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, BNP: Brain natriuretic
peptide, CRP: C-reactive protein, HB: Hemoglobin, LDH: Lactate dehydrogenase, MPV:
Mean platelet volume, PLT: Platelet, PRC: Procalcitonin, SD: Standard deviation, WBC:
White blood cell
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Table 4. Imaging and echocardiographic characteristics

CoVvID-19 COVID-19
vaccinated unvaccinated p-value
(group 1; n=75) (group 2; n=22)
Embolism in the main 113% 0 ]
pulmonary artery (n, %)
Embolismin the [eft 11-14.6% 5-22.7% 0350
pulmonary artery (n, %)
Embolism in the right 45.3% 2-9% 0.616
pulmonary artery (n, %)
Embolism in both 18-24% 6-27.2% 0.754
pulmonary arteries (n, %)
Embolism in unilateral ) )
segmental branches (n, %) 26:34.6% 9% 0.020
Embolism in bilateral ) )
segmental branches (n, %) 40-53.3% 13-59% 0613
Embolism in unilateral
subsegmental branches 23-30.6% 2-9% 0.042
(n, %)
Embolism in bilateral
subsegmental branches 41-54.6% 12-54.5% 0.992
(n, %)
Pleural effusion associated
with pulmonary embolism  17-22.6% 9-40.9% 0.089
(n, %)
Parenchymal infarct area 37.49.3% 11-50% 0.956
(n, %)
Thrombus on Doppler US 18-24% 836.3% 0.250
(n, %)
Right ventricular ) )
involvement in ECHO (n, %) 28-37.3% 12-54.5% 0-149
il o2 om BOIDmED | o0 e 4614115 0.022

+ SD) (mmHg)

ECHO: Echocardiogram, PAPs: Systolic pulmonary arterial pressure, mmHg: Millimeter
mercury, US: Ultrasound, COVID-19: Coronavirus disease-2019

Table 5. Patient distribution according to PESI scores

DA R CoVID-19

vaccinated .

(group 1; unvaccinated p-value

n=75) ’ (group 2; n=22)
PESI-I (n, %) 11-15.3% 2-12.6% 0.726
PESI-II (n, %) 13-17.3% 7-26.2% 0.147
PESI-III (n, %) 19-26.9% 3-24.2% 0.386
PESI-IV (n, %) 18-30.7% 3-21.3% 0.387
PESI-V (n, %) 14-26.9% 7-15.5% 0.239

PESI: Pulmonary Embolism Severity Index, COVID-19: Coronavirus disease-2019

Tablo 6. Patient distribution by EMA

COVID-19 COVID-19

vaccinated unvaccinated p-value

(group 1; n=75) (group 2; n=22)
High 10-13.3% 2-9% 0.729
Intermediate-high 15-20% 2-9% 0.344
Intermediate-low 26-34.6% 7-31.8% 0.804
Low 24-32% 11-50% 0.122

EMA: Early mortality assessment [classification of pulmonary embolism severity and the
risk of early death (in-hospital or 30-day)]



Table 7. Demographics, clinical, laboratory, and radiological
characteristics of patients with PE attributable to vaccine

Age (mean * SD)

Sex (F/M; n, %)

Comorbidities

- Hypertension (n, %)

- CAD (n, %)

- COPD (n, %)

- Hypothyroidism (n, %)

Klinik parametreler

- Body temperature (mean = SD)

- Heart rate (mean + SD)

- Systolic blood pressure (mean + SD)
- Diastolic blood pressure (mean + SD)
- Admission oxygen saturation (mean, %)
- ABG-p0, (mmHg) (mean = SD)
Laboratory parameters

- WBC (mean % SD) (/uL)

- Hb (mean * SD) (g/dL)

- PLT (mean + SD) (/ul)

- LDH (mean = SD) (U/L)

- D-Dimer level (mean * SD) (mg/L)

- Urea (mean + SD) (mg/dL)

- Creatinine (mean =+ SD) (mg/dL)

- BNP (mean + SD) (ng/L)

- Troponin (mean = SD) (ng/L)

Imaging parameters

- Embolism in the left pulmonary artery (n, %)
- Embolism in the right pulmonary artery (n, %)
- Embolism in both pulmonary arteries (n, %)

- Embolism in unilateral segmental branches

(n, %)

- Embolism in bilateral segmental branches

(n, %)

- Embolism in unilateral subsegmental
branches (n, %)

- Embolism in bilateral subsegmental
branches (n, %)

- Pleural effusion associated with pulmonary

embolism (n, %)
- Parenchymal infarct area (n, %)

- Thrombus on Doppler US (n, %)

- Right ventricular involvement in ECHO (n, %)
- PAP value on ECHO (mean =+ SD) (mmHg)

ABG: Arterial blood gas, BNP: Brain natriuretic peptide, ECHO, Echocardiogram, Hb,
hemoglobin, COPD: Chronic obstructive pulmonary disease, CAD: Coronary arterial
disease, LDH: Lactate dehydrogenase, mmHg: Millimeter mercury, PAPs: Systolic
pulmonary arterial pressure, p0,: Partial oxygen pressure, SD: Standard deviation, US:

Ultrasound, WBC: White Blood Cell

Patients who developed
PE within the first month
after receiving COVID-19
vaccine (n=5)

74.6£19.4
4-8/1-20%

3-60%
1-20%
1-20%
1-20%

36.4£0.22
101+20.7
119£7.4
71.6£13.5
91.8£2.8
58%3.2

10,880+7,143
13.2£2.2
273,400£142,449
257.4+£148.7
12.9£13.2
44.2%15.2
0.94£0.48
379£298.9
45.7£57.5

1-20%
1-20%
1-20%

2-40%
2-40%
2-40%
3-60%

2-40%

2-40%
2-40%
2-40%
51.6+23.6

Dogan and Samanci. COVID-19 Vaccination and Pulmonary Embolism

One patient was classified into PESI class 1, one patient was classified
into PESI class Il, two patients were classified into PESI class 11, and one
patient was classified into PESI class IV, indicating that the PESI class was
Il or higher in three (60%) patients. Two (40%) patients were at low-risk,
two patients (40%) were in the intermediate-low-risk group, and one
patient (20%) was classified into the intermediate/high-risk group. No
patients were hemodynamically unstable.

Discussion

This study investigated the features of patients diagnosed with PE after
being vaccinated against COVID-19. The rate of patients with PE within 1
month after being vaccinated was 6.6% in the overall study population.
No significant differences were found between the group of patients who
received COVID-19 vaccine before being diagnosed with PE and the group of
patients who did not have clinical, radiological, or laboratory characteristics.
The assessment of the presence of risk factors for PE revealed no intergroup
differences in risk factors (p=0.934). As an interesting finding, low-risk
factors were significantly less prevalent in group 1 (p=0.034).

At the time of writing this article, the total number of COVID-19 vaccine
doses administered was 152 million in our country and approximately
1.5 billion in Europe (11,12). The COVID-19 pandemic has accelerated
efforts to develop vaccines and build an extensive vaccination program
worldwide. Upon the initiation of vaccination programs, several adverse
effects have been reported in association with these rapidly developed
and widely used vaccines. Increased incidences of thrombotic events,
including DIC, cerebral venous sinus thrombosis, hemorrhagic stroke,
and PE, were reported from a study in a population of 5.5 million
individuals, particularly those vaccinated with ChAdOx1 nCoV-19,
AZD1222, a recombinant adenovirus vaccine encoding the SARS-CoV-2
spike glycoprotein. These events predominantly occurred in women
aged 60 vyears, and thrombocytopenia was documented in most
thrombotic events. These patients usually deteriorate 6-12 days after
being vaccinated (13,14). Increased risk for PE (out of 54,571 adverse
events, there were 28 cases of PE and four deaths) after AZD1222
vaccination, and the decision for temporary suspension of the use of
the vaccine suggested an association between this vaccine and PE (15).

In one of the limited retrospective studies on this association, Scully et
al. (16) analyzed data from 23 patients who presented with thrombosis
and thrombocytopenia 6-24 days after receiving COVID-19 vaccine
injection. In their study, five out of 23 patients were diagnosed with
PE, and 22 tested positive for platelet factor 4. The mean age was 44
years, 60% of the patients were female, and the mean PLT count was
43,200. In our study, the mean age was 66 years in the post-vaccine PE
group (62% were female, and the mean PLT count was 244,733. Among
those diagnosed with PE within 1 month (5 patients), the mean age was
74.6 years, 80% were female, and the mean PLT count was 273,400 after
vaccination. Our results were not consistent with the literature regarding
patient characteristics, except for sex.

In the literature, cases of post-vaccine PE are usually reported as case
reports. An analysis of 10 recently published cases indicated that
the mean patient age was 57 years, 80% were male, and all patients
developed PE after receiving a live vaccine injection (100%). The mean
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PESI score was 94.5 (minimum: 41, maximum: 129), and the distribution
of patients according to the PESI classes was as follows: PESI class 1,
20%; PESI class 2, 10%; PESI class 3, 30%; PESI class 4, 20%; and PESI
class 5, 20%. Twenty percent of patients were at high risk, 20% were
intermediate high risk, 30% were intermediate-low-risk, and 30% were
low-risk for early mortality (9,17-25) (Figure 3). In our study, the mean
age was 74 years, and 80% of the patients were female in the group
of patients who developed PE after being vaccinated. Sixty percent of
patients received a live mRNA vaccine. The mean PESI score was 104,
and 15.3% were classified as PESI class 1, 17.3% were PESI class 2, 26.9%
were PESI class 3, 39.7% were PESI class 4, and 26.9% were classified
as PESI class 5. By contrast, for the early mortality assessment, 13.3%
of patients were at high risk, 20% were intermediate high, 34.6% were
intermediate/low-risk, and 32% were at low-risk (Figure 4).

Recently, adverse effects associated with COVID-19 mRNA vaccines were
investigated by Yasmin et al. (26) in a meta-analysis that included a total
of 81 articles and 17,636 patients, and the most common adverse effects
werethrombosis (n=3936), CVH (n=758), myocarditis(n=511), myocardial
infarction (n=377), PE (n=301), and arrhythmias (n=254). Although PE is
a relatively uncommon complication, the authors stated that PE might
increase mortality along with myocarditis. Similarly, Favas et al. (27)
conducted a meta-analysis that included 59 articles, 202 patients, and
306 events to investigate post-vaccine thrombotic and thromboembolic
complications. They reported that 74.8% of patients experienced VTE
events, 12.7% developed arterial thromboembolic events, and the

o
s
> ..y-\»’

Figure 3. Analysis of postvaccination PE cases reported in the literature
PE: Pulmonary embolism, PESI: Pulmonary Embolism Severity Index

Figure 4. Analysis of postvaccination PE cases in our study
PE: Pulmonary embolism, PESI: Pulmonary Embolism Severity Index
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remaining developed hemorrhagic complications. PE was reported in
17.8%. The mean patient age was 47 years, 71% of patients were female,
the time to event was 14 days (minimum: 1 day and maximum: 37 days),
and almost all vaccines associated with events were live/mRNA vaccines.
Our study was in line with the literature based on these results. Finally,
Wong et al. (28) investigated vaccine safety in patients aged >65 years
who received 17 million doses and detected remarkable increases in
the incidences of PE, myocardial infarction, disseminated intravascular
coagulopathy, and immune thrombocytopenia, although only PE was
statistically significantly associated with COVID-19 vaccination after
the adjustments. The largest amount of information about COVID-19
vaccines and PE available in the English medical literature is from studies
involving live/mRNA vaccines. In a postmortem study involving inactive
vaccines, Chaves et al. (29) found that 118 out of 121 (97.52%) deceased
patients had been vaccinated with an inactive vaccine, and PE was
the second most common cause of death (n=25, 20.66%) after sudden
cardiac death. In our study, 30% of patients experiencing post-vaccine PE
received an inactive vaccine. Inactive vaccines accounted for 40% of the
to date, studies and case reports have mostly underlined the hypothesis
that COVID-19 vaccines might increase the incidence of PE. However,
Tantillo et al. (30) made a very different assumption that had never
been investigated before; they investigated whether COVID-19 vaccines
could prevent PE. Surprisingly, they found that PE was significantly more
prevalent among patients who had NOT received a COVID-19 vaccine.
The authors further explained their assumptions using citations from a
study conducted by Agrati et al. (31): “We can just hypothesize a possible
protective role of vaccination through action on the immune system,
modulating the inflammation-coagulation interface”.

Study Limitations

The present study has some limitations that should be considered when
interpreting the results. This study has a retrospective design and reflects
a single-site experience. Therefore, the results cannot be generalized.
Furthermore, the small sample size, particularly the very limited number
of PE cases attributed to vaccines, did not provide sufficient power for
statistical analysis. The limited number of cases can be explained by the
relatively low incidence of PE. Future studies should have a multicenter
design to overcome this limitation.

Many studies have demonstrated several adverse effects associated
with COVID-19 vaccination. Moreover, the speed of the development of
COVID-19 vaccines has been the primary concern in these studies (32).
Therefore, healthcare professionals from branches/disciplines involved
in COVID-19 should enhance their knowledge and better manage the
effects and adverse effects of vaccines.

Conclusion

In conclusion, the present study analyzed cases of PE after COVID-19
vaccination. Regarding vaccine complications reported in the medical
literature, PE was a relatively less common complication in most studies.
However, several studies have suggested that COVID-19 vaccines might
decrease the incidence of PE. The parameters analyzed in our study
and the results are not sufficient to achieve definitive conclusions on
whether COVID-19 vaccines increase or decrease the incidence of PE;



however, considering the number of cases of PE during the first 12
months after vaccination, the cases were not significantly clustered nor
did they increase in the first month [month 1, (n=5); month 2, (n=8);
month 3, (n=3); month 4, month 5, (n=6); month 6, (n=6) cases (Figure
2)]. Independent of the results, we believe that the potential benefits of
COVID-19 vaccines outweigh the potential risks of a COVID-19 infection.
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Variable PESI

>80 years of age Age/years

Male sex +10 points

History of cancer +30 points

History of heart failure +10 points

History of chronic lung disease +10 points

Heart rate >110/bpm +20 points

Systolic blood pressure <100 mm Hg +30 points

Respiratory rate >30/minute +20 points

Body temperature <36 °C +20 points

Altered mental health +60 points

Sp0, <90% +20 points
Low-risk High-risk
Class I: <65 Class 111: 86-105
Class 11: 66-85  Class IV: 106-125

Class V: >125

PESI: Pulmonary Embolism Severity Index
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Supplementary Table 2. Classification of pulmonary embolism severity and the risk of early death

Risk indicators

Hemodynamic

Early mortality risk rsET PESI class I1I-IV
ngh + 4
Intermediate-high - i
Intermediate-low - +

Low - -

PESI: Pulmonary Embolism Severity Index, TTE: Transthoracic echocardiography

Ventricular dysfunction on TTE or Increased cardiac troponin

computed tomography angiography levels
+ +
+ +

One (+) or both (-)

Supplementary Table 3. Definition of hemodynamic instability in pulmonary embolism

Cardiac arrest

Cardiac arrest necessitates cardiopulmonary
resuscitation

Obstructive shock

Systolic blood pressure of <90 mmHg

or

and

End organ hypoperfusion (altered mental status, cold and
clammy skin, oliguria/anuria, increased serum lactate levels)
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Need for a vasopressor to maintain systolic blood pressure at
>90 mmHg despite adequate fluid replacement

Persistent hypotension

Systolic blood pressure of <90 mmHg
or

Systolic blood pressure decrease of more than 40
mmHg

(New-onset arrythmia lasting longer than
15 minutes, that cannot be explained by
hypovolemia or sepsis)



Original Investigation

istanbul Med ] 2024; 25(3): 207-13
DOI: 10.4274/imj.galenos.2024.75272

Morphometric Analysis of the Posterior Fossa and Cervical
Spinal Canal in Type 1 Chiari Malformation and Its Effects on

Syringomyelia Development

® Tahsin Saygi!, ® Ahmet Kayhan2, ® Nail Demirel3

TPrivate Consultant, Department of Neurosurgery, istanbul, Turkey

2University of Health Sciences Turkey, Haseki Training and Research Hospital, Clinic of Neurosurgery, istanbul, Turkey
3University of Health Sciences Turkey, istanbul Training and Research Hospital, Clinic of Neurosurgery, istanbul, Turkey

ABSTRACT

Introduction: Chiari malformation (CIM) is a congenital anomaly characterized by herniation of hindbrain structures through the
foramen magnum into the cervical spinal canal (CSC). Although the pathogenesis of CIM has not been clearly defined, its relationship
with the posterior fossa and CSC morphology is unclear. In this study, we aimed to perform morphometric analysis of both the
posterior fossa and the CSC in CIM to investigate the correlation of measurements with each other and to reveal their effects on the
development of syringomyelia (SM), which has not been previously reported.

Methods: Magnetic resonance imaging images of 90 patients and 30 healthy individuals were retrospectively analyzed. Posterior

fossa parameters and CSC diameters at all cervical vertebral levels were measured for each patient. The taper ratio of CSC was
calculated separately for each group at the C1-C4 and C1-C7 levels. The average CSC shape was drawn for each group.

Results: No statistically significant difference was detected between the age groups. A steeper taper ratio was detected when CIM was
accompanied by SM. In addition, the posterior fossa had a narrower volume than the normal fossa in CIM.

Conclusion: Morphometric analysis of both the posterior fossa and the CSC was performed using CIM for the first time in the literature.
This is the first study to present the term “tapering” with an illustration.

Keywords: Chiari malformation, posterior fossa, syringomyelia, morphometric analysis, taper ratio

Introduction

Chiari malformation (CIM) is a congenital anomaly characterized by
herniation of the hindbrain structures through the foramen magnum
into the cervical spinal canal (CSC). Although there are different forms of
CIM, the most common is type 1, which is characterized by displacement
of the cerebellar tonsils toward the upper CSC and may be accompanied
by syringomyelia (SM). Other types of CIM may also be accompanied by
hydrocephalus, craniosynostosis, tethered spinal cord syndrome, and
various bone abnormalities in addition to SM (1).

Although the pathogenesis of CIM has not been clearly defined, it has
been hypothesized that the underdeveloped posterior fossa region
creates congestion on the hindbrain, leading to herniation and SM
formation, and various morphometric studies in the literature support
this hypothesis (2-6). It has been reported that SM in CIM may occur as
a result of abnormal cerebrospinal fluid (CSF) dynamics (7). In addition,
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previous studies have investigated the effect of the morphology of CSC
on the development of SM in CIM (8-10). Although there are also studies
in which morphometric analysis of the posterior fossa is performed in
CIM (5,6,11), no study has evaluated morphometric analysis of both
the posterior fossa and the CSC together. In this study, our aim was to
perform morphometric analysis of both the posterior fossa and the CSC
in CIM to investigate the correlation of measurements with each other
and to reveal their effects on the development of SM.

Methods

Ethical Approval

This study was approved by the chairmanship of the Clinical Research
Ethics Committee of the University of Health Sciences Turkey, Haseki
Training and Research Hospital (approval number: 65-2023, date:
29.03.2023).
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Patients

Within the scope of this study, magnetic resonance imaging (MRI) of
patients who applied to our hospital between 2014 and 2023 and were
diagnosed with CIM and/or idiopathic SM were retrospectively examined.
The cases were collected in 4 different groups. 30 patients with only CIM
were included in Group 1, 30 patients with CIM and SM were included in
Group 2, and 30 patients with idiopathic SM were included in Group 3.
Thirty patients who applied to our hospital for a different reason were
included in Group 4, which comprised the control group.

Inclusion and Exclusion Criteria

The inclusion criterion for patients with CIM to be included in the study
was determined as cerebellar tonsillar herniation >3 millimeters (mm)
and above. The inclusion criterion for idiopathic SM was determined as
the presence of cervical or cervicothoracic SM without pathology causing
SM, such as cerebellar tonsillar herniation, neoplasm, trauma, and
infection. Cases with a history of occipitocervical surgery, craniocervical
trauma, spinal dysraphism, spinal cord disease other than SM, cervical
degenerative disease narrowing the spinal subarachnoid space,
significant cervical flattening and/or kyphosis, hydrocephalus, and
peripheral nerve entrapment neuropathy were excluded from the study.

Radiological Measurement

Radiological evaluation was performed using midsagittal T2 sequence
MRI images of patients (GE Healthcare) scanned at 1.5 Tesla quality and
3 mm thickness. The degree of tonsillar herniation was calculated by
considering the length (in mm) of the line drawn perpendicularly from
the tip of the cerebellar tonsil to the line connecting the basion and
opisthion.

For the morphometric analysis of the posterior fossa, clivus length (the
line extending between the highest point of the dorsum sella and the
basion), anteroposterior diameter of the foramen magnum (the line
connecting the basion and the opisthion), supraocciput length (the
line between the center of the internal occipital protuberance and
the opisthion), posterior fossa diameter (line extending parallel to
the basion-opisthion line from above the dorsum sella to the internal
occipital protuberance), and posterior fossa height (line extending
perpendicularly from the splenium to the basion-opisthion line) were
measured separately for each patient and recorded in millimeters
(Figure 1).

For the morphometric analysis of the CSC, the diameter of the spinal
canal was measured at all cervical vertebral levels. To confirm the
midsagittal view, we checked that the spinous processes were equally
visible at all levels and that we were in the midline in the axial view.
Measurements were performed by placing a line perpendicular to the
spinal canal from the midpoint of the distance between the upper and
lower endplates of the vertebra along the anteroposterior border of the
subarachnoid space in the vertebrae, except for C2. Measurements at
the C2 level were made by placing a line perpendicular to the spinal
canal from the midpoint of the distance between the upper and
lower endplates of the corpus along the anteroposterior border of the
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subarachnoid space (Figure 2). Using this method, the diameters of the
spinal canal at levels C1-C7 were measured and were noted as mm in
all groups. After measurement, a linear trend line was fitted by least
squares regression with an algorithm resident in the Microsoft Excel
spreadsheet (Microsoft, Redmond, Washington), and the slope of this

line was recorded as the taper ratio (mm/level). The taper ratio was
calculated separately for each group at the C1-C4 and C1-C7 levels.

Figure 1. Posterior fossa measurement method made on mid-sagittal T2-
weighted MRI of a healthy case

a: Dorsum sella, b: Center of the internal occipital protuberance, c: Basion,
d: Opisthion, e: Contact point of the line perpendicular to the foramen
magnum diameter, f: Inferior aspect of the splenium, a, b: Posterior
fossa diameter, ¢, d: Foramen magnum diameter, a, ¢: Clivus length, b, d:
Supraocciput length, e, f: Posterior fossa height

MRI: Magnetic resonance imaging

p ’
E— 16.49, "
]
114.79 mi

11.40 mm

Figure 2. Cervical spinal canal measurement method using mid-sagittal T2-
weighted MRI of a Group 2 case
MRI: Magnetic resonance imaging



Ilustration

The average CSC shape was drawn for each group using Adobe Illustrator
2022 (Adobe Inc., California, USA) based on the average foramen
magnum diameters and average CSC diameters of the groups. Average
vertebral height values reported in the literature were used for figure
drawing. The average height values were accepted as 5 mm for C1 (12),
the sum of 15.4 (posterior height of the odontoid) and 17.9 (posterior
height of the body of C2) for C2 (13), and 10 mm for typical cervical
vertebrae (14). When calculating the spinal canal diameter at the C1
level, the total thickness of the odontoid process and ligaments was
maintained constant at 15 mm.

Statistical Analysis

The Number Cruncher Statistical System (NCSS LLC, Kaysville, Utah, USA)
2020 statistical software for Windows was used to analyze the study
data. We expressed quantitative variables as mean, standard deviation,
median, minimum, and maximum values, and descriptive statistical
methods, such as frequency and percentage, for qualitative variables.
Shapiro-Wilks test and Box Plot graphics were used to evaluate the
suitability of the data for normal distribution. Predictive values were
obtained by linear regression analysis for the calculation of taper
ratios. One-Way ANOVA was used to evaluate normally distributed
variables according to groups, and Bonferroni’s test was used for post
hoc comparisons to determine the group that caused the difference.
Pearson’s chi-square test was used to compare qualitative data.
The results were evaluated at the 95% confidence interval and the
significance level was set as p<0.05.

Results

The descriptive statistics of patients’ age and gender by group are
summarized in Table 1. No statistically significant differences were
detected between the groups in terms of age distribution (p>0.05). The
gender distribution was approximately 2:1 in favor of females (Table 1).

The anteroposterior diameter of the CSCwas the narrowest at C4 across all
groups. The level at which the groups were closest to each other in terms
of CSC diameter was noted as the (3 level. The spinal canal narrowed
from C1 to C4 in all groups. The taper ratios of Group 2 were noted to
be significantly steeper than other groups (p<0.01). The taper ratios of
Groups 1 and 3 were similar to those of Group 4 (p>0.05) (Table 2). It
was noted that although the CSC diameter of 9 patients in Group 1 was
similar to the diameter measurements in Group 2, SM did not develop.
The trendline graphic obtained from the CSC diameter measurements
of the Groups is shown in Figure 3. The taper ratios of the groups were

Table 1. Descriptive statistics of patients’ age and sex by group
Group 1 (CIM)

Group 2 (CIM + SM)

Saygi et al. Morphometric Analysis of Type 1 Chiari Malformation

also presented graphically (Figure 4). As a result of the illustration of
the average foramen magnum diameter and average CSC diameters of
the groups, it was noted that there was a rapid narrowing in Group 2
compared with the other groups, especially at the C1-C3 levels (Figure 5).

—CIM
——CIM+SM
=== 5M
= Cortrol
O com
O CIM+SM
O sm
O cortrol

18,07

m
[=]
1

Estimated Marginal Means
a

o

1

12,0

1 €2 c3 c4 cs o Jord
Cervical Vertebra Diameters

Figure 3. Trendline graph of cervical vertebral diameters according to
groups
CIM: Chiari malformation, SM: Syringomyelia

035

03
025
2 M
= oz
= BCIM+5M
a M
| |
8 015
B Control
01

0,05

C1-C4 Taper Ratio

C1-C7 Taper Ratio

Figure 4. Distribution of C1-C4 and C1-C7 taper ratio values by groups
CIM: Chiari malformation, SM: Syringomyelia

Group 3 (SM) Group 4 (control)

CIOHDS (n=30) (n=30) (n=30) (n=30) P
Men 9 (30.0) 11 (36.7) 13 (43.3) 10 (33.3) 0.7372
Gender
Women 21 (70.0) 19 (63.3) 17 (56.7) 20 (66.7) .
A Mean + SD 38.031+6.62 38.3£7.41 41.77£8.31 37.4£8.04 0.172°
e
8 Median (min.-max.) 37.5 (26-50) 40 (24-51) 41.5 (27-55) 35.5 (19-49) -

aPearson’s chi-square test, "One-Way ANOVA test, CIM: Chiari malformation, SM: Syringomyelia, SD: Standard deviation, min.: Minimum, max.: Maximum
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Table 2. Descriptive statistics of cervical vertebra diameters and taper ratio

Group 4

Group 1 SclmulZSM Group 3
A = C =]
amn=30) 220 SM (n=30)
Mean£SD  16.24%0.79 18.00+0.88 15.93+0.75
a ~
N 16(152-17.4) 181 (164-19.7)  15.8(15-17.4)
(min.-max.)
Mean£SD  15.57+0.60 17.05+1.01 15.1140.69
Q -
e 154 (148-16.7) 17.2(147-19) 15 (14.1-16.4)
(min.-max.)
Mean£SD  13.52+0.62 13.830.80 13.48+0.63
G -
Al 135(124-152)  13.9(11.4-151)  13.2 (12.4-14.7)
(min.-max.)
Mean£SD  12.94+0.54 13.3240.66 12.63£0.55
«“ 4
A 12.8(12.2-144) 13.5(11.8-14.4)  12.4 (12-13.6)
(min.-max.)
Mean+SD  13.17+0.63 13.71£0.61 12.79+0.67
s i
SHIEN] 13 (12.4-15) 13.8(12.6-14.6)  12.5(12-14.1)
(min.-max.)
Mean+SD  13.25+0.66 13.940.60 13.2740.65
6 i
L 13 (12-14.9) 13.9(13-14.8)  13.1 (12.5-14.6)
(min.-max.)
Mean+SD  13.38+0.68 13.86:£0.63 12.93+0.62
a i
A 13.2(123-15)  13.8(12.815.1)  12.8(12.2-14.3)
(min.-max.)
C1-c4  Mean+SD  0.19+0.028 0.2840.03 0.19+0.02
taper Median
atio (minomae) 020012025 027(020034)  019(016:0.22
7 Mean£SD  0.17+0.02 0.24+0.03 0.18+0.02
taper Median
atio (minomaq 017 0714021) 024(018032) 017 (013-0.22)

"One-way ANOVA & post-hoc Bonferroni test, ‘p<0.05, “p<0.01. CIM: Chiari malformation, SM: Syringomyelia, SD: Standard deviation

When the posterior fossa measurement results of the groups were
compared, it was calculated that the height, posterior fossa diameter,
supraocciput, and clivus length were statistically smaller in Groups 1 and
2 than in Groups 3 and 4 (p<0.01). In contrast, the foramen magnum
diameter length was statistically larger in Groups 1 and 2 than in
Groups 3 and 4 (p<0.01). Comparing all Groups, Group 2 had the
narrowest posterior fossa, and Group 1 had the narrowest posterior
fossa (Table 3).

Discussion

Despite its long history, the pathophysiology of CIM is still not clearly
understood, and its treatment remains controversial (15). The opinions
are contradictory, especially regarding patients who are asymptomatic or
have a mild clinical course. The presence of SM in these patients affects
the surgical decision (16). However, there are also case reports in the
literature stating that SM and tonsillar herniation can be spontaneously
resolved in CIM (17-21). There are many hypotheses regarding the
pathophysiology of SM, but the most accepted one is that CSF enters
the central canal with arterial pulsation but cannot return because
the narrowed part of the central canal acts as a one-way valve (22).
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scontrol (n=30) °p A-B A-C A-D B-C B-D (&)]
16.00£0.59 0.001"  0.001 0.729 1,000 0.001 0.001 1,000
16 (15-17.5)
15.24%0.53 0.001"  0.001 0.088 0.460 0.001 0.001 1,000
15.1 (14.5-16.4)
13.30+0.44 0.016" 0352 1,000 1,000 0.211 0.010 1,000
13.2(12.8-14.2)
12.52+0.38 0.001"  0.027 0.307 0.036 0.001 0.001 1,000
12.5 (12-13.3)
12.90£0.38 0.001"  0.003 0.078 0.454 0.001 0.001 1,000
12.9 (12.3-13.7)
12.78+0.47 0.001"  0.001 1,000 0.019 0.001 0.001 0.013
12.8 (12.2-13.5)
13.04%0.40 0.001"  0.011 0.026 0.176 0.001 0.001 1,000
13 (12.3-13.8)
0.20£0.02 0.001" 0.001 1,000 0.593 0.001 0.001 0.630
0.20 (0.17-0.25)
0.17£0.02 0.001" 0.001 1,000 1,000 0.001 0.001 1,000
0.18 (0.14-0.23)
M Fm Fm FM
C1 C1 C1 C1
2 C2 G2 Q
a3 1C3 c3 | (&)
c4 c4 c4 hu
Cc5 C5 _‘\_5 C5
C6 C6 cé ——C6
7 C7 Cc7 7
Group | Group I Group Il Group IV

Figure 5. Illustration showing the average foramen magnum diameter and
average cervical spinal canal diameters of the groups

Conversely, no relationship could be established between the degree of
herniation in CIM and the severity of complaints (6,23).

Research is ongoing to resolve the debates regarding both

etiopathogenesis and treatment strategies in CIM. Some of these
analyses are morphometric analyses performed on radiological data.



Table 3. Descriptive statistics of the posterior fossa measurements

cD

B-D

B-C

A-D

A-C

Toplam

Group 2 Group 3 Group 4
SM (n

Group 1
ACIM (n

=30)

Pcontrol (n

=30)

BCIM + SM (n=30)

53.36%+3.05

=30)

0.001  0.001 0.001  0.001 1,000

1,000

0.001"

61.92+3.79 58.09+5.82

62.4415.54

54.62+3.81

Mean + SD
Median

Height

532 (48.9-58.9) 60 (54.3-71.1) 613 (55.5-68) 57.7 (48.9-71.1)

53.5 (49.5-61.7)

(min.-max.)
Mean + SD
Median

0.460  0.001  0.001 0.001  0.001 1,000

0.001"

37.04£2.20 32.49%2.18 32.35%1.54 34.48+2.97

36.05%2.49

Foramen magnum

37 (33.5-40.8) 324(291363)  323(29.8-364)  34.1(29.1-40.8)

36.3 (31.6-40.1)

(min.-max.)
Mean *+ SD
Median

0.001  0.001 0.001  0.001 1,000

1,000

0.001™

74.18+4.42 85.4116.34 86.96+1.80 80.51+7.26

75.49+4.24

Posterior fossa diameter

74.8 (65.1-82.8) 85.3 (71.6-94.1) 86.6 (84.3-90.2)  80.6 (65.1-94.1)

76.8 (68.3-81)

(min.-max.)
Mean * SD
Median

0.001  0.001 0.001  0.001 1,000

1,000

0.001™

41.09£2.76 50.85+2.79 49.68+2.41 45.931£5.49

42.11+£4.88

Supraocciput

41.2 (37.1-46.4) 50.4 (47.1-56.1) 49.1 (45.5-54) 47.1 (34.7-56.1)

41.8 (34.7-49.9)

(min.-max.)
Mean + SD
Median

0.036  0.001  0.001 0.001  0.001 1,000

36.34£6.32 44.941+2.77 46.2512.85 41.78%6 0.001"

39.61£5.08

434 (28.1-51.3)

45,5 (41.5-51.3)

Clivus

33.7 (28.1-44.7) 44.4 (40.1-49.4)

39.6 (32.6-46.8)

(min.-max.)

p<0.01, CIM: Chiari malformation, SM: Syringomyelia, SD: Standard deviation

"One-Way ANOVA and Bonferroni tests,
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While some authors focused on the morphometric analysis of the
posterior fossa, others focused on the morphometric analysis of the
CSC. As a result of the measurements, the authors generally stated that
there was a decrease in the measurement values of the posterior fossa
compared with normal and that this situation leads to congestion in
the posterior fossa, causing herniation (5,6,24-26). Basaran et al. (27)
drew attention to another point in their morphometric analysis of CIM.
They reported that the posterior fossa volume was normal in CIM, but
because the total intracranial volume increased compared with normal,
the pathophysiology was processed due to a proportional decrease in
the posterior fossa volume.

Studies on the morphometric analysis of the CSC in CIM are generally
concerned with the extent to which the diameter of the spinal canal
narrows. The results of the studies conducted on this subject do not
agree with each other. Thompson et al. (28) compared the C1-4, (4-7,
and C1-7 taper ratios of CIM + SM with those of CIM and found that
the CIM + SM group had a steeper taper ratio in the C4-7. According to
this result, the authors hypothesized that the morphology of the lower
cervical region may lead to the development of SM. Hirano et al. (8)
compared the C1-7 taper ratio between CIM + SM, CIM, SM, and healthy
individuals. In the analysis, it was determined that there was a steeper
taper ratio in the upper CSC in CIM + SM than in other regions, and it
was noted that there was a mesodermal anomaly in CIM (8). Gadde et
al. (10) investigated the role of the taper ratio in the transformation of
presyrinx to SM in CIM and found that the taper ratios at C1-4 and C1-7
were steeper in patients with presyrinx. Zhu et al. (9) drew attention to
a different point and compared the taper ratio in distended SM with
that in non-distended SM and stated that, contrary to other studies, the
taper ratio was steeper in the non-distended group. Hammersley et al.
(29) drew attention to yet another point and compared CIM patients
with and without scoliosis; in their analysis, they stated that there was
a steeper taper ratio in those with scoliosis and CIM. Thakar et al. (30)
analyzed both the taper ratio and the changes in the paraspinal muscles
in CIM. They stated, similar to the literature, that there is a steeper
tapering in CIM; there is also atrophy in the paraspinal muscles, and this
atrophy may be related to the steeper tapering (30).

The results of all these studies suggest that the morphology of CIM is
different from normal. Although there have been many morphometric
analyses in CIM of the posterior fossa and the CSC, no study has been
conducted regarding both the posterior fossa and the CSC morphometry
in the literature. In this study, unlike previous studies, measurements
were made for both regions, and the results were evaluated together.
According to our findings, posterior fossa dimensions are generally
reduced in CIM with or without SM. It is also understood that when
SM is accompanied by CIM, the posterior fossa dimensions become
narrower. Our findings regarding spinal canal morphometry indicate
a relationship between SM accompanying CIM and steeper tapering.
Although there are many studies on spinal canal tapering in CIM, this
study presents the term “tapering” with an illustration for the first time
in the literature. The aim of this study was to better understand the
effect of tapering on the development of SM. However, it was observed
that the CSC diameters of 9 patients in Group 1 were similar to those
of the patients in Group 2. Nevertheless, SM did not develop in these
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patients. Based on these findings, CSC morphology alone may not be
sufficient for the development of SM. In this regard, a prospective study
with long-term follow-up of patients with tapering rates similar to those
in Group 2 may help early detect patients with CIM who are likely to
develop SM in the future. We believe that studies with a larger patient
population are necessary.

Study Limitations

This retrospective study was based on radiological data. Further
prospective studies with a larger patient group, including clinical
information and long-term follow-up.

Conclusion

In this study, for the first time in the literature, morphometric analysis
of both the posterior fossa and the CSC was performed using CIM.
Consistent with the literature, our results showed that both the posterior
fossa and CSC morphometry were different between CIM and normal
subjects. In addition, although there are many studies on the CSC
taper ratio, this is the first study to present the term “tapering” with
an illustration. We believe that our results will help reduce the debate
about the etiology and treatment of CIM.
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ABSTRACT

Introduction: In this study, we aimed to determine the functional dominance of the right and left hemispheres of the operated
patients and the effectiveness of postoperative pain therapy when the patients underwent surgery on the same or different sides
with the dominant hemisphere.

Methods: The patients were given a Miles test for the dominant eye in the preoperative period and were instructed while the key was
in front of the patient to take the key and open the door to determine the dominant hand. For the dominant foot, the patient was
given the command of “move your foot” in a calm environment and accepted as the foot that he carried the dominant foot. After
routine spinal anesthesia and elective knee arthroplasty surgery, patients underwent Patient Controlled Analgesia device, 24" hour
Numeric Rating Scale (NRS) scores, and the amount of total applied analgesic and additional analgesic were recorded.

Results: When the clinical characteristics of the patients were examined, there were 38 patients on the right side of the dominant
eye, 34 on the left side, 67 on the right hand dominant side, 5 on the left side, 49 on the right foot dominant side, and 23 on the left
side. The NRS score on the surgical side was compared with the dominant foot, dominant eye, and dominant hand. There was no
statistically significant difference between the NRS pain scale and other variables except those opposed to the dominant eye (p>0.05).
The NRS pain scale median (median: 3.0) was found to be significantly lower in patients who were operated on the same side as the
dominant eye (p=0.016).

Conclusion: According to the results of our study, the NRS score was not changed in patients operated on the same side of the
dominant foot and hand, whereas the NRS score was lower in patients operated on the same side with the dominant eye.

Keywords: Dominant hemisphere, postoperatif pain, cerebral lateralization

Introduction

Cerebral lateralization is described as anatomical and functional
differentiation between the right and left hemispheres of the brain.
The left hemisphere undertakes functions associated with verbal
expression, such as reading, speaking, and using verbal symbols. The
right hemisphere is associated with the acceptance and storage of visual
data, visual and tactile recognition of shapes and forms, and orientation
and perspective of the shapes (1).

One hemisphere is more dominant than the other is an anatomic
lateralization and the hand-foot preference are considered functional
lateralization. When we look at the laterality of pain neuroimaging studies
of human pain have revealed a common “pain matrix” spreading into
both hemispheres of the brain (2-5); however, specific findings suggest
that the right hemisphere plays an important role in pain perception (6).

In this study, we performed hand, eye, and foot dominance tests on
patients who underwent surgery and investigated whether there was an
increase in postoperative pain on the dominant side according to the
dominance of the right and left half of the body.
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Methods

After approval of the University of Health Sciences Turkey, istanbul
Training and Research Hospital Ethics Committee (approval number:
1061, date: 04.08.2017, and informed consent of the patients, between
August 2017 and February 2018, 80 patients were included in our
prospective study evaluating the effect of dominant cerebral hemisphere
on postoperative pain in knee arthroplasties. The sample was calculated
using G*power 3.0 software, and the mean pain between the dominant
and non-dominant side operations was 1.0+0.3 (3.5+1.5 and 4.5+1.8
respectively). The difference was estimated, and a total of 70 people
were found to be sufficient with a 5% alpha error (type 1 error) and 80%
power. Patients undergoing elective surgery with spinal anesthesia in
the American Society of Anesthesiologists (ASA) classification 1-3 group
were included in the study. Patients with dementia, diabetes mellitus,
a history of cerebrovascular disease, degenerative nerve diseases, who
cannot adapt to Patient Controlled Analgesia (PCA) machine, who do
not want regional anesthesia or are under contraindication to regional
anesthesia, who are given general anesthesia or have returned to general
anesthesia, ASA4 and emergency patients, patients who could not use
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PCA due to excessive nausea, or patients with device failure were
excluded from the study.

Before surgery, the dominant hand, dominant eye, and dominant foot
determination tests were performed. For that purpose of evaluating the
dominant eye, the patients were asked to hold both arms forward, unite
their hands at eye level, and look at an object 6 meters away from the
triangle formed by bringing both the head and index fingers to the tip
(modified Miles test) (7-9). To determine the dominant hand, instead
of a questionnaire, inspired by Oldfield’s Edinburgh Scale, the patient
was asked to take the key from a box remaining in front of him and
open the door with that key (10). In this test, the hand used to open
the door was accepted as the dominant hand. The dominant foot was
asked by male patients if they had played football. If the answer was
“yes”, then the participant was asked for foot preference. Other patients
in the sitting position in a calm environment with eyes closed “Move
toes” command was given to the foot and moving foot. Determined as
dominant. Patients who played both feet at the same time, or asked
“which” question to play, were asked to hit a ball placed on both feet
with one foot while sitting. For the performance test, Coren and Porac
(11) was inspired by the various works he has conducted since 1978. All
patients were informed about Numeric Rating Scale (NRS), PCA and how
to use the PCA device.

The NRS is a pain scaling system commonly used to evaluate pain
severity. It is asked to the patient to describe her/his pain by giving a
number between 010, with zero meaning “no pain” and 10 meaning
“the worst pain imaginable” (12).

Routine, standard anesthesia monitoring (3-lead ECG, non-invasive
arterial blood pressure, pulse oximetry) was provided to the patients,
and after the vascular access was opened, a sitting position was provided,
providing aseptic conditions, a 25-gauge spinal needle (Quincke
25-gauge Spinal, Egemen International) from the L3-4 intervertebral
space was pushed forward to the subarachnoid space. By observing
the free development of cerebrospinal fluid when the needle reached
the subarachnoid space, spinal anesthesia was performed using 12.5
mg of bupivacaine (buvasin 0.5% spinal heavy VEM drug). Patients were
then laid on the side for surgery, and the operation was started after
the sensory and motor block levels were checked. At the end of the
operation, patients were taken to the recovery room and intravenous
PCA device was inserted and sent to the service. Tramadol was used

Table 1. Demographic data and clinical characteristics of patients

cender Female
Male

Age”

BMI*

Operation side Right/left
Eye dominance Right/left
Hand dominance Right/left
Foot dominance Right/left

Kado et al. Cerebral Dominance and Pain

at a concentration of 4 mg/mL during preparation of the intravenous
PCA device. The device was programed with a bolus dose of 10 mg
and continuous infusion of 10 mg/h for 20 min with a locking time of
20 min. Paracetamol (1 g) (parol intravenous 10 mg/mL 100 mL vial
Atabay drug) and/or dexketoprofen (dexalgine 50 mg/2 mL Nobel drug)
were administered as additional analgesics to patients with resting
pain. During the first 24 hours after the operation NRS scores, total
analgesic use, and additional analgesic need were recorded according
to postoperative follow-up forms.

Statistical Analysis

The statistical analysis was performed using SPSS version 15.0
software. Parametric data were analyzed using Student’s t-test, and
non-parametric data were analyzed with Mann-Whitney U test. While
descriptive analyses were presented, mean, standard deviation, median
and minimum-maximum values were used. P<0.05 was considered
statistically significant.

Results

Of the 80 patients who participated in the study, 6 had to have general
anesthesia for various reasons and 2 patients were excluded because of
PCA machine faults.

Of the 72 patients included in the study, 60 (83.3%) were female and 12
were male. The mean age was 63.1+4.3. The mean body mass index
(BMI) was 31.9£2.5 years (Table 1).

Clinical characteristics of the patients participating in the study
examined 40 people from the left knee, 32 people from the right knee,
38 people with right eye on the right side, 34 people on the left side,
67 people on the right hand side, 67 people on the right hand side, 5
people on the left side, 5 people on the left side 49 people with left side
are 23 people (Table 1).

NRS 3-4, the targeted pain level, was reached in all patients. There was
no statistically significant difference between the NRS pain scale scores
and the other variables except those operated on the same side with the
dominant eye (p>0.05). The median NRS pain scale score (median: 3.0)
was significantly lower in patients who underwent surgery on the same
side of the dominant eye than in the non-operative group (median: 4.0)
(p=0.016) (Table 2).

n/Mean + SD" %/(max.-min.)*

60 833
12 16.7
63.144.3" 63 (54.0-73.0)°
31.942.5" 32 (27.0-38.0)"
32/40 44.4/555
38/34 52.77/47.22
67/5 90.03/7.46
49/23 68.05/31.94

“In the measurement data, instead of n, mean + standard deviation, instead of (%) median, minimum, and maximum values are given, BMI: Body mass index, SD: Standard deviation,

max.: Maximum, min.: Minimum
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Table 2. Comparison of NRS pain scale score and tramadol consumption in patients who operated on the same side with the dominant

foot, dominant eye, and dominant hand

NRS
Mean £ SD
) ; } Yes  3.8+13
Operation on the same side as the dominant foot
No 4.0%1.6
. . . Yes 3.6x£1.5
Operation on the same side as the dominant eye
No 4.2+1.6
) . . Yes 41+1.6
Operation on the same side as the dominant hand
No 3.8%+15

Consumption of tramadol (mg)

Median (min.-max.) Mean = SD Median (min.-max.)
3.0 (3.0-8.0) 328+64.2 200-400

0.901 0.536
3.0 (3.0-10.0) 318+66.1 131-400
3.0 (3.0-10) 3144652 131-400

0.016 0.353
3.0 (3.0-8.0) 328+65.4 198-400
3.0 (3.0-8.0) 330+60.3 200-400

0.301 0.355
3.0 (3.0-10) 3151+68.8 131-400

“Mann-Whitney U test, min.: Minimum, max.: Maksimum, SD: Standard deviation, NRS: Numeric Rating Scale

The amount of tramadol used by the patient-controlled analgesia device
in 24 hours was compared with the amount used in the dominant
foot, dominant eye, and dominant hand. Accordingly, there was no
statistically significant difference in the total amount of tramadol (mg)
used between the groups (p>0.05) (Table 2).

Discussion

The aim of our study was to evaluate the relationship between
postoperative pain and eyes, hand, and foot dominance in patients who
underwent arthroplasty under spinal anesthesia for knee osteoarthritis
(OA).

Knee OA is the most common form of arthritis, and its prevalence is
increasing., approximately 40% of the adult population over the age of
65 years has knee OA. Obesity and increased BMI are risk factors for OA
(12,13).

The characteristics of the patients included in our study.

The mean age was 63. One year, and 83.3% of the patients were women.
Our results regarding age and sex characteristics are consistent with the
literature. The BMI was found to be 31.94+2.5 kg/m?, and most patients
were obese.

Pain is the most common symptom of knee OA. Macrotrauma
or recurrence microtrauma may damage the articular cartilage.
Chondrocytes react to this damage by releasing disintegrating enzymes
and inducing a repair response. Thus, mechanical and nociceptive
chronic pain occurs (14-16).

Neuropathic pain is also noted in individuals with long-lived symptoms
duration. Surgical treatment is indicated for patients with advanced OA
who do not respond to conservative treatment, and knee arthroplasty is
performed (17).

Although knee arthroplasty is an effective and reliable surgical treatment,
severe acute pain is observed in patients after surgery, and the incidence
of chronicity is high if the acute pain is treated inadequately. Ina previous
study, showed that 35% of patients who underwent knee arthroplasty
experienced continued pain complaint for 1 year postoperatively (18).
Therefore, acute postoperative pain treatment after knee arthroplasties
is provided by multimodal analgesia, including regional anesthesia
techniques. Neuroaxial anesthesia (epidural, spinal anesthesia), which
is an important component of multimodal analgesia, has a effects on
mortality and morbidity in the perioperative period (19). With good pain
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control with multimodal analgesia, postoperative opioid consumption
is reduced and rehabilitation. In our study, the NRS score was 3-4 in
patients included in the study.

As distinct from the literature in our study, the relationship between
cerebral laterality and pain after arthroplasty was evaluated.

One hemisphere is more dominant than the other is an anatomic
lateralization and the hand-foot preference are considered functional
lateralization.

Similar to hand preference, ie, the dominance of the foot, eye, and
even the ear dominance is defined. In general, right eye dominance
is observed in those who use the right hand was dominated more.
Similarly, the right foot is dominant over the right handness (20,21).

In the examinations, it was understood that the preferences of the
parents or educators changed the preferences of the hand and foot,
which were contrary to the biological structure. However, eye preference
does not change with education, social pressure, or other environmental
factors. The choice of the eye preserves its natural nature (22).

When the clinical features of the patients who participated in the study
were examined, 38 patients with right-sided eye dominance, 34 with
left-sided eye dominance, 67 with right hand dominance, 5 with left-
sided hand dominance, 49 with right foot dominance, and 23 with left
foot dominance were found.

The left side is used negatively in many cultures and is interpreted as
unfortunate. This makes it difficult to identify left foot and left hand
dominance in social development. In particular, in our patients, motor
activity at an advanced age was strengthened, and the functional
difference between the two extremities decreased. The brain
compensates for the decrease in the function of the limb, which it is
conditioned not to use. Therefore, we thought that it would be difficult
to evaluate the results of the questionnaire tests based on the patient
queries, which are used in the literature, in all of our patients who were
of advanced age. In addition, because our patients have orthopedic
problems and have already experienced chronic pain and movement
limitations for many years in both lower limbs, we have not been able to
perform lower extremity tests on healthy volunteers. However, we were
pleased to find that the results of our hand, eye, and foot dominance
test were consistent with the dominance results in the abovementioned
studies.



Functional magnetic resonance imaging studies by Symonds et al. (23)
5 of 9 brain regions associated with pain were activated in the right
hemisphere during acute pain, demonstrating the dominance of the
right hemisphere in the perception of pain.

Some studies have tried to explain the role of hemispheric activation in
depression and pain (24). They hypothesized that the right hemisphere
is specialized in activating and processing negative affective stimuli,
and this specialization may play a role in the emergence of depression
and pain. In order to evaluate the relationship between depression,
experimental pain, and cerebral laterality, the researchers included
16 depressed and 16 normal girls who used their right hands in
their studies. The suggestion that the right hemisphere mediates the
coexistence of pain and depression is not supported; however, specific
findings suggest that the right hemisphere plays an important role in
pain perception.

Recent biochemical and behavioral data suggest that the right
hemispheric lateralization of the amygdala during pain. Pain-
related neuroplasticity in the laterocapsular division of the central
nucleus of the amygdala in the right brain hemisphere has also been
demonstrated. Ji and Neugebauer (25) evaluated electrophysiological
pain perception before and after the induction of arthritis pain in rats
using experimental models.

Short-term harmless and harmful test stimuli were applied to
the peripheral, ipsilateral, and contralateral recording regions. A
monoarthritis was created by intraarticular injection of kaolin and Irish
moss into the rope or contralateral knee. Under normal conditions,
neurons in the left amygdala were shown to have smaller recipient sites
than those in the right amygdala; however, there was no difference
in terms of pain perception. In another study, it was shown that right
frontal brain hyperactivity can be used as a biological marker for
increased pain sensitivity and has a negative effect (26). Merskey and
Watson (27) showed that patients felt more pain on the left side of the
body. They also pointed out that psychological pain was seen especially
on the left side.

According to the results of our study, the NRS score was not changed
in patients operated on the same side of the dominant foot and hand,
whereas the NRS score was lower in patients operated on the same side
with the dominant eye.

In a study of Lugo 328 right- and 22 left-handed patients, thermal
noxious stimulus showed that while the majority of the cases used
the right hand, the Visual Analogue Scale (VAS) score was significantly
higher in the left hand (right hemisphere dominance). Previous studies
reported high VAS scores on the left side (27-33). But the interesting
thing is that 65% of the left side, irrespective of the dominance of the
right or left hand, feels more painful on the left side. Researchers have
suggested that the right hemisphere is predominantly involved in pain
perception (34).

Our study was a clinical study that aimed to evaluate acute pain and
chronic pain. Our study group consists of elderly patients with chronic
pain instead of healthy volunteers; thus, our results may be different.

Kado et al. Cerebral Dominance and Pain

The absence of functional imaging is an important limitation. Another
limitation is that social pressures and beliefs affect hand and foot
preferences. Extremity dominance may have disappeared in older
people, such as our patients.

In this study, no significant correlation was found between the severity
of perceived postoperative pain and the extremity dominance. Lower
pain scores were observed only on the dominant eye side. In addition,
there was no statistically significant difference between the tramadol
use and operation sides. Although NRS is an effective method for pain
assessment, it may have been insufficient in this study. It would be
more accurate to assess the characteristics of the pain (type of pain,
duration of intolerance, pain-related pain, behavior, anxiety score,
etc.). In addition, OA is associated with chronic pain for a long time.
When the pain becomes chronic, it can be accompanied by different
problems, such as depression, anxiety, sleep disorders, attention, and
memory changes (right hematologic dominance), which affect the
threshold, perception, and severity of pain. In a review by Lithwick et
al. (35), more common contralateral activation was observed in patients
with chronic pain compared with acute pain in which the ipsilateral
side was activated. Several studies have shown that chronic pain of
psychological origin is especially on the left side (right hemisphere
dominance) (33,36).

Study Limitations

This was a clinical study, and it was intended to evaluate acute pain in
patients with chronic pain. Our study group consists of elderly patients
with chronic pain instead of healthy volunteers; thus, our results may be
different. The absence of functional imaging is an important limitation.
Another limitation is that social pressures and beliefs affect hand and
foot preferences. Extremity dominance may have disappeared in older
people, such as our patients.

Conclusion

The postoperative pain scores of patients who underwent surgery on the
same side with the dominant eye were low. We believe that our findings
should be validated in studies in which similar clinical parameters
and high validation scales are considered and functional imaging or
electrophysiological evaluations are performed.
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ABSTRACT

Introduction: Sarcopenia is a serious cause of mortality and morbidity. Expressing that the quality of life of older adults may be a sign
of sarcopenia. The purpose of this study was to explore the association between the Euro-Quality of Life Visual Analog Scale (EQ-VAS)

and sarcopenia components in older adults.

Methods: Patients aged over 60 years who visited geriatric outpatients between October 2016 and August 2021 were included in the
study. The overall quality of life was evaluated using the EQ-VAS. Handgrip strength (HGS), Chair Stand Test (CST), skeletal muscle mass
(SMM), usual gait speed (UGS), and timed up-go test were measured to assess sarcopenia components.

Results: A total of 545 patients were included in the study. The median EQ-VAS score was 70 (10-100). Age, UGS, and HGS were found
to be statistically significant determinants of the EQ-VAS (p=0.014, p=0.005, p<0.001) after adjusting for gender, diabetes, body mass

index, SMM, and CST.

Conclusion: Our study suggests that age, UGS, and HGS are associated with self-reported quality of life in older adults. The results
highlight the importance of assessing the quality of life of older adults in clinical practice to improve sarcopenia.

Keywords: Quality of life, older adults, sarcopenia

Introduction

The life expectancy of the human population is increasing, leading to a
greater prevalence of comorbid conditions in the older adult age group
(1). Sarcopenia is a health problem that is commonly associated with
other diseases (falls, fractures, disability and even ending of life) in older
adults (2).

The Euro-Quality of Life-5D (EQ-5D3L) is a two-part scale based on the
assessment of EQ-5D and the EQ-Visual Analog Scale (EQ-VAS) (3). The EQ-
VAS is a visual scale based on which participants can express their health
status, functionality, and general perception of life (3,4).

A few studies to date have reported an association between sarcopenia
and quality of life (5,6). Components of the sarcopenia test, on the other
hand, may be impractical due to the large scale of patients and the
limited scale of physicians with the ability to take such measurements,
the patient’s general condition disorder, and balance-vision-hearing
problems. In diagnosing sarcopenia in these unsuitable conditions, can a
self-reported quality of life score be used as an indicator of sarcopenia?
For these reasons, the current study investigated the relationship
between sarcopenia components and EQ-VAS in geriatric outpatients.
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Methods

Included in this retrospective cross-sectional designed study were
participants over the years of 60 who applied to geriatric outpatients
between October 2016 and August 2021. Upon admission to the geriatric
outpatients, the patients underwent a comprehensive geriatric evaluation
by trained personnel, taking as long as the prevailing conditions
permitted, although some patients were extracted from our study due
to the unsuitability of their general condition (cognitive problems, hand
osteoarthritis, depression, stroke, neuropathy, pacemaker), the absence
of trained personnel who were able to perform the tests, time restraints,
refusal to give consent, and an inability to evaluate the data with a
comprehensive geriatric evaluation. The Strengthening the Reporting
of Observational Studies in Epidemiology guidelines were followed in
this study (7). Ethics committee consent for the study was obtained from
the istanbul University, istanbul Faculty of Medicine Ethics Committee
(approval number: 09, date: 13.05.2022).

The medical histories of the participants were enrolled retrospectively
based on participant file data, and their overall quality of life was
evaluated using the EQ-VAS, a VAS in which a score of 0 demonstrated
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the worst health condition and 100 demonstrated the best health
condition (3).

The patients’ physical activity levels were determined based on their
self-reported engagement in physical activity, with the options: never,
sometimes, 1-2 days a week, or every day. Height measurements were
performed using a stadiometer, while weights and skeletal muscle
mass (SMM) were obtained using a bioelectrical impedance device, all
in accordance with standard procedures. Body mass index (BMI) was
calculated by dividing weight by height? (8).

Handgrip strength (HGS) was evaluated for the assessment of sarcopenia.
Patients who did not meet the HGS extracted criteria were evaluated
using a hand-held dynamometer as follows: while seated in an
appropriate position, the patients were instructed to squeeze the hand
dynamometer as hard as feasible for 2-3 seconds. The measurements
were repeated three times for both hands, and the highest recorded
value was obtained (2).

Probable sarcopenia was evaluated based on low HGS. Diagnoses
of probable sarcopenia were made using the regional cut-off values
recommended by the European Working Group on Sarcopenia in
Older People (EWGSOP-2) (<35 kg and <20 kg in males and females,
respectively) (2,9).

The Chair Stand Test (CST) was used to assess low muscle strength. For
the CST measurements, the patients were asked to stand up five times
from a sitting position without using their upper extremities, and the
time taken was recorded. Usual gait speed (UGS) and timed up go test
(TUG) were used to evaluate physical performance. For the UGS, older
adults were asked to walk 4 meters (m) at normal speed. A cut-off value
of <0.8 m/s was defined for a low walking speed (2). In the TUG, patients
were asked to get up from their chair, walk 3 meters, and sit down again,
and the duration of the activity was recorded. A cut-off of >=20 s was
defined for impaired TUG (2).

Statistical Analysis

SPSS for Windows (Version 15.0. SPSS Inc. (Chicago, IL, USA) was used
for statistical analysis. Descriptive statistics of our study results were
presented as numbers (percentages) or means + standard deviations
or medians (minimum-maximum). The anormal distribution of
numerical variables between the two independent groups were made
using a Mann-Whitney U test. The associations among the numerical
variables were evaluated by a Spearman correlation if the analysis the
parametric test condition was not met. The determining determinants
were analyzed by regression analysis. The statistical alpha significance
level was admitted as p<0.05.

Results

A total of 1,070 older participants aged over 60 years were initially
evaluated, and 525 patients were subsequently excluded from the study
because they did not meet the criteria. The final model size covered
545 patients, with a median age of 73 (60-93) years. Of the total, n=375
(68.8%) were female and n=178 (32.7%) were diabetic. The median EQ-
VAS score was 70 (10-100). The baseline data of the study population are
presented in Table 1.

EQ-VAS was positively correlated with UGS, HGS, SMM, and daily physical
activity and negatively correlated with age, TUG, BMI, CST, number
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of drugs, and number of diseases (p=0.034 for age; p=0.033 for BMI;
p=0.015 for SMM, p<0.001 for other comparisons) (Table 2).

The EQ-VAS scale score measurements were significantly lower among
the female participants than among the male participants and in the
groups with impaired UGS, impaired TUG, and probable sarcopenia
(gender p=0.012, p<0.001 for other comparisons).

Table 1. Baseline characteristics of the study population

Age median (min.-max.) 73 (60-93)
Gender n (%)

Male 170 (31.2%)
Female 375 (68.8%)
Diabetes n (%) 178 (32.7%)
EQ5D-VAS median (min.-max.) 70 (10-100)
TUG (s) mean + SD (min.-max.) 9.1 (5-36)
UGS (m/s) median (min.-max.) 0.95 (0.21-1.60)
Impaired UGS n (%) 141 (25.9%)
Impaired TUG n (%) 30 (5.5%)
HGS (kg) median (min.-max.) 24 (6-52)

BMI (kg/m?) median (min.-max.) 29.7 (15.9-58.8)
24.2 (16-40.5)

194 (35.6%)

SMM median (min.-max.)
Probable sarcopenia (35/20 kg) n (%)

CST (s) median (min.-max.) 11.1 (5,6-66)
Number of medication medians (min.-max.) 2(0-17)
Number of diseases median (min.-max.) 3(0-10)
Daily physical activity status (%)

Never 66 (12.1%)
Sometimes 11 (2.0%)

1-2 times per week 188 (34.5%)

280 (51.4%)

Data are presented as mean + standard deviation, median (interquartile range), or
number (percentage) as applicable. EQ-VAS: Euro Quality of Life Visual Analog Scale, TUG:
Timed-up-and-go test, UGS: User’s gait speed, HGS: Handgrip strength, BMI: Body mass
index, SMM: Skeletal muscle mass, CST: Chair stand test, SD: Standard deviation, min.:
Minimum, max.: Maximum

Every day

Table 2. Correlation between EQ5-VAS with related factors
EQ5-VAS

r p
Age -0.433 0.034"

TUG (5) -0.257 <0.001"
UGS (m/s) 0.265 <0.001"
HGS (kg) 0.254 <0.001"
BMI (kg/m?) -0.091 0.033"

SMM 0.104 0.015"

CST (s) -0.216 <0.001"
Number of medications ~ -0.211 <0.001
Number of diseases -0.218 <0.001"
Daily physical activity 0.258 <0.001°

status

“Significant p-values. EQ-VAS: Euro Quality of Life Visual Analog Scale, TUG: Timed-up-
and-go test, UGS: Usual gait speed, HGS: Handgrip Strength, BMI: Body mass index, SMM:
Skeletal muscle mass, CST: Chair stand test



There were no statistically significant differences in the EQ-VAS
measurements between patients with and without diabetes (p=0.872)
(Table 3).

All factors including age, sex, diabetes, HGS, BMI, SMM, CST, and UGS
were subjected to linear regression analysis to determine their effects
on EQ-VAS; age (p=0.014), UGS (p=0.005), and HGS (p<0.001) were
determined to be statistically significant (Table 4).

Discussion

In our study examining the relationship between the EQ-VAS scores
and the results of the sarcopenia components of 525 older adults living
in the community, the factors associated with the EQ-VAS, which is a
component of the general quality of life, were age, UGS, and HGS. In

Table 3. Association between diabetes, sex, probable sarcopenia,
and impaired physical performance based on the EQ5D-VAS in
univariate analyses

EQ5D-VAS
Mean * SD Median (min.-max.) p
Gender
Male 67.8120.0 70 (10-100) ;
0.012
Female 63.5£20.0 60 (10-100)
Diabetes
8 65.1+£19.7 70 (10-100)
0.872
+) 64.2+20.8 70 (10-100)
Impaired UGS
8 66.8+19.5 70 (10-100) _
<0.001"
(+) 59.0+20.6 60 (10-100)
Impaired TUG
8 65.7+19.7 70 (10-100)
<0.001"
(+) 50.3+20.9 50 (10-90)
Probable sarcopenia (35/20 kg)
8 67.6+18.9 70 (10-100) _
<0.001"
+) 59.7+21.1 60 (10-100)

“Significant p-values. EQ-VAS: Euro Quality of Life Visual Analog Scale, TUG: Timed-
up-and-go test, UGS: Usual gait speed, SD: Standard deviation, min.: Minimum, max.:
Maximum

Table 4. Regression of the EQ5D-VAS demographics data’s of study
population and sarcopenia related measures

Dependent variable: EQ5D-VAS

B Beta p

Age 0.382 0.130 0.014"
Gender 4.857 0.114 0.160
Diabetes 0.272 0.006 0.881
UGS (m/sn) 14.938 0.167 0.005
HGS (kg) 0.606 0.247 <0.001"
BMI (kg/m?) -0.166 -0.048 0.432
SMM -0.069 -0.015 0.858
CST (sn) -0.152 -0.043 0.403

Adjusted R squared value: 0.074. "Significant p-values. EQ-VAS: Euro Quality of Life Visual
Analog Scale, TUG: Timed-up-and-go test, UGS: Usual gait speed, HGS: Handgrip strength,
BMI: Body mass index, SMM: Skeletal muscle mass, CST: Chair stand test

Bozkurt et al. Quality of Life in Patients with Sarcopenia

addition, the EQ-VAS scores were significantly lower in female members
of the groups with impaired UGS, impaired TUG, and probable
sarcopenia.

Many studies have investigated the relationship between UGS and EQ-
VAS (6,10-14).

Trombetti et al. (6) conducted a prospective study on 48 older adults,
22 of whom had limited mobility, for 3 years and reported a correlation
between decreased UGS and deterioration in general quality of life in
both groups of older adults. Similarly, Guralnik et al. (10) examined
over 5,000 respondents aged 71 years and over residing in three
communities and identified a relationship between low UGS and
individual perceptions of general health problems. In a prospective
study of 422 participants by Oh et al. (15) examining the effect of lower
extremity function and quality of life in older adults, a correlation was
found between UGS and the EQ5D index. Perera et al. (11) also reported
a relationship between UGS and movement-related aspects of quality
of life in a prospective intervention study involving 100 people with
limited mobility, 100 who had recovered from a subacute stroke, and
492 community-dwelling older adults. Andersson et al. (13) conducted a
study of 360 participants aged over 85 years to explore the relationship
between general quality of life and instrumental activities of daily living
and found that a low self-reported general quality of life was associated
with mobility restriction. In the present study, a significant relationship
was identified between UGS and the EO-VAS. This is the first study to
report this relationship among older adults in Turkey.

We also investigated the relationship between HGS and SMM based on
the EQ-VAS scores in the present study. HGS was found to be related to
self-reported general quality of life, whereas SMM had no significant
effect. Although our results are compatible with the EWGSOP-2
diagnostic criteria and with studies conducted in other regions reported
in the literature, ours is one of the first studies to be conducted in
Turkey (2,16,17). The EWGSOP 2 has recently identified muscle strength
as more important than muscle mass for the evaluation of sarcopenia,
and the fact that HGS and UGS were found to be related in the results of
the study supports this (2,18,19).

Leerum-Onsager et al. (5) examined 107 individuals aged 70 years and
over with a history of hospitalization and 328 older adults who had not
been hospitalized and found that those who were overweight had a
lower perception of their general quality of life. Similarly, Goins et al.
(20) investigated the relationship between obesity and health-related
quality of life in adults aged 65 years and over and reported that older
adults with obesity have a lower health-related quality of life. Kim et al.
(21) also reported a relationship between obesity and low quality of life
in their study, which included 6,057 participants.

You et al. (22) conducted a study on 10,257 community-dwelling
individuals over the age of 60 years and found that being underweight
was associated with a low general quality of life in both male and female
older adults. They further reported that overweight women were more
likely to have a low EQ-5D index, whereas overweight men were less
likely to have a low EQ-VAS (22).

In the present study, the EQ5D-VAS component was found to be
unassociated with BMI, which contrasts with the findings reported in
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the literature. The reason for this difference may be ethnic differences
or the use of only the EQ5D-VAS.

Furthermore, the EQ-VAS score component of the EQ-5D3L was found
to be low in older adults in the present study, which is consistent with
the findings of some studies in the literature reporting a tendency for
EQ-VAS scores to be low in older adults (7,13).

Study Limitations

One of the strengths of our study is its status as the first to investigate
the relationship between sarcopenia components and self-reported
quality of life in a large community sample of older adults in Turkey.
Additionally, our study is strengthened by the use of regression analysis
to correct for HGS and UGS values in the diagnosis of sarcopenia.

The limitations of our study include its retrospective design, lack of
follow-up data, and possible underestimation of the EQ-VAS component,
which is common in the literature.

Conclusion

The results of the present study may be useful for healthcare
professionals engaged in the provision of care to the rapidly aging
population. Because our society is aging rapidly, the EQ-VAS, which is
a simple self-reported assessment tool, can help in cases where UGS
and HGS, which are essential components of sarcopenia in older adults,
cannot be applied. Further prospective studies are needed to identify
any improvement in quality of life after the implementation of the
necessary interventions and thus to establish a definitive association
between EQ-VAS and UGS.
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ABSTRACT

Introduction: The 2018 Tokyo Guidelines are insufficient for preoperative prediction of severe acute cholecystitis (AC) preoperatively.
The Parkland Grading Scale (PGS) aids in intraoperative assessment but lacks preoperative utility. Biomarkers like C-reactive protein/
albumin ratio (CAR) and systemic immune-inflammation index (SIl) were explored for preoperative prediction of severe AC. The
present study aimed to investigate the efficacy of biomarkers against severe AC.

Methods: A retrospective analysis at the University of Health Sciences Turkey, Fatih Sultan Mehmet Training and Research Hospital
covered patients undergoing early laparoscopic cholecystectomy for ACfrom January 2014 and January 2023. ACwas defined according
to the 2018 Tokyo Guidelines criteria. Patients were categorized into two groups based on the PGS for intraoperative findings: Group 1
(grades 1-3) for mild AC and group 2 (grades 4-5) for severe AC. Clinical parameters, intraoperative findings, postoperative outcomes,
and biomarkers, including CAR and SII, were analyzed.

Results: Of 141 patients, 93 were included in group 1 and 48 in group 2. Group 2 exhibited longer operation times, higher rates of
conversion to open cholecystectomy, and complications, and prolonged hospital stays. Clinical parameters such as age, sex, symptom
duration, and ASA score were varied between the groups. Biomarkers including C-reactive protein and white blood cell count differed
significantly between the groups, with CAR and SII identified as predictive factors for severe AC. The cut-off points were 1.86 for CAR
and 1327.69 for SlI.

Conclusion: Preoperative biomarkers, particularly CAR and SII, can effectively predict severe AC. Levels exceeding 1.86 for CAR and
1327.69 for SII indicate increased conversion to open cholecystectomy and postoperative complication risk.

Keywords: Severe acute cholecystitis, C-reactive protein/albumin ratio, systemic immune-inflammation index, Parkland Grading

Scale

Introduction

It is important to accurately evaluate the severity of acute cholecystitis
(AQ) in patients to improve treatment outcomes and prognosis (1). The
Tokyo Guidelines 2018 (TG18) are recommended for evaluating the
risk level of patients with AC to determine the most suitable treatment
approach. According to the TG18, the diagnostic criteria for AC include
duration of symptoms, physical examination findings, laboratory results,
such as C-reactive protein (CRP) and white blood cell (WBC) levels, and
radiological evaluation. The TG18 uses CRP levels only for diagnosing
AC and not as a decisive marker in assessing the severity of AC. The
WBC count was used as a criterion for determining disease severity (2).
Nevertheless, the 2013 Tokyo Guidelines were found to be insufficient
to predict conversion to open cholecystectomy (CC) but sufficient to

predict mortality in the literature (3). Additionally, WBC count was not
found to predict CC (4). Moreover, there is no difference in the rates of
CC and complications between patients undergoing early laparoscopic
cholecystectomy, even when the symptom duration exceeds 72 hours (5).

The Parkland Grading Scale (PGS) is based on intraoperative patient
observations, and cholecystectomy becomes increasingly challenging
from grades 1 to 5 (6). Lee et al. (7) reported that CRP and WBC
counts, operation time, intraoperative complications, postoperative
complications, and length of hospital stay were all the highest in patients
classified as grade 5 on the PGS. In the same study, 87.2% of grade 5
cases on the PGS corresponded to grades 1 and 2 on the TG18. Cripps
and Weber (8) found the PGS and the American Association for Surgery
of Trauma Grading Scale to be superior to the TG18. They concluded that

Received: 07.04.2024
Accepted: 04.06.2024

Phone: +90 545 313 21 88 E-mail: drysngunes@hotmail.com ORCID ID: orcid.org/0000-0003-3951-0721
> Cite this article as: Giines Y, Teke E, Tasdelen i, Agar M, Sahinogullari H, Aydin MT. Effectiveness of

Preoperative Biomarkers: Role of the C-Reactive Protein/Albumin Ratio and Systemic Immune-Inflammation
Index in Predicting Acute Cholecystitis Severity. istanbul Med J. 2024; 25(3): 223-8

©0eo

©Copyright 2024 by the University of Health Sciences Turkey, Istanbul Training and Research Hospital/istanbul Medical Journal published by Galenos Publishing House.
Licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License

223


https://orcid.org/0000-0003-3951-0721
https://orcid.org/0000-0001-7597-6401
https://orcid.org/0000-0001-9289-2744
https://orcid.org/0000-0003-2099-7525
https://orcid.org/0009-0005-1782-7666
https://orcid.org/0000-0003-2835-5308

istanbul Med | 2024; 25(3): 223-8

the PGS is the best grading system for AC. However, in the preoperative
period, evaluating the severity of AC using PGS is challenging due to its
intraoperative nature.

For these reasons, some researchers have turned to biomarkers to
assess the severity of AC in the preoperative period. Several studies
have identified CRP as a reliable predictor of difficult cholecystectomy
or CC (1,9-11). Moreover, various biomarkers, such as procalcitonin,
visfatin, and neopterin, have been investigated although their utility
is limited (12-14). Biomarkers that are easy to use and inexpensive,
such as the neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte
ratio (PLR), monocyte-lymphocyte ratio (MLR), CRP/albumin ratio (CAR),
systemic immune-inflammation index (Sll), systemic immune response
index (SIRI), prognostic nutritional index (PNI), and Glasgow prognostic
score (GPS), have recently been studied. However, conflicting evidence
exists regarding the predictive value of these biomarkers in AC and the
threshold values that can be used in management (15-27).

The objective of this study was to evaluate the efficacy of preoperative
biomarkers for predicting difficult cholecystectomy during early
laparoscopic cholecystectomy for AC.

Methods

We retrospectively analyzed patients who underwent early laparoscopic
cholecystectomy for AC at the University of Health Sciences Turkey,
Fatih Sultan Mehmet Training and Research Hospital, Clinic of General
Surgery between January 2014 and January 2023. The University of
Health Sciences Turkey, Fatih Sultan Mehmet Training and Research
Hospital Local Ethics Committee approved this study (approval number:
FSM EAH-KAEK 2023/184, date: 14.12.2023). All participants received
written explanations of the study objectives and methods. AC was
defined as the presence of at least one feature from each systemic, local,
and radiological finding according to the TG18 (2).

Groups

The characteristics of the gallbladder from the operation notes of the
patients included in the study (such as normal gallbladder, adhesion of
surrounding tissues to the gallbladder, location of adhesion, hyperemia,
pericholecystic fluid, hydrops, grade 1-3 abnormal liver anatomy,
intrahepatic gallbladder, Mirizzi syndrome, perforation, and necrosis)
were recorded. The grade of each patient was calculated according to the
PGS, as defined by Madni et al. (6), based on the intraoperative findings.
Patients were classified from 1to 5. Grades 1, 2, and 3 were grouped into
group 1, representing mild cholecystitis and easier cholecystectomy,
while grades 4 and 5 were grouped into group 2, indicating severe
cholecystitis and more difficult cholecystectomy.

Clinical Parameters, Intraoperative Findings, and Postoperative
Outcomes

Preoperatively, the following information was collected from each
patient: Demographic characteristics (age, gender), radiological
findings (gallbladder wall thickness, presence of pericholecystic fluid),
and clinical findings [severity of AC according to the TG18, American
Society of Anesthesiologists (ASA) score]. To ensure the accuracy of
the classification (as the groups were established based on mild and
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severe cholecystitis), intraoperative findings and postoperative results
were initially documented. Intraoperative findings included the
operation time, type of surgery, and presence of any complications.
The postoperative and total hospital stays were documented in the
postoperative results.

Biomarkers

CRP, leukocyte and neutrophil counts, lymphocyte and monocyte
counts, platelet and albumin counts, mean platelet volume (MPV),
and red cell distribution width (RDW) were recorded for each patient
during admission. Subsequently, the following ratios and indices were
calculated using the recorded values: NLR, PLR, MLR, CAR, SII, SIRI, PNI,
and GPS. Sl was calculated by multiplying the monocyte count by the
neutrophil count and dividing the result by the lymphocyte count. SIRI
was calculated by multiplying the platelet count by the neutrophil count
and dividing the result by the lymphocyte count. To calculate PNI, the
formula PNI = 10 x albumin (g/dL) + 0.005 % lymphocyte count was
used. The GPS was calculated based on CRP and albumin levels. A score
of two is assigned if CRP is >10 mg/L and albumin is <3.5 g/dL. A score
of one is assigned if only one of these values reaches these levels. A
score of 0 was assigned if neither CRP nor albumin meet these levels.

Statistical Analysis

IBM SPSS 25 software was used for statistical analysis. Means, standard
deviations, frequencies, and percentages were used to describe the
data. To compare qualitative data between groups, the Pearson’s chi-
squared test and the Fisher’s exact test were employed. The distribution
of quantitative data was assessed using the Shapiro-Wilk test. Univariate
analysis involved comparing quantitative data between groups using
the Student’s t-test and the Mann-Whitney U test. Logistic regression
analysis was performed to evaluate positive data in the univariate
analysis. In logistic regression analysis, statistically significant data were
evaluated using the receiver operating characteristic curve (ROC), and
the area under the curve (AUC), cut-off points, sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy were
determined. Statistical significance was considered at p<0.05.

Results

Early laparoscopic cholecystectomy for AC was performed in 141
patients. Of these, 93 patients were categorized into group 1 and, while
48 patients into group 2.

Intraoperative Findings and Postoperative Qutcomes

The mean operation time was 71.3+24.45 minutes in group 1 and
102.5+40.55 minutes in group 2 (p<0.001). CC was necessary for 1
(1.1%) patient in group 1 and 8 (17%) patients in group 2 (p=0.001).
Complications were not observed in patients in group 1, whereas 3
patients (6.14%) in group 2 experienced complications (p=0.038).
Obstructive jaundice resulting from a common bile duct stone was
observed in the postoperative period in the first patient, whereas bile
leakage from the cystic duct occurred in the remaining two patients.
Endoscopic retrograde cholangiopancreatography was performed, and
a biliary stent was placed in each of the three patients. The total length
of hospital stay was 3.52+2.83 days in group 1 and 6.04%4.24 days in



group 2 (p<0.001). The postoperative hospital stay was 2.2242 .43 days
in group 1 and 4.31+3.67 days in group 2 (p<0.001) (Table 1).

Clinical Parameters

The mean age of patients was 46.6£12.77 years in group 1 and
52.2+16.72 years in group 2 (p=0.027). 60.2% of the patients in group
1 and 37.5% in group 2 were female (p=0.010). The mean symptom
duration from symptom onset to admission was 2.15£2.52 days in
group 1 and 2.43+2.13 days in group 2 (p=0.064). The mean symptom
duration from symptom onset to surgery was 3.46+3.02 days in group
1 and 4.10+2.82 days in group 2 (p=0.037). The mean gallbladder wall
thickness on preoperative abdominal ultrasonography was 4.28+1.64
mm in group 1and 4.51+1.66 mm in group 2 (p=0.441). Pericholecystic
fluid was present in 21.5% of patients in group 1 and 45.8% of patients
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in group 2 (p=0.003). According to the TG18, grade 1 AC was present in
72% of patients in group 1 and 52.1% in group 2, grade 2 AC was present
in 26.9% of patients in group 1and 33.3% in group 2, and grade 3 ACwas
present in 1.1% of patients in group 1 and 14.6% in group 2 (p=0.001).
In group 1, 87% of patients were classified as ASA 1-2 and 13% as ASA
3-4. In group 2, 70.2% of patients were ASA 1-2 and 29.8% were ASA 3-4
(p=0.017) (Table 2).

Biomarkers

Significant differences were observed between the groups in CRP, WBC
count, neutrophil count, lymphocyte count, albumin, NLR, PLR, MLR,
CAR, SlI, SIRI, PNI, and GPS (p<0.05). However, no statistically significant
differences in other biomarkers (platelet count, monocyte count, MPV,
and RDW) (p>0.05) (Table 2).

Table 1. Comparison of intraoperative findings and postoperative outcomes among the study groups

Group 1, (n=93) Group 2, (n=48) p-value

Operation time, mean (minute) 71.3%£24.45 102.5+40.55 <0.001™
Conversion to open cholecystectomy, n (%) 1(1.1) 8(16.7) 0.001*
Complication, n (%) 3(6.3) 0.038*
Total hospital stay, mean (days) 3.5242.83 6.04%4.24 <0.001™
Postoperative hospital stay, mean (days) 2.22+2.43 431£3.61 <0.001™
"Mann-Whitney U test, 2Fisher’s exact test, “p<0.05 significant
Table 2. Comparison of clinical parameters and biomarkers among the groups in the univariate analysis

Group 1, (n=93) Group 2, (n=48) p-value
Age, mean (year) 46.6+12.77 52.2116.72 0.027"
Gender, n (%)
Female 56 (60.2) 18 (37.5) .
Male 37 (39.8) 30 (62.5) 0.010°
Symptom duration, mean (days)
From onset to admission 2.15+2.52 2.43%£2.13 0.064°
From onset to surgery 3.46%3.02 4.10+2.82 0.037%
Radiological findings
Gallbladder wall thickness, mean (mm) 4.28+1.64 4.51£1.66 0.441°
Pericholecystic fluid, n (%) 20 (21.5) 22 (45.8) 0.003*
Grade by TG18, n (%)
1, mild 67 (72) 25 (52.1)
2, moderate 25 (26.9) 16 (33.3) 0.001%
3, severe 1(1.1) 7 (14.6)
ASA score, n (%)
1-2 80 (87) 33(70.2) )
3-4 12 (13) 14 (29.8) 0.017
Biomarkers
CRP level, mean (mg/L) 4.57+6.06 13.26£10.57 <0.001*"
WBC count, mean (10" 3/ul) 11.93+4.03 14.80+5.16 0.0013"
Neutrophil count, mean (107 3/ul) 8.81£3.67 11.93+5.19 0.001*
Lymphocyte count, mean (10°3/ul) 2.28+0.86 1.88+1.06 0.010*
Platelet count, mean (10~3/ul) 270.72£77.66 277.66190.22 0.707?
Monocyte count, mean (10" 3/ul) 0.70£0.32 0.83%0.53 0.075°
MPV, mean (fL) 8.61£1.53 8.48£1.66 0.659'
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Table 2. Continued

RDW (%)

Albumin, mean (g/dL)
NLR, mean

PLR, mean

MLR, mean

CAR, mean

SII, mean

SIRI, mean

PNI, mean

GPS, mean

Group 1, (n=93) Group 2, (n=48) p-value
14.05£1.43 14.5+£1.48 0.051°
4.31+0.29 410.59 0.003*
4.512.94 9.96£6.36 <0.001*
131.83148.97 206.01£169.56 0.002>"
0.34+0.21 0.54+0.41 0.005>"
1.07£1.42 5.35%12.13 <0.001*"
1172.861+701.48 2741.97£3176.0 <0.001*"
4 0.001*"
3.31+£3.13 7.9519.21 0.005>"
38.02+14.27 34.23£15.31 "
0.63+0.48 1.09£0.53 =ooor

'Student’s t-test, 2Pearson’s chi-square test, *Mann-Whitney U test, TG18: Tokyo Guidelines 2018, CRP: C-reactive protein, WBC: White blood cell, MPV: Mean platelet volume, RDW: Red cell
distribution width, NLR: Neutrophil-lymphocyte ratio, PLR: Platelet-lymphocyte ratio, MLR: Monocyte-lymphocyte ratio, CAR: CRP-albumin ratio, SII: Systemic immune-inflammation index,

SIRI: Sysytemic inflammatory response index, PNI: Prognostic Nutritional index, GPS: Glasgow prognostic score, “p<0.05 significant

Multivariate Analysis and Cut-off Points

Significant clinical parameters and biomarkers in the univariate analysis
during the preoperative period were further evaluated by multivariate
binary logistic regression analysis. In the multivariate analysis, only CAR
and Sll were found to be predictive of early laparoscopic cholecystectomy
for AC (p<0.05) (Table 3). Subsequently, ROC analysis was conducted for
both variables. For CAR, the AUC was 0.780 (p<0.001), the sensitivity
was 68.29%, the specificity was 81.71%, the positive predictive value was
65.12%, the negative predictive value was 83.75%, the cut-off point was
1.86, and the accuracy rate was 77.24%. For the SII, the AUC was 0.694
(p<0.001), the sensitivity was 60.42%, the specificity was 75.27%, the
positive predictive value was 55.77%, the negative predictive value was
78.65%, the cut-off point was 1327.69, and the accuracy rate was 70.21%
(Figure 1).

Discussion

It is important to understand the severity of AC in the preoperative
period. Because the severity of CC increases, the risk of CC and
complications increases even in the best medical centers. In this
study, we aimed to identify biomarkers that offer easier and a
more practical use for preoperative assessment of the severity of
AC. Although many studies have investigated biomarkers in the
literature, the results have significantly varied. This variance can be
attributed to the absence of standardized criteria for defining severe
cholecystitis during data grouping and the limited utilization of
biomarkers. For these reasons, most studies have biases. To mitigate
potential biases, this study focused on accurately grouping patients
with AC. To achieve this, we employed the PGS, which is a grading
system based on intraoperative characteristics that provides a
more comprehensive evaluation of AC severity (8). In our study, the
intraoperative and postoperative results were significant in group
2, with longer operative times, more frequent surgical procedures,
more complications, and longer hospital stays. These results confirm
that PGS grades 4-5 indicate severe cholecystitis.
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Table 3. Predictors of severe acute cholecystitis according to
multivariate binary logistic regression analysis

B S.E. wald p-value OR 95% Cl
CAR 0.429 0.116 13.724 <0.001" 1.536 1.224-1.928
Sl 0.001 <0.001  6.061 0.014 1.001 1.000-1.001

CAR: CRP-albumin ratio, SII: Systemic immune-inlammation index, OR: Odds ratio, Cl:
Confidence interval, “p<0.05 significant
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Figure 1. ROC curve analyses for CAR and SII
ROC: receiver operating characteristic, CAR: C-reactive protein/albumin
ratio, SII: Systemic immune-inflammation index

Furthermore, we included in the study most of the biomarkers used
to predict severe cholecystitis in the preoperative period. Through an
exhaustive literature review, we identified the most common biomarkers,
such as CRP, WBC, neutrophil count, lymphocyte count, platelet count,
monocyte count, MPV, RDW, albumin, NLR, PLR, MLR, CAR, SII, SIRI, PNI,
and GPS, and included them in our study. As a result, our study identified
CAR and SlI as predictive factors for severe cholecystitis. CAR emerged
as the most predictive factor, with an AUC of 0.780, accompanied by
77.24% AR and a cut-off value of 1.86. Additionally, SIl emerged as the
second most significant predictive value, with an AUC of 0.694, 70.21%
AR, and a cut-off value of 1327.69.



There are limited studies exploring the relationship between AC, CAR,
and SII. Three recent studies have reported a relationship between
severe ACand CAR (22,25,26). Yilmaz et al. (25) reported an AUC of 0.742
and a cut-off point of 2.61 for CAR. Their study utilized grouping based
on the TG18. In contrast, Utsumi et al. (26) found an AUC of 0.78 and a
cut-off point of 5.54 for CAR. The grouping was based on laparoscopic
cholecystectomy versus CC. However, grouping according to the TG18
in the first study did not compare intraoperative or postoperative
outcomes, leaving uncertainty regarding the implications of the results.
The TG18 score may not sufficiently denote severe cholecystitis, and
it is unclear whether complications or risk escalation correlate with
an increased grade. In our study, approximately half of the patients
categorized under PGS grades 4-5 exhibited grade 1 AC according to
the TG18. In another recent study, Sato et al. (22) found that CAR and
NLR were the most effective inflammation-based prognostic scores for
predicting grade >2 AC as per the TG18. However, the study did not
provide insights into CC or complications. In our study, we observed that
in group 2, corresponding to the PGS grades 4-5, there were increases in
CC, complications, operation time, and hospital stay, with CAR emerging
as the most predictive value.

The relationship between AC and SII has been investigated in two recent
studies (23,24). Yildiz et al. (24) identified significant associations among
NLR, SIRI, and SII. They reported an AUC of 0.742 for the SIl using a cut-
off point of 790.53. In their studies, the case group comprised patients
with AC, and the control group comprised patients who visited the
emergency department for any reason with complaints of abdominal
pain. Similarly, Serban et al. (23) found that NLR and PLR were also
significant, along with SII. They reported an AUC of 0.734 for the SII
using a cut-off point of 949.6. Their study involved patients categorized
based on intraoperative findings, similar to our study design. Severe
AC was associated with prolonged hospitalization, conversion to open
cholecystectomy, and increased rate of complications.

In our study, no significant relationship was identified between severe
AC and CRP, WBC, albumin, NLR, PLR, MLR, SIRI, PNI, or GPS. Despite
this, numerous studies in the literature have linked these biomarkers
with severe AC(1,9-11,17-21,27). For instance, in the study conducted by
Bouassida et al. (1) categorized patients with gangrenous cholecystitis,
pericolic abscess, hepatic abscess, and biliary peritonitis as having
advanced AC. Similar to our study, the authors observed a high rate of
CC, complications, prolonged hospitalization, and operation time in this
group. However, only WBC count, CRP level, and NLR were assessed as
biomarkers, with CRP being identified as predictive.

Study Limitations

Our study has several limitations. First, the sample size is small,
which may limit the generalizability of the findings. Second, being
a retrospective study, it is susceptible to biases inherent in the study
design. However, our study also possesses notable strengths. Specifically,
severe ACwas accurately defined, enhancing the reliability of our results.
Additionally, our study examined the largest number of biomarkers,
which contributed to a comprehensive analysis of the condition.

Glines et al. Preoperative Biomarkers of Acute Cholecystitis

Conclusion

CAR and SII are the most effective biomarkers of severe AC during the
preoperative period. If CAR >1.86 and Sl >13.27.69, clinicians should
suspect severe AC and anticipate a higher risk of CC and an increased
risk of complications.
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ABSTRACT

Introduction: Chronic hepatitis B (CHB) infection is essential for patient management, including treatment and follow-up. Therefore,
quantitative hepatitis B surface antigen (qHBsAg) may help physicians identify the stages of hepatitis B virus (HBV) infection. This
study aimed to examine the variance in qHBsAg levels across various stages of viral infection.

Methods: This cross-sectional study, 183 patients who attended the Infectious Diseases outpatient clinic at Haseki Training and
Research Hospital between July and December 2020, tested positive for HBsAg, and did not undergo prior treatment.

Results: Among the 183 patients, 54.1% were male. The mean qHBsAg level was 2,155 IU/mL (interquartile range: 625-12,759).
Correlation analysis revealed that qHBsAg was significantly associated with age, laboratory results, and HBV-DNA. In the receiver
operating characteristic analysis, which evaluates the predictive power of qHBsAg for chronic hepatitis, the area under the curve was
0.749, and the optimal cut-off value for qHBsAg was 3,081 IU/mL. The cutoff value for the 95% specificity of qHBsAg in predicting
chronic hepatitis was 38,641 [U/mL.

Conclusion: Quantitative HBsAg is an easily applicable and relatively inexpensive test for distinguishing different stages of chronic
hepatitis. Therefore, gHBsAg can help clinicians assess liver injury and plan treatment at the most appropriate time for patients with
CHB infection. In patients with HBV-DNA levels exceeding 2,000 IU/mL, commencement of treatment without the necessity of liver

biopsy may be considered when the qHBsAg exceeds 38,000 IU/mL.
Keywords: HBeAg, HBV DNA, chronic hepatitis B, qHBsAg, liver biopsy

Introduction

Hepatitis B virus (HBV) is a member of the Hepadnaviridae family that
is characterized by its double-stranded DNA structure (1). Hepatitis B
surface antigen (HBsAg) is secreted into the circulation in tubular or
spherical forms by hepatocytes infected with the (HBV). Quantitative
hepatitis B surface antigen (qHBsAg) levels reflect transcriptional activity
originating from closed circular DNA (cccDNA) and integrated DNA
within hepatocytes. Therefore, qHBsAg levels can be used as an auxiliary
indicator during the course of chronic hepatitis B (CHB) (2).

The standardization of HBsAg quantification has been achieved, leading
to an increased utilization of this method in current practice. HBsAg
quantification is a valuable parameter that can guide the staging and
follow-up of CHB infection and can be used to predict complications of
CHB infection and to determine treatment initiation and cessation (3,4).

This finding does not necessarily indicate that patients with infection
have CHB. Hence, the identification of individuals with chronic HBV
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infection and persistent HBV infection holds significant importance
in patient management, including treatment decisions and follow-up
protocols. In this regard, qHBsAg can help physicians identify the stages
of HBV infection (3). The primary objective of this study was to examine
variations in qHBsAg levels among distinct infection stages. Additionally,
the relationship between qHBsAg and the tested parameters was
investigated.

Methods

Patients

In this single-center, cross-sectional study, a total of 183 patients with
hepatitis B who applied to the Department of Infectious Diseases and
Clinical Microbiology, Haseki Training and Research Hospital between
July and December 2020 were included.

The inclusion criteria were age 18 years, confirmed HBsAg positivity for
a minimum duration of 1 year, and no history of prior HBV treatment.
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The exclusion criteria were coinfection with human immunodeficiency
virus (HIV), hepatitis C virus (HCV), hepatitis D virus (HDV), and
hepatocellular carcinoma (HCC), pregnancy, and findings indicative of
alcoholic hepatitis.

We recorded the following data for each patient: age, gender, HBsAg,
hepatitis B envelop antigen (HBeAg), anti-HBe, HBV-DNA levels,
anti-HDV, anti-HCV, anti-HIV, biochemical values such as alanine
aminotransferase (ALT), aspartate aminotransferase (AST) total bilirubin,
alkaline phosphatase, gamma-glutamyl transferase, albumin, globulin,
alpha-feto protein, hemogram, prothrombin time, international
normalized ratio values, and abdominal ultrasonography findings. The
biopsy findings [fibrosis and histological activity index (HAI)] of patients
who underwent liver biopsy within the last 1 year were also recorded.

qHBsAg levels were correlated with biochemical results and HBV-DNA
levels obtained concurrently, whereas liver biopsies were performed
within 1 year of blood sample collection.

According to the 2017 Classification by the European Association for the
Study of the Liver (EASL), patients were categorized into four groups:
HBeAg-positive chronic infection (HBV-DNA >10"7 IU/mL, normal ALT);
HBeAg-positive chronic hepatitis (HBV-DNA 10*107 IU/mL, elevated
ALT); HBeAg-negative chronic infection (HBV-DNA <2000 IU/mL, normal
ALT); and HBeAg-negative chronic hepatitis (HBV-DNA >2000 IU/mL,
elevated ALT) (3).

The study was approved by the University of Health Sciences Turkey,
Haseki Training and Research Hospital Clinical Research Ethics
Committee (approval number: 2020 -111, date: 08.07.2020).

Informed consent was obtained from the patients prior to their
participation in the study.

Definitions and Reference Ranges

In the present study, biochemical analyses, including serum urea, serum
creatinine, AST, and alanine transaminase levels, were performed
using kits applied to the Beckman AU2700 auto analyzer devices of the
Biochemistry Laboratory of Haseki Training and Research Hospital.

Serological and virological tests were performed using the Abbott
Architect 1-2000 Device and the Architect Alinity Kit in the microbiology
laboratory of Haseki Training and Research Hospital.

For HBsAg quantification, serum samples obtained from patients
were stored at 40 °C, and qHBsAg levels were measured using the
chemiluminescent microparticle immunoassay technique with the
Elecsys HBsAg Il (Roche Diagnostics, Indianapolis, USA) kit.

Statistical Analysis

For statistical analyses, SPSS 15.0 for Windows (SPSS Inc., Chicago,
Illinois, USA) was used. The chi-square test was used for categorical
variables. Mann-Whitney U test was used for subgroup analyses, and
results were interpreted with Bonferroni correction. The Kruskal-Wallis
test was used to compare continuous variables between the four groups.
The relationships between numerical variables were analyzed using
Pearson’s correlation analysis when the parametric test conditions were
met and Spearman’s correlation analysis (Spearman’s RHO test) when
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the parametric test conditions could not be met. Statistical significance
was given as p<0.05.

Receiver operating characteristic (ROC) analysis was performed with
reference to the HAI, fibrosis, and chronic hepatitis classifications,
and ROC graphs were used to determine the diagnostic performance
of the qHBsAg variable, which is clinically predicted to be effective in
determining the risk group. Variables with an area under the curve (AUC)
of >0.500 that had a certain sensitivity and specificity for determining
chronic hepatitis, HBV-DNA levels, liver fibrosis, and HAI were also
calculated.

Results

A total of 183 patients were included in this study, and 84 (45.9%) were
women. The median age of the patients was 40 years (range: 30-48).

Liver needle biopsy was performed in 77 patients within the last 1 year.
There were 64 (83.1%) patients with fibrosis between 0 and 2 and 13
(16.9%) with fibrosis 3-4 among patients who underwent biopsy. Fibrosis
5 or 6 was not detected in any patient. A total of 58 (75.3%) patients had
HAI between 0-6, and 19 (24.7%) had HAI >6.

According to the hepatitis classification, 13 (7.1%) patients had HBeAg
(+) chronic infection, 40 (21.9%) HBeAg (+) chronic hepatitis, 96 (52.5%)
HBeAg (-) chronic hepatitis, and 34 (18.6%) were in the HBeAg (-) chronic
hepatitis group.

The demographic characteristics and fundamental test outcomes are
presented in Table 1.

The comparison of the patient groups in terms of clinical and
demographic characteristics, such as sex, age, laboratory results, HBV-
DNA, qHBsAg, fibrosis, HAI scores, and hepatosteatosis, are presented
in Table 2. Subgroup analyses performed according to Bonferroni
correction for these features are presented in Table 3.

In the correlation analysis, qHBsAg was significantly associated with age,
ALT, AST, albumin, PTZ, AFP, and HBV-DNA in the general study group.
Furthermore, notable correlations were observed between gHBsAg
levels and factors such as age, total protein, albumin, and HBV-DNA
in HBeAg-positive patients. Similarly, significant associations were
identified between qHBsAg and the fallowing variables; age, ALT, and
HBV-DNA in HBeAg-negative patients (Table 4).

A moderate positive correlation was detected between qHBsAg and HBV-
DNA in the cohort (r=0.626, p<0.001) and HBeAg (+) group (r=0.602,
p<0.001). A weak positive correlation was detected between qHBsAg
and HBV-DNA in HBeAg (-) group (r=0.375, p<0.001). In HBeAg (+) and
HBeAg (-) patient groups, as the HBV-DNA value increased, the gHBsAg
value also increased in Table 4.

The ability of qHBsAg to predict fibrosis and HAI in patients with biopsy
results was calculated using an ROC curve. In the ROC analysis, in
which the predictive power for fibrosis >2 was evaluated, qHBsAg was
insufficient to evaluate fibrosis (p>0.086) (Figure 1).

In the ROC analysis, the AUC for HAI >6 was not statistically significant
(AUC=0.611, p=0.15). The AUC for HAI >9 was statistically significant
(AUC=0.742, p=0.008).



In the ROC analysis performed to predict chronic hepatitis, the AUC for
qHBsAg was statistically significant (AUC=0.749, p<0.001). The cut-off
point of qHBsAg for determining chronic hepatitis was 3,081 IlU/mL. The
sensitivity and specificity were 70.3% and specificity 70.6% for qHBsAg
<3,081 1U/mL. In recognizing chronic hepatitis, the limit value was
38,641 IU/mL with 95% specificity, and the sensitivity was 18% for this
value in Figure 2.

In the ROC analysis to evaluate the power of qHBsAg for HBV DNA >2,000
IU/mL in patients, the AUC for HBV-DNA >2,000 1U/mL was statistically
significant (AUC=0.790, p<0.001) in Figure 3. For HBV-DNA >2,000 U/
mL, the cutoff value of qHBsAg was 1.924.5 IU/mL. The sensitivity and

Table 1. Demographic characteristics, laboratory parameters, and liver
biopsy findings

Characteristics Median (IQR)
Age (years) 40 (30-48)
Gender

Female (n, %) 84 (45.9)
Male (n, %, 99 (54.1)

ALT (IU/L) 28 (19-49)
AST (1U/L) 26 (20-38)

Total bilirubin level (mg/dL)
Direct bilirubin administration (mg/dL)

Total protein (g/dL)

0.50 (0.40-0.70)
0.10 (0.10-0.14)
72.2 (70-75.8)

Albumin (g/dL) 42 (40-45)
INR 1 (0.90-1)
Prothrombin time (sec) 11.2 (11-12)
AFP (IU/mL) 2.83 (1.9-4)
HBeAg

Positive 53 (29.0)
Negative 130 (71.0)

HBV-DNA (IU/mL)
qHBsAg (IU/mL)

Fibrosis in biopsy specimens

5.271 (623-444.240)
2.155 (625.1-12.759)

0-2 57 (74.0)
52 20 (26.0)
HAL in biopsy specimens

0-6 48 (62.3)
6 29 (37.7)
Hepatosteatosis

Grade-1 38 (67.9)
Grade-2 18(32.1)
HBeAg + Chr. infection 13 (7.1)
HBeAg + Chr. hepatitis 40 (21.9)
HBeAg - Chr. infection 96 (52.5)
HBeAg - Chr. hepatitis 34 (18.6)

IQR: Interquartile range, n: number of data, ALT: Alanine aminotransferase, IU/L:

International unit/liter, AST: Aspartate aminotransferase, INR: International normalized
ratio (international standardized ratio), sec: second, AFP: Alpha fetoprotein, HBeAg:
Hepatitis B envelop antigen, HBV-DNA: Hepatitis B virus deoxyribonucleic acid, qHBsAg:
Quantitative Hepatitis B surface antigen, HAI: Histologic activity index, Chr. hepatitis:
Chronic hepatitis, Chr. infection: Chronic infection
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specificity of qHBsAg 1.924.5 were 72.3% and specificity was 70.4% for
qHBsAg >1.924.5.

In the ROC analysis performed to evaluate the predictive power of
qHBsAg for HBV-DNA >20.000 IU/mL in patients, the AUC was found to
be statistically significant (AUC=0.814, p<0.001) in Figure 4. For HBV-
DNA >20,000 IU/mL as the reference, the cut-off value for qHBsAg was
determined to be 3.081 IU/mL. The sensitivity was 75% and specificity
was 71.3% for qHBsAg >3,081.

No significant cutoff values were detected for qHBsAg to predict HBV-
DNA between 2,000-20,000 1U/mL (AUC=0.475, p=0.615).

Discussion

In total, 183 nave patients diagnosed with CHB were evaluated in this
study. Upon evaluation of the correlation analyses, a positive association
was identified between qHBsAg levels and ALT, HBV-DNA, and HAI
Consequently, we deduced that employing qHBsAg could be efficacious
in determining the necessity for treatment initiation and monitoring
patient follow-up.

Quantitative HBsAg is a factor affecting the prognosis of the disease, such
as HBeAg positivity, HBV-DNA elevation, and genotype. Previous studies
have shown that qHBsAg level >1000 IU/mL in HBeAg-negative CHB
patients were associated with disease progression and HCC development
(5,6). Additionally, the EASL and American Association for the Study of
Liver Diseases guidelines stated that the most important determinant
of the decision to treatment cessation is HBsAg loss. There is an annual
average loss of HBsAg of 0.4-2.3% depending on the stage of liver
disease and patient age. Given that most strategies for the functional
cure of HBV infection involve combination therapy with nucleos(t)ide
analogs, monitoring HBsAg is crucial for assessing response to novel
therapeutic approaches. In addition to HBsAg loss, the degree of HBsAg
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decline or specific cutoff values can serve as secondary endpoints in
early clinical trials. However, the precise magnitude of HBsAg reduction
or the threshold for treatment success remains uncertain (3,7). This
condition is often difficult to achieve and requires long-term treatment.
Some studies have examined whether monitoring the qHBsAg level is a
predictive value of HBsAg loss during the natural course of the disease.
It was concluded that low qHBsAg levels before treatment (<1,000 1U/
mL) and a decrease in the early stages of the treatment (e.g. 1-2 log IU/

mL) were indicative of the development of HBsAg loss, but the limit
value was not determined clearly (5,6).

Many studies on HBsAg quantification have emphasized that qHBsAg
measurement is a dynamic parameter that may differ according to
the natural course of the disease (8,9). However, it was also shown
that qHBsAg can be used as a reference to determine disease severity,
evaluate compliance with treatment, and decide whether to terminate

Table 2. Comparison of clinical and demographic characteristics according to EASL classification

e L ,) (S]:ri 3) :(?::t%tgz)(ﬁirtio)
Gender

Female n (%) 10 (76.9%) 15 (37.5%)
Male n (%) 3 (23.1%) 25 (62.5%)
Age (years)

Median 26 31

IQR 20-31 27-47

ALT (IU/L)

Median 23 62.5

IQR 17-29.5 43.5-93.5

AST (1U/L)

Median 24 43.5

IQR 19-27.5 30.25-62
Total bilirubin (mg/dL)

Median 0.45 0.535

IQR 0.325-0.525 0.4925-0.7875
Total protein (g/dL)

Median 74.7 72

IQR 68.7-75.9 67.9-75
Albumin (g/dL)

Median 41 40.5

IQR 40-43.5 37-43

INR

Median 0.9 0.995

IQR 0.9-1 0.9-11
Prothrombin time (sec)

Median 11.2 11.15

IQR 11.15-12.55 11-12.175
AFP (IU/mL)

Median 3.41 3.275

IQR 1.33-3.815 2.555-4.5375
HBV-DNA (IU/mL)

Median 146.861 20,000,000
IQR 3.464-92.645.057 182.179.8-486.041
qHBsAg (IU/mL)

Median 37.510 20.717

IQR 24.742.5-170.410 11.789.5-143.825

HBeAg (-) Chr. HBeAg () Chr.

infection, (n=96) hepatitis, (n=34) el
51 (53.1%) 8 (23.5%) 0.002
45 (46.9%) 26 (76.5%)

42 40 <0.001
37.25-50.75 32-47.25

20 435 <0.001
16.25-26 33.75-85.75

20 36.5 <0.001
18-25.75 27-56

0.5 0.625 0.002
0.4-0.7 0.5-0.9

72.25 72.95 0.205
69.525-75.175 71-77.05

43 44 <0.001
41-45 42-46.25

0.9 1 0.048
0.9-1 0.975-1

11.2 11.3 0.197
10.9-11.875 11-12.025

2.525 2.575 0.092
1.9-3.645 1.875-4.17

739.5 36.557 <0.001
107-2.921 11.893.25-758.476.5

8741 2.506.5 <0.001

275.325-2.172.25 1082.75-6.708.75

EASL: European Association for the Study of the Liver, HBeAg: Hepatitis B envelop antigen, Chr. infection: Chronic infection, Chr. hepatitis: Chronic hepatitis, n: Number of data, IQR:
Interquartile range, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, IU/L: International unit/liter, qHBsAg: Quantitative hepatitis B surface antigen, INR: International
normalized ratio (international standardized ratio), sec: Second, AFP: Alpha fetoprotein, HBV-DNA: Hepatitis B virus deoxyribonucleic acid, qHBsAg: Quantitative hepatitis B surface antigen
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treatment (10,11). In this regard, qHBsAg is considered a reliable marker
that can be used for patient follow-up.

HBsAg seroclearance and anti-HBs formation are the ultimate targets to
be called functional cures and to discontinue treatment in patients who
receive such treatments. For this reason, the quantitative measurement
of HBsAg level plays an important role in patient follow-up (12). HBsAg
seroclearance is an important parameter for predicting decreased HBsAg
titers (especially HBsAg <10 IU/mL) and spontaneous HBsAg loss, which
is used in treatment follow-up. Other markers reported to be advanced
age, low ALT, high platelet, and leukocyte counts (13).

Many studies have reported that quantitative HBsAg can be used to
differentiate between chronic infection and hepatitis (8,9). In a study
by Brunetto et al. (14), it was reported that a qHBsAg level of 1000
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Figure 2. Examining the predictor power of gHBsAg for chronic hepatitis
with ROC curve
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IU/mL is an appropriate limit for differentiating between active and
inactive hepatitis B in genotype D patients. In contrast, in our study, the
sensitivity was calculated to be 86.5% and specificity 45.9% for gHBsAg
1000 IU/mL in predicting chronic hepatitis. In the present study, the AUC
was statistically significant as a result of the qHBsAg level with reference
to chronic hepatitis (AUC=0.749) (p<0.001). The cut-off value of qHBsAg
for determining chronic hepatitis was 3,081 IU/mL. The sensitivity was
calculated as 70.3%, and specificity was 70.6% at this cut-off point. The
95% specificity limit of qHBsAg for recognizing chronic hepatitis was
determined to be 38.641 IU/mL. The initiation of antiviral treatment
without liver biopsy may be considered because of the high specificity
values at this and above the qHBsAg levels.

Different qHBsAg results were found at different disease stages because
of the qHBsAg dynamism. In a study conducted in China, in which
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Figure 3. Examining the predictor power of qHBsAg for HBV DNA >2.000
IU/MI using the receiver operating characteristic curve

Table 3. Subgroup analyses of the clinical and demographic characteristics of the patient groups

HBeAg (+) Chr vs. Infection

Characteristics HBeAg (+) Chr.  HBeAg () Chr.
hepatitis infection
p p
Gender 0.031 0.185
Age (years) 0.006 <0.001
ALT (1U/L) <0.001 0.381
AST (IU/L) <0.001 0.209
Total bilirubin (mg/dL) 0.014 0.225
Direct bilirubin (mg/dL) 0.061 0.268
Albumin (g/dL) 0.355 0.187
INR 0.338 0.728
HBV-DNA (IU/mL) 0.077 <0.001
qHBsAg (IU/mL) 0.148 <0.001

HBeAg(+) vs. Chr. Hepatitis HBeAg (-) vs. Chr. infection

HBeAg (-) Chr. HBeAg (-) Chr. HBeAg (-) Chr. HBeAg (-) Chr.
hepatitis infection hepatitis hepatitis
p p p p

0.002 0.097 0.196 0.002
0.001 0.001 0.252 0.084
<0.001 <0.001 0.045 <0.001
<0.001 <0.001 0.237 <0.001
0.006 0.056 0.198 0.003
0.026 0.057 0.153 0.001
0.019 0.001 <0.001 0.047
0.200 0.053 0.649 0.013
0.739 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 0.001

HBeAg: Hepatitis B envelope antigen, Chr. hepatitis: Chronic hepatitis, Chr. infection: Chronic infection, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, IU/L: international
unit /liter, INR: International normalized ratio (international standardized ratio), HBV-DNA: Hepatitis B virus deoxyribonucleic acid, qHBsAg: Quantitative hepatitis B surface antigen,
Bonferroni correction p<0.0083 (the significance value of p-value was evaluated according to Bonferroni correction)
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623 people with different stages of hepatitis B were examined, the
patients were evaluated in 5 stages, and the disparities in qHBsAg levels
throughout the natural course of the disease were examined. In this
study, it was found that median qHBsAg levels differed in each stage
of CHB, and statistically significant differences were observed between
them (p<0.001). Additionally, HBsAg titers were found to be at the
highest level in immune-tolerant patients and lowest in inactive carriers.
In addition, serum HBsAg levels were positively and strongly correlated
with HBV-DNA in the immune clearance stage (r=0.683, p<0.001) (15).
Similarly, in the present study, the qHBsAg median values were found to
be different in all four groups, and there was a statistically significant
difference between them (p<0.001). Also, similarly, the median value

ROC Curve (HBVDNA >20000)

L0 ———a
I /
I
ot
)J
0.0 o
r
-
—~f
> -
T o.€ J
3 )
- /4
- {
g {
o
v o, s
’
F
0,5
o,0 T T T L] T Y
0,9 0.5 0.4 0.4 0.9 1.0

1 - Specificity

Figure 4. Examining the predictor power of qHBsAg for HBV DNA>20.000
IU/MI using the receiver operating characteristic curve

was found to be at the highest level in the HBeAg (+) chronic infection
group and the lowest in the HBeAg (-) chronic infection group. In the
present study, similarly, the total patient group (r=0.626, p<0.001),
HBeAg (+) patient group (r=0.602, p<0.001), and HBeAg (-) patient
group (r=0.375, p<0.001) had varying degrees of positive correlations
between qHBsAg and HBV DNA. In this regard, qHBsAg can provide us
with an idea regarding the natural course of the disease.

qHBsAg levels can provide information about disease activation in
patients who did not or could not undergo a biopsy. However, the current
literature showed that qHBsAg was insufficient for evaluating significant
fibrosis. For this reason, non-invasive fibrosis tests (elastography, etc.)
can be considered as an alternative to liver biopsy for identifying
significant fibrosis.

In several studies conducted in recent years, qHBsAg was shown to
be useful in predicting the stage of liver damage (7,16). In a previous
investigation, a robust and positive correlation was identified between
ALT, HBV-DNA, HAI score, and qHBsAg levels (8). In the present study, as
in this study, it was shown that there was a positive correlation between
the quantitation of HBsAg in the entire patient group and ALT (p<0.001)
and HBV-DNA (p<0.001). These findings may enable the assessment of
whether qHBsAg indicates a low or high risk of progressive liver damage,
akin to ALT and HBV-DNA levels. In addition, they may offer guidance for
physicians in the timing of treatment planning for patients.

The study has some strengths. First, we evaluated a homogenous group
of treatment-naive patients. Second, we performed various analysis
methods, including correlation and receiver operating characteristic
(ROQ) curve analysis. Third, we performed HBeAg subgroup analysis.

Study Limitations

There were several limitations in this study. First, it was conducted at
a single center, potentially limiting the generalizability of the findings.
Second, the sample size was relatively modest, which may have affected
the statistical power and reliability of the findings. Third, liver biopsy

Table 4. Correlations of quantitative HBsAg levels with other parameters

Total
Characteristics aHBsAg

r p
Age -0.397 <0.001
ALT (1U/L) 0.386 <0.001
AST (IU/L) 0.354 <0.001
Total bilirubin (mg/dL) 0.050 0.503
Direct bilirubin (mg/dL) -0.001 0.988
Total protein (g/dL) 0.021 0.780
Albumin (g/dL) -0.158 0.032
INR 0.106 0.153
PT 0.152 0.040
AFP (IU/mL) 0.155 0.036
HBV-DNA (IU/mL) 0.626 <0.001

HBsAg: Hepatitis B surface antigen, HBeAg: Hepatitis B envelop antigen, qHBsAg: Quantitative hepatitis B surface antigen, r: Correlation coefficient, ALT: Alanine aminotransferase, AST:
Aspartate aminotransferase, IU/L: International unit/liter, INR: International normalized ratio (international standardized ratio), PT: Prothrombin time, AFP: Alpha fetoprotein, HBV-DNA:

Hepatitis B virus deoxyribonucleic acid
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HBeAg (+) HBeAg (-)

qHBsAg qHBsAg

r p r p
-0.342 0.012 -0.259 0.003
-0.213 0.125 0.236 0.007
-0.208 0.135 0.151 0.086
-0.216 0.120 0.120 0.172
-0.221 0.112 0.038 0.670
0.300 0.029 0.060 0.498
0.315 0.022 -0.011 0.905
-0.133 0.341 0.119 0.177
-0.115 0.411 0.120 0.172
0.058 0.681 0.110 0.212
0.602 <0.001 0.375 <0.001



outcomes were assessed retrospectively over a 1-year period and were
not conducted concurrently with other assessments. Additionally,
budget constraints prevented genotype determination was not feasible
for patients. Finally, the qHBsAg measurements were based on a single
assessment, precluding a longitudinal analysis.

Conclusion

The quantitative HBsAg is an easily applicable and relatively inexpensive
test that can be used to differentiate between different stages of CHB.
In this respect, qHBsAg may help stratify patients with CHB into chronic
infection and hepatitis and manage treatment decision. If the qHBsAg
level is >38,000 IU/mL in patients with CHB, treatment initiation may be
considered without liver biopsy.

Ethics Committee Approval: The study was approved by the University
of Health Sciences Turkey, Haseki Training and Research Hospital
Clinical Research Ethics Committee (approval number: 2020 -111, date:
08.07.2020).

Informed Consent: Informed consent was obtained from the patients
prior to their participation in the study.

Authorship Contributions: Surgical and Medical Practices - M.K.T., M.Y.;
Concept - M.K.T., S.S.; Design - M.K.T.; Data Collection or Processing -
M.K.T.; Analysis or Interpretation - M.K.T,, S.S., M.Y.; Literature Search
-M.K.T,SS., M.Y.; Writing - M.K.T.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no
financial support.

References

1. Mandell, Douglas, and Bennett’s Principles and Practice of Infectious
Diseases, 9th Edition 145, 1940-1963.e7

2. Chan HL, Wong VW, Tse AM, Tse CH, Chim AM, Chan HY, et al. Serum hepatitis
B surface antigen quantitation can reflect hepatitis B virus in the liver and
predict treatment response. Clin Gastroenterol Hepatol. 2007; 5: 1462-8.

3. European Association for the Study of the Liver. Electronic address: easloffice@
easloffice.eu; European Association for the Study of the Liver. EASL 2017
Clinical Practice Guidelines on the management of hepatitis B virus infection.
] Hepatol. 2017; 67: 370-98.

10.

11.

12.

13.

14.

15.

16.

Kili¢ Tekin et al. Evaluation of Quantitative HBsAg

Seto W, Wong DK, Fung J, Huang F, Liu KS, Lai C, et al. Linearized hepatitis B
surface antigen and hepatitis B core-related antigen in the natural history of
chronic hepatitis B. Clin Microbiol Infect. 2014; 20: 1173-80.

Liu J, Yang HI, Lee MH, Lu SN, Jen CL, Wang LY, et al. Incidence and
determinants of spontaneous hepatitis B surface antigen seroclearance: a
community-based follow-up study. Gastroenterology. 2010; 139: 474-82.

Yildiz Kaya S, Mete B, Kaya A, Balkan Il, Saltoglu N, Tabak OF. The role of
quantitative HBsAg in patients with HBV DNA between 2000-20,000 1U/ml.
Wien Klin Wochenschr. 2021; 133: 647-53.

Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, Jonas MM, et al.
Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD
2018 hepatitis B guidance. Hepatology. 2018; 67: 1560-99.

Chu CM, Liaw YF. HBsAg seroclearance in asymptomatic carriers of high
endemic areas: appreciably high rates during a long-term follow-up.
Hepatology. 2007; 45: 1187-92.

Buti M, Riveiro-Barciela M, Rodriguez-Frias F, Tabernero D, Esteban R. Role
of Biomarkers in Guiding Cure of Viral Hepatitis B. Semin Liver Dis. 2020;
40: 49-60.

Tseng TC, Liu (J, Yang HC, Su TH, Wang CC, Chen CL, et al. Determinants of
spontaneous surface antigen loss in hepatitis B e antigen-negative patients
with a low viral load. Hepatology. 2012; 55: 68-76.

Li M, Zhang L, Lu Y, Chen Q, Lu H, Sun F, et al. Early Serum HBsAg Kinetics as
Predictor of HBsAg Loss in Patients with HBeAg-Negative Chronic Hepatitis B
after Treatment with Pegylated Interferona-2a. Virol Sin. 2021; 36: 311-20.

Cornberg M, Wong VW, Locarnini S, Brunetto M, Janssen HLA, Chan HL. The
role of quantitative hepatitis B surface antigen revisited. ] Hepatol. 2017; 66:
398-411.

Han ZG, Qie ZH, Qiao WZ. HBsAg spontaneous seroclearance in a cohort of
HBeAg-seronegative patients with chronic hepatitis B virus infection. ] Med
Virol. 2016; 88: 79-85.

Brunetto MR, Oliveri F, Colombatto P, Moriconi F, Ciccorossi P, Coco B, et
al. Hepatitis B surface antigen serum levels help to distinguish active from
inactive hepatitis B virus genotype D carriers. Gastroenterology. 2010; 139:
483-90.

Zeng LY, Lian JS, Chen JY, Jia HY, Zhang YM, Xiang DR, et al. Hepatitis B
surface antigen levels during natural history of chronic hepatitis B: a Chinese
perspective study. World ] Gastroenterol. 2014; 20: 9178-84.

Tseng TC, Kao JH. Clinical utility of quantitative HBsAg in natural history and
nucleos(t)ide analogue treatment of chronic hepatitis B: new trick of old dog.
] Gastroenterol. 2013; 48: 13-21.

235



Original Investigation

istanbul Med ] 2024; 25(3): 236-40
DOI: 10.4274/imj.galenos.2024.20533

Evaluation of the Clinical Characteristics, Diagnostic Methods,
and Long-term Outcomes of Patients with Insulinoma

@® Hiilya Haaisahinogullan®, ® Sevkican Giines!, ® Ummi Mutlu?, @ Emine Goknur Isik2, @ Yalin iscan3,
© Nihat Aksakal3, ® Giilsah Yenidiinya Yalin!, ® Nurdan Giil1, ® Ayse Kubat Uziim?, ® Ozlem Soyluk Selcukbiricik?

Tistanbul University, istanbul Faculty of Medicine, Department of Internal Medicine, Division of Endocrinology and Metabolism, istanbul, Turkey
2jstanbul University, istanbul Faculty of Medicine, Department of Nuclear Medicine, istanbul, Turkey
3istanbul University, istanbul Faculty of Medicine, Department of General Surgery, istanbul, Turkey

ABSTRACT

Introduction: Insulinoma is a rare disease, however the most common cause of hypoglycemia due to excess insulin secretion.
Diagnosis and localization can be challenging. This study evaluated the clinical features, diagnostic workup, management, and
outcomes of patients with insulinoma.

Methods: The records of 13 patients with insulinoma who were followed up at Istanbul University, istanbul Faculty of Medicine were
retrospectively reviewed.

Results: The mean age of the 13 patients (female/male: 11/2) was 43.9£12.5 years at diagnosis. The mean tumor diameter was
14.3£6.7 mm and localized at the head in 30.8%, at the tail and/or body in 61.6%, and at both the head and body in 7.6% of patients.
The tumor was correctly localized by magnetic resonance imaging in 10/13 patients, ®Ga DOTATATE positron emission tomography/
computed tomography in 4/8, endoscopic ultrasound in 3/7, and selective arterial calcium stimulation in 4/4 patients. Eleven patients
were operated. Distal pancreatectomy was performed in 4 patients, distal pancreatectomy plus splenectomy in 3, and enucleation
in 4 of the patients. The median follow-up duration was 4 years. In 8 patients, cure was achieved with surgery alone. Somatostatin
receptor analog (SSRA) treatment was initiated in 2 cases and one of whom developed lymph node metastasis 2.5 years after surgery
under SSRA treatment and she was reoperated. These patients had stable disease at the last visit.

Conclusion: Insulinomas are usually small tumors, but they can cause severe symptoms. A multidisciplinary approach is required for

diagnosis and treatment. In some patients, different imaging modalities may be necessary for tumor localization.
Keywords: Insulinoma, pancreatic neuroendocrine tumor, hyperinsulinemic hypoglycemia

Introduction

Insulinoma is the most common functioning pancreatic neuroendocrine
tumor (PNET) and is a rare disease with an incidence of 0.7-4 cases/
million/year (1-4). Most insulinomas are sporadic tumors, but they
can also be associated with hereditary syndromes, such as multiple
endocrine neoplasia type 1 (MEN1), tuberous sclerosis complex, and
neurofibromatosis type 1. More than 90% of insulinomas are benign,
approximately 10% are multiple, and 5-10% occur in association with
MEN1 syndrome. The risk of recurrence is higher in patients with MEN1
(2,5,6). Tumors originate from the beta cells of the pancreas and are
characterized by increased insulin secretion, resulting in hypoglycemia.
Hypoglycemia leads to autonomic symptoms, such as tremors,
palpitations, diaphoresis, and hunger, as well as neuroglycopenia
symptoms, such as confusion, cognitive impairments, visual changes,
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unusual behavior, memory loss, seizure, and impaired consciousness.
Most patients with insulinoma present with Whipple’s triad, which
includes symptoms of hypoglycemia, documented low plasma glucose
levels during symptoms, and symptom relief after carbohydrate
ingestion. The diagnosis of insulinoma is delayed because of non-specific
symptoms, and some patients are misdiagnosed as having neurological
or psychiatric disorders (7).

Insulinoma is characterized by fasting hypoglycemia with inappropriately
high insulin and C-peptide levels (hyperinsulinemic hypoglycemia). The
diagnostic criteria at the time of symptomatic hypoglycemia (usually
glucose level <45 mg/dL) are as follows: C-peptide level >0.6 ng/mL,
insulin >3 uU/mL, and beta-hydroxybutyrate <2.7 mmol/L. However,
some patients may present with postprandial hypoglycemia. Provocative
tests are usually needed for diagnosis; a 72 h fasting test is recommended
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in patients with fasting hypoglycemia (5,8). The differential diagnosis
of hyperinsulinemic hypoglycemia includes postbariatric surgery
hypoglycemia, nesidioblastosis,  autoimmune  hypoglycemia,
medications, and factitious hypoglycemia. Therefore, a detailed history,
physical examination, and laboratory tests are important to determine
the etiology (5).

The tumor is located in the pancreas in almost all cases. Non-
invasive imaging procedures for tumor localization include
computed tomography (CT), magnetic resonance imaging (MRI), ®Ga
tetraazacyclododecanetetraacetic acid-DPhe1-Tyr3-octreotate positron
emission tomography (®Ga DOTATATE PET/CT), and fluorine-18-L-
dihydroxyphenylalanine PET (18F-DOPA PET). Another non-invasive
functional imaging method for benign insulinoma that is not detected by
CT/MR is ®Ga-DOTA-exendin-4 PET/CT. GLP-1 receptors are overexpressed
in benign insulinoma; thus, exendin-4 functional imaging is more
sensitive (9,10). Invasive procedures include endoscopic ultrasound
(EUS) and selective arterial calcium stimulation testing (SACST). EUS can
detect small lesions that cannot be localized by non-invasive procedures
11,12).

Treatment options include surgery, non-surgical invasive procedures,
and medical therapy. Surgical procedures include tumor removal by
enucleation, distal pancreatectomy, and Whipple’s operation. EUS-
guided radiofrequency ablation is another treatment option for selected
patients with localized insulinoma. Diazoxide, calcium channel blockers,
and somatostatin receptor ligands are used to inhibit insulin secretion
and control symptoms. Liver metastases can be resected or treated by
cryoablation, chemoembolization, radioembolization, radiofrequency
ablation, and brachytherapy. The treatment of inoperable or more
aggressive insulinoma includes debulking surgery, SSRL therapy,
everolimus, tyrosine kinase inhibitors, cytotoxic chemotherapy, and
peptide receptor radionuclide therapy (5,13,14).

This study aimed to evaluate the clinical characteristics, diagnostic
workup, management, and outcomes of patients with insulinoma.

Methods

This retrospective study included patients diagnosed with insulinoma
who were followed up at the Endocrinology and Metabolic Diseases
Clinic of istanbul University, istanbul Faculty of Medicine between 1986
and 2024. Demographic and clinical characteristics, laboratory results,
diagnosis workup, treatment modalities, and treatment outcomes were
obtained from the patients’ medical records. Cure was defined as the
absence of symptoms for at least six months after surgery.

The Ethics Committee of Istanbul University, istanbul Faculty of Medicine,
approved the study protocol (approval number: 02, date: 26/01/2024).
Informed consent was not obtained because of the retrospective study
design.

Statistical Analysis

Statistical analyses were performed using SPSS software (version: 21.0).
Categorical variables were presented as frequency and percentage of
occurrence, whereas numerical variables were presented as median,
mean, and standard deviation. The Spearman’s test was used for
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correlation analysis, A p-value of <0.05 was considered statistically
significant.

Result

Atotal of 13 patients with insulinoma were included in this study. There
were 11 women (84.6%) and 2 men (15.4%), and the female-to-male ratio
were 5.5:1. The mean age at diagnosis was 43.9£12.5 years (median
39, range 28 to 73). The most common symptoms at presentation
were confusion (5/13), tremors (4/13), dizziness (4/13), and diaphoresis
(3/13). The other symptoms were syncope (2/13), poor memory (2/13),
numbness in the hands and feet (2/13), blurred vision (1/13), fatigue
(1/13), seizure (1/13), weight gain (1/13), and nightmare (1/13). One
patient was misdiagnosed with narcolepsy, and another patient was
followed up for a long time with the diagnosis of epilepsy. The median
time from initial symptoms to diagnosis was 36 months.

The laboratory results of the patients at the time of admission were as
follows: median glucose level, 68 mg/dL (range, 45 to 82), median insulin
level 32 yuU/mL (range, 5.8 to 201), median C-peptide level, 4.1 ng/mL
(range, 1.5 to 15). Symptomatic hypoglycemia developed spontaneously
in 6 patients and was detected by a 72-hour fasting test in 7 patients.
Blood samples were taken at that time, and the results were as follows:
median glucose level, 34 mg/dL (range, 20 to 49), median insulin
level 16 yU/mL (range, 3.2 to 277), median C-peptide level, 3.2 ng/mL
(range, 1.6 to 14.6). During the 72-hour fasting test, the median time
to development of hypoglycemia was 18 hours (2 patients developed
within the first 12 hours, 4 patients between 12-24 hours, and 1 patient
after 27 hours). Six patients whose cortisol levels were not increased
during hypoglycemia were found to have a sufficient cortisol response
to the synthetic adrenocorticotrophic hormone stimulation test. HbA1c
value of 7 patients was available and the median HbA1c was 4.7%.

One patient had a history of MEN-1-related disease. She had undergone
surgery for hyperparathyroidism and Cushing’s disease and had a
non-functioning adrenal adenoma. Next Generation Sequencing was
performed in this case, which revealed a pathogenic mutation in the
Menin gene (c.19C>T, p.GIn¥).

The diagnostic methods used for tumor localization were as follows:
MRI in all patients, ®Ga DOTATATE PET/CT in 8, EUS in 7, and SACST in
4 patients (Figure 1). The tumor was correctly localized on MRI in 10
patients and on SACST in the remaining 3 patients (Table 1). In 1 of
these 3 patients, the results of the ®®Ga DOTATATE PET/CT and SACST
were consistent, while in the other 2 patients, the lesions were defined
in different places. According to imaging studies, the mean tumor
diameter was 17.7£8.9 mm (range, 9 to 35). The tumor was localized at
the head in 4 patients (30.8%), at the tail/body in 4 (30.8%), at the tail in
2 (15.4%), at the body in 2 (15.4 %), and at both the head and body in 1
(7.6%) patient.

Eleven of the 13 patients underwent surgery. Distal pancreatectomy
was performed in 4 patients, distal pancreatectomy and splenectomy
in 3, and enucleation in 4 patients. Two patients were referred to the
surgical department for operation (Whipple procedure for one and
total pancreatectomy for the other patient) but they discontinued their
follow-up.
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According to pathological examination results, the mean tumor
diameter was 14.3£6.7 mm (median 15 mm), in 8 patients tumor grade
was available, and it revealed grades 1 in 2 patients, grade 2 in 5, and
grade 3 in 1 patient. The median Ki67 index was 5% (range, 1 to 10)
(Table 1).

The median follow-up duration from the first surgery to the last visit
was 4 years (range, 2 months to 10 years) in the 11 patients who
underwent surgery. In 8 patients, cure was achieved with surgery alone.
Somatostatin receptor analog (SSRA) treatment was initiated in cases
8 and 12 after surgery but case 8 developed lymph node metastasis
2.5 years after the first surgery under SSRA treatment, and she was

13
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8 7
4 4 4
4 I 3 I I
0 .
MRI

Ga 68 DOTATATE EUS SACST
= Number of Applicati = Numb

[}

N

of Correct Localization

Figure 1. Success of invasive and non-invasive imaging methods in
localizing the tumor

MRI:  Magnetic Resonance Imaging, “Ga DOTATATE PET/CT: %Ga
tetraazacyclododecanetetraacetic acid-DPhel-Tyr3-octreotate  positron
emission tomography, EUS: Endoscopic Ultrasound, SACST: Selective
Arterial Calcium Stimulation

re-operated. These patients had stable disease at the last visit. One
patient (case 9) could not be evaluated for remission due to the short
postoperative follow-up period.

Postoperative pancreatic fistula was observed in 2 patients after
enucleation (2/4), and diabetes mellitus developed in two patients.

There was a correlation between insulin and C-peptide levels during
fasting hypoglycemia and tumor size according to imaging methods
(p=0.010; p=0.007, respectively). Furthermore, tumor size on
pathological examination was positively correlated with fasting insulin
levelsand baseline insulin and C-peptide levels and negatively correlated
with baseline glucose levels (p=0.010; p=0.022; p=0.003; p=0.008
respectively). Insulin and C-peptide levels during fasting hypoglycemia
were positively correlated with baseline levels (Table 2).

Discussion

In this study, clinical manifestations, laboratory findings, diagnostic
methods, localization, and treatment modalities of patients with
insulinoma were reviewed and evaluated regarding the success of
imaging modalities in the detection of tumors and treatment outcomes
in a single center.

Placzkowski et al. (8) reported that the majority of patients with
insulinoma were women (57%) and the median age was 50 years.
Similarly, Mehrabi et al. (15) showed that insulinoma mostly occurred
in the fifth decade of life, and the female-to-male ratio was 1.4:1 (59%
female and 41% male). The mean age at diagnosis in our study was
compatible with the results of the studies mentioned above. However,
female predominance was more prominent, with a female-to-male ratio
of 5.5:1 in this study.

Table 1. Characteristics of patients, localization methods, and treatment modalities

Age at Duration of

. b . Diameter of  Localization

Patients  Gender diagnosis symptoms

tm (mm) MRI

(years) (months)

Case 1 F 35 12 1 Tail
Case 2 F 35 36 18 Head
Case 3 F 50 36 22 Body
Case 4 F 54 36 9 Head
Case 5 M 44 120 Negative
Case 6 F 30 36 10 Body/tail
Case 7 [F 39 12 17 Head*
Case 8** F 39 6 23 Body/tail
Case 9 F 73 180 30 Tail
Case 10 M 37 48 35 Head-body
Case 11 F 51 120 11 Head
Case 12 F 55 18 Negative
Case 13 F 28 24 10 Head

Localization Localizati - Pathological
s ocalization  Localization  Surgery Ao
2 EUS SACST procedure SX@mination

DOTATATE grade/Ki67%

- - - DP 1%

- - - E 4%

- - - E Grade 1/2%

Negative Head - - -

Body Negative Diiz) DP Grade 2/5%
pancreas

Negative Negative - DP Grade 2/7%

Head* Head* PR DP+S Grade 2/7%
pancreas

Tail : Distal DP Grade 1/1%
pancreas

Tail - - DP +S 3%

Head Head - E Grade 2/5%

Head* Negative DIz DP+S Grade 2/10%
pancreas

- Head - E Grade 3/10%

Tm: Tumor, MRI: Magnetic resonance imaging, ®*Ga DOTATATE PET/CT: %*Ga tetraazacyclododecanetetraacetic acid-DPhe1-Tyr3-octreotate positron emission tomography, EUS: Endoscopic
ultrasound, SACST: Selective arterial calcium stimulation, DP: Distal pancreatectomy, DP + S: Distal pancreatectomy plus splenectomy, *: Suspected, **: Case 8 had multiple tumors associated

with MEN-1
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Table 2. Correlation between parameters associated with insulinoma
During fasting hypoglycemia

Insulin levels C-peptide levels
Insulin levels p<0.001
During fasting hypoglycemia, (CC: 0.988)
C-peptide levels during fasting p<0.001
hypoglycemia (CC: 0.988)
Glucose levels p=0.672 p=0.973
During fasting hypoglycemia, (CC:-0.137) (CC: -0.012)
A . p=0.010 p=0.007
Ui e Gelr (CC: 0.762) (CC: 0.850)
4 - p=0.010 p=0.091
1) TR (CC: 0.797) (CC: 0.635)
. . p=0.470 p=0.213
RgsElelEgiens (CC: 0.231) (CC: 0.460)
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Baseline
Glucose levels Insulin levels C-peptide levels Glucose levels
p=0.672 p<0.001 p<0.001 p=0.211
(CC: -0.137) (CC: 0.924) (Cc:0.882) (CC: -0.389)
p=0.973 p<0.001 p=0.002 p=0.382
(CC:-0.012) (CC: 0.952) (cc: 0.883) (CC: -0.311)

p=0.553 p=1.000 p=0.820

(CC: -0.213) (CC: 0.0071) (CC: -0.074)
p=0.894 p=0.188 p=0.293 p=0.866
(CC: -0.049) (CC: 0.518) (CC: 0.395) (CC: -0.061)
p=0.567 p=0.022 p=0.003 p=0.008
(CC: -0.221) (€c: 0.781) (CC: 0.865) (CC: -0.809)
p=0.648 p=0.590 p=0.246 p=0.110
(CC: -0.147) (CC: 0.195) (CC: 0.466) (CC: -0.485)

Tm: Tumor, CC: Correlation coefficient, * Based on imaging modalities, **: According to pathological examination

The symptoms of insulinoma are non-specific. Therefore, the mean
time from symptom onset to diagnosis may range from a few months
to several decades. The mean delay between clinical manifestation and
diagnosis was reported as 3.61+5.2 years in the study by Hirshberg et
al. (16). In our study, the median duration of delay until diagnosis was
3 years, and it was 10 years for the patient with the longest diagnostic
delay. A typical finding of insulinoma is fasting hypoglycemia. However,
some patients with insulinoma present with hypoglycemia during the
postprandial period. Placzkowski et al. (8) reported that 6% of patients
presented with symptoms of postprandial hypoglycemia. In our study,
hypoglycemia occurred during fasting in all patients.

Complete tumor resection provides remission in insulinoma. However,
precise tumor localization is required for surgery. Mehrabi et al. (15)
reported that the mean sensitivity of MRI was 57.7%. In our study, MRI
was used to identify insulinoma in all patients, and in 10 of 13 patients,
the tumor was correctly localized. In a study by Nockel et al. (17), they
reported that the tumors were correctly localized in 17 out of 28 (61%)
by MRI, and in 9 out of 10 (90%) by %Ga DOTATATE PET/CT (17). ®Ga
DOTATATE PET/CT is a sensitive method for detecting PNETs; however, its
success in detecting insulinoma may be lower than that in other NETs
because of the relatively lower SSTR expression of insulinoma (18). In our
study, 8 patients underwent ®Ga DOTATATE PET/CT imaging. The tumor
could be localized in 4 of these 8 patients (50%). Sotoudehmanesh et al.
(19) reported that the sensitivity of EUS for insulinoma detection was
92.6% for tumors located in the head of the pancreas, 78.9% for tumors
located in the body, and 40.0% for tumors located in the tail. In our
study, EUS was performed in seven patients. In 3 of them, the tumor was
localized correctly. In the remaining 4 patients, the lesion was located in
the distal pancreas and could not be detected by EUS.

In a study by Mehrabi et al. (15), it was shown that the mean tumor size
was 16.7 mm (<20 mm in 83.6% of patients), and the tumor originated
from the head and neck in 43.3% of patients, from the tail in 30.9%,
and from the body in 25.3%. Similarly, the mean tumor diameter was
14.3+£6.7 mm in the study. However, consistent with the observation
that beta cells are mostly found in the body and tail of the pancreas,
the tumor primarily originated from the body and tail in our patients.

Similarly, Sakurai et al. (20) reported that in 73% of patients, tumors
originated from the distal pancreas.

Guidelines recommend a first-line surgical strategy for parenchyma-
sparing pancreatic resection if technically feasible (5). Sakurai et al. (20)
stated that distal pancreatectomy was performed in 32% of the patients,
tumor enucleation in 22% patients, and distal pancreatectomy plus
tumor enucleation in 8%. In the study of Mehrabi et al. (15), enucleation
was the most commonly performed type of surgery (56%) (15). Because
most insulinomas were localized in the body or tail of the pancreas,
distal pancreatectomy was the most commonly selected procedure
(7/11), followed by tumor enucleation (4/11) in our study.

Studies by Placzkowski et al. (8) and Mehrabi et al. (15) showed that 6%
of insulinoma were associated with MEN-1. MEN-1 is associated with
multiple tumors, a higher rate of malignancy, and recurrence (2). In our
study, only 1 patient developed aggressive insulinoma (7.6%), which was
associated with MEN-1 syndrome. Mehrabi et al. (15) reported mean
cure and recurrence rates of 93% and 7.2% respectively. Recurrence
was not observed in our study, and after excluding patients with short-
term follow-up, the cure rate after surgery was 80% (8/10). Two patients
underwent SSRA treatment and had stable disease (2/10) in our study
cohort.

Study Limitations

The first limitation of our study was the small number of patients due to
the low incidence of insulinoma. In addition, given that ®*Ga DOTATATE
PET/CT was not performed in all patients, we could not compare the
success of imaging methods in localizing the tumors.

Conclusion

Insulinomas are the most common cause of endogenous
hyperinsulinemic hypoglycemia. Management and localization can
be challenging despite teamwork. Parenchyma-sparing surgery is
recommended for patients with localized insulinoma. Furthermore, in
case of a history and/or symptoms associated with MEN 1 syndrome, the

patient should be referred for genetic evaluation.

239



istanbul Med | 2024; 25(3): 236-40

Ethics Committee Approval: The Ethics Committee of istanbul
University, istanbul Faculty of Medicine, approved the study protocol
(approval number: 02, date: 26/01/2024).

Informed Consent: Informed consent was not obtained because of the
retrospective study design.

Authorship Contributions: Surgical and Medical Practices - H.H., S$.G,,
UM, EG.L, Y.i, NA, GYY, N.G., AKU., 0SS.; Concept - HH., S.G.,
G.Y.Y, N.G.,AK.U, 0.55S.; Design - H.H., $.G., UM., EG.L, Y.i., NA, G.YY,
N.G., AK.U., 0.S.S.; Data Collection or Processing - H.H., S.G., UM., E.G.1.,
Y.i,NA, GYY,NG,AKU.,0S.S.; Analysis or Interpretation - H.H., S.G.,
UM, EG.L, Y., N.A, GY.Y, N.G., AK.U., 0.S.S.; Literature Search - H.H.,
$.G., G.Y.Y, N.G., AK.U., 0.5.; Writing - H.H., S.G., UM., EG.L, Y.i., N-A.,
G.Y.Y, N.G., AK.U., 0S.S.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no
financial support.

References

1. Cullen RM, Ong CE. Insulinoma in Auckland 1970-1985. N Z Med J. 1987; 100:
560-2.

2. Service FJ, McMahon MM, O’'Brien PC, Ballard D). Functioning insulinoma-
-incidence, recurrence, and long-term survival of patients: a 60-year study.
Mayo Clin Proc. 1991; 66: 711-9.

3. Svensson E, Muth A, Hedenstrom P, Ragnarsson O. The incidence of
insulinoma in Western Sweden between 2002 and 2019. Ann Gastroenterol.
2022; 35: 434-40.

4. Kurakawa Kl, Okada A, Manaka K, Konishi T, Jo T, Ono S, et al. Clinical
Characteristics and Incidences of Benign and Malignant Insulinoma Using a
National Inpatient Database in Japan. ] Clin Endocrinol Metab. 2021; 106:
3477-86.

5. Hofland J, Falconi M, Christ E, Castafio JP, Faggiano A, Lamarca A, et al.
European Neuroendocrine Tumor Society 2023 guidance paper for functioning
pancreatic neuroendocrine tumour syndromes. | Neuroendocrinol. 2023; 35:
e13318.

6. Marini F, Giusti F, Brandi ML. Genetic disorders and insulinoma/glucagonoma.
Endocr Relat Cancer. 2024; 31: €230245.

7. Service FJ, Dale AJ, Elveback LR, Jiang NS. Insulinoma: clinical and diagnostic
features of 60 consecutive cases. Mayo Clin Proc. 1976; 51: 417-29.

8. Placzkowski KA, Vella A, Thompson GB, Grant CS, Reading CC, Charboneau
JW, et al. Secular trends in the presentation and management of functioning

240

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

insulinoma at the Mayo Clinic, 1987-2007. ] Clin Endocrinol Metah. 2009; 94:
1069-73.

Reubi JC, Waser B. Concomitant expression of several peptide receptors in
neuroendocrine tumours: molecular basis for in vivo multireceptor tumour
targeting. Eur ] Nucl Med Mol Imaging. 2003; 30: 781-93.

Sidrak MMA, De Feo MS, Corica F, Gorica ], Conte M, Filippi L, et al. Role of
Exendin-4 Functional Imaging in Diagnosis of Insulinoma: A Systematic
Review. Life (Basel). 2023; 13: 989.

Rosch T, Lightdale CJ, Botet JF, Boyce GA, Sivak MV Jr, Yasuda K, et al.
Localization of pancreatic endocrine tumors by endoscopic ultrasonography.
N Engl ] Med. 1992; 326: 1721-6.

Antwi K, Fani M, Heye T, Nicolas G, Rottenburger C, Kaul F, et al. Comparison
of glucagon-like peptide-1 receptor (GLP-1R) PET/CT, SPECT/CT and 3T MRI for
the localisation of occult insulinomas: evaluation of diagnostic accuracy in a
prospective crossover imaging study. Eur ] Nucl Med Mol Imaging. 2018; 45:
2318-27.

Partelli S, Bartsch DK, Capdevila J, Chen ], Knigge U, Niederle B, et al. ENETS
consensus guidelines for standard of care in neuroendocrine tumours:
surgery for small intestinal and pancreatic neuroendocrine tumours.
Neuroendocrinology. 2017; 105: 255-65

Hofland ], Refardt |C, Feelders RA, Christ E, de Herder WW. Approach to the
Patient: Insulinoma. J Clin Endocrinol Metab. 2024; 109: 1109-18.

Mehrabi A, Fischer L, Hafezi M, Dirlewanger A, Grenacher L, Diener MK, et al.
A systematic review of localization, surgical treatment options, and outcome
of insulinoma. Pancreas. 2014; 43: 675-86.

Hirshberg B, Livi A, Bartlett DL, Libutti SK, Alexander HR, Doppman JL, et al.
Forty-eight-hour fast: the diagnostic test for insulinoma. J Clin Endocrinol
Metab. 2000; 85: 3222-6.

Nockel P, Babic B, Millo C, Herscovitch P, Patel D, Nilubol N, et al. Localization
of Insulinoma Using 68Ga-DOTATATE PET/CT Scan. ) Clin Endocrinol Metab.
2017; 102: 195-9.

Sharma P, Arora S, Karunanithi S, Khadgawat R, Durgapal P, Sharma R, et al.
Somatostatin receptor based PET/CT imaging with 68Ga-DOTA-Nal3-octreotide
for localization of clinically and biochemically suspected insulinoma. Q J Nucl
Med Mol Imaging. 2016; 60: 69-76.

Sotoudehmanesh R, Hedayat A, Shirazian N, Shahraeeni S, Ainechi S, Zeinali
F, et al. Endoscopic ultrasonography (EUS) in the localization of insulinoma.
Endocrine. 2007; 31: 238-41.

Sakurai A, Yamazaki M, Suzuki S, Fukushima T, Imai T, Kikumori T, et al.
Clinical features of insulinoma in patients with multiple endocrine neoplasia
type 1: analysis of the database of the MEN Consortium of Japan. Endocr J.
2012; 59: 859-66.



Original Investigation

istanbul Med ] 2024; 25(3): 241-4
DOI: 10.4274/imj.galenos.2024.24295

Impact of Eltrombopag Therapy in Different Lines of Treatment
on Response in Patients with Immune Thrombocytopenia

® Abdilkadir Karismaz?, ® Vahit Can Cavdar2, @ Istemi Serin3, ® Rafet Eren4

TUniversity of Health Sciences Turkey, istanbul Training and Research Hospital, Clinic of Hematology, istanbul, Turkey
2University of Health Sciences Turkey, istanbul Training and Research Hospital, Clinic of Internal Medicine, istanbul, Turkey
3Agri Training and Research Hospital, Clinic of Hematology, Agri, Turkey

4Biruni University Faculty of Medicine, Department of Hematology, istanbul, Turkey

ABSTRACT

Introduction: This study aimed to evaluate the results obtained with the preference of eltrombopag according to the line of treatment
in patients diagnosed with ITP.

Methods: This retrospective study included 51 patients who were treated with eltrombopag for chronic ITP at 3 different centers.
Diagnosis of ITP was based on the current literature.

Results: Thirty patients (58.8%) received eltrombopag as second-line treatment, 16 patients (31.4%) as third-line, 3 patients (5.9%) as
fourth-line treatment, and 2 patients (3.9%) as fifth-line treatment. Twenty-four out of 30 patients (80%) who received eltrombopag as
second-line therapy and 12 out of 16 patients who received eltrombopag as third-line therapy demonstrated durable response with
no further treatment requirements. Eltrombopag treatment in the second or third line did not affect treatment outcomes (p=0.72).

Conclusion: Eltrombopag in the second or third line of treatment did not have a significant effect on treatment response. The
earlier line choice of eltrombopag, duration, and possibility of sustained response should be taken into consideration. The lack of a
significant relationship between the line of treatment and response to eltrombopag as a TPO-RA should be considered encouraging

in terms of long-term follow-up.

Keywords: Eltrombopag, immune thrombocytopenia, treatment

Introduction

Immune thrombocytopenia (ITP) is an autoimmune disorder
characterized by low platelet counts originating from anti-platelet
autoantibodies. For the diagnosis of ITP, the elimination of other
comorbidities that may cause thrombocytopenia should be ruled out (1).
ITP is usually managed with immunosuppressive agents. Corticosteroids
represent the first line of choice; prednisone (1 mg/kg/day) with
gradual tapering or dexamethasone (40 mg/day) for 4 days are usually
preferred glucocorticoid regimens and recommended as the initial
choice (2). Several cases of ITP do not maintain sustained remission
after the initial therapy and require second-line regimen (3). The choice
of second-line treatment options, including rituximab, splenectomy,
and thrombopoietin receptor agonists (TPO-RAs), depended on the
duration of response to first-line treatment, patient age and request, and
accessibility.
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Eltrombopag, a member of TPO-RAs, binds to the juxtamembrane
domain of the thrombopoietin receptor and induces megakaryocyte
proliferation, differentiation, and platelet production through the JAK/
STAT, AKT, and MAPK pathways (2,4). Although steroids and intravenous
immunoglobulins are effective in obtaining a response in a short time,
with rapid effects during the course of ITP; their role in the later phases
of the disease is controversial (6). Several studies have demonstrated the
effect of eltrombopag in patients with steroid-refractory ITP (2,4).

Although the role of eltrombopag in the second-line treatment of ITP is
solid, there are insufficient data regarding response rates with the use
of TPO-RAs in later lines. The main aim of our study was to evaluate the
results obtained with the preference of eltrombopag according to the
line of treatment in patients diagnosed with ITP.
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Methods

In this retrospective study, 51 patients who were treated with
eltrombopag for chronic ITP at 3 different centers were included. The
diagnosis of ITP was based on the current literature (7). Diagnosis
requires isolated thrombocytopenia (<100,000/mm?) without another
known comorbidity or underlying pathologies. Patients aged 18 years
and above, diagnosed with ITP for more than 6 months, with a baseline
platelet count of 30,000/mm?, and who relapsed after one or more
previous treatments were eligible for TPO-RA use.

Patients’ demographic data (age and gender), bleeding score for ITP,
laboratory results, such as white blood cell, platelet, neutrophil, and
lymphocyte counts, hemoglobin level at the time of splenectomy or
beginning of eltrombopag, and dates of diagnosis were recorded. The
ITP bleeding score was calculated based on the bleeding scale of the
World Health Organization. Patients were classified according to the
five-point Likert scale as follows: 0, no bleeding; 1, mild blood loss; 2,
gross blood loss; and 3, debilitating blood loss with a score of 4 (8).

Responses were classified as follows: Complete response with a platelet
count >100,000/mm?, partial response with a platelet count between
30,000 and 100,000/mm? with at least a 2-fold increase in the initial
platelet count, and no response with a platelet count of <30/mm?.

The minimum dose of eltrombopag that ensured a platelet count of
>50,000/mm?* was used for the patients. The treatment dose was
increased by 25 mg in patients with a platelet count of <50,000/mm?®.
Eltrombopag dosage was decreased by 25 mg in patients with a platelet
count of >150,000/mm? and discontinued in patients with a platelet
count of >250,000/mm?. Other treatment options were considered in
patients who did not respond to a maximum of 75 mg of therapy.

This study was approved by the University of Health Sciences Turkey,
istanbul Training and Research Hospital, Clinical Research Ethics
Committee (approval number: 18, date: 27.01.2023).

Statistical Analysis

Data were analyzed using the SPSS 24 package. program. The mean
and standard deviation, median, minimum, and maximum values of
the features, frequency, and percentage values were used to identify
categorical variables. Mann-Whitney U test was used to evaluate the
effect of initial platelet count on treatment with eltrombopag. Pearson’s
chi-square test was used to compare categorical variables. Fisher’s exact
test was preferred for small frequencies. The statistical significance level
of the data was given as p<0.05.

Results

The patient characteristics are summarized in Table 1. The median age
of the patients was 52.3 years (range, 19-84) with 29 women and 22
men. The median number of white blood cells was 9,293/mm?® (range,
4290-25,480), hemoglobin was 12.6 g/dL (range, 6-16.5) and platelet
count was 14,000/mm? (range, 0-43,000). Thirty-two patients (62.7%)
underwent bone marrow biopsy during diagnosis or follow-up. Among
the 17 patients (33.3%) who presented with bleeding. Forty-six patients
(90.2%) received methylprednisolone and 5 patients (9.8%) received
dexamethasone as first-line treatment.
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Thirty patients (58.8%) received eltrombopag as second-line treatment,
16 patients (31.4%) as third-line, 3 patients (5.9%) as fourth-line
treatment, and 2 patients (3.9%) as fifth-line treatment.

Twenty-four out of 30 patients (80%) who received eltrombopag as
second-line therapy and 12 out of 16 patients who received eltrombopag
as third-line therapy demonstrated durable response with no further
treatment requirements. Eltrombopag treatment in the second or
third line did not affect treatment outcomes (p=0.72). There were
no significant differences between these two groups in terms of age,
gender, platelet count, white blood cell count, and hemoglobin levels
(0.5, 0.76, 0.5, 0.76, 0.8) (Table 2).

Treatment responses were obtained in all 3 patients who received
eltrombopag in the fourth line and in one of the 2 patients who received
it in the fifth line.

Discussion

Among the patients included in our study, 30 (58.8%) were in the second,
16 (31.4%) in the third, 3 (5.9%) in the fourth, and 2 (3.9%) in the fifth
line of treatment. Our results revealed that the use of eltrombopag
in the second or third line of treatment did not have a significant

Table 1. Baseline characteristics of patients

Sex, n (%)

Female 29 (56.9)

Male 22 (43.1)

Age, year (median) 52.3 (19-84)

White blood cell count at diagnosis, median (mm?® 9,293 (4,290-25,480)
Hemoglobin level at diagnosis, median (g/dL) 12.6 (6-16.5)

Platelet count at diagnosis, median (mm?) 14,000 (0-43,000)

Bone marrow aspiration biopsy, n (%)

Yes 32 (62.7)
No 19 (37.3)
Bleeding at diagnosis, n (%)

Yes 17 (33.3)
No 34 (66.7)

1. Line treatment rate, n (%)

Methylprednisolone 46 (90.2)
Dexamethasone 5(9.8)
2. Line treatment rate, n (%)

Eltrombopag 30 (8.8)
Azothiopurine 2(3.9
Splenectomy 8(15.7)
Rituximab 9(17.6)
Cyclophosphamide 1)
Vincristine 1Q)
Eltrombobag step, n (%)

2 30 (58.8)
3 16 (31.4)
4 3(5.9)

5 2(3.9)
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Tablo 2. Comparison of patients who received eltrombopag between lines 2 and 3

Eltrombopag in the 2" step, (n=30)

Response to treatment, n (%) 24 (80)

White blood cell count, median (mm?) 7,525 (4,290-25,480)
Age, year (median) 52 (19-84)
Hemoglobin, median (g/dL) 13.2 (6-16.5)

Sex

Female 17 (56.7)

Male 13 (43.3)

Platelet 14,500 (0-43,000)

effect on treatment response. A serious debate exists on ITP and its
treatment algorithm, continues and the early use of TPO-Ras, including
eltrombopag, is an important area of research.

A study conducted in 2021 compared the effectiveness and toxicity
of splenectomy and eltrombopag as second-line treatment options
in 38 patients who underwent splenectomy and 47 patients who
underwent eltrombopag. Time to response was significantly shorter
with splenectomy than with eltrombopag (p=0.001), but no difference
was found between the two arms in terms of overall and 2-year response
rates (9). In this meta-analysis including a total of 1202 patients with
ITP, the effectiveness and safety of second and subsequent lines of
treatment were evaluated. Romiplostim was found to be the most
suitable treatment option, followed by avatrombopag, eltrombopag,
fostamatinib, and rituximab. The early response rate of romiplostim
(platelet count >50,000/mm? at week 2 after initiation of treatment) was
superior to avatrombopag, and no significant difference was observed
in terms of serious side effects (10). It seems that long-term follow-up,
response, and side effects were evaluated in terms of preference for
2" or other lines of treatment, but there is no sufficient data on the
difference in treatment preference between lines of treatment.

Cuker et al. (11) compared patients who received second-line treatment,
including eltrombopag, romiplostim, rituximab, splenectomy, and other
immunosuppressive agents, within 3 months after the diagnosis with
patients who only received first-line treatment. The authors observed
that early second-line treatment was used in more severe patients and
that corticosteroid use was reduced. In this study, platelet levels improved
and bleeding events decreased in all treatment arms; however, the
relative platelet increase was lower in those who did not receive early
second-line treatment (11). The use of TPO-RAs in patients in the early
stages or those with a history of more serious or frequent bleeding is an
important area of research and addresses many clinical questions. The
findings of our study revealed that the use of eltrombopag in the second
or third line of treatment did not have a statistically significant effect on
treatment response. It should be taken into consideration that adding
eltrombopag into earlier lines of treatment, especially in patients with
severe or frequent bleeding events, will help prevent severe bleeding
and achieve safe platelet levels. Eltrombopag should be considered an
important treatment option in any line of treatment, especially in the
presence or history of major bleeding.

Eltrombopag in the 3" step, (n=16) p-value
12 (75) 0.72
9425 (5,900-19,200) 0.76

49 (27-80) 0.496
13.3 (7.50-16.30) 0.818

8 (50)

8 (50) 0.76
11,500 (1,000-35,000) 0.496

Discontinuation of treatment and sustained response after TPO-RA use
is reported in 10-30% of patients (12,13). In a study evaluating a total of
260 patients with ITP, 49 patients were examined after discontinuation of
eltrombopag, and 26 showed a sustained response without the need for
any immunosuppressive agent (14). The median follow-up period was 9
months (range, 6-25 months), the median number of lines of treatment
was 4, and 42% of the lines were splenectomized (15). In another study,
TPO-RA was discontinued in 20 of 28 patients with complete response;
sustained response was achieved in 8 patients (median: 13 months
(range, 5-27) (11). Another study examined treatment discontinuation in
a total of 31 patients diagnosed with chronic ITP who achieved durable
responses with TPO-RA; a sustained response was observed in 9 patients
without the need for additional immunosuppressive therapy (15). Of
the 9 patients included in the study, 6 had a sustained response after
romiplostim and 3 after eltrombopag; all patients were diagnosed with
ITP with a median age of 7.8 years, had a median of 4 lines of treatment,
and 8 of them were splenectomized (15). In another retrospective study,
a total of 53 patients were analyzed, and there was no significant
difference in any of the subgroups depending on age, sex, duration of
disease, number of prior lines of treatment, splenectomy, or baseline
platelet count (16). The fact that the use of eltrombopag in the 2" or 31
line of treatment did not have a significant effect on treatment response
in our study, when evaluated together with the studies in the literature,
may encourage the use of eltrombopag, especially in the early stages.
It can also be considered an advantage when considering the sustained
response rates.

Study Limitations

There are important limitations in our study. The limited number of
patients was the most significant limitation. Therefore, it was not
possible to conduct detailed subgroup analyses.

Conclusion

In conclusion, in our study, 30 of patients (58.8%) were in the second,
16 (31.4%) in the third, 3 (5.9%) in the fourth, and 2 (3.9%) in the fifth
line of treatment. The use of eltrombopag in the second or third line
of treatment did not have a significant effect on treatment response.
Early line selection for eltrombopag, duration, and possibility of
sustained response should be taken into consideration. The lack of a
significant relationship between the line of treatment and response to
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eltrombopag as a TPO-RA should be considered encouraging in terms of
long-term follow-up.
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ABSTRACT

Introduction: There is an increasing use of point-of-care testing (POCT) devices for patients. These portable devices are preferred
by healthcare personnel because they are quick and easy to use. The aim of this study was to investigate whether POCT devices can
provide rapid and reliable blood gas measurements.

Methods: Blood gas measurements were performed for 30 pediatric patients at the University of Health Sciences Turkey, Bakirkoy
Dr. Sadi Konuk Training and Research Hospital using a POCT device and a fully automatic blood gas analyzer. Eleven parameters (pH,
pCO,, p0,, sodium, potassium , calcium, glucose, lactate, hematocrit, cHCO,, and cSO,) were compared. The statistical analyses were
performed using the NCSS software. To determine the correlation between the two methods, the intraclass correlation coefficient (1CC)
was calculated, and Bland-Altman graphs were used.

Results: The ICC demonstrated an almost strong correlation with pH (ICC=0.889), pCO, (ICC=0.968), pO, (ICC=0.981), sodium
(1CC=0.799), potassium (ICC=0.968), calcium (ICC=0.909), glucose (ICC=0.967), cHCO, (ICC=0.919) and ¢SO, (ICC=0.988) and moderate
correlation with lactate (ICC=0.626) and hematocrit (ICC=0.491). All p-values were all <0.001 for all analytes.

Conclusion: The POCT device was compared with a fully automatic blood gas analyzer. Unjustified postponement of analysis in
patients with respiratory failure, shock, or electrolyte disorders can delay the application of appropriate treatment. Not only the
benefits of an accurate POCT measurement but also the benefits of clinical practice and process changes should be taken into

consideration.
Keywords: Point-of-care testing devices, POCT, blood gas

Introduction

Respiratory disorders, dehydration, and electrolyte disorders are among
the most common causes of admission to the pediatric emergency
department (ED) for all ages (1). Blood gas analyzers are widely used in
modern intensive care units (ICU) and EDs, providing a basic metabolic
panel for managing clinical conditions such as respiratory, circulatory,
and electrolyte disorders.

Arterial blood gas (ABG) analysis is the traditional method for evaluating
the ventilation and acid-base status of patients. Venous blood gas (VBG)
has recently been accepted as an alternative analytical method for
some clinical conditions. VBG analysis and SpO, measurement provide
accurate information about the acid-base, ventilation, and oxygenation
status of patients with critical disease in the ED and ICU (2). The National
Academy of Clinical Biochemistry Laboratory Laboratory Medical Practice
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Guidelines recommend that ABG results be taken into consideration to
improve the outcomes of patients in the ED and ICU (3).

Point-of-care testing (POCT) devices for the analysis of patient samples,
which can generally be performed at bedside or in another place outside
the clinical laboratory by health professionals without any laboratory
training (4). Using POCTs fulfills the need for rapid results and immediate
decision to initiate therapy. Sample transfer time to the laboratory can
be saved, and clinical decision-making can be performed rapidly (5).
However, increased costs for the purchase and maintenance of analyzers,
personnel training, laboratory information system, quality control, and
external quality assessment procedures are important for SO 15189:2022
accreditation (6). POCT has shorter turnaround times (TAT) for blood gas
analysis results than the central laboratory; therefore, it is a clinically
important advantage in decision-making.
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The current study aimed to investigate whether POCT devices can
provide rapid and reliable blood gas measurements, which are of critical
importance for intensive care patients.

Methods

Approval for the study was granted by the Ethics Committee of University
of Health Sciences Turkey, Bakirkoy Dr. Sadi Konuk Training and
Research Hospital (approval number: 2024-02-16, date: 05.02.2024).
This observational cohort study included 30 pediatric patients
hospitalized. In total, 69 arterial blood samples were collected from the
30 patients in accordance with the Clinical and Laboratory Standards
Institute (CLSI) C46-A2 guidelines (7) and antisepsis rules. The samples
were withdrawn into a 2 mL volume PICO syringe (Radiometer Medical
ApS) and anticoagulated with 80 1U of lyophilized electrolyte-balanced
heparin.

The samples were analyzed in accordance with the CLSI EP9-A2
guidelines (8) using POCT (Epoc blood analysis - Epocal Inc., Canada) and
a fully automatic blood gas device (Cobas b221, Roche, Germany) in the
central laboratory.

Statistical Analysis

Statistical analyses were performed using the NCSS software (Number
Cruncher Statistical System, 2007, Kaysville, UT, USA). To determine the
level of agreement between the two devices, the intraclass correlation
coefficient (ICC) was calculated. The Wilcoxon test was used to determine
differences between dependent samples. A value of p<0.05 was set as
statistically significant.

Results

The two devices were compared in terms of 11 parameters; pH, pCO,,
pO,, sodium (Na*), potassium (K*), calcium (Ca**), glucose, lactate,
hematocrit, cHCO,, and cSO,. The results comparing the blood gas
measurements performed using POCT and a fully automatic blood gas
analyzer in the central laboratory are shown in Table 1.

The ICC demonstrated almost perfect agreement with pH [ICC (95%
confidence interval (Cl): 0.889 (0.827, 0.930), p<0.001], pO, [ICC(95% Cl):

0.981 (0.937, 0.991), p<0.001], pCO, [ICC (95% Cl): 0.968 (0.883, 0.987),
p<0.001], sodium [I1CC(95% Cl): 0.799 (0.556, 0.897), p<0.001], potassium
[ICC(95% C1): 0.968 (0.815, 0.988), p<0.001], calcium [ICC (95% Cl): 0.909
(0.856, 0.943), p<0.001], glucose [ICC (95% Cl): 0.967 (0.947, 0.979),
p<0.001], cHCO, [ICC (95% CI): 0.919 (0.259, 0.976), p<0.001] and S0,
[1CC (95% C1): 0.988 (0.965, 0.994), p<0.001] and moderate agreement
with lactate [ICC (95% Cl): 0.626 (0.409, 0.767), p<0.001] and hematocrit
[1CC (95% Cl): 0.491 (0.291, 0.650), p<0.001].

In the current study, pH, pO,, sodium, potassium, cHCO,, and ¢SO,
levels were slightly higher with POCT than with Cobas, and a statistically
significant difference was present (p<0.001).

PCO, and lactate levels were also slightly lower with POCT than with
Cobas, and a statistically significant difference was also present
(p<0.001).

Calcium (p=0.066), glucose (p=0.141) and hematocrit (p=0.226) levels
did not show statistically significant differences, whereas glucose and
hematocrit levels were slightly lower but calcium levels were slightly
higher with POCT than with Cobas.

Discussion

Blood gas analysis plays an important role in the diagnosis, follow-up,
and clinical evaluation of critical patients (9,10). A blood gas analysis
device can analyze the pH, partial carbon dioxide pressure (pC0,), and
partial oxygen pressure (pO,). Moreover, current blood gas analyzers are
more sophisticated and, at the same time, electrolyte measurements
[sodium (Na®), potassium (K*), ionized calcium (iCa2*), chloride (CI)],
metabolites (glucose, lactate), hematocrit, and co-oxymetry (total
hemoglobin, oxyhemoglobin, carboxyhemoglobin, methemoglobin,
and deoxyhemoglobin) are performed.

In critical patients presenting to the ED and patients admitted to the ICU
and receiving fluid treatment, all electrolytes are routinely measured
with automatic analyzers in the central laboratories of hospitals, but
this is time-consuming. The TAT in the emergency laboratory of tertiary-
level hospitals is mean 15 minutes (11). This generally delays the
decisions that need to be made rapidly regarding electrolyte values.

Table 1. Comparison of blood gas measurements performed using POCT and a fully automated blood gas analyzer in the central laboratory

Parameter  Epoc (mean * SD)  Roche (mean + SD) Difference (95% Cl)
PH 7.45%0.07 7.4210.07 0.030 (0.027, 0.034)
PCo, 39.46+8.42 40.74£8.49 -1.278 (-1.692, -0.864)
PO, 85.89+54.70 79.95+£51.68 5.941 (3.839, 8.042)
Sodium 139.65£5.02 137.87£5.25 1.786 (1.099, 2.472)
Potassium 3.78+0.81 3.6410.84 0.143 (0.105, 0.181)
Calsium 1.20£0.12 1.19%£0.13 0.012 (-0.001, 0.025)
Glucose 134.831+56.59 137.381+55.41 -2.558 (-5.988, 0.872)
Lactate 2.46%1.46 3.34%£2.96 -0.876 (-1.336, -0.416)
Hematocrit  33.68+6.04 34.55+5.70 -0.871 (-2.292, 0.550)
cHCO, 27.21+4.81 25.63+4.70 1.579 (1.293, 1.866)
S0, 82.83+21.68 80.96+23.06 1.871 (1.156, 2.584)

p 1CC (95% CI) p Reference range
<0.001" 0.889 (0.827,0.930)  <0.001" 7.357.45
<0.001" 0.968 (0.883,0.987)  <0.001" 35-45 mmHg
<0.001" 0.981(0.937,0.991)  <0.001" 75-100 mmHg
<0.001" 0.799 (0.556,0.897)  <0.001" 135-145 mmol/L
<0.001" 0.968 (0.815,0.988)  <0.001" 3.5-5.0 mmol/L
0.066 0.909 (0.856,0.943)  <0.001" 2.1-2.6 mmol/L
0.141 0.967(0.947,0.979)  <0.001" 70-100 mg/dL
<0.001* 0.626 (0.409,0.767)  <0.001" 0.5-2.2 mmol/L
46
0.226 0.491(0.291,0.650)  <0.001" ig_gzﬁ Efne]z:;e)
<0.001" 0.919(0.259,0.976)  <0.001" 22-28 mmol/L
<0.001" 0.988 (0.965,0.994)  <0.001" 95-100%

“p<0.01, ICC: Intraclass correlation coefficient, CI: Confidence Interval, SD: Standard deviation, POCT: Point-of-care testing, POCT: Point-of-care testing
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Blood gas analysis can be performed in central laboratories using
conventional devices or in the wards, in inpatient services, operating
rooms, and ICUs using a POCT device. These devices are used to support
emergency interventions for patients (9,12). POCT provides clinical
benefits by allowing clinicians to initiate appropriate treatment for
emergency conditions. In central laboratories, where a small number
of blood gas analyses are performed, calibrations performed several
times a day increase costs. Therefore, POCT is economically more
advantageous in these centers (13).

In patients followed-up in the ICU, the ventilation and oxygenation
targets determine the treatment plan. Traditionally, arterial oxygen
concentration (measured as partial oxygen pressure Pa0,) and pulse
oximetry are used in the follow-up of oxygen saturation. The general
recommendations for oxygenation are for the Pa0, values to be 75-100
mmHg (14-16). The harmful effects of hypoxia are well known, and
although most physicians tend to give more oxygen “just to be on the
safe side” and to avoid hypoxia, hyperoxidation must also be avoided
because oxygen can be toxic. Hypoxemia and hyperoxemia are harmful;
therefore, oxygen therapy must be titrated (17).

In conditions such as hypoxemia, hypercarbia, and acidosis in ICU,
the decision for starting treatment is critically important. Based on
the current study findings, the use of a validated POCT device is
recommended for the diagnosis and treatment of ABG abnormalities.
In a study by Allardet-Servent et al. (18), the data from the central
laboratory of 314 paired samples collected from 51 critical patients were
reliably consistent with the POCT device results. In the present study, the
correlation (ICC) between the two devices was determined to be 0.889
for the pH measurements, 0.981 for the pO, measurements, 0.968 for
the pCO, measurements, and 0.988 for the ¢SO, measurements.

In critical patients, blood electrolytes are often measured, and the
anion gap (AG) and strong ion difference (SID) are calculated from
electrolyte measurements. These measurements play a role in guiding
clinical decisions on improving acid-base status. In the present study, a
strong correlation with sodium (ICC=0.799), potassium (ICC=0.968), and
calcium (ICC=0.909) was observed.

The guidelines recommend that POCT can be used for ionized calcium
analysis in ICU and potassium analysis in ED. However, during the
preparation of the guidelines, there was insufficient evidence that
POCT electrolyte results can improve clinical outcomes in an ICU setting
(3). Several researchers have stated that caution should be exercised
when interpreting electrolytes measured using various POCT devices.
Correlation of the ionized calcium results for both devices in the
guidelines were not observed in the current study. This may be due to
the age distribution and pre-analytic problems.

In a study by Morimatsu et al. (19), the plasma sodium and chloride
electrolyte concentrations were significantly different in the results
obtained from two different measurement technologies, namely,
POCT and laboratory devices. These differences in the measurements
had a significant effect on the SID value (with similar large variations)
calculated from the traditional AG value (large variations up to 15
mEqg/L), and the individual electrolyte values (sodium and chloride).
These large differences in electrolyte values and basic acid-base

Isiksacan et al. Pediatric Patients Blood Gas Testing-Pediatric Patients

variables are clinically important and should be discussed in detail.
Statistically significant differences were also found in the pH, potassium,
and hematocrit measurements, which were due to differences in the
calculated AG and SID (19,20). It has been reported in some studies
that these differences are attributable to the automatic analyzers and
chemical reactions used in the laboratory (21). It was shown in one
study that the concentration of the measured electrolytes was reduced
because taking the samples into tubes with heparin increased the
volume and because of the binding of heparin to the electrolytes (22).

According to the US Clinical Laboratory Improvement Amendments
2006, deviations from the gold standard calibration measurements
of 0.5 mmol/L in potassium and 4 mmol/L in sodium are accepted as
normal (23).

There is currently strong evidence that indirect-ion selective electrode
(ISE) sodium directly increases ISE measurements up to 4-10 mmol/L due
to hypoproteinemia (24,25). Sodium and potassium measurements with
direct ISE are recommended for critical patients. José and Preller (26)
investigated the opinions of clinicians regarding the use of blood gas
analyzers to measure potassium in acute conditions. The questionnaire
results demonstrated that 52% of the clinicians preferred to wait for
laboratory confirmation before making clinical decisions.

José and Preller (26) retrospectively compared 500 paired ABG samples
performed within 1 h from central laboratory samples and found that
95% of the results had fallen to within 0.5 mmol/L difference limits. In
a large retrospective study using a database including more than 11,000
matched samples performed within one hour, there was shown to be a
strong correlation between the POCT and central laboratory results of
sodium, potassium, and ionized calcium to enable clinicians to make
clinical decisions immediately (27).

The advantage of POCT use rather than laboratory testing in the
monitoring of blood glucose levels is that it allows insulin adjustments
to be made more rapidly and more often. In the current study, a strong
correlation with glucose (1CC=0.967) was found. The glucose results
obtained from the device should be interpreted with caution. Inaccuracy
of measurement should not be allowed despite the speed. In a study by
Shearer et al. (28), POCT glucose values measured from central catheter
or fingertip samples were significantly different from laboratory glucose
values. There was observed to be a difference of at least 20 mg/dL between
the POCT values and the laboratory glucose values in approximately 20%
of the patients, which was clinically significant. Sensitivity of glucose
measurement is extremely important. The accuracy of POCT is not
sufficiently definitive for insulin management protocols with narrow
glucose ranges. Most patient glucose measurement devices are designed
to monitor glucose level curves, not based on single glucose values (28).
In another study regarding personnel and POCT equipment costs, it was
shown that the costs of POCT were higher than those of the laboratory
analysis (29).

Normal acid-base homeostasis is a serious problem in ICU. In critical
patients with acute kidney damage and lactic acidosis, acid-base
disorders can be treated with continuous renal replacemant therapy
(CRRT) (30). Urea, lactate, hydrogen (H*), toxic substances, and drugs are
eliminated from the blood following CRRT. In the decision to use CRRT,
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pH, bicarbonate, and lactate levels are monitored during the follow-
up of acidosis and the efficacy of CRRT. In the current study, a strong
correlation with HCO, (ICC=0.919) and a moderate correlation with
lactate (1CC=0.626) was found.

In conditions requiring emergency intervention, the turn-around time
for blood gas analysis is extremely important in the management of
critical patients.

In a randomized, controlled study to evaluate the efficacy of POCT in
dehydration, anemia, and electrolyte abnormalities in pediatric ED, the
time to POCT test results was 65 min, which reduced the decision time
by 45 min, and consequently the time spent in ED was reduced by 39
min (31). Using the data from that study, Whitney et al. (32) calculated
a cost saving of USD 303.30 per patient. According to another study
conducted in pediatric ED, clinicians reported that as the availability of
the tests increases, POCT is more advantageous, and its areas of use
should be expanded (33).

POCT can provide results in a shorter TAT. There is evidence that,
although not always, in many conditions, this provides an advantage
in clinical decision-making compared with central laboratory services.
A rapid TAT also provides the advantage of more effective time spent
on admission or discharge of the patient. When POCT is considered to
be generally more expensive than central laboratory testing, tests with
higher clinical efficiency are important for preferring POCT (34).

Conclusion

Based on the results of this study, POCT using a validated device can be
recommended for the diagnosis and treatment of ABG abnormalities.
Unjustified postponement of analysis in patients with respiratory failure,
shock, or electrolyte disorders can delay the application of appropriate
treatment. Accurate POCT measurements provide high quality data
in clinical practice. The definition and application of evidence-based
practice guidelines should be encouraged.
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ABSTRACT

Introduction: Mpox can cause serious complications and is a public health concern. Family physicians are the first healthcare
professionals patients can apply for health. This study aimed to evaluate the level of knowledge of family physicians about mpox.

Methods: This prospective, descriptive, cross-sectional study was conducted. A survey was conducted between March 14, 2023 and
April 14 of 2023 to evaluate the knowledge of mpox among 102 family physicians in Gaziantep, Turkey. The collected data were
analyzed to determine physicians’ knowledge of the disease, its symptoms, transmission, and treatment options.

Results: At the 80% cut-off, 8.8% of family physicians had good knowledge; at the 70% cut-off, 35.3% of physicians had good
knowledge. The highest level of knowledge was observed in those working for 5 years or less; the lowest level was observed in those
working for 6-15 years (p=0.045). The most correct answer (n=98) was “What is the type of microorganism that causes mpox?”. The
question with the most incorrect answers (n=90) was “A definitive diagnosis is made using ELISA tests”.

Conclusion: Family physicians are the first health professionals to access the virus, particularly in cases of community transmission.
Identify areas where physicians need additional education and training to better diagnose and treat mpox.

Keywords: Mpox, monkeypox, family physician, knowledge, primary care

Introduction

The mpox virus was first described in 1958. It was found in Macaca
fascicularis, an Asian monkey used for polio immunization research at
a laboratory in Denmark. Human mpox, a disease transmitted by the
mpox virus, is therefore a zoonotic infection (1-3).

The first reported case of human mpox was in the Democratic Republic
of Congo in 1970. It is most common in West and Central Africa. Since
2016, cases have been reported in the Central African Republic, Sierra
Leone, Nigeria, and Liberia. In 2017, the largest outbreak of mpox was
recorded in Nigeria, with 68 confirmed cases. It is recognized as an
increasing public health threat, particularly in areas of West Africa where
there is evidence of increased attack rates (3,4).

Human mpox cases have also been reported in the Americas, Europe, and
Asia. The mpox virus was transmitted to the United States from prairie
dogs imported from Africa. In the UK and Israel, patients were travelers
returning from Nigeria. The first case of mpox in Asia was reported in

.
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Singapore in 2019, when a Nigerian tourist was attending a conference.
On June 30, 2022, Turkey reported the first confirmed case of Mpox virus
detected by polymerase chain reaction (5-7).

Although smallpox was eradicated in 1980, mpox continues to occur in
central and western African countries. Since May 2022, cases have also
been reported in countries outside Africa with no previously documented
mpox transmission (2,8).

Mpox has a high potential to be spread (9). Widespread transmission can
lead to serious problems both in and outside the country (10). These
can have social or economic consequences. Considering that the negative
effects of the COVID-19 pandemic are still being overcome (11), the
importance of this situation is clear. The increasing number of human
cases of mpox highlights the value of prevention, timely recognition,
and prompt intervention and treatment by healthcare workers.
Unfortunately, a World Health Organization (WHO) report has shown that
one of the barriers to preventing the disease is a lack of knowledge about
mpox, especially by healthcare professionals (12).
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Although mpox has only been reported in Turkey in a few cases (13),
healthcare workers should be informed and prepared for mpox cases.
International tourism and trade in Turkey (14) may increase the
vulnerability of populations to human mpox transmission. Family
physicians are usually the first healthcare professionals patients consult
for health (15). Therefore, in this study, we aimed to evaluate the level
of knowledge of family physicians regarding mpox.

Methods

Study Design, Setting, and Survey

The study used a prospective, descriptive, cross-sectional design, which
provided a brief insight into the physician knowledge levels. The
collected data were analyzed to determine physicians’ knowledge of the
disease, its symptoms, transmission, and treatment options.

Asurvey was conducted between March 14, 2023, and April 14 of 2023 to
evaluate the knowledge of mpox among family physicians in Gaziantep,
Turkey. This self-administered questionnaire was designed for family
physicians in Gaziantep. Personal (age, gender) and professional
information (branch, duration of profession) questions were followed
by mpox knowledge level questions (multiple choice, 37 questions). The
knowledge questionnaire was designed in the Turkish language based
on current facts from the centers for disease control and prevention and
WHO (3,16).

Gaziantep University Faculty of Medicine Local ethics committee
approval and provincial health directorate permission (approval
number: 2022/254, date: 03.08.2022) were obtained.

The questionnaire took approximately 10 minutes to complete.
Participants' names were not collected to ensure anonymity and
confidentiality. At the end of the survey, raw data were extracted and
analyzed using statistical software.

The inclusion criteria were those family physicians in Gaziantep province
who voluntarily agreed to participate in the study and completed
the questionnaire. The exclusion criterion was who left the survey
incomplete.

Statistical Analysis

The data were analyzed using SPSS 21.0 with a 95% confidence level.
The level of knowledge was calculated, and the kurtosis and skewness
coefficients were analyzed to determine the suitability of the level for
normal distribution. The obtained kurtosis and skewness values were
between +3 and 3, indicating that the data in the study were distributed
normally (17-19). The highest and lowest scores for correct answers were
calculated as percentages. Consequently, parametric test techniques
were applied. The t-test and ANOVA were used to investigate differences
in knowledge level based on demographic characteristics. The t-test was
used to analyze demographic variables with 2 groups, while the ANOVA
test was used to analyze variables in the k (k >2) groups. The association
between categorical variables and willingness to receive training on
Mpox disease was examined using the chi-squared test. Two cut-offs are
used: 80% and a reduced cut-off of 70% to measure knowledge.

Atadag et al. Mpox Knowledge of Family Physicians

Results

A total of 109 family physicians volunteered for the study. As 7 of them
left the questionnaire incomplete, 102 were included in the analysis.

The mean and median knowledge scores were 0.53 and 0.57, respectively.
The scores ranged from 0.05 to 0.92. When a cut-off of 80% was used, 9
out of 102 participants (8.8%) had good knowledge, whereas when the
cutoff was reduced to 70%, 35.3% (36 out of 102) had good knowledge.

The age distribution of physicians was as follows: 31.4% were aged 30
years, 52% were between 31 and 40 years, and 16.7% were over 40. The
mean age was 35.41+8.77 years. Approximately 53.9% were male and
46.1% were female. Approximately 76.5% of the patients were primary
care practitioners and 23.5% were family medicine specialists.

40.2% of the physicians had been working for 5 years or less, 42.2% had
been working for 6-15 years, and 17.6% had been working for more than
15 years. The mean professional experience of physicians was 9.98+9.14
years.

Variables Related to Mpox Disease

Of these doctors, 95.1% (n=97) had heard of mpox. Only 2.9% (n=3)
of the doctors were educated about mpox. Of the physicians surveyed,
87.9% (n=87) said they would like to be educated about mpox.

The values of the information level ranged from a minimum of 0.05to a
maximum of 0.92. The average value of the information level was 0.53,
and the standard deviation was 0.18. The skewness value was 0.608. The
kurtosis value was 0.070.

Questions with correct answers:
What type of microorganism causes Mpox? (n=98).

Initial symptoms include fever, severe headache, lymphadenopathy,
back pain, myalgia, and severe fatigue (n=94).

Mpox can be transmitted from humans to humans (n=92).
Mpox does not infect children (n=85).

Antibiotics are effective against Mpox (n=84).

Questions with the most wrong answers:

A definitive diagnosis is made with ELISA tests (n=90).

It is not necessary for the sample to have a culture medium in the tube
(n=89).

There is no vaccine available worldwide specifically for Mpox disease
(n=86).
More rash is expected on the trunk (n=85).

Mpox disease can be transmitted from humans to humans through
droplets (n=76) (Table 1).

There was a statistically significant difference in knowledge level
based on years spent in the profession (p=0.045). The highest level of
knowledge was observed in those working for 5 years or less, whereas
the lowest level was observed in those working for 6-15 years. Age
(p=0.138), gender (p=0.577), position, and willingness (p=0.736) to
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receive training on the Mpox did not exhibit a statistically significant
difference in knowledge level (Table 2).

There is no statistically significant correlation between the willingness to
be educated about mpox and age (p=0.462), gender (p=0.200), position
(p=0.621) or time in the profession (p=0.498).

Table 1. Mpox knowledge levels

Question

What type of microorganism causes Mpox?
Mpox can be transmitted from animals to humans.
Mpox can be transmitted from humans to humans.

Which of the following symptoms is associated with Mpox?

The initial symptoms include fever, severe headache, lymphadenopathy, back pain, myalgia,

and intense fatigue.

The symptoms are similar to those of smallpox but are milder.

Mpox can be transmitted from humans to humans through droplets.
Mpox can be transmitted from humans to humans through sexual contact.

Mpox can be transmitted from humans to humans through blood transfusion.

Mpox can be transmitted from humans to humans through direct contact with non-intact skin

(wound contamination).

Mpox can be transmitted from humans to humans through direct contact with intact skin.

Mpox can be transmitted through secretion by the infected person.

Transmission can occur by consuming the meat of infected animals (undercooked).
Consuming other animal products from infected animals is a possible risk factor.

Transmission of Mpox from animals to humans can occur through direct contact with infected

animal blood, body fluids, or skin/mucous membrane lesions or through bites.
Rash does not occur on the face.

Rash can occur on the palms and soles.

Rash does not occur in the genitals.

More rash is expected on the trunk.

Mpox does not cause infection in children.

No vaccine is available worldwide specifically for Mpox disease.

Mpox is not lethal.

Antibiotics are effective against Mpox.

Antivirals are effective against Mpox.

Definitive diagnosis is made using PCR tests.

Mpox is less contagious and causes less severe disease than smallpox.
Vaccines against smallpox also protect against Mpox.

The natural hosts are rodents such as mice, rats, and squirrels.

The incubation period of Mpox from risky contact with the onset of symptoms, is usually 6-14

days.

The incubation period can be extended up to 21 days.

The rash usually starts within 1-3 days after the onset of fever.
Sequence of rash development.

The most suitable diagnostic samples for mpox are skin lesions.

The most suitable diagnostic samples for mpox are obtained from throat swabs.

The most appropriate diagnostic samples for mpox are blood cultures.
It is not necessary for the sample to have a culture medium in the tube.
Definitive diagnosis is made using ELISA.

PCR: Polymerase chain reaction, SD: Standard deviation
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Discussion

In this study, we found that family physicians had a high level of
awareness (96.1%) regarding the causative agent of Mpox. Knowledge
of the causative agent is of great importance for appropriate disease
management and treatment strategies (20-22).

Wrong answers, Correct answers, Mean * SD of the

n (%) n (%) correct answers
4 (3.9%) 98 (96.1%) 0.96%0.2
26 (25.5%) 6 (74.5%) 0.75%0.44
10 (9.8%) 92 (90.2%) 0.940.3
33 (32.4%) 9 (67.6%) 0.68+0.47
8 (7.8%) 94 (92.2%) 0.92£0.27
0 (49%) 2 (51%) 0.51+0.5
76 (74.5%) 6 (25.5%) 0.25%0.44
9 (57.8%) 43 (42.2%) 0.42£0.5
5 (63.7%) 7 (36.3%) 0.36+0.48
25 (24.5%) 77 (75.5%) 0.75+0.43
68 (66.7%) 4 (33.3%) 0.33£0.47
34 (33.3%) 68 (66.7%) 0.67£0.47
67 (65.7%) 35 (34.3%) 0.34+0.48
68 (66.7%) 4 (33.3%) 0.33£0.47
28 (27.5%) 74 (72.5%) 0.73£0.45
56 (54.9%) 6 (45.1%) 0.45+0.5
33 (32.4%) 9 (67.6%) 0.68%0.47
59 (57.8%) 3 (42.2%) 0.42£0.5
85 (83.3%) 7 (16.7%) 0.17£0.37
17 (16.7%) 5 (83.3%) 0.8340.37
86 (84.3%) 6 (15.7%) 0.16£0.37
42 (41.2%) 60 (58.8%) 0.59£0.49
18 (17.6%) 4 (82.4%) 0.82+0.38
43 (42.2%) 9 (57.8%) 0.58+0.5
23 (22.5%) 9 (77.5%) 0.77+0.42
43 (42.2%) 9 (57.8%) 0.58+0.5
65 (63.7%) 7 (36.3%) 0.36+0.48
58 (56.9%) 4 (43.1%) 0.43£0.5
41 (40.2%) 61 (59.8%) 0.6%0.49
45 (44.1%) 7 (55.9%) 0.56+0.5
41 (40.2%) 1 (59.8%) 0.6£0.49
42 (41.2%) 0 (58.8%) 0.59
39 (38.2%) 63 (61.8%) 0.62+0.49
62 (60.8%) 40 (39.2%) 0.39£0.49
71 (69.6%) 1(30.4%) 0.3£0.46
89 (87.3%) 3 (12.7%) 0.13+0.34
90 (88.2%) 2 (11.8%) 0.12£0.32



Table 2. Investigation of knowledge level in terms of variables

30 years and under

Ageb 31-40 years
Above 40 years
Male

Gender?
Female

Family physician

Position?

Family medicine specialist

5 years and less

o . .
Time in profession (years) 6-15 years

Over 15 years
Yes
No

Would you like to be educated about Mpox??

2t test, ®: ANOVA test, SD: Standard deviation

Alshahrani et al’s (23) study in Saudi Arabia, which showed that the
general level of knowledge about mpox among physicians was low, was
similar to the results of the current study. These findings highlight the
lack of knowledge about mpox among physicians and underscore the
need for a better global understanding of the modes of transmission,
diagnosis, and treatment of mpox.

Only 25% of the family physicians were aware of droplet transmission
of mpox, indicating a significant training gap. Lack of knowledge may
lead to inadequate isolation and infection control measures, which is
of concern because of the potential for transmission by intradermal or
respiratory routes (24-26).

The current study showed that most physicians accurately defined
the incubation period of the mpox virus as ranging from 6 to 14
days, although fewer were aware that it could extend up to 21 days.
This information is crucial for effective isolation protocols. In a study
conducted by Gonzales-Zamora et al. (27) in Peru on the knowledge level
of physicians regarding mpox, they were asked whether the incubation
period was between 5 and 21 days, and most physicians provided the
correct answer. The study conducted in Peru showed that although
physicians had higher knowledge scores, they reported similar concerns
regarding competence and preparedness. These findings indicate the
need for more comprehensive education in this field.

The current study emphasizes that although palmar and plantar skin
lesions are more commonly recognized, there is a lack of awareness
regarding their symptomatology, particularly facial and genital lesions.
In reviewing the literature, it was noted that other studies have asked
questions about rash, but the difference in location of lesions was not
questioned in detail (27-29).

This knowledge gap, which was also observed in a study conducted by
Sahin et al. (29) for physicians in a university hospital in Turkey, points
to the need for detailed training on the differential diagnosis of Mpox,
not only in primary health care but also at all levels.

Atadag et al. Mpox Knowledge of Family Physicians

Knowledge level

T,F p
Mean £ SD
0.58+0.17
0.51£0.18 2.023 0.138
0.49+0.2
0.52+0.19

-0.560 0.577
0.54+0.18
0.53+0.19

-0.283 0.778
0.54+0.14
0.58+0.17
0.48+0.19 3.195 0.045"
0.53+0.16
0.53+£0.17

-0.339 0.736
0.55+0.24

In the present study, only 2.9% of the physicians had received education
on mpox. Other studies have also shown a small number of physicians
educated on this subject, regardless of the results (19,23).

The study found that young physicians had a higher level of knowledge
regarding mpox. This highlights the significance of ongoing education
for medical professionals at all levels of experience. In addition,
addressing challenges in effectively transferring knowledge is crucial.
These challenges include the continuous growth of literature, the
limited time, and difficulties in retaining information. Innovative
methods, including the use of social media and multimedia tools, can
play an important role in overcoming these barriers (30,31). The finding
that recently graduated physicians had higher levels of knowledge
about mpox may be a result of adapting their educational strategies
to evolving communication methods, possibly due to their greater
interaction with modern technological tools.

Study Limitations

This study has limitations. A major earthquake in Turkey on February 6,
2023 (32) also affected the province of Gaziantep and limited access to
family physicians. The authors were uncertain about the sincerity of the
doctors’ responses due to the use of multiple-choice questions. However,
this negative potential was eliminated by directly communicating the
survey questions to the family physicians and obtaining their consent.

Conclusion

In conclusion, this study highlighted a moderate level of Mpox
knowledge among family physicians, and similar findings from
international studies underscore the need for a global educational
intervention. These interventions should aim to update GPs’ knowledge
of mpox, focusing on areas such as transmission, symptomatology and
diagnosis. To ensure effective management of emerging infectious
diseases such as Mpox, comprehensive, continuous, and technologically
adaptive educational efforts are essential.
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ABSTRACT

Introduction: Recurrence is a major challenge in the treatment of solitary bone cysts (SBC). In this study, we aimed to analyze the
factors that influence the risk of recurrence in patients with simple bone cysts.

Methods: The study included patients who underwent curettage and bone grafting for SBC between 2010 and 2021 at a single
center. Data collected included age, sex, side, bone location, pathological fracture history, cyst activity, internal fixation, graft type,
radiological features of the cyst (cyst index, cyst diameter ratio, cyst area and cyst length), follow-up time, and presence of recurrence.
The Cox algorithm was applied to identify factors independently associated with SBC recurrence.

Results: A total of 41 patients with a mean age of 10.8+3.19 years (range 4-15 years) were included in this study. The average follow-
up period was 51+21.3 months. Recurrence was observed in 13 of 41 patients during follow-up. There were no significant differences
in sex, bone location, pathological fracture history, and the type of graft used between patients with and without recurrence. The
age at surgery was found to be significantly lower in the recurrence group (p=0.02). The radiological features of the cyst: cyst index,
cyst diameter ratio, cyst area, and cyst length, were found to be higher in the recurrence group, although there was no significant
difference.

Conclusion: It is important to inform families that the risk of recurrence is high at a young age and in patients with large solitary

bone cysts.

Keywords: Bone cyst, diameter, recurrence, radiological features

Introduction

Solitary bone cysts (SBC) (also known as basic bone cysts, SBC) are
benign non-tumoral lesions that usually present in the metaphyseal
region of long bones in children and adolescents. This tumor-like
lesion of unknown origin accounts for 3% of bone tumors, with 70%
of them occurring in the proximal humerus and femur (1). The exact
cause and pathogenesis of SBC remain unknown; venous obstruction,
synovial tissue in the metaphysis, and delayed metaphyseal ossification
have been hypothesized (2,3). The diagnostic radiological characteristic
is a radiolucent, well-defined, geographic osteolytic lesion with a thin
sclerotic margin that causes bone expansion and cortical thinning,
seen on a direct X-ray. In magnetic resonance imaging (MRI), which is
requested for differential diagnosis, a homogenous fluid-equivalent
signal intensity is generally observed, although it varies depending on
the amount of blood present (4).

Although they are usually asymptomatic, they can lead to pathological
fractures and impairment of the normal growth and development of
affected bones. There is no consensus on the best treatment option.
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There are many different treatment alternatives, including observation,
minimally invasive surgery (percutaneous or endoscopic curettage,
aspiration and steroid injection), and open curettage and grafting (5).
Recurrence is a major issue in these alternative treatment approaches.
Previous studies have reported active SBC and younger age as risk factors
(6-8). In this study, we investigated and analyzed factors influencing the
risk of recurrence in patients with simple bone cysts.

Methods

IRB and istanbul University, istanbul Faculty of Medicine Local Ethics
Committee approval was obtained before the study initiation (approval
number: 2024/611, date: 13.03.2024). The study included patients who
underwent curettage and bone grafting (including the patients who
received nail or plate fixation according to the fracture risk) for SBC
between 2010 and 2021 at a single center. The inclusion criteria were a
diagnosis of humerus and femur SBC, open physis at the operating bone,
and a minimum follow-up of 2 years after surgery. The exclusion criteria
were recurrent cases, pathologically unverified, and incomplete imaging
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(MRI, X-Ray) SBC patients (Figure 1). The informed consent of the parents
and the consent of the child to participate was obtained.

Patients’ management and operation procedure: In patients admitted
to our outpatient clinic with a complaint of a pain at shoulder and
hip joint, physical examination and radiological examinations were
performed thoroughly. We generally perform magnetic resonance
imaging evaluations in the differential diagnosis of aneurysmal bone
cysts in aggressive lesions. Patients with pathological fractures of the
proximal humerus were followed conservatively because they had
the possibility of spontaneous healing. Lower extremity surgery was
preferred. Intralesional resection based on the Musculoskeletal Tumor
Society as defined by Enneking et al. (9) was used for SBC treatment.

After this, the surgeon decided to perform extended curettage and
bone grafting with an allograft or bioactive glass graft (Bone-G, Meta

89 Patients Assess for Eligibility

50 Patients Included

41 Patients Included

Figure 1. Flow chart

Bioengineering). All surgeries were performed under general anesthesia
by two surgeons (A.S. and S.B.) with expertise in orthopedic oncology
while preparing the patients and placing them in the supine position
and beach chair position. After administration (50 mg/kg, max, 1.5 gr)
cefuroxime for prophylaxis, a deltopectoral incision was used for the
humeral lesion and a modified anterolateral longitudinal incision
(Watson Jones) for the femoral lesion. The bone window was opened
using a burr or blade. After extended curettage, the medullary cavity
was reammed to open vascular channels between the cysts and the
intramedullary venous system. Pulsatile lavage was performed on the
exposed bone using an isotonic solution, and the allograft or glass
graft was impacted into the curing area of the bone. Plate fixation was
performed in patients at risk of fracture (Figure 2).

Postoperative management: Postoperative pain  management
was provided with non-steroidal anti-inflammatory, tramadol, and

Excluded (n:39)
Not meeting inclusion criteria (n:23)
Inadequate follow-up (n:11)
Recurrence Surgery (n:5)

9 patientswere excluded owing to missing follow-
up data

Figure 2. (a, b) A 10-year-old male patient was diagnosed with humerus SBC. (c) The patient was treated with curettage and grafting with bone glass graft
(d) Recurrence and deformity are observed in the third postoperative year. (e) Follow-up radiograph of the patient after re-operation.
SBC: Solitary bone cysts
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paracetamol as standard. Patients who underwent surgery for humeral
SBC were followed up with arm sling for 2 weeks. First, active and
passive ROM exercises were performed during follow-up. After the sixth
week, no restrictions were applied. Femur SBC patients were mobilized
with double crutches with non-weight bearing for six weeks. Active ROM
exercises were performed starting from the postoperative period. After
the sixth week, crutches were discontinued, and gradual loading was
allowed. After the 121" week of surgery, patients were allowed to return
to activities and sports.

Radiological evaluation: Standard anterior-posterior and lateral femur
and anterior-posterior, oblique, and axillary humerus radiographs were
obtained at the sixth week, third month, sixth month, and final visit.
A Picture Archiving and Communication System (PACS) was used for
radiological evaluation at our center. We used a Neers Modified Basic
Bone Cyst classification system to standardize recurrence evaluation
(10). Grades Il and IV were considered as recurrence:

Grade I-Healed: Cyst formed with new bone, with or without a small
radiolucent area(s) <1cm in size.

Grade Il-Healed with defects: Radiolucent area on X-ray <50% of the
bone diameter with cortical thickness that does not pose a fracture risk.

Grade 11l persistent cyst: Radiolucent area >50% bone diameter, thin
cortical margin; no enlargement of cyst size.

Grade IV recurrent cyst: Recurrence of a cyst in a previously excised
area or an increase in the size of a radiolucent cyst.

SBCs were classified as active when they were less than 0.5 cm from
the physis and as latent when they were not (10). The cyst mean area
was calculated using the following formula: 0.5xDxd2. This was
calculated considering that the SBC is ellipsoid and regular in form.
The cyst index was calculated by dividing the cyst area by the cortical
diameter, as described by Kaelin and MacEwen (11). The cyst diameter
ratio was calculated by dividing the cyst longitudinal length by the bone
diameter (12). All radiologic measurements were performed by a single
experienced orthopedic surgeon using the hospital’s (PACS™, Centricity
Universal Viewer, GE Healthcare, Milwaukee). The magnification error
was corrected by placing a metal ruler on the X-rays.

Statistical Analysis

SPSS 26 software was used for statistical analyses. Descriptive statistical
methods (mean, standard deviation, percentage) were used to
evaluate the study data. The conformity of quantitative data to normal
distribution was tested using Shapiro-Wilk test and graphical analyses.
The significance of quantitative variables with normal distribution
between the two groups was compared using Student's t-test. Mann-
Whitney U test was used for comparisons of quantitative variables that
did not show normal distribution between the two groups. Pearson’s
chi-square test and Fisher’s exact test were used to compare qualitative
data. Statistical significance was set as p<0.05. Recurrence factors were
identified in the univariate analysis. Elements with p-values (two-sided)
of 0.05 or less were included in the multivariate Cox model to identify
independent variables in a stepwise manner.

Bayram et al. Recurrence of Simple Bone Cysts

Results

A total of 41 patients were included in the study. In correlation with
the male predominance of SBC, 36 patients (87%) were male. The
mean patient age at operation was 10.8+3.19 years (range, 4-15 years).
Twenty-five patients presented with SBC in the humerus and 16 in the
femur. SBC was latent in 53% of patients. More than half of the patients
had a history of pathological fracture.

The mean SBC area was 8.25+4.62 cm? (range, 1.1-26.2 cm?). The mean
SBC longitudinal length was 6.67+3.83 cm (range, 2.1-24.4 cm). The
average SBC index was 4.58+2.61 ratio (range, 0.9-13.5). The mean SBC
diameter ratio was 4.97+2.66 ratio (range, 1.85-12.96). The average
follow-up period was 51+21.3 months (range, 25-112 months). Allografts
were used in 27 patients and synthetic glass grafts in 14 patients. In four
femur and two humerus SBC patients, plate fixation was used because of
the risk of fracture. The demographic data of patients were also showed
in Table 1.

Recurrence was observed in 13 of 41 patients during follow-up.
The recurrence rate was 31%. Eight of these patients underwent re-
operation, three underwent observation, and three were lost to follow-
up. Deformity after recurrence was observed in only one patient in the
study groups. This patient recovered after recurettage + grafting and
plate fixation (Figure 2). There were no significant differences in sex,
bone location, pathological fracture history, and the type of graft used
between patients with and without recurrence. The age at surgery was
found to be significantly lower in patients with recurrence (recurrence
patients: 8.75+2.96 years, no recurrence: 11.07+2.82 years, p=0.02).
The radiological features of the cyst: cyst index, cyst diameter ratio, cyst
area, and cyst length, were found to be higher in the recurrence group,
although there was no significant difference. The data comparing the
radiological features of both groups are shown in Table 2.

Table 1. Demographic and baseline data

Grou Test
p value
Recurrence No recurrence
group, (n=13)  group, (n=28)
Age Mean £ SD 8.7512.96 11.07£2.82 20.002"
. Male 13 (100) 23 (82) °0.104
ex
Female 0 5(18)
Humerus 8(61) 17 (60) ©0.960
Bone
Femur 5(39) 11 (40)
o Metaphysis 12 (92) 23 (85) °0.641
Localization ) )
Diaphysis 1(8) 4(15)
e Yes 7 (53) 16 (57) b0.843
history No 6 (47) 12 (43)
Followuptime 1ot p 4383+1406  5473£2282 0120

(month)

Data analyses were performed with Independent samples t-test,
"Data analyses were performed using Pearson’s chi-square test, “p<0.05,
SD: Standard deviation
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Table 2. Radiological findings of SBC and surgery type

Group Test value
Group 1 Group 2
(n=13) (n=21) p
Allograft 10 (76) 17 (60) 0.308?
Graft type
Bone-glass 3 (24) 11 (40)
- Yes 1(8) 5(18) 0.391
Internal fixation
No 12 (92) 23 (82)
Cyst activity Active 8(61) 11 (39) 0.1842
Latent 5(39) 17 (61)
(Ccyiz)v olume Mean+SD  9288+5821 7,768+3,982 0.750°
Gystlongtidunal o0 sp 7434089 6324046 0.814°
size (cm)
Cyst index Mean £ SD 5.69+3.24 4.07+2.14 0.121*
Gystdiameter  \on+SD 5634354 465214  0.515

ratio

Data analyses were performed using Fisher’s exact test. "Data analyses were performed
using the Mann-Whitney U test, "p<0.05, SD: Standard deviation, SBC: Solitary bone cysts

Discussion

Younger age was the only significant factor associated with increased risk
of recurrence. No significant relationship was found between the other
factors determining the risk of recurrence. In another study assessing
the predictive factors for recurrence of proximal humerus SBC, Teoh et
al. (13) defined refracture and re-expansion of the cyst as recurrence. In
this study, 31 of 32 patients presented with pathological fracture, and
curettage was performed in only nine patients. Active cysts were not
significantly associated with recurrence. They stated that a high cyst
index, young age, and non-impacted pathological fracture significantly
increased the risk of recurrence. It was mentioned that decreasing the
cyst volume due to impaction may have a favorable effect on healing.
In the present series, younger age at surgery was clinically significant
in the recurrence group (p=0.02). Although mean SBC size, area, index,
and diameter ratio were higher in the recurrence group, no clinically
significant difference was detected.

In a systematic review of different treatment modalities for SBC, the
healing rates of 3,217 patients were evaluated (8). Approximately 85% of
these cases involved humerus and femur SBC. The M:F ratio was set to 2.
Among the treatment modalities, the lowest healing rate was observed
in observation (healing rate 64%), whereas the highest healing rates were
observed in long bone SBC with open curettage and grafting (healing rate
90%) and elastic nailing without curettage (healing rate 100%). In this
study, it was emphasized that the recovery rates of the most unsuccessful
surgical treatments were higher than the observed rates. In addition,
the success of allograft, autograft, and synthetic grafts as graft types
was evaluated in cases with surgical curettage, and similar healing rates
were observed. The higher recurrence rate (30%) in our series may be
due to the longer follow-up period and smaller sample size. In addition,
allograft and bioactive synthetic bone grafts were used. Because synthetic
grafts are cheaper and more accessible, large-volume SBCs were used
more frequently. Although there was a bias in the study, the graft types
used did not have a clinically significant effect in recurrence (p=0.308).
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There are several conflicting studies in the literature on the effects of
pathological fracture development on the risk of recurrence. Flont et
al. (6) retrospectively investigated the risk factors for recurrence in 24
patients with SBC. It was determined that patients with humeral SBC
who had pathological fractures upon diagnosis were more likely to have
recurrence. Radiological parameterssuch as cystarea, cystindex, and cyst
diameter ratio were significantly lower in patients without recurrence.
No significant difference was found in terms of age, gender, or type of
bone graft. Researchers explained the negative effect of presentation
with pathological fracture on prognosis as difficulty in surgical technique
dueto the irregularity in the cystic cavity after fracture. Nearly half of the
patients in our study group had a history of pathological fracture. The
pathological fracture history had no significant effect on recurrence. In
contrast to this study, another retrospective study was conducted by Cha
et al. (7) to determine the effect of pathological fracture on recurrence.
A total of 54 patients (25 patients admitted pathological fractures) who
underwent only retrograde elastic nailing (no curettage and grafting)
due to femoral SBC were included in the study. The researcher found
no significant difference in the average healing time between the
two groups. The healing and recurrence rates were similar, suggesting
that the presence of a pathologic fracture did not affect the outcome
of intramedullary nailing treatment. Although pathological fracture
history was present in nearly half of the patients in the present study
group, it had no significant effect on recurrence (p=0.843).

Study Limitations

Regarding methodology, the study’s primary limitation is the small
sample size. Another limitation is the retrospective nature of the study.
The SBC series usually has a medium sample size, similar to our study.
The results obtained during the mid-term follow-up will contribute to
the literature. An important limitation of this study is that the treatment
methods were not randomized.

Conclusion

Since recurrence is one of the most challenging issues in the treatment
of SBCand is frequently observed, this should be shared with the family,
and it should be explained in detail that repeat surgical interventions
may be required. It is important to inform the family that the risk
of recurrence will be high at a young age and when the SBC is large.
The treatment of SBC should be patient-specific. In patients with
asymptomatic SBC detected at an early age, observation in the primary
treatment plan instead of surgical treatment at a young age is more
appropriate.
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