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Predictive value of ACEF score for acute kidney injury
after surgical aortic valve replacement

Gokhan Demirci'®, Ali Riza Demir'@, Serkan Kahraman'®, Sencer Camc1?@, Emre Yilmaz?®

IDepartment of Cardiology, University of Health Sciences, Istanbul Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Training and
Research Hospital, Istanbul, Turkey; *Department of Cardiology, Giresun University, Faculty of Medicine, Giresun, Turkey

ABSTRACT

Objectives: Aortic stenosis is the most common form of degenerative heart valve disease. Acute kidney injury
(AKI) after aortic valve replacement (AVR) is a common complication and is related to worse outcomes. Age,
creatinine, and ejection fraction (ACEF) score is a simple scoring method that includes three parameters. Our
study aimed to evaluate whether ACEF score could predict the development of AKI in patients who underwent
AVR.

Methods: A total of 366 consecutive patients who underwent isolated AVR for symptomatic severe aortic
stenosis were evaluated retrospectively. The development of AKI was the primary endpoint of the study. The
ACEF score was calculated by the formula: age (years)/left ventricular ejection fraction (%) +1 (if baseline
serum creatinine was >2 mg/dL). According to the ACEF score the study population was divided into two
groups.

Results: AKI was developed in 66 (18%) patients. The cut-off value of the ACEF score for the prediction of
AKI was 1.07 with a sensitivity of 69.7% and a specificity of 56.7% (AUC 0.663; 95% CI: 0.589-0.736;
P<0.001). AKI incidence was found to be higher in patients with high ACEF score than low ACEF score [46
(26.1%) vs. 20 (10.5%); P<0.001]. In addition, ACEF score [OR: 2.599; 95% CI: 1.399-4.828; P=0.002] and
hemoglobin levels (OR: 0.837; 95% CI: 0.729-0.961; P=0.012) were found to be independent predictors of
AKI.

Conclusions: Our study revealed that the ACEF score is an independent predictor of AKI. ACEF score, as a
simple and objective score, can be useful in predicting AKI in patients undergoing AVR.

Keywords: Acute kidney injury, aortic stenosis, aortic valve replacement, predictors, ACEF score

disease, mainly in older adults, and is the lead-
ing reason for surgical valve replacement ther-
apy, especially in developing countries. The recent
data on the beneficial outcome of aortic valve replace-
ment (AVR) may expand the indication for aortic
valve intervention to a wider population of severe AS

ﬂortic stenosis (AS) is an ordinary valvular heart

[1]. Symptomatic AS is associated with significant
mortality if untreated [2].

Acute kidney injury (AKI) is an increase in serum
creatinine by 1.5 times and over within seven days
compared to the baseline or an increase of 0.3 mg/dL
and over within 48 hours following the procedure [3].
In cardiology clinical practice, contrast-induced
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ACEF score and acute kidney injury after SAVR

nephropathy, a particular type of AKI, has been a focus
of interest for clinicians. In this regard, there are many
risk classifications and searches for risk factors in dif-
ferent patient groups. For example, it has been re-
ported that osmolarity and positive and negative acute
phase reactants are risk factors for AKI in patients with
ST-segment elevation myocardial infarction (STEMI)
[4, 5]. However, in such studies, the amount of con-
trast material has been identified as a risk factor in ad-
dition to other risk scales and scores. On the other
hand, determining the risk factors of AKI that occur
in the postoperative period in cardiac surgery patients
without using any contrast material is an endeavor that
will significantly benefit the literature. AKI due to car-
diac surgery is a serious complication. AKI is charac-
terized by increased volume burden, electrolyte
instability, and the risk of need for renal replacement
therapy. Furthermore, AKI causes higher overall mor-
tality, increased length of hospital stay, and costs. AKI
complicates nearly 16% of total hospitalizations due
to AVR and is associated with increased mortality and
morbidity [6]. This increases the need to identify prog-
nostic factors that predict AKI in patients undergoing
AVR.

Age, creatinine, and ejection fraction (ACEF)
score include three parameters associated with a
higher risk of mortality in patients after elective coro-
nary artery bypass graft (CABG) surgery [7]. Studies
have shown that ACEF score is a determinant of AKI
in subjects undergoing mitral valve repair, CABG, and
percutaneous coronary intervention (PCI) [8-10]. Pre-
viously, the ACEF score has been found to be a marker
of AKI in patients with AS undergoing transcatheter
aortic valve replacement (TAVR), but not yet in pa-
tients treated with surgery [11]. We evaluated the prog-
nostic value of the ACEF score in the prediction of
AKI in patients with isolated severe degenerative AS
undergoing surgical aortic valve replacement (SAVR).

METHODS

Study Population

This retrospective study assessed 750 patients diag-
nosed with severe degenerative AS who underwent
successful SAVR at a tertiary cardiovascular surgery
center from January 2012 to December 2019. All sub-

jects were assessed by a multidisciplinary cardiac team
before the procedure. Our study was carried out ac-
cording to the principles of the Declaration of Helsinki
with the approval of the local ethics committee of Is-
tanbul Mehmet Akif Ersoy Thoracic and Cardiovas-
cular Surgery Training and Research Hospital (Date:
12.04.2022, decision no: 2022.04.26).

Exclusion criteria for the study: Emergency sur-
gery for acute aortic regurgitation and known coronary
artery disease, PCI, previous or simultanecous CABG
or heart valve replacement surgery outside the aortic
valve, postoperative aortic incompatibility, type A aor-
tic dissection, malignancy or end-stage liver disease,
receiving dialysis treatment, death, and demographic
medical records not available during or within 72
hours of the procedure. Patients with significant coro-
nary artery disease were excluded, because, after sur-
gical implantation, additional coronary ischemia may
have an effect of worsening renal functions. After ex-
cluding these patients, a total of 366 technically suc-
cessful cases were considered as the study population.

Echocardiography

The target population of our study was patients
with severe aortic stenosis. Aortic stenosis was defined
according to current data: (1) Mean transvalvular gra-
dient higher than 40 mmHg and (2) Aortic valve area
less than 1 cm? [12].

Procedural Details

SAVR was carried out via traditional full ster-
notomy, hemisternotomy or right anterior minithora-
cotomy, depending on the surgeon's preference [13].
Our surgeons commonly preferred the traditional full
sternotomy approach. In all median sternotomy and
hemisternotomy patients, traditional central cannula-
tion techniques were used. In case the minimally in-
vasive approach is selected, it involves a 6 to 9 cm skin
incision for the upper hemisternotomy approach was
made and at the level of the fourth intercostal space
the sternum was transected horizontally. At SAVR, the
patient was thoroughly heparinized and the ascending
aorta was evaluated by epiaortic ultrasonography for
safe cannulation. Antegrade and retrograde cardiople-
gia were given. If there was more than mild aortic re-
gurgitation, an aortotomy was performed for direct
ostial delivery.
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Data Collection

Baseline characteristics (demographic data, comor-
bidities, hemodynamic variables, echocardiographic
parameters, and serum laboratory values), operation
details and postoperative results, intensive care and in-
patient follow-up records were retrospectively re-
viewed. Before the procedure, the estimated
glomerular filtration rate (eGFR) was calculated with
the Cockroft-Gault formula [14]. We measured serum
creatinine level (mg/dL) 24 hours before the process,
presently after the process, and day-to-day until the
discharge.

We calculated the ACEF score by the formula:
ACEF= age/left ventricular ejection fraction (%) + 1
(if creatinine >2.0 mg/dL) [15]. We made the diagno-
sis and stage of AKI according to the standards sug-
gested in the second consensus report disseminated by
the Valve Academic Research Consortium (VARC-3)
[3]. The creatinine levels before and after the proce-
dure were compared and the diagnosis of AKI was de-
fined as follows: (a) The absolute increase in
creatinine level >0.5 mg/dL from baseline within 48
hours (may increase throughout up to seven days) and
(b) Increase of creatinine levels 1.5 times when com-
pared to the baseline.

VARC-3 score determines acute kidney injury in
four different categories [3]. We determined the opti-
mal ACEF score threshold for predicting AKI devel-
opment and subsequently categorized the patients into
groups based on their ACEF scores: high ACEF scores
and low ACEF scores.

Study Endpoint

The ACEF score predicts Stage-1 AKI (VARC-3
criteria) in patients who have undergone SAVR. Stage-
1 AKI is defined as an increase in serum creatinine by
>150-200% (>1.5-2.0 times) within seven days com-
pared to the baseline or an increase of >0.3 mg/dL
(>26.4 pmol/L) within 48 hours following the proce-
dure [3].

Statistical Analysis

Data analysis were performed using the Statistical
Package for the Social Sciences, version 24.0 (SPSS
Inc., Chicago, Illinois, USA). The distribution normal-
ity of the variables was evaluated using histograms,
probability curves, and Kolmogorov-Smirnov test.
Normally distributed numerical variables were ex-

pressed as mean [standard deviation (SD)]. Non-nor-
mally distributed numerical variables were expressed
as median (interquartile range). Categorical variables
were expressed as a percentage (%) and were com-
pared by the chi-square or Fisher exact tests. We eval-
uated numerical variables using Student t-tests and the
Mann-Whitney U-test. Covariates, including all base-
line and procedural factors indicating significant P
value in the univariable analysis, were included in a
logistic regression analysis model to decide the pre-
dictive characteristics of the incidence of AKI. We em-
ployed receiver operating characteristic (ROC) curve
analysis to identify the optimal ACEF cut-off value for
accurate AKI prediction. Statistical significance was
defined as a P value below 0.05.

RESULTS

The mean age of patients was 62+11 years, 121
(33.1%) patients were female. Baseline clinical, de-
mographic, and laboratory variables were demon-
strated in Table 1. Of the patients in our study, 49.5%
(n=181) had NYHA class 3-4 dyspnea, 50.8% (n=186)
presented with angina, and 11.7% experienced syn-
cope attacks. The baseline creatinine level was 0.83
(0.7-1.0) mg/dL, the postoperative 72nd hour creati-
nine level was 1.0 (0.8-1.4) mg/dL, and the mean ejec-
tion fraction was 57+8%. We detected acute kidney
injury in 66 (18%) patients. We performed ROC
analysis to determine the predictive value of ACEF
score in predicting AKI in postoperative AVR patients.
In ROC curve analysis, the curve intersected at 1.07,
where the combined sensitivity and specificity values
were highest (sensitivity: 69.7%; specificity: 56.7%).
The area under the curve measured 0.663 (95% confi-
dence interval (CI): 0.589-0.736, P<0.001) (Fig.1).
Based on the ACEF cut-off value, the study population
was categorized into two groups: Group 1 consisted
of 190 patients with ACEF<1.07, and Group 2 in-
cluded 176 patients with ACEF>1.07. Baseline clini-
cal, demographic, and laboratory variables were also
demonstrated in Table 1. The mean age was higher in
Group 2 (54£7 vs. 7149 years; P<0.001). The inci-
dence of angina was higher in Group 1 [108 (56.8%)
vs. 78 (44.3%); P=0.017]. Hemoglobin level was
lower in Group 2 [13.9 (12.4-15.1) vs. 12.1 (11.2-13.8)
g/dL; P<0.001]. The baseline creatinine [0.8 (0.7-0.9)
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Fig. 1. Receiver operating characteristic curve showing the optimal ACEF score cut-off value to indicate acute kidney injury.
ACEF=Age, creatinin, ejection fraction, AUC=Area under the curve, CI=Confidence interval, ROC=Receiver operating

characteristic.

vs. 0.9 (0.8-1.1) mg/dL; P<0.001] and postoperative
72nd hour creatinine [0.9 (0.78-1.11) vs. 1.2 (0.93-
1.54) mg/dL; P<0.001] were higher in Group 2. The
incidence of AKI was also higher in Group 2 [20
(10.5%) vs. 46 (26.1%); P<0.001]. The incidences of
diabetes mellitus [33 (17.4%) vs. 52 (29.5%);
P=0.006], hypertension [68 (35.8%) vs. 108 (61.4%);
P<0.001], chronic obstructive pulmonary disease [15
(7.9%) vs. 38 (21.6%); P<0.001] and peripheral artery
disease [2 (1.1%) vs. 8 (4.5%); P=0.040] were higher
in Group 2. The ejection fraction was lower in Group
2 (61£4% vs. 54+11%; P<0.001). Left atrium size [38
(34-41) mm vs. 41 (37-45) mm; P<0.001] and aortic
valve maximal gradient [75 (65-87) mmHg vs. 78 (66-
90) mmHg; P=0.048] were higher in Group 2.

We performed logistic regression, incorporating sig-
nificant variables identified in the univariate analysis
(Table 2). The results of the multivariate logistic re-
gression analysis revealed that a higher ACEF score
(Odds ratio (OR): 2.812; 95%CI: 1.343-4.906;
P<0.001), higher leukocyte counts (OR: 1.089; 95%
CI: 1.014-1.216; P=0.036) and lower hemoglobin lev-

els (OR: 0.802; 95% CI: 0.706-0.954; P=0.002) inde-
pendently served as predictors for AKI. Variables such
as diabetes, hypertension, chronic obstructive pul-
monary disease, peripheral arterial disease, left atrial
width, and maximal gradient of the aortic valve, which
we found significant differences between ACEF
groups, did not significantly affect the risk of AKI de-
velopment in logistic regression analysis.

DISCUSSION

We investigated the impact of the ACEF score on pre-
dicting AKI development in patients undergoing
SAVR. The incidence of AKI development after
SAVR was found to be higher in patients with high
ACEF scores. The ACEF score independently pre-
dicted AKI in patients undergoing SAVR.

AKI is a significant post-cardiac surgery compli-
cation, with reported incidences varying from 9% to
43%. It is linked to increased mortality rates and a
heightened risk of in-hospital morbidity [16, 17]. The
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Table 1. Baseline clinical, demographic, and laboratory variables

All patients ACEF <1.07 ACEF >1.07 P

(n=366) (n=190) (n=176) value
Age (years) 62+11 54+7 71£9 <0.001
Female, n (%) 121 (33.1) 56 (29.5) 65 (36.9) 0.130
Dispne, n (%)
NYHA Class 1-2, n (%) 185 (50.5) 99 (52.1) 86 (48.9) 0.535
NYHA Class 3-4, n (%) 181 (49.5) 91 (47.9) 90 (51.1)
Angina, n (%) 186 (50.8) 108 (56.8) 78 (44.3) 0.017
Syncope, n (%) 43 (11.7) 26 (13.7) 17 (9.7) 0.232
Hemoglobin (g/dL) 13.2 (11.5-14.7) 13.9 (12.4-15.1) 12.1(11.2-13.8) <0.001
Platelet (10°/uL) 229.5 (189.75-276.25) 236 (193-278) 221 (186-275)  0.266
Leukocytes (x 10°/mm?*) 7.9 (6.6-9.4) 8 (6.89-9.5) 7.9 (6.5-9.35) 0.376
Bazalcreatinine (mg/dL) 0.83 (0.7-1.0) 0.8 (0.7-0.9) 0.9 (0.8-1.1) <0.001

GFR (mL/min/1.73 m?%) 90£25 103+21 77+£20 <0.001

Postoperative creatinine (mg/dL) 1.0 (0.8-1.4) 0.9 (0.78-1.11) 1.2 (0.93-1.54) <0.001
(72" h)
Acute kidney injury, n (%) 66 (18.0) 20 (10.5) 46 (26.1) <0.001

Total cholesterol (mg/dL)
LDL-C (mg/dL)

175.5 (149.75-211.25)
104 (81-132)

177 (147-215)
102 (79-135)

175 (154-207)  0.920
104.5 (83-128)  0.737

HDL-C (mg/dL) 42.5 (35-51) 43 (36-50) 42 (34-52) 1.000
Triglyceride (mg/dL) 120 (91.75-174.25) 120 (93-179) 122.5 (89-162)  0.598
Diabetes mellitus, n (%) 85(23.2) 33(17.4) 52 (29.5) 0.006
Hypertension, n (%) 176 (48.1) 68 (35.8) 108 (61.4) <0.001
COPD, n (%) 53 (14.5) 15(7.9) 38 (21.6) <0.001
Cerebrovascular disease, n (%) 0 (0) 0 (0) 0 (0)

Peripheral artery disease, n (%) 10 (2.7) 2 (1.1) 8 (4.5) 0.040
Smoking, n (%) 92 (25.1) 55 (58.9) 37 (21.0) 0.081
Atrial fibrillation, n (%) 30(8.2) 12 (6.3) 18 (10.2) 0.173
Ejection fraction, (%) 5748 61+4 54+11 <0.001
LVEDD (mm) 49 (45-56) 50 (46-55) 49 (45-57) 0.833
LVESD (mm) 32 (28-38) 32 (28-37) 32 (28-41) 0.162
LA (mm) 40 (35-43) 38 (34-41) 41 (37-45) <0.001
Maximum gradient, (mmHg) 76 (65-89) 75 (65-87) 78 (66-90) 0.048
Mean gradient, (mmHg) 50 (43-56) 48 (43-55) 51 (44-58) 0.128
Aortic valve area, (cm?) 0.67+0.11 0.66+0.11 0.68+0.12 0.178

Data are presented as a percentage, meantstandard deviation, or median (interquartile range). ACEF=Age, creatinin, ejection
fraction, COPD=chronic obstructive pulmonary disease, GFR=glomerular filtration rate, HDL-C=High-density lipoprotein
cholesterol, LA=Left atrium, LDL-C=Low-density lipoprotein cholesterol, LVEDD=Left ventricular end-diastolic diameter,
LVESD=Left ventricular end-systolic diameter, NYHA=New York Heart Association.
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Table 2. Univariable and multivariable logistic regression analysis for independent predictors of

acute kidney injury

Univariate analysis

Multivariate analysis

Odds ratio 95% CI P value Odds 95% CI P value
ratio

Gender 1.394 0.771-2.520 0.271
Diabetes mellitus 1.152 0.603-2.200 0.669
ACEF 3.008 1.697-5.332 <0.001 2.812 1.343-4.906 <0.001
Hemoglobin 0.789 0.694-0.897 <0.001 0.802 0.706-0.954 0.002
Leukocytes 1.107 1.012-1.211 0.026 1.089 1.014-1.216 0.036
Hypertension 1.593 0.930-2.729 0.090

ACEF=Age, creatinin, ejection fraction, CI=Confidence interval

occurrence of AKI increases the postoperative mortal-
ity in patients requiring dialysis, exceeding 40% or
even reaching 50% in series, compared to the 0.6-2%
mortality rate in patients without AKI [18]. Minor
changes in serum creatinine were associated with neg-
ative outcomes [19]. Compared with CABG, it is an
independent risk factor with a 2.7-fold increased risk
for AKI in valve surgery [20]. The kidney has the most
heightened tissue perfusion rate close to body organ
weight, making it sensitive to hemodynamic injury.
Cellular ischemia is an important cause of AKI in
AVR. This ischemia can cause tubular epithelial dam-
age, vascular endothelial activation, and injury. Many
preoperative, intraoperative, and postoperative factors,
especially perioperative renal hypoperfusion, prepare
the way for this injury. Many procedural factors have
been associated with AKI during AVR, such as peri-
operative anemia, erythrocyte transfusion, and car-
diopulmonary bypass. In SAVR, cardiopulmonary
bypass is thought to play an essential role in develop-
ing AKI with two mechanisms: hemodilution and hy-
potension. Hemodilution causes a  general
inflammatory state. Hypotension results from low
pressures and flow rates [21].

The ACEF score is easily applicable. Firstly,
Ranucci et al. [7] revealed the association of ACEF
with mortality in elective heart surgeries. Studies have
shown that ACEF score was a strong predictor for AKI
in patients who underwent PCI after STEMI [22]. The
ACEF score has been recognized as a straightforward
tool with sufficient capability to identify patients at

risk for all stages of AKI following mitral valve repair
[8]. Uygur et al. [11] reported a strong relationship
between ACEF and AKI in severe AS patients who un-
derwent TAVR. The ACEF score, in conjunction with
other factors, demonstrated its reliability in predicting
mortality among patients undergoing AVR [23].

In a study involving 2169 patients who underwent
AVR, Najjar et al. [21] revealed that increasing age
and preoperative creatinine levels increased the devel-
opment of AKI, and this was supported by other stud-
ies [24]. In the study by Grayson ef al. [20], valvular
surgeries and preoperative creatinine levels were dis-
tinct risk factors independently associated with AKI
development. Heart failure was stated as one of the
most important perioperative risk factors for AKI.
Hertzberg et al. [25] evaluated 36,403 patients after
cardiac surgery and found that heart failure was an in-
dependent predictor of AKI. In patients undergoing
AVR, proven by clinical studies, these three basal clin-
ical variables are independent risk factors for postop-
erative AKI. These parameters are not only risk factors
for the development of AKI but also interacting pa-
rameters. The process leading to AKI in postoperative
AVR patients is not a simple process due to changing
a single parameter. It is an outcome achieved by the
joint interaction of mechanisms such as inflammation,
hemodilution, and hypotension [21]. Therefore, it
would be misleading to evaluate the development of
AKI in postoperative AVR patients by measuring a
single parameter. ACEF score offers us the chance to
combine analysis of variables previously proven to be
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risk factors for AKI development in this patient group
by clinical studies. Thus, with these three important
parameters, we have a better chance to make more ac-
curate predictions for the prediction of AKI develop-
ment in postoperative AVR patients. Evaluating these
parameters separately may result in under-evaluation
of the AKI process. Hence, incorporating various pa-
rameters enhances the precision of risk models.

ACEF score offers notable benefits regarding
straightforward accessibility and rapid, uncomplicated
calculation. Our study corroborates existing literature
by revealing significantly lower hemoglobin levels in
the AKI-developing group. Furthermore, low hemo-
globin levels emerged as an independent predictor of
AKI. Callejas et al. [26] revealed in a multicenter
prospective study that peri-procedural anemia was an
independent predictor for AKI. In our study, we ad-
hered to the original version of the ACEF score. But
this result is promising that the ACEF score can be
modified in the future, and thus its diagnostic power
can be further increased.

ACEF score was demonstrated to be useful in var-
ious patient groups, however, it has not been applied
to the patients who underwent cardiac surgery. Our ob-
jective was to assess the utility of ACEF score in pre-
dicting AKI among patients who underwent a major
cardiac surgery, specifically surgical aortic replace-
ment, and it has proven to be effective. If we try to
adapt these results to our clinical practice: (i) In older
patients with low ejection fraction, even if their renal
functions are normal; (ii) In patients older than 1.07
times the ejection fraction (e.g., a patient with an ejec-
tion fraction of 60% would be over 64 years of age),
we recommend that renal protective measures be
taken, as in patients with pre-SAVR renal dysfunction.

Limitations

Our retrospective study was conducted at a single
center and involved a relatively modest patient cohort.
Consequently, it is imperative to conduct comprehen-
sive prospective cohort investigations to validate and
substantiate our findings. Additionally, it should be
noted that we were unable to calculate the STS (Soci-
ety of Thoracic Surgeons) score and EuroSCORE II
(European System for Cardiac Operative Risk Evalu-
ation II) for this group due to data unavailability. Thus,
we could not compare the effectiveness of predicting
AKI by using three different methods. Not least of all,

this majority of the patient group consists of female
patients, gender variance may have an additional effect
on results. Further trials are needed to determine the
long-term efficacy of ACEF score in mortality and
second endpoints, including long-term renal insuffi-
ciency, in this patient group.

CONCLUSION

Our study illustrates the effectiveness of the pre-pro-
cedural ACEF score in predicting acute kidney injury
in patients undergoing surgical aortic valve replace-
ment. Patients with higher ACEF scores may require
additional renal function precautions compared to pa-
tients with lower ACEF scores.
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ABSTRACT

Objectives: Chronic obstructive pulmonary disease (COPD) is a medical condition defined by persistent air-
flow limitation and respiratory symptoms caused by airway and/or alveolar abnormalities. Pulmonary hyper-
tension (PH) is one of the cardiovascular comorbidities associated with COPD. We investigated the correlation
of NLRC3 levels in patients with COPD with prognostic and surrogate parameters of PH on echocardiography
and examined whether it could be used to predict PH in this patient population.

Methods: A total of 80 patients diagnosed with COPD and 40 healthy volunteers as the control group were in-
cluded in the study. The COPD group was further divided into two subgroups according to the systolic pul-
monary artery pressure (sPAP) as follows: sPAP<35 mmHg and sPAP>35 mmHg. The enzyme-linked
immunosorbent assay (ELISA) method was used to determine the levels of NLRC3 in peripheral blood.
Results: Patients with sSPAP>35 mmHg had a lower mean NLRC3 level than those with sSPAP<35 mmHg
(P=0.006). The NLRC3 levels showed a significant negative correlation with sPAP, tricuspid regurgitation ve-
locity, right atrium, and pulmonary artery diameter. For NLRC3, the cut-off value was found to be 271,486
ng/L, with a sensitivity of 74%, and specificity of 63% in distinguishing patients with sSPAP>35 mmHg from
all patients with sSPAP<35 mmHg.

Conclusion: Our study results suggest that NLRC3 levels measured from peripheral blood are predictive of
PH in patients with COPD. Although the exact function of NLRC3 in the lungs, COPD, and PH have not been
completely understood, we believe these findings will serve as a model for future studies.

Keywords: NLRC3, chronic obstructive pulmonary disease, pulmonary hypertension, echocardiography

is one of the leading causes of morbidity and
mortality worldwide [1]. Cardiovascular enti-
ties are the most frequent comorbidities in patients
with COPD. Pulmonary hypertension (PH) is a signif-

Chronic obstructive pulmonary disease (COPD)

icant cause of disease prognosis and is associated with
an increased risk of exacerbation and decreased sur-
vival [2].

Potential mechanisms leading to PH in COPD; hy-
poxia-hypercapnia, inflammation, endothelial shear
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stress, and endothelial dysfunction cause pulmonary
vascular remodeling [2,3].

Nucleotide-oligomerization domain (NOD)-like
receptor subfamily C3 (NLRC3) is a recently discov-
ered member of the Nucleotide-binding oligomeriza-
tion domain-like receptors (NLR) family that
negatively regulates inflammatory responses [4, 5].
NLRs are a family of intracellular proteins that play
important roles in inflammation and immunity [6].
Some researchers have recently shown that NLRC3
has a role in cell antiproliferation and promoting
proapoptotic signals by inhibiting cell proliferation
and inflammation [7].

The study aimed to determine the correlation of
NLRC3 levels with the prognostic and supportive pa-
rameters of PH in echocardiography in COPD patients
and to determine its clinical utility in the prediction of
PH in these patients.

METHODS

Study Design and Population

This single-center, cross-sectional was conducted at
the Department of Chest Diseases of a tertiary care
center between June 2020 and November 2020. A total
of 80 patients with stable COPD over 40 years of age
who were spirometrically diagnosed with COPD ac-
cording to the 2020 Global Initiative for Chronic Ob-
structive Lung Disease (GOLD) guidelines and met
the inclusion criteria were included. The control group
consisted of 40 healthy volunteers. Inclusion criteria
for the patient group were age >40 years, a diagnosis
of COPD, post-bronchodilator FEV1/FVC <70%, and
giving consent for participation in the study. Patients
having a recent COPD exacerbation or pneumonia
within the previous four weeks, having coronary artery
disease, obstructive sleep apnea diagnosis by
polysomnography, bronchiectasis, asthma, malignan-
cies, diabetes, and known chronic liver and/or kidney
disease were excluded from the study. The COPD
group was divided into two groups according to the
systolic pulmonary artery pressure (sPAP) as follows:
41 patients with sSPAP <35 mmHg and 39 patients with
sPAP >35 mmHg. For the healthy control group, 40
individuals were selected and divided into two groups
smokers and non-smokers, including 20 individuals in
each group.

Before this cross-sectional study, all participants
were informed about the nature of the study and writ-
ten informed consent was obtained. The study protocol
was approved by the the Tekirdag Namik Kemal Uni-
versity, Non-Interventional Clinical Research Ethics
Committee (No: 2019.164.09.24, date: 24/09/2019).
The study was conducted on the principles of the Dec-
laration of Helsinki. Informed consent was obtained
from all individual participants included in the study

Blood samples

Blood samples from peripheral veins were cen-
trifuged at 4 °C for 20 min and stored at —80 °C until
analysis. On the analysis day, stored samples were
brought to room temperature, and NLRC3 serum lev-
els were measured by ELISA using commercially
available kits. . (Human NLR Family, CARD Domain
Containing 3 ELISA KIT, Bioassay Technology Lab-
oratory Shanghai, China # E6709Hu).

Echocardiography

Echocardiographic measurements were performed
by the same cardiologist according to ACC/AHA/ASE
2003 Guideline Update for the Clinical Application of
Echocardiography (https://doi.org/10.1161/01.CIR.00
00073597.57414.A9).

Statistical Analysis

Statistical analysis was performed using the SPSS
for Mac version 22.0 software (IBM Corp., Armonk,
NY, USA). The normality of numerical variables was
analyzed using the Shapiro—Wilk or Kolmogorov—
Smirnov test, where appropriate. Descriptive data
were presented in mean +standard deviation (SD), and
median (min—max) for continuous numerical vari-
ables, and in number and frequency for categorical
variables. To compare the continuous variables be-
tween the groups, the independent samples t-test or
one-way analysis of variance (ANOVA) was used for
normally distributed variables, whereas the Mann—
Whitney U analysis or Kruskal-Wallis test was used
for non-normally distributed variables. The homo-
geneity of variance was checked using the Levene test.
The Welch test was used to analyze parameters with a
non-homogeneous distribution. A P-value <0.05 was
considered statistically significant. Tamhane’s T2 test
was used as the post-hoc test to determine which
groups resulted in a significant difference. A P-value
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Table 1. Demographic characteristics of patients

COPD group Control group
Variables SPAP <35 mmHg sPAP >35 mmHg Smokers Non-smokers
(n=41) (n=39) (n=20) (n=20)
Gender
Female/Male 8/35 8/31 8/12 9/11
Age (years) 61.34+8.61 65.72+7.20 59.25+8.39 59.45+7.68
(44-80) (55-82) (44-74) (48-72)
Smoking (pack/year) 48.40+24.60 49.06 £21.05 27.05 £10.93 0
(0-120) (0-100) (10-45)
BMI (kg/m?) 26.69+3.84 25.68+4.62 28.3843.89 28.26+5.13

(20.67-37.46)

(15.60-35.90)

(22.03-37.46) (20.43-41.01)

Data are shown as meantstandard deviation (minimum-maximum). COPD=Chronic obstructive pulmonary disease,
sPAP=Systolic pulmonary artery pressure, BMI=Body mass index

<0.008 was considered statistically significant for the
post-hoc analysis. The Spearman correlation analysis
was used to compare two continuous numerical vari-
ables, whereas the Pearson correlation analysis was
used to compare categorical variables. The receiver
operating characteristic (ROC) analysis was per-
formed to identify the predictors of PH with an area
under the curve (AUC) and 95% confidence interval
(CD.

RESULTS

A total of 80 COPD patients and 40 healthy individu-
als were included in this study. There was no statisti-
cally significant difference between the groups in
terms of age, sex, and body mass index (BMI). The
demographic characteristics of the patients are shown
in Table 1.

The NLRC3 level was found to be significantly
different between the groups (P<0.001). Although

Table 2. NLRC3 levels

NLRC3 level was lower in the group with COPD with
sPAB>35 mmHg, no statistically significant difference
was found between COPD without sSPAB<35 mmHg
in post-hoc analyses (P=0.628). When the whole
COPD group was compared with the control group,
the NLRC3 level was found to be significantly lower
in the COPD group (P=0.002). When the sPAB>35
mmHg group was compared with the group that in-
cluded all patients with sPAB<35 mmHg, NLRC3 lev-
els were found to be significantly lower in the group
with sSPAB>35 mmHg (P=0.006). NLRC3 results are
shown in Table 2. In correlation analysis, a negative
correlation was observed between NLRC3 levels and
sPAB, tricuspid regurgitation velocity (TRV), right
atrium (RA) diameter, and pulmonary artery (PA) di-
ameter (Table 3).

The ROC analysis revealed a cut-off value of
271,486 ng/L, with 74% sensitivity and 63% speci-
ficity in distinguishing patients with sSPAP >35 mmHg
from all patients with sSPAP <35 mmHg (Table 4).

COPD group
sPAP <35 mmHg

sPAP >35 mmHg

Control group

Smoker Non-smoker

NLRC3
(ng/L)

387.524292.10
(163.67-1256.69)

304.09+£220.16
(86.226-1047.36)

317.23+204.47
(117.04-949.05)

800.74+572.23
(264.78-1804.99)

Data are shown as meantstandard deviation (minimum-maximum). COPD=Chronic obstructive pulmonary disease,

sPAP=Systolic pulmonary artery pressure
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Table 3. The correlation between NLRC3 and
echocardiographic parameters in the overall
patient group

NLRC3
r P value
TRV -0,253 0.005
sPAP -0,299 0.001
PA diameter -0,270 0.003
RA -0,276 0.002

sPAP=Systolic Pulmonary Artery Pressure, TRV=Tricuspid
regurgitation velocity, PA=Pulmonary artery, RA=Right
atrium.

r =correlation coefficient, P<0.05

DISCUSSION

COPD is the leading cause of morbidity and mortality
worldwide. In the GOLD 2023 report, it is estimated
that the increased prevalence of smoking in LMICs
coupled with aging populations in high-income coun-
tries will result in over 5.4 million annual deaths from
COPD and related conditions by 2060 [1]. Cardiovas-
cular comorbidities are the most common comorbidity
in COPD, among which PH is a serious condition that
determines the prognosis of the disease and is associ-
ated with an increased risk of exacerbations and re-
duced survival [2]. Although the echocardiographic
examination is not a definitive diagnostic method for
PH, it is an essential, easily accessible, non-invasive
diagnostic method in the follow-up of confirmed pa-
tients by screening patients in the PH risk group, and
providing support and diagnosing clinically [2, 8].

Our results showed that the mean NLRC3 levels were
significantly different between the groups. There was
a statistically significant negative correlation between

Table 4. ROC analysis for NLRC3

NLRC3 levels and sPAP, TRV, RA diameter, and PA
diameter.

Nucleotide-binding oligomerization domain-like
receptors (NLRs) belong to an intracellular protein
family that has important roles in inflammation and
immunity [4, 5]. NLRC3 is a newly discovered mem-
ber of the NLR family and has been described as a
negative regulator of the inflammatory response [6].
It is involved in the inhibition of cellular proliferation
and the promotion of pro-apoptotic signals [7].
NLRC3 is expressed in macrophages and lympho-
cytes. Its expression in lung tissue remains controver-
sial [9, 10].

In a 2018 study by Zha et al. [7] involving 40 pa-
tients (diagnosed as having PH with RHC) and 20
healthy controls, PH patients were found to have sig-
nificantly lower NLRC3, which also negatively cor-
related with mPAP and PVR. However, ECHO
parameters did not correlate with NLRC3 levels, and
no negative correlations with WHOFC were also
found. An NLRC3 cut-off of 2.897 ng/L was found to
be 88% sensitive and 85% specific for predicting the
presence of PHT. These authors concluded that
NLRC3 concentrations could be used as a diagnostic
and prognostic tool for PHT and that their observa-
tions warranted further study [7].

Our findings are consistent with literature data, in-
dicating significantly lower NLRC3 levels in patients
with elevated pulmonary artery pressure. Additionally,
negative correlations of NLRC3 with TRV, sPAP, RA
diameter, and PA diameter were found.

Right atrial dilation is common in PH patients as
a result of right ventricular failure, increased right ven-
tricular diastolic pressure, functional tricuspid failure,
and increased right atrial dimensions representing a
poor prognostic sign [11]. According to our results,
TRV and RA diameter negatively correlate with

Area Under Curve
Test result for NLRC3 variable

Area Standard error® Asymptotic Sig.

,655 ,052 ,006

95% Confidence interval for the odds ratio
Lower limit
,554

Upper limit
, 756

a. Under non-parametric assumptions.
b. Null hypothesis: actual area = 0.5
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NLRC3, and we believe that this might be useful in
screening and monitoring these patients.

One of the most important mechanisms for the de-
velopment of PH in COPD patients involves chronic
inflammation and vascular remodeling. Activation of
phosphoinositide 3-kinase (PI3K) plays a critical role
in the vascular remodeling of the pulmonary vascula-
ture in PH [6, 12]. NLRC3 has been shown to inhibit
cellular proliferation and inflammation, through the
inhibition of the PI3K signals in colorectal cancer [6].
Based on these observations, Zha et al. [12] published
their study in 2019 that showed reduced levels of
NLRC3 in pulmonary arteries as well as in pulmonary
arterial smooth muscle cells stimulated with platelet-
derived growth factor -BB (PDGF-BB) in animal
models of PH. Administration of NLRC3 protein for
therapeutic purposes resulted in decreased right ven-
tricular systolic pressure, reduced pulmonary vascular
remodeling, and alleviation of proliferation, migration,
and inflammation [12]. Our results are consistent with
these results and showed reduced NLRC3 levels in pa-
tients with elevated pulmonary arterial pressure as
compared to other study groups. Since our samples
were limited to peripheral blood, we may assume that
NLRC3 may be related to the development of PH in
COPD patients, although it is obvious that further
studies are required to better understand the role of
NLRC3 in PH.

Most of the previous publications regarding
NLRC3 focused on malignant conditions and immu-
nity. To the best of our knowledge, no previous studies
examined the role and effect of NLRC3 in COPD pa-
tients or the development of PH in COPD. Therefore,
we believe that our study may represent the first of its
kind.

The disease burden associated with COPD is con-
tinuously increasing. PH in COPD patients is an es-
tablished risk factor for worse prognosis and increased
mortality, underscoring the importance of detecting
and screening PH. Our data suggest that NLRC3 levels
may be predictive of PH in COPD patients. PH occurs
via multiple mechanisms in COPD. Furthermore, the
exact function(s) of NLRC3 in COPD and PH are yet
to be elucidated. Therefore, we believe that our find-
ings may provide some guidance for future studies.

heart catheterization could not be performed in our pa-
tients, the elevation of mean pulmonary artery pres-
sure could not be definitively proven. Second, our
study had a single-center design, which precludes the
generalizability of the results. Finally, the use of bio-
markers regularly in our study would incur a certain
expense. Therefore, additional studies are warranted
to establish which groups should be screened. In our
study, those with sPAP >35 mmHg were older on av-
erage and had a lower BMI, although no statistically
significant difference was present. In addition, DLCO
and FEV1 values were lower in this group of patients.
For screening, we recommend using our biomarker
primarily in these patients.

CONCLUSION

Our results indicate a significant reduction in NLRC3
levels measured in peripheral blood samples from
COPD patients presenting with PH. NLRC3 also was
found to have a significant negative correlation with
sPAP, TRV, RA, and PA diameter, which are ECHO
parameters supportive of a diagnosis of PH and which
also have prognostic implications. We believe that this
biomarker may be predictive of PH in this setting. The
role of NLRC3 in lungs, COPD patients, and PH is
still unknown, indicating the need for further studies.
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ABSTRACT

Objectives: The purpose of this research is to compare the pre and post-radiotherapy mammograms of patients
who had breast-conserving surgery (BCS) and radiotherapy to see how radiotherapy affects breast arterial cal-
cifications (BAC).

Methods: The study retrospectively compared the mammography examinations at least 24 months after ra-
diotherapy and pre-radiotherapy mammography examinations of 123 female patients diagnosed with breast
cancer and treated with BCS and radiotherapy between December 2001 and July 2011.

Results: Breast arterial calcifications (BAC) increased statistically significantly in 25 patients who underwent
radiotherapy after BCS.

Conclusion: Our results indicate that BAC increases significantly after RT, especially in breasts treated with

radiotherapy, with age being also a risk factor for BAC development.
Keywords: Breast arterial calcification, radiotherapy, mammography

women worldwide, except from non-
melanoma skin cancer [1]. Breast cancer ac-
counts for approximately 30% of all malignancies
diagnosed among the adult women [2].
Breast-conserving surgery (BCS) followed by radia-
tion therapy (RT) is the preferred treatment for early-
stage breast cancer [3-6]. Administration of RT
following BCS can be greatly reduce the recurrences
and the breast cancer deaths [3-6]. Yet, there is worry
that radiation therapy may have an effect on the car-
diovascular architecture and other comorbidities [7, 8].
Breast arterial calcifications (BAC) are medial cal-
cifications that are a manifestation of arteriosclerosis
[9, 10]. Calcification in the medial layer occurs inde-
pendently of atherosclerosis or inflammation, happens

@reast cancer is the most frequent cancer in

in both small and big arteries, and is considered harm-
ful as it lowers arterial compliance [11]. BAC has also
been linked to hypertension, diabetes, and cardiovas-
cular diseases in some studies [12-14]. However, only
one study was found in the literature examining the re-
lationship between BAC and RT [15].

In this study, we examined the relationship be-
tween RT and BAC with the hypothesis that RT would
increase BAC by predicting that BAC is a form medial
arteriosclerosis.

METHODS

This study retrospectively evaluated 123 female pa-
tients who had BCS due to breast cancer and then re-
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ceived RT between December 2001 and July 2011 at
Trakya University Medical Faculty Hospital. This
study was approved Trakya University Faculty of
Medicine Non-Interventional Clinical Research Ethics
Committee under protocol number TUTF-GOKAEK
2012/179 dated 22/02/2012.

All patients underwent BCS and RT, and regular
control mammography was done at Trakya University
Faculty of Medicine's Department of Radiology and
evaluated by consensus of a resident radiologist and a
10 year experienced Radiologist in Breast Radiology.
The research included only individuals with routine
control mammography who underwent BCS and RT.
In the inclusion criteria, a period of at least 2 years
after RT was looked for in cases where RT was per-
formed following BCS.

Cases with a length of less than two years and
cases with inaccessible personal background material
were excluded from the research. A personal history
form asking chronic illnesses such as age, smoking,
diabetes, hypertension, cardiac diseases, malignancy,
and stroke was regularly filled out in all cases during

Fig. 1. Grade 1 breast arterial calcification(arrow).

the pre-surgical time.

The mammography images of the cases who ap-
plied between December 2001 and July 2011 are re-
turned to the workstation from MIMS (Mammography
Image Management Solutions), the digital archive of
the full-field digital mammography 'Selenia Digital
Mammography System' (2008 Lorad, Hologic, USA)
device in the Radiology Department. It was evaluated
by calling or examining old conventional mammogra-
phy films.

In all cases evaluated with full-field digital mam-
mography, images were obtained from both breasts in
standard CC and MLO positions. Additional radi-
ographs for diagnostic purposes (spot compression,
magnification, axillary, mediolateral, rounded inner
and outer quadrant images) were taken in cases
deemed necessary. In the digital mammography
archive system, mammography images are com-
pressed by 1/3 and archived and images can be re-
called without loss of information. Digital
mammography images were evaluated on a Barco
MGD 521 M, 2x2.5 K medical monitor. This monitor
is a 5 Megapixel medical monitor designed to display
digital mammography images.

s LMLO

Fig. 2. Grade 2 breast arterial calcification (arrow).
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Fig. 3. Breast arterial calcification (arrow).

In the study, BACs detected by mammography
were graded from zero to three by consensus accord-
ing to the literature [16].

Grade 0 (none): No surrounded calcium.

Grade 1 (mild): Artery or arteries are slightly sur-
rounded by calcium (Fig. 1).

Grade 2 (moderate): Artery or arteries are
markedly surrounded by calcium (Fig. 2).

Grade 3 (severe): Artery or arteries are surrounded
by a prominent and thick column of calcium (Fig. 3).
With this grading system, pre and post-RT mammo-
grams of all cases were evaluated and recorded in
terms of BAC by consensus of a resident radiologist
and a 10 year experienced Radiologist in Breast Radi-

ology.

Statistical Analysis

The analyses were carried out using the IBM Sta-
tistics V19 application. Descriptive Statistical Metrics
for qualitative variables include frequency and per-

centage, whereas quantitative variables include mean,
standard deviation, minimum, maximum, and median.
Chi-square analysis was used to investigate the rela-
tionships between qualitative variables. Pearson Chi-
square in cross tables when the predicted incidence of
variable does not exceed 20%, and Final Test results
in cross tables where it exceeds 20%.

RESULTS

The mean age of the patients participating in the study
ranged from 30 to 76, with a mean age of 48 (Table
1). All 123 patients in the research were diagnosed
with primary breast cancer and got BCS+RT treat-
ment.

When the accompanying systemic diseases were
investigated, there was hypertension (HT) in 14 cases
(11.4%), multiple chronic diseases in 11 (8.9%) cases,
chronic liver disease in 1 (0.8%) case, and chronic kid-
ney disease in 1 (0.8%) case. One (0.8%) patient
(0.8%) had hypothyroidism and 1 (0.8%) patient had
hyperthyroidism. No systemic pathology was ob-
served in the remaining 94 (76.4%) cases (Table 1).
Twenty (16.3%) patients were smokers.

Prior to RT, BAC was detected in 9 (7.3%) out of
123 cases, while 114 (92.7%) cases showed no evi-

Table 1. Characteristics of the subjects included
in the study

Characteristics Data

Age (years) 48+8.872 (30-76)

Time elapsed after radiotherapy 7£2.4 (3-12)

(years)

Comorbitidities, n (%)
None 94 (76.4)
Hypertension 14 (11.4)
Multiple chronic diseases 11 (8.9)
Chronic liver disease 1(0.8)
Chronic kidney disease 1 (0.8)
Hyperthyroidism 1(0.8)
Hypothyroidism 1 (0.8)

Data are shown as meantstandard deviation or minimum-
maximum or n (%)
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Table 2. Number of people with mammographic
breast arterial calcification before radiotherapy

n=123 Pre-RT BAC (+)
Breasts Underwent RT, n (%) 9(7.3)
Contralateral Breasts, n (%) 9(7)

RT=Radiotherapy, BAC=Breast Arterial Calcification

dence of BAC (Table 3). Similarly, in the contralateral
breast, BAC was found in 9 (7.3% cases) and not de-
tected in 114 (92.7%) cases prior to RT (Table 2).
The cases who underwent RT were compared in
terms of pre- and post-RT BAC. There was an increase
in BAC in 25 (20.3%) patients, and an increase in
BAC was found in both breasts in 7 (5.7%) of these
patients. The increase in BAC on the side that under-
went RT was found to be statistically significant
(P<0.001) (Table 3).
Pre- and post-RT BAC increase in both breasts
was detected in 7 (5.6%) cases, with a mean age of 55
years. It was statistically significant that the increase
in BAC in the cases was compatible with age
(P<0.001) (Table 4).
There was no cigarette smoking in the cases with
increased BAC after post-RT. In our study, when pre-
RT BAC and post-RT BAC were compared, no statis-

tically significant relationship was found between
smoking and increased BAC.

The duration of the RT treatments to the post-RT
mammograms we have evaluated of the cases ranged
from a minimum of 3 years to a maximum of 13 years.
There was no statistically significant relationship be-
tween the time elapsed after RT and BAC (P>0.05).

Case 1: In the control MG of a 50-year-old patient
who underwent RT after BCS, did not have a history
of comorbid disease, and was a non-smoker, shows in-
crease in BAC was found on the side with BC and un-
derwent RT (Fig. 4).

Case 2: No increase in BAC was detected in the
control MG after 3 years of a 64-year-old patient who
underwent RT after BCS, had a history of known HT
for 5 years, and was a non-smoker (Fig. 5).

DISCUSSION

In this study, we evaluated the relationship between
RT and Breast Arterial Calcification (BAC) by using
mammography. The results showed that BAC in-
creased significantly after RT only in the breasts un-
derwent RT.

There is only one research [15] studied the impact
of RT on BAC that we could find in the English liter-

Table 3. Increased mammary arterial calcification in pre- and post-radiotherapy mammograms

of both breasts
Pre-RT BAC case Post-RT BAC case Increase in BAC case (%)
number number number
Breasts Underwent RT 9 26 25 20.3
Contralateral Breasts 9 16 10 8.1

RT=Radiotherapy, BAC=Breast Arterial Calcification

Table 4. The relationship of increased arterial calcification of the breast between breasts receiving

and not receiving radiotherapy

No increase in BAC

Increase in BAC case Mean age of the

case number number Increase in BAC
Breasts Underwent RT 98 25 47
Contralateral Breasts 113 10 50
Bilateral 116 7 55

RT=Radiotherapy, BAC=Breast Arterial Calcification
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PRMLO

Fig. 4. Arterial calcification of the breast at 1 and 4 years after radiotherapy (arrows).

Fig. 5. No change was detected in breast arterial calcification after radiotherapy (arrows).
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ature. Yet, they discovered differences in their re-
search. They reported no statistically significant rela-
tionship between BAC observed on baseline
mammography and BAC found on follow-up (post-
RT) mammography and later cardiac events. They
found that subdividing individuals with a left-sided
tumor based on BAC did not predict cardiac events ei-
ther [15].

We attribute the existence of different results to
the diversity of study populations and the complexity
of the relationship between the diseases that we think
may affect cardiovascular events, let alone the fact that
radiotherapy in a patient with breast cancer causes an
intense pathophysiological change. Therefore, it is
crucial to conduct further research to better understand
the relationship between RT and BAC [17].

Radiation damage to artery walls, followed by ac-
celerated arteriosclerosis development in the irradiated
arteries, is a well-documented phenomena in both ex-
perimental animals [18-20] and humans [9, 16, 21, 22].

A meta-analysis [16] found that while radiation

therapy reduced local recurrence in individuals with
early breast cancer, there was a statistically significant
rise in blood vessel-related mortality 10 years later
[16]. This study found that RT leads to long-term vas-
cular illness [16]. Another study reported that women
with a history of cardiac illness who had radiation
therapy for left-sided breast cancer had higher inci-
dence of Percutenous Cardiac Interventions (PCI) and
a worse chance of survival if treated with PCI [9].
In patients getting RT for breast cancer, Roos et al.
[21] discovered a direct link between the calcium
value of the coronary artery prior to treatment with
acute coronary events.

However, we should also mention that there are
studies reporting different results in the literature on
this subject. A study conducted in 2018 showed no
variation in the incidence of cardiac side effects ob-
served in standard and hypofraction RT systems [22].

Another meta-analysis suggested BAC as an ex-
pression of arteriosclerosis and reported that it appears
to be related with an elevated risk of cardiovascular
disease events while only being associated with part
of the recognized cardiovascular risk factors [9].
Osman et al. [23] found a statistically significant as-
sociation between BAC and Coronary Artery Disease
(CAD). They suggest that BAC is a potential nonin-
vasive imaging marker that may improve CAD risk

prediction in women. A different meta-analysis
showed that BAC is highly associated with both CAD
and stroke [24].

Our study also found a statistically significant dif-
ference in the mean age of the cases with increased
BAC in both breasts compared to the cases without
BAC increase or only on the side that underwent RT.
This result suggests that age may be a risk factor for
the development of BAC after RT. Topal ef al. inves-
tigated the relationship between BAC detected in
mammography and Cardiovascular diseases (CVD);
they found a relationship between BAC and age and
duration of menopause [16]. Hendriks et al. [9]
showed a clear and constant link between increasing
age and the prevalence of BAC.

Smoking was also evaluated in our study, and no
statistically significant result was found between
smoking and BAC increase. Shah et al. [25] reported
reduced prevalence of BAC among women who
smoke. Hendriks et al. [9] are also in line with the re-
sults in their meta-analysi.

Limitations

While our findings provide insight on the relation
between RT and BAC, it is necessary to appreciate the
limitations of our study. The following might have im-
pacted the validity of our findings. Firstly, because the
study is retrospective in nature, it may have limitations
in terms of data accuracy and completeness. Secondly,
the study's sample size is relatively small, which can
reduce the statistical power and precision of the re-
sults. Finally, the interobserver variability of the grad-
ing method used to evaluate BAC was not assessed in
the study, which may have affected the reliability of
the results.

CONCLUSION

As a conclusion, our research provides insight on the
long-term effects of radiation on BAC. Our results in-
dicate that BAC increases considerably after RT, es-
pecially in RT-affected breasts, with age being also a
risk factor for BAC development.

Keypoints
(1) Administration of Radiotherapy (RT) follow-
ing Breast Conserving Surgery (BCS) can be greatly
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reduce the recurrences and the breast cancer deaths [3-
6]. Yet, there is worry that radiation therapy may have
an effect on the cardiovascular architecture and other
comorbidities [7, 8].

(2) Breast arterial calcifications (BAC) are medial
calcifications that are a manifestation of arteriosclero-
sis [9, 10].

(3) In our study the results showed that BAC in-
creased significantly after RT only in the breasts un-
derwent RT.
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ABSTRACT

Objectives: This study investigated the presence of mercury in commonly used over the counter skin-lightening
creams available in Trinidad and Tobago. The objective of this study was to evaluate if skin-lightening creams
commonly used in Trinidad and Tobago contained Mercury, and establish the health risks presented by these
products.

Methods: Nineteen skin-lightening creams were analysed using Cold Capor Atomic Absorption Spectropho-
tometry (CV-AAS). Margin of Safety (MoS) and Hazard Quotient (HQ) calculations were used to assess risk
to users.

Results: Of the nineteen creams assessed, sixteen contained high concentrations of mercury (0.294-14414.5
ug/g), only three creams had no mercury detected. 9 of the 19 samples contained levels of mercury that exceed
the Minamata convention’s accepted limit of 1pg/g, with 3 samples exceeding 3800.000 pg/g. Risk assessments
using MoS and HQ showed that 3 of the samples were unsafe for use and are considered hazardous. The study
also revealed that many creams do contain mercury even if it did not constitute part of the product formulation.
Conclusion: The data infers that some manufacturers do add mercury to their formulations while others are
the victims of contaminated raw materials. MoS and HQ show that 21% of the samples were unsafe and 16%
can be considered hazardous for human use. It is possible that with such levels of mercury in these products
and the popularity of these products within the Caribbean Community and its diaspora, that there exists a sig-
nificant amount of members with higher than acceptable mercury levels, with undiagnosed clinical symptoms.
Keywords: Mercury, mercury toxicity, skin lightening, skin whitening, skin brightening, bleaching, consumer
safety, risk assessment, spectrophotometry

he population of Trinidad and Tobago con- tones from the African [1] and East Indian [2] popula-
sists mostly of African and East Indian de- tions. In these populations and among many others, a
scendants, and skin lightening practices such lighter complexion is deemed more beautiful, signifies
as the use of skin lightening or bleaching creams have a higher social status [3] and enhanced economic mo-
been commonly used by individuals with darker skin bility [4]. Studies show that skin bleaching is on the
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rise and is more prevalent among females [5] and re-
search have also found that skin bleaching is more
prevalent among women with higher academic
achievement [4] who are more prone to seek profes-
sional employment. This is further supported by stud-
ies in hiring practices where lightly colored
individuals have a statistically higher chance of being
hired than darker colored persons [6]. There is evi-
dence that the existence of pigmentocracy, particularly
in Jamaica and Trinidad and Tobago, is a driver for
skin bleaching in the region [7].

The use of skin bleaching creams in the Caribbean
is not restricted to women only but also to men who
are seeking a lighter skin complexion. In 2011, a fa-
mous regional singer launched his own line of skin
whitening products to add to the already popular men's
line of skin whitening creams, and his wife launched
a similar line in 2021 [8]. Lighter skin not only en-
hances the perception of greater attraction but also en-
hances the appearance of tattoos on skin as the darker
colored tattoos contrast better with light skin than dark
skin.

Mercury exists in inorganic, elemental, and or-
ganic forms. Ammoniated mercury ointments were
commonly used for the treatment of psoriasis, but
cases of nephrotic syndrome from use of these oint-
ments have been reported since 1962 [9]. The adverse
effects of alkyl mercury on the central nervous system
have been reported since 1949 [10]. The adverse ef-
fects of mercury on the skin and eyes of Iranian den-
tists have been reported since 1949 [11]. Ammoniated
mercury was first studied as a skin lightening agent
when it was found in 1952 that the ions reduced
melanin production and resulted in a 15% reduction
in skin tone [ 12]. More recently, methylmercury is cur-
rently used in some skin-lightening products [13].
Mercury inhibits production of the skin pigment
melanin in epidermal melanocytes by inactivating
sulthydryl mercaptan enzymes, which leads to the sub-
sequent inactivation of tyrosinase, which is critical in
melanin production [14]. The forms of mercury com-
monly used in skin-lightening products include; am-
moniated mercury, mercury iodide, mercurous
chloride, mercurous oxide, or mercuric chloride [15].

Mercury absorption can occur through inhalation,
dermal absorption or orally, as advised in some prod-
ucts [ 16]. The main factors influencing dermal absorp-
tion are the amount and the frequency of application

and the skin layer hydration [13]. Other factors affect-
ing the rate of mercury absorption are external tem-
perature and skin thickness.

Long-term exposure to mercury caused by re-
peated applications can lead to damaging impacts to
skin [17], nervous system [18] and kidneys [19]. Der-
mal effects following mercury-related skin-lightening
products include scarring, skin discoloration, and
rashes [17]. Additionally, mercury may cause skin-re-
lated diseases such as contact dermatitis, pink disease
(acrodynia), and mercury exanthema [18].
Neurological effects relating to mercury in skin-light-
ening products are headaches, tremors, ataxia, irritabil-
ity, numbness, paranoid delusions, depression, and
insomnia. Renal effects include nephrotic syndrome —
a non-specific kidney disorder characterized by
oedema, proteinuria, albumin, and globulins [19]. Al-
Saleh [20] argues that mercury toxicity affects unborn
children when their mothers use mercury-related
creams on their bodies. Ricketts et a/. [13] confirmed
that pregnant women using creams with mercury can
transfer mercury to the child; a case in Belgium indi-
cated that high levels of mercury in a pregnant
woman’s urine and blood were also traced to her in-
fant. Furthermore, in November 2022, as reported in
CNN Edition, a mother lost her peripheral vision from
clear exposure to mercury in beauty creams and the
toxic levels in her home placed her entire family at
risk [21].

Although there have not been any reported cases
of mercury poisoning due to skin creams in Trinidad
and Tobago, this does not mean that they do not exists.
Literature has discussed at length the adverse health
effects of skin-lightening creams. One study found that
repeated applications of skin-lightening products with
high mercury content were associated with kidney
damage [20]. A recent systematic review using 832 in-
dividuals from Kenya, the United States (US), Ja-
maica, and Hong Kong found that nine individuals
from Kenya experienced tremors, lassitude, vertigo,
and neurasthenia [22]. In Jamaica, 139 individuals re-
ported itchiness, irritability, and other effects such as
headaches, depression, and in the US and Hong Kong,
the most frequently reported outcomes include fatigue,
nervousness/irritability, severe headaches, depression
and anxiety, weakness, insomnia, memory loss,
tremors, and body/joint pain [22].
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Regulations

The effects of Mercury on the human body are
well known, and it has been well established that the
use of Mercury and Mercury Compounds in skin light-
ening creams and products constitutes a hazard to
users of these products [23]. As such, many nations
have instituted regulations governing the use of mer-
cury in cosmetic products either as a component or
contaminant. The regulatory limits set by various na-
tions varied from 0 pg/g to 3ug/g [24] in the few coun-
tries that implemented such regulations; however,
signatories to the Minamata Convention have adopted
the limit of 1pg/g of inorganic mercury. The conven-
tion does not cover eye cosmetics that may use
thimerosal (an organic form of Mercury) as a preser-
vative.

The United States Food and Drug Administration
(US FDA) sets a limit of 65 pg/g of total mercury in
eye cosmetics where no alternatives are present [25].

Trinidad and Tobago is not a signatory to the Mi-
namata Convention and currently has no regulatory
limits for mercury in products. However, the islands
of the Caribbean who are signatories of the Minamata
Convention have adopted the 1 pg/g limit, but there
appears to be little enforcement.

METHODS

Sample Collection

Samples of skin lightening creams were purchased
over the counter at various pharmacies and cosmetic
stores throughout Trinidad and Tobago in April 2022
and analysed during the period May-June 2022. One
sample of each of the available skin lightening creams
was purchased. Nineteen samples were collected and
represent at least one sample of all of the available
brands on the market at the time. Only over - the -
counter commercially available products were used in
this study.

Equipment and Reagent

Ultrapure water having a resistivity of <18 mQ.cm
was used to prepare all reagents, standards and sam-
ples. All chemicals used were of the American Chem-
ical Society (ACS) grade or better.

1. Nitric Acid, ACS Grade 70% (Sigma-Aldrich,
USA)

2. Hydrogen Peroxide, ACS Grade 30% (Sigma-
Aldrich, USA)

3. Triton-X 100, ACS Grade (Sigma-Aldrich,
USA)

4. 50 mL Boiling Tubes (Pyrex, USA)

5. Whatman No.541 Hardened Ashless Filter
Paper (Sigma-Aldrich, USA)

6. Class A 50 mL and 25 mL Volumetric Flasks
(Pyrex, USA)

7. 1000 pg/mL Stock Solution Hg (Accustandard,
USA)

8. Tin (II) chloride, ACS Grade (Sigma-Aldrich,
USA)

9. VWR Dry Heating Block (VWR)

10. Varian SpectrAA-800 Atomic Absorption
Spectrophotometer with Deuterium Background Cor-
rection (Agilent)

11. Varian VGA77 Hydride Generator (Agilent)

12. The quartz Mercury flow cell (Agilent)

13. P100 Micropipette (Gilson Pipetman)

Glassware Preparation

All glassware were washed with anionic detergent
and rinsed with tap water followed by deionized water.
They were then soaked for a minimum of 24 hours in
a diluted nitric acid bath, after which they were rinsed
with deionized water. The glassware was then dried in
an oven at 60 °C overnight and allowed to cool to
room temperature before being used.

Sample Preparation

A 0.5£0.1 g of each skin lightening cream sample
was weighed in triplicate into clean, dried labelled
boiling tubes. 5 mL of a mixture of 70% Nitric and
30% Hydrogen peroxide were added along with ImL
of a 5% TritonX-100 solution to each of the boiling
tubes, mixed, and allowed to pre-digest at room tem-
perature for 24 h. The boiling tubes were then placed
in a heating block set to 95 °C and allowed to digest
for 3 h as per the method of Maharaj et al. [26]. The
digested samples were cooled to room temperature
and filtered through a Whatman No. 541 hardened ash
less filter paper into a 50 mL class ‘A’ volumetric
flask. The contents were made to volume and homog-
enized by inverting several times. These samples were
analysed for Mercury by Cold Capor Atomic Absorp-
tion Spectrophotometry (CV-AAS).
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Sample Analysis
Samples were analysed using CV-AAS method as de-
scribed by Mohammed et al. [27]. The VGA77 Hy-
dride Generation Accessory was coupled with Varian
SpectrAA800 AAS. The reductant used was Tin (II)
Chloride (25%) made up in 20% HCI. The flow rate
of the reduction was kept at 1.0 mL/min, the sample
was 6.71 mL/min, argon was 2.0 L/min and a delay
time of 70 seconds was used in this analysis.
Calibration was performed using working mercury
standards of 5 ng/L, 10 ng/L, 20 pg/L, 30 pg/L, 40
ug/L, and 50 pg/L prepared by serial dilution from a
10 pg/mL NIST Traceable Mercury Standard Solution.
Quality was assured by the use of spiked samples.
Samples were spiked by adding 50 uL of a 10 pg/mL
of the stock standard to a 50 mL volumetric flask using
a P100 micropipette, and made up to volume with the
sample solution. This gave a 10 pg/mL addition of
Mercury, and this was analysed in triplicate. The re-
coveries determined were between 96-102% [28].

Risk Assessment

The assessment of health risks of mercury-con-
taining skin lightening creams was evaluated using the
noncancerous risk approach as defined by the Scien-
tific Committee on Consumer Safety (SCCS) safety
evaluation model for dermal risk [29], and the US En-
vironmental Protection Agency (USEPA) risk assess-
ment guidelines for dermal risk [30].

Margin of Safety (MoS)

The margin of Safety (MoS) is used to evaluate
the risk characterization and is calculated with equa-
tion (1) for dermal exposure. A MoS above 100 is con-
sidered safe, while values below 100 are considered
unsafe [29].

NOAEL (32.day)
MOS = 4

SEDdermal(rZ_j-daY) )

The exposure where no adverse effect is observable is
referred to as No Observed Adverse Effect Level
(NOAEL) and is calculated using equation (2). This is
used to evaluate the relationship between exposure and
toxic response [29].

NOAEL = RfDgormar X UF X MF (2)

RfDdermat (mg/kg.day) is the dermal reference dose
for a specific metal, UF is an uncertainty factor, and

MF are a modulating factor [29]. The default values
for UF and MF are 100 and 1, respectively [29, 31].
RfDuemar for calculating risk assessment via dermal up-
take has not been established by regulatory bodies
[32].

RfDgermar 1s calculated from the established RfDora
using the fraction of metal Absorbed in the Gastroin-
testinal Tract (ABSGI) [33]. The RfDgermat for Inor-
ganic Mercury is established at 0.0003mg/kg.day [30],
and the ABSGI for Inorganic Mercury is 1.0. [30]
RfDgyerma was calculated using equation (3).

RfDdermal = RfDoral X ABSGI (3)

RfDgermal g = 0.0003 x 1.0 = 0.0003 mg/kg.day
The U.S. EPA 2021 outlined non-cancer hazard
concern levels for the NOAEL as follows [34];
= NOAEL > 1000 mg/kg.day minor clinical
signs of toxicity
= NOAEL < 1000 mg/kg.day, moderate clinical
chemistry and organ weight
= NOAEL < 10 mg/kg.day is high evidence of
adverse health effects in humans.
SEDdermal 18 the systemic exposure dose for dermal ex-
posure (mg/kg.day) and is calculated using equation (4).

DA XSSA Xf
SEDgermar = even;W 4)

SSA is the skin surface area in cm2 and is calcu-
lated as 0.165 [35] fraction of the total body surface
area of 18,000 cm2 as defined by the USEPA [36] and
constitutes the face, neck and arms. The SSA can be
calculated to be 2,970 cm?. DAcvent is the absorbed
dose per event (mg/cm?), The Scientific Committee on
Consumer Safety (SCCS) recognizes that in many
conventional calculations of MoS, oral bioavailability
of an element is assumed to be 100% if oral absorption
data are not available. The standard fingertip unit for
a female is 0.4 g [37], and application to hand, arm
and face + neck is 1, 3 and 2.5 fingertip units respec-
tively [37], 6.5 fingertip units or 2.6g of cream can be
used to cover 2,970 cm?. DAcvent can be calculated to
be 0.875 mg/cm?. “f *“ is the frequency of application
of the final product (day!) [29]. Application frequency
of 2 day! was used [13] and average body weight of
60 kg for adult [30].

Hazard Quotient (HQ)
Hazard quotient (HQ) is a common tool for estimating
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health risk in cosmetics[38-40], and is the ratio of sys-
temic exposure dose (SED) of a substance as com-
pared to the dermal reference dose (RfD) of the heavy
metal [41]. HQ values more than 1 indicate that po-
tential non-carcinogenic health effects are present.
While HQ<I are considered safe for human health.
The Hazard Index was not determined in this study
since only one hazard was evaluated.
HQ is calculated as shown in equations (5).
HQ — SEDdermal (5)

RfDdermal

Statistical Analysis

Statistical analysis of mercury concentrations in
skin-lightening creams was determined by Pearson
correlation analysis, with a P<0.05 value being con-
sidered significan

RESULTS

Mercury Content of Skin Lightening Creams
The 19 samples of the skin-lightening creams were
analysed for their total Mercury content by CV-AAS
(Table 1). These creams originated from Jamaica, Pak-
istan, India, China, U.K, Singapore, Philippines, the
EU, the United States and Trinidad and Tobago. None
of which were registered by the Food and Drug Ad-
ministration of Trinidad and Tobago. Only one sample
identified “Ammoniated Mercury” as a component.
Three samples contained no detectable mercury (Nu
Brite Plus Cream, Fade Off Serum and KAVI Advance
Melanin Repair Serum), whereas 16 samples con-
tained measurable levels of mercury (0.294-14414.5
ng/g of Hg).

Significant levels of mercury were found in

Table 1. The mercury content in pg g! of various over the counter skin lightening creams

The name of product Origin Mercury %RSD
(ng/g)

Nu brite plus cream US.A <DL NA
Himalaya radiant glow fairness cream India 0.413 2.384
Zero marks India 0.321 3.354
Fair and white gel EU France 0.303 0.568
African formula skin tone cream EU Spain 0.300 1.236
Ever fairness day cream Sri Lanka 0.294 0.876
Crusader ultra skin lightening carrot cream EU Spain 0.301 1.245
Sandal beauty cream Pakistan 3855.478 2.609
Fade off serum Trinidad <DL NA
KAVI advanced melanin repair serum Singapore <DL NA
Movate cream EU Spain 2.223 2.815
Fair and white cream EU France 1.894 1.018
Deluxe silken Jamaica 14414.496 3.644
Skin white Philippines 1.914 2.180
Trin-brite India 1.275 4.421
7 days magic brightening cream US.A 4005.548 0.799
Ravima’s beauty discoloration defense Trinidad 3.264 4.258
Kojic acid collagen whitening facial serum China 1.226 3.163
Topiclear EU France 0.375 0.056

Detection limit= (3.3xSD)/m, DL= 0.2825ug/g, N/A= not available, %RSD= relative standard deviation
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Deluxe Silken (14.414 pg/g), 7 Days Magic Brighten-
ing Cream (4005.548 png/g), and Sandal Beauty Cream
(3855.478 ng/g).

Health Risk Assessment
The Margin of Safety (MoS) and Hazard Quotient
(HQ) are calculated in Table 2.

DISCUSSION

There is currently no standard for the recommended

concentration of mercury in skin care products by the
Food and Drug Administration (FDA) of Trinidad and
Tobago as this country is not yet a signatory of the Mi-
namata Convention.

Significant levels of mercury can have severe
health effects and permanent irreparable damage to or-
gans, sight, and hearing. The rate of dermal absorption
of mercury compounds increases with the concentra-
tion of mercury and prior hydration of the skin [42].
At such high levels, the rate of dermal absorption can
be rapid. The degree of dermal absorption can also
vary with the skin integrity and lipid solubility of cos-

Table 2. Calculation of Margin of Safety and Hazard Quotient for skin lightening creams

The name of product Mercury RfD NOAEL SED MoS HQ
(ng/g)  (mg/kg.day) (mg/kg.day) (mg/kg.day)
Deluxe silken 14414.496 0.0003 0.030 1.250E+00 0.024  4166.667
7 days magic brightening cream  4005.548 0.0003 0.030 3.470E-01 0.086 1156.667
Sandal beauty cream 3855.478 0.0003 0.030 3.340E-01 0.090 1113.333
Ravima’s beauty discoloration 3.264 0.0003 0.030 2.830E-04 106.007 0.943
defense
Movate cream 2.223 0.0003 0.030 1.930E-04 155440  0.643
Skin white 1.914 0.0003 0.030 1.660E-04  180.723 0.553
Fair and white cream 1.894 0.0003 0.030 1.640E-04  182.927  0.547
Trin-brite 1.275 0.0003 0.030 1.100E-04 272.727  0.367
Kojic acid collagen whitening 1.226 0.0003 0.030 1.060E-04  283.019 0.353
facial serum
Himalaya radiant glow fairness 0.413 0.0003 0.030 3.580E-05 837.989 0.119
cream
Topiclear 0.375 0.0003 0.030 3.250E-05 923.077  0.108
Zero marks 0.321 0.0003 0.030 2.780E-05 1079.137  0.093
Fair and white gel cream 0.303 0.0003 0.030 2.620E-05 1145.038  0.087
Crusader ultra skin lightening 0.301 0.0003 0.030 2.600E-05 1153.846  0.087
carrot cream
African formula skin tone cream 0.300 0.0003 0.030 2.600E-05 1153.846  0.087
Ever fairness day cream 0.294 0.0003 0.030 2.540E-05 1181.102  0.085
Nu brite plus cream 0.000 0.0003 0.030 0.000 NA 0.000
Fade off (?Fade out night cream) 0.000 0.0003 0.030 0.000 NA 0.000
KAVI advanced melanin repair 0.000 0.0003 0.030 0.000 NA 0.000

s€rum

RfD= Reference Dose, NOAEL= No Observed Adverse Effect Level, SED= Systematic Exposure Dose, MoS= Margin of

Safety, HQ= Hazard Quotient, N/A= not available
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metic products. Other avenues for entry of mercury
from such creams may be from ingestion of the prod-
uct after topical application around the mouth and
hand-to-mouth contact, including intimate partner
contact. The use of mercury-containing cosmetic prod-
ucts such as these can also contaminate the home and
its occupants, resulting in secondary mercury poison-
ing [43].

The levels obtained from these three products sug-
gest that mercury compounds are added as part of the
formulation either as an active ingredient or as a pre-
servative, yet only one sample (Deluxe Silken) shows
Ammoniated Mercury on its label. The labeling of
cosmetics globally is very relaxed and varies from
country to country. Most countries do not require de-
tailed listing of ingredients and except for colour ad-
ditives, the United States FDA does not require
cosmetic products and ingredients for premarket ap-
proval [44].

Six other samples contained mercury levels ex-
ceeding the 1pg/g limit adopted by most countries.
These values varied from 1.223 pg/g to 2.223 ug/g and
may be attributed to contamination from machinery or
from contaminated raw material such as vegetable
based oils[45] or naturally sourced emulsifiers.

In all cases, mercury absorption through the skin,
frequency of use and the bioaccumulation of the metal
can result in all the creams containing even traces of
mercury to be potentially hazardous to human health.
Chronic exposure to mercury can lead to tremors, in-
somnia, memory loss, neuromuscular effects,
headaches, and cognitive and motor dysfunction. Mild
subclinical symptoms of central nervous system and
cardiovascular toxicity can be seen at exposure levels
as low as 0.070 pg/kg/day [46]. This dismisses the no-
tion of safe level for Mercury.

The results of this study correspond well with pre-
vious studies. Mohammed et al. [16] in 2017 found
similar levels of mercury in skin lightening creams
sold in Trinidad and Tobago with values ranging from
a low of 0.473 pg/g to a high of 14.507.741 ng/g for
a sample of Deluxe Silken cream. Rickets et al. [13]
in 2020 found in Jamaica Mercury ranging from 0.050
pg/g to 17345.000 pg/g. Hamann et al. [14] in 2014
found in the US Mercury ranging from 1729.000ug/g
to 45,622.000ng/g. Peregrino et al. [47] found in 2011
mercury levels ranging from 878.000ug/g to
36,000.000png/g and Prevodnik et al. [48] in 2018

found mercury levels in skin lightening creams rang-
ing from 93.000 pg/g to 16,353.000 pg/g from 338
samples taken from 22 countries. Majeed et al. [49]
in 2021 found levels ranging from 3.600 ng/g to
240.000 pg/g, Sin and Tsang [50] in 2003 found levels
ranging from 660.000 pg/g to 57,000.000 pg/g, Pra-
manik et al. [39] in 2021 found levels ranging from
0.004 ng/gto 31,700.000 pg/g and Dwijayanti and Su-
santi [51] in 2018 found levels ranging from 47.180
pg/g to 4,554.000 pg/g of mercury in creams.

The World Health Organization (WHO) identifies
Bangladesh, China, Dominican Republic, Hong Kong,
Jamaica, Lebanon, Malaysia, Mexico, Pakistan,
Philippines, Republic of Korea, Thailand, and the
United States of America as the main producers of
mercury-containing skin lightening products [23].
However, this study shows that 31% of skin-lightening
products tested in this study were produced in the EU
and contain some levels of mercury. Mohammed et
al. [16] found that 60% of the skin lightening products
available in the Trinidad and Tobago Market in 2017
were manufactured in the EU, and Rickets et.al found
19% of the skin lightening products available in Ja-
maica were produced in the EU.

The Margin of Safety (MoS) levels determined in
this study show that Deluxe Silken, 7 Days Magic
Brightening Cream, and Sandal Beauty Cream, ex-
ceeded the USEPA guidelines for MoS having values
that fell below 100. These samples are considered un-
safe for usage and hazardous to human health. The ex-
tremely low MoS obtained for Deluxe Silken, 7 Days
Magic and Sandal Beauty Cream are of particular con-
cern as these can lead to severe medical conditions
even from short term usage and could be considered
proximal hazards as mercury from these products can
affect persons in close proximity to the user.

Ravima’s Beauty Discoloration Defense can also
be considered unsafe for use. This sample had a MoS
of 106.007 and fell above the USEPA guidelines of
100 MosS but may be within the margin of error of this
study and could easily fall below 100 MoS.

The results of MoS correlate very strongly with
the Hazard Quotient (HQ) calculation with the same
samples being determined to be hazardous. Deluxe
Silken, 7 Days Magic Brightening Cream and Sandal
Beauty Cream did not only exceed the HQ limit of 1
but did so by a margin of several thousands, further
highlighting the severe health hazard these three prod-
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ucts pose to the users and their immediate surround-
ings. Ravima’s Beauty Discoloration Defense also
showed similar behavior where its HQ value was mar-
ginal at 0.943 and should be considered unsafe for use
by users.

In this study, four of the samples analyzed can be
considered hazardous; this represents 21% of the skin
lightening products available on the Trinidad and To-
bago market. Furthermore, three of the samples or
16% can be considered extreme hazards. As these are
popular brands easily available and commonly used in
Trinidad and Tobago, the health risks of exposure to
mercury both acute and chronic are extremely high.
This risk can easily be extended to close members of
the household, including children and intimate part-
ners. It should be noted that this risk assessment as-
sumes that the products are used exclusively on the
face, neck, and arms. It did not consider the use of
these skin-lightening products on intimate areas where
the skin is thinner and blood flow is greater. Bleaching
of intimate areas has been growing in popularity
among both gay and heterosexual populations [52] and
introduces an even greater risk since these areas show
increased absorption.

CONCLUSION

In this study, 84% of samples contained mercury and
47% exceeded the Minamata limit of 1ug/g. From the
health risk, three samples are unsafe and one marginal.
This study indicates that for some products, manufac-
turers deliberately add Mercury compounds without
appropriately representing the components on the la-
bels and shows the need for more appropriate labeling
regulation and enforcement in the cosmetic industry.
This study also revealed the potential risks posed using
manufacturing processes and raw material selection.

Since Trinidad and Tobago is not a signatory to the
Minamata convention, manufacturers and distributors
are not mandated to enforce the 1ppm limit set by the
convention for cosmetic products; however, the obvi-
ous health risks to the population pose by these prod-
ucts must be considered. The popularity of skin
whitening products in Trinidad and Tobago places the
population at significant risk of chronic mercury poi-
soning with implications to the cost of healthcare, re-
duced productivity, and quality of life. This study only

considered over the counter readily available commer-
cial skin lightening creams and did not consider
“under the counter” products which can pose signifi-
cant hazards to its users.
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ABSTRACT

Objectives: Since there are various benign and malignant diseases of the penis, different imaging methods
can be used for diagnosis. Abdominal computed tomography (CT) is not a frequently used imaging method
in diagnosing penile pathologies. In an abdominal CT scan performed with the standard technique, the slices
are obtained by scanning from the diaphragm's dome to the symphysis pubis's lower edge. Although the whole
penis is not always captured, almost all abdomen scans include a portion of the penis. Penile pathologies can
be detected with careful evaluation by CT.

Methods: In this study, we aim to investigate incidental penile pathologies detected in abdominal CT performed
for other reasons and whether abdominal CT contributes to showing penile pathologies. Therefore, abdominal
CTs of 3,698 male patients were re-evaluated for penile pathologies.

Results: The mean age was 52.2 years. Of the CT scans, 38% were obtained due to trauma, 16% were taken
for oncological causes, 16% for abdominal pain and acute abdominal pathologies, 10% for urological reasons,
20% for other causes. Penile pathology was detected in 33 (0.83%) of 3968 patients. The patients were divided
into four groups according to the pathologies observed in the penis: Traumatic, inflammatory, tumoral, and
other findings.

Conclusion: Although CT is not routinely used to diagnose penile pathologies, it may be necessary if the
whole penis is included in the examination.

Keywords: Penile imaging, penile pathologies, incidental findings, male health, penile trauma

penis can be evaluated with different imaging
methods. Ultrasonography (US), color Doppler
US, computed tomography (CT), magnetic resonance
imaging (MRI), and retrograde urethrography are im-
aging methods that can be employed to confirm the

ﬂ\/arious benign and malignant diseases of the

clinical diagnosis, evaluate the disease extent, and help
to select the appropriate treatment [1]. US is the first
step imaging method in evaluating many penile
pathologies [2]. The advantages of the US are that it
is low cost and easily accessible, does not contain ion-
izing radiation, and is a method that can take real-time
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images. However, it also has disadvantages due to its
relatively small field of view, being an operator-de-
pendent examination, and providing limited informa-
tion on soft tissue pathologies [3, 4]. Because of its
high soft tissue resolution, MRI is an excellent diag-
nostic method when clinical and / or US findings are
doubtful or inconclusive. It is a preferred imaging
method in surgical planning, cancer staging, and eval-
uation of penis [2, 3, 5]. Traumatic injuries of the penis
are initially visualized by US and MRI. CT is not a
frequently used examination in routine penile imaging.
However, penile pathologies that can be detected by
CT are also quite high [6]. The penile bulbus is an eas-
ily recognizable anatomical structure on axial CT im-
ages. It is surrounded by a paired crura laterally,
corpus cavernosum anteriorly, and levator ani poste-
riorly [7]. In a routine abdominal CT scan, images are
obtained by scanning from the diaphragm's dome to
the symphysis pubis's lower edge [8]. So that the glans
penis is usually included in the image. We aimed to
investigate the presence of incidental pathologies in
the penis at the abdominal CT scan performed for dif-

ferent reasons. In addition, we aimed to review the im-
aging findings of penile pathologies that can be seen
on CT examination.

METHODS

Study Design

After obtaining the approval of the required ethics
committee, the abdominal CT of male patients aged
18 and over, present in the Picture Archiving Commu-
nication System (PACS) between March 2020 and
June 2020, a total of 4,116 abdomen CTs were retro-
spectively re-evaluated. CT scans were taken for dif-
ferent reasons. Regardless of the reason for the scan,
images were evaluated blindly to the preliminary in-
formation, and the presence of penile pathology was
noted. If the patients had more than one CT scan, only
the images of the first examination were evaluated and
that could not be assessed optimally due to motion ar-
tifacts were excluded. One hundred twelve patients
who had more than one examination and 12 patients

Fig. 1. Axial images. (a) Metallic foreign bodies due to gunshot injury, (b) Hematoma in the anterior of the glans penis, and
(c) Air densities near the dorsum penis and contour irregularity due to penile fracture.
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who could not be evaluated due to intense motion ar-
tifacts were excluded from the study. Also, 24 patients
whose CT images did not include the penis at all were
excluded from the study. Finally 3,968 patients were
included in the study.

Imaging Technique

All abdominal CTs were obtained with the same
screening protocol on the same device. The screening
was done by scanning the diaphragmatic cupolas to
the iliac crest level using a 128-slice CT (Optima CT
660, General Electric Healthcare Systems, Milwaukee,
USA). The slice thickness was 5 mm in axial images.
All CT scans were obtained during a single breath,
covering the area from the level of the diaphragm to
the symphysis pubis. If contrast material was admin-
istered, it was done according to the following proto-
col: with non-ionic contrast agents (1.5-2 mL/kg) at
the portal venous phase (65-70 s). All CT images were
reconstructed using an algorithm suited to soft-tissue
analysis with the medical image processing software
(AW Volume Share 5).

CT Evaluation

CT evaluation was performed by two radiologists,
one 10 years and the other 15 years experienced in to-
mography. Penile pathologies were divided into four
groups: Traumatic, inflammatory, and tumoral. The
distribution of patients with penile pathology accord-
ing to age groups was evaluated. In addition, the fre-
quency of association of penile pathologies with
abdominal pathologies was investigated.

Statistical Analysis

Continuous data expressed as the mean + standard
deviation or median (interquartile range [IQR]) were
analyzed using a t or Mann-Whitney U test. Statistical
analysis was conducted with statistical software
(SPSS, version 21.0; SPSS Inc, Chicago, IL, USA).

RESULTS

Between March 2020 and June 2020, 3968 male pa-
tients aged 18 and over underwent abdominal CT. The
ages of the patients ranged from 18 to 84 years. The
mean age was 52.2 years. Of the CT scans, 38% were
obtained due to trauma, 16% were taken for oncolog-

ical causes (suspicion of malignancy, newly diagnosed
malignancy, and follow-up), 16% for abdominal pain
and acute abdominal pathologies, 10% for urological
reasons (renal cyst, benign prostate hypertrophy,
hematuria), 20% for other causes.

Penile pathology was detected in 33 (0.83%) of
3968 patients. The patients who had penil pathologies
were divided into four groups according to the
pathologies observed in the penis: Traumatic, inflam-
matory, tumoral, and other findings.

There were four (0.1%) patients with penile

Fig. 2. Axial (a) and sagittal (b) image. Contrast material ac-
cumulated in the perineum and near the penis due to type I11
urethral injury.
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Fig. 3. Axial images. (a) Air densities consistent with necrotizing infection in the glans penis and scrotum and (b) Edema-
tous and heterogeneous appearance consistent with balanitis on the glans penis.

trauma findings in the trauma patients group. Three
patients had signs of penetrating penile trauma, aged
33 to 41 years. CT scannings of these three patients
revealed air densities near the dorsum penis, metallic
foreign bodies due to gunshot injury, and hematoma
in the anterior of the glans penis (Figs. 1a and 1b) and
one of them had penile fracture (Fig. 1c). In a 45-year-
old trauma case, there was no traumatic injury of the
penis, but contrast material accumulated in the per-
ineum and near the penis due to type III urethral injury
(Fig. 2).

There were four (0.1%) patients in the inflamma-
tory pathologies group. Their age ranged from 54 to
68 years. In three cases, there were inflammatory het-
erogeneities in the skin and subcutaneous tissue, ab-
scess formation in the perineal area and adjacent to the
dorsum penis. Two of four cases had air densities con-
sistent with necrotizing infection in the glans penis and

Fig. 4. Axial image shows a metastatic mass lesion with con-
trast enhancement at the penile crura.

scrotum (Fig. 3a). One patient had an edematous and
heterogeneous appearance consistent with balanitis on
the glans penis (Fig. 3b).

Two (0.05%) patients were classified in the tu-
moral pathologies group. Penile squamous carcinoma
was detected in a 75-year-old patient who had mild

Fig. 5. Sagittal images. (a) Multiple urinary stones in the pe-
nile urethra and the bladder and (b) A metallic density due
to a foreign body in the glans penis.
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Fig. 6. Sagittal (a) and axial (b) image. (a) Penile prosthesis and (b) Abscess showed cutaneous extension and inflammatory

changes around it.

skin thickening and contrast enhancement at the cor-
pus cavernosum. There was an enlarged inguinal
lymph node on the right side, suggesting metastasis.
In a 68-year-old case, in the abdominal CT scan that
was performed due to bladder carcinoma during fol-
low-up, there was a metastatic mass lesion with con-
trast enhancement at the penil crura (Fig. 4).

In the other findings group, there were 23 (0.57%)
patients. Three (0.075%) cases aged 36 and 65 had uri-
nary stones in the penile urethra. In the other findings
group, three cases between ages of 36 and 65 had uri-
nary stone in the penile urethra and one of them has
hydronephrosis (Fig. 5a). A 50-year-old patient had a
metallic density due to a foreign body in the glans
penis (0.025%) (Fig. 5b). Four (0.1%) patients be-
tween the ages of 49 and 77 had penile prostheses. In
one (0.025%) of these cases, there was an abscess ad-
jacent to the catheter of the prosthesis. In one of these

Fig. 7. SLinear calcifications in the tunica albuginea.

cases, there was an abscess adjacent to the catheter of
the prosthesis with periferal contrast enhancement.
The abscess showed cutaneous extension and there
were inflammatory changes around it (Figs. 6a and
6b). Linear calcifications were observed in the tunica
albuginea in 15 (0.37%) cases aged 52 to 80 (Fig. 7).

Findings observed in the traumatic, inflammatory,
tumoral pathologies and other findings groups are
summarized in Table 1 and Table 2.

DISCUSSION

Different imaging techniques are used in penile imag-
ing according to pathologies [9]. Ultrasound is the
first-line imaging modality in penile imaging that can
show anatomy and blood flow, detect abnormalities
such as penile masses or plaques, and evaluate condi-
tions such as priapism or erectile dysfunction. It is a
fast, noninvasive imaging method that is easily acces-
sible in many places, if not all over the world. Doppler
ultrasound can be used to evaluate erectile dysfunction
by measuring penile blood flow during different stages
of an erection. Doppler ultrasound is particularly use-
ful in diagnosing vascular conditions, such as arterial
insufficiency or venous leakage. MRI is useful for
evaluating complex penile conditions and provides ex-
cellent soft tissue resolution but may require the use
of contrast agents for better visualization. CT imaging
is typically reserved for investigating penile trauma,
assessing the extent of penile fractures, or evaluating
suspected penile cancer.

Focal or diffuse penile induration is a common
problem in urological practice. It often occurs due to
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Table 1. Penile pathologies detected on CT

Penile pathologies = Number of Age (years) CT findings
cases (min-max)
Traumatic 4 (0.1%) 33-41 Air densities, metallic foreign bodies, hematoma,
contour irregularity in the penis

Inflammatory 4 (0.1%) 54-68 Heterogeneities in the skin and subcutaneous tissue,

abscess in the perineal area, air densities in the glans
penis and scrotum, edematous and heterogeneous
appearance on the glans penis

Tumoral 2 (0.05%) 68-75 Skin thickening and contrast enhancement at the

corpus cavernosum, enlarged inguinal lymph node,
mass lesion with contrast enhancement
Other findings 23 (0.57%) 36-80 Findings regarding foreign bodies, penile prosthesis

and calcifications

CT=computed tomography

Peyronie's disease. However, other benign and malig-
nant pathologies are also included in the differential
diagnosis. In addition to a physical examination, im-
aging modalities are often required to confirm the di-
agnosis and assess the extent of the disease. US and
MRI are the most commonly used methods. In addi-
tion, retrograde urethrography and CT can be used in
selected cases [9]. Peyronie's disease is a condition in
which fibrous tissue plaques form in the tunica albug-
inea, leading to penile deformity and shortening [10].
The diagnosis is made by questioning the patient’s
medical history, autophotography, and palpation of the
plaques. Imaging is needed to evaluate the extension
of the plaques, the involvement of the penile septum,
and the relationship of plaques with penile vascular
structures [11]. Although calcified plaques can be di-

agnosed better with US in Peyronie's disease, MRI is
more valuable than US in detecting non-palpable
plaques and evaluating their size [1]. Albugineal cal-
cifications are sometimes difficult to evaluate [12]. CT
can be used to evaluate non-calcified plaques [13]. CT
is not employed in the investigation of Peyronie’s dis-
ease. If CT is performed for other reasons, plaques
may be seen incidentally. Our incidental penile calcific
plaque detection rate was 0.37%. Case ages ranged
from 52 to 80.

Imaging is essential in the initial evaluation, treat-
ment planning, and patient follow-up in penile carci-
noma [ 14]. Because of its high soft tissue contrast and
spatial resolution, MRI is used more than in the US in
both defining primary penile malignancies and show-
ing lymph node involvement (1). MRI is used in T

Table 2. Distribution of pathologies in the other findings group

Penile pathologies Number of Age (years) CT findings
cases (min-max)
Urinary stone 3 (0.075%) 36-65 Urinary stone in the penile urethra,
hydronephrosis

Foreign body 1 (0.025%) 50 Metallic density in the glans penis

Penile prostheses 4 (0.1%). 49-77 Abscess near the catheter of the prosthesis, a
cutaneous extension of inflammatory changes

Penile calcifications 15 (0.37%) 52-80 Linear calcifications in the tunica albuginea

Total 23 (0.57%)

CT=computed tomography
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staging of the primary tumor and screening for local
recurrence. CT and positron emission tomography
(PET) / CT are useful in scanning regional nodal and
distant metastases [14]. CT is usually not indicated in
newly diagnosed penile cancers without palpable in-
guinal lymph nodes [15]. Penile squamous carcinoma
was detected in one of our cases. This patient had mild
skin thickening and contrast enhancement at the cor-
pus cavernosum. An enlarged inguinal lymph node on
the right side suggests metastasis. In one patient, an
abdominal CT scan was performed due to bladder car-
cinoma during follow-up, and there was a metastatic
mass lesion showing contrast enhancement in the pe-
nile crura.

Penile prostheses are MRI-compatible, so MRI is
increasingly used to evaluate postoperative changes
[1]. However, CT is cheaper and more usable for some
patients, especially in emergencies, post-surgical
hematoma, and suspected infection [16]. In the infec-
tion of penile prostheses, thickening of the skin, soft
tissue swelling, and fat stranding are seen on CT. In
cases with abscess, a rim-like enhancing fluid collec-
tion with or without gas is detected. Irregularity and
ulceration of the skin may accompany [16, 17]. In our
case with a penile prosthesis, there was an abscess
with peripheral contrast enhancement with cutaneous
extension in the left inguinal region adjacent to the
catheter and inflammatory changes around it.

Genital emergencies are rare in men; therefore, the
role of imaging is essential. First, it is necessary to
know the specific imaging findings of the injuries [6].
Contrast-enhanced abdominal and pelvis CT is the
gold standard for abdominal trauma imaging [18, 19].
However, the US initially visualizes traumatic injuries
to the penis and scrotum. It should be evaluated
whether the tunicae albuginea surrounds the penile
corpora and testis seminiferous tubules. Herniation of
the contents and discontinuity of the tunica albuginea
make the diagnosis of rupture [6]. The bulbocavernous
muscle is a small muscle associated with the corpus
spongiosum. It is the ventral muscle of the penis and
surrounds the bulbus. In cases of pelvic fracture ac-
companied by urethral injury, it has been reported that
this usually symmetrical midline structure has asym-
metry in its outer edges, contour, or size [18]. Because
the urethra is longer in men, urethral trauma is more
common in men than in women. Posterior urethral in-
jury occurs in the membranous and prostatic urethra.

A straddle-type injury usually causes bulbar urethral
injuries, while penile urethral damage is associated
with penile fracture [20, 21]. Even if the damage is not
in the penile urethra, pathological findings around the
penis can be seen on abdominal CT. One of our post-
traumatic patients had a type III urethra injury. There
was contrast media accumulation in the perineum and
near the penis due to injury to the urogenital di-
aphragm and the membranous urethra extending to the
proximal bulbous urethra.

Different types of foreign bodies have been re-
ported in the urethra. Although the presentation of for-
eign bodies in the lower urinary system varies, dysuria
and hematuria are the most common symptoms. The
severity of the clinical situation depends on the nature
of the foreign body and, more importantly, the time of
the medical intervention. Therefore, early recognition
and removal of foreign bodies are crucial [22]. US
pelvic roentgenogram or CT can be used to evaluate
the shape and position of a foreign body [23]. In our
cases, the foreign bodies observed in the penis and its
neighborhood were metallic foreign bodies due to
gunshots.

Inflammation of the glans penis is defined as bal-
anitis, and inflammation of the prepuce as posthitis.
Balanitis is a descriptive term that includes various
conditions, and sometimes a biopsy may be required
to rule out premalignant diseases [24]. Penile cellulitis
and balanitis an be treated with antibiotics, while pe-
nile abscess and infection of the corpus cavernosum
can be life-threatening [10]. US is important in exclud-
ing corpus cavernosum involvement and abscess in
patients with inflammation [25]. In severe inflamma-
tory conditions, urgent CT or MRI is required for the
extension of the infection to the perineum, abdominal
wall, and fasciae [26]. As with abscesses elsewhere in
the body, fluid accumulation is seen on CT in penile
abscesses. The fluid collection sometimes includes air
densities. In addition, the surrounding adipose tissue
has edema and environmental contrast enhancement.
Imaging allows the identification of the location of the
abscess and its relationship to nearby anatomical struc-
tures and guides drainage [10]. Fournier's gangrene is
a genitourinary necrotizing fasciitis that can be fatal if
not quickly diagnosed and surgically debrided. It is
typically a male-predominant disease [27]. Although
usually diagnosed clinically, CT may be required to
assess the extent of the disease or to plan surgical treat-
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ment. The presence of fascial gas and inflammation
findings on CT should suggest the diagnosis [28]. Two
of our patients had rectal fluctuation and fever, and
there were signs of necrotizing infection on CT.

Limitations

The limitations of our study are that the object of
the tomography scan is not aimed at detecting penile
pathology and as with all retrospective studies, there
may be deficiencies in patient data. Although CT can
diagnose many penile pathologies, it does not seem
possible to replace ultrasound in diagnosis due to the
radiation dose. However, due to its high diagnostic
sensitivity, it should be kept in mind that BT is a diag-
nostic test for penile pathology in cases where ultra-
sound cannot be reached and in patients who will
undergo pelvic tomography for any other reason.

CONCLUSION

Although CT is not routinely used in the diagnosis of
penile pathologies, careful evaluation of the penis in-
cluded in the examination may be important in the di-
agnosis. In particular, the penis should be included
pelvic tomography scans especialy in emergency, and
it should not be forgotten that CT can reveal the diag-
nosis of many pathologies despite known of the low
soft tissue resolution in penile imaging.
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ABSTRACT

Objectives: Frailty is a significant clinical syndrome characterized by greater susceptibility to stressors due to
the dysfunction of multiple organ systems, which increases in prevalence with age. This study was performed
to investigate relations between frailty and nutritional parameters in patients with chronic kidney disease
(CKD).

Methods: This cross-sectional study involved 100 CKD patients aged 50 years or older. Frailty was assessed
using the Edmonton Frailty Scale (EFS) and Fried’s Frailty Scale (FFS). The patients nutritional status was
assessed using the Mini Nutritional Assessment (MNA) and the routine laboratory tests.

Results: The study included 100 patients, consisting of 41 females and 59 males. The mean age of the partic-
ipants was 65.349.3 years. The median glomerular filtration rate (GFR) of the patients was 23 mL/min/1.73
m2) (min: 3-max: 65). According to the MNA, 15 patients had normal nutritional status, 63 were at risk of
malnutrition, and 22 were malnourished. According to the EFS score, four patients were categorized as not
frail, 11 as vulnerable, 25 with mild frailty, 21 with moderate frailty, and 39 with severe frailty. According to
the FFS score, six patients were non-frail, 30 were classified as pre-frail, and 64 were considered frail.
Conclusions: Frailty and malnutrition in patients with CKD were independently related to all other factors
examined in this study. Screening for malnutrition at the early stages in patients with CKD and the appropriate
treatment may prevent the development of frailty.

Keywords: Chronic kidney disease, frailty, malnutrition

erly populations characterized by an increased

vulnerability to stressors due to dysfunction in
multiple organ systems. Its prevalence increases with
age due to diminishing physiological reserves and sub-
clinical organ dysfunction [1]. Additionally, individu-
als with chronic diseases appear to be predisposed to
frailty [2].

Trailty is a significant clinical syndrome in eld-

Nutritional status is a compound concept involv-
ing food intake, body composition, and functional ca-
pacity. Nutritional assessment to identify malnutrition
is based on anthropometric measurements and labora-
tory tests [3]. Renal dysfunction represents a substan-
tial risk factor for mortality in elderly patients. A
lower-than-expected glomerular filtration rate (GFR)
for a person's age is linked to an increased risk of death
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[4, 5]. The risk of developing sarcopenia rises as renal
function declines in individuals with CKD. The major
causes of sarcopenia are considered to be type Il mus-
cle atrophy resulting from changes in protein metabo-
lism and a decline in mitochondrial function [6].
Muscle mass loss in CKD patients is associated with
reduced grip strength and slow walking speed, leading
to poor muscle mass [7].

Although there have been many studies on frailty
in CKD, there have been few studies regarding the re-
lationship between frailty and nutritional status in
CKD. Therefore, this study was conducted to examine
the association between frailty and nutritional param-
eters in patients with CKD.

METHODS

Study Design

A total of 100 patients diagnosed with CKD, who had
no active infection or malignancy, and were over 50
years of age, presenting to Selcuk University School
of Medicine Nephrology Outpatient Clinic, Konya,
Turkey, between October 2015 and July 2016 were in-
cluded in the cross-sectional study. The study protocol
was approved by the local ethics committee (approval
number: 2015/208, Date: 23.06.2015). All of the pa-
tients had no history of chronic alcohol consumption.
We recorded patients’ demographic characteristics, du-
ration of illness, medications taken, and whether they
lived alone, with family, or with a partner.

The diagnosis of CKD was established following the
diagnostic criteria outlined: Improving Global Out-
comes (KDIGO) guidelines. CKD stage was deter-
mined according to the KDIGO guidelines [8].

Evaluation of Nutritional Status

The Mini-Nutritional Assessment (MNA) was em-
ployed to assess the nutritional status [9]. Patients
were divided into three groups according to their
MNA scores: < 17 points, malnutrition; 17-23.5
points, risk of malnutrition; > 24 points, normal nutri-
tional status. Muscle power was assessed by testing
hand grip strength using a hand dynamometer (JIMCO
rehab®). Measurements were obtained on both sides
with the elbow flexed at 90°, the upper arm aligned
with the patient's side, and recorded as the average of

three measurements. Average measurements below the
expected values according to the patient’s BMI indi-
cated low muscle strength. Anthropometric measure-
ments (height, weight, BMI, mid-arm circumference
[MAC], hip circumference, calf circumference, and
subcutaneous fat thickness measurements) were ob-
tained during outpatient visits.

Evaluation of Frailty

Frailty was evaluated using both the Edmonton
Frailty Scale (EFS) and Fried's Frailty Scale (FFS)
[10, 11]. The EFS contains nine components, each
scored from O to 17. Patients were categorized based
on their EFS score as follows: 0-4, not frail (subgroup
E1l); 6-7, vulnerable (subgroup E2); 8-9, mild frailty
(subgroup E3); 10-11, moderate frailty (subgroup E4);
12-17, severe frailty (subgroup ES5). The FFS contains
five components: unintentional weight loss, self-re-
ported exhaustion, weakness, slow walking speed, and
low physical activity. Patients fulfilling none of these
criteria were classified as not frail (subgroup F1),
those fulfilling 1-2 criteria as pre-frail (subgroup F2),
and those fulfilling > 3 criteria as frail (subgroup F3).
Routine laboratory parameters were recorded.

Statistical Analysis

Variables (age, sex, weight, and BMI) are pre-
sented as the mean + standard deviation (SD), range
(min—max), or median and percentage (%) as appro-
priate. The %2 test was employed to compare categor-
ical data across different groups. The Kruskal-Wallis
test was utilized for the analysis of laboratory param-
eters, and the Mann—Whitney U test was employed for
subgroup analysis due to the non-normal distribution
of patients in accordance with the frailty scale groups.
Multivariable linear regression analysis (independent
variables: age, sex, diabetes mellitus, hemoglobin, al-
bumin, MNA, and GFR) was used to determine factors
independently associated with EFS and FFS scores.

RESULTS

The study included 100 patients aged 50 years or older
with CKD. This group consisted of 41 females and 59
males, averaging 65.3+9.3 years. The demographic in-
formation and anthropometric measurements of the
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patients are presented in Table 1. The median GFR of
the patients was 23 mL/min/1.73 m2 (min: 3-max: 65),
and the median follow-up duration for CKD was 44
months (min: 3-max: 300 months).The patients had a
mean BMI of 29.4+6.3 kg/m2. Seventy-one patients
(71%) were not on dialysis, 21 (21%) were on he-
modialysis, and 8 (8%) were on peritoneal dialysis.
The median follow-up duration for patients undergo-
ing hemodialysis was 36 months (min: 12-max: 180),
while for peritoneal dialysis patients, the median fol-
low-up period was 30.5 months (min: 12-max: 48).
The distribution patients according to CKD stage was
as follows; stage 2 (n =4), stage 3 (n = 39), stage 4 (n
=19), and stage 5 (n = 38) CKD.

Table 1. Demographic characteristics and
anthropometric measurements of patients with
chronic kidney disease

Demographic characteristics of n=100
patients

Age (year) 65.3+9.3
Height (cm) 162.6+7.8
Weight (kg) 76.9£15.9
Body mass index (kg/m?) 29.4+6.3
Anthropometric measurements

Middle arm circumference (cm) 24.3+£3.8
Calf circumference (cm) 32.5+4.6
Hip circumference (cm) 103.5+11.9
Waist circumference (cm) 95.7£12.6
Biceps skin fold thickness (mm) 1.35(0.7-9.3)
Triceps skin fold thickness (mm) 2 (1-14.2)
Muscle strength (kg) 20 (7-45)
Walking Speed (sec) 11 (6-18)
Comorbidities, n (%)

Cerebrovascular events 16 (16)
Hypertension 88 (88)
Coronary artery disease 50 (50)
Hyperlipidemia 36 (36)
Chronic obstructive pulmonary 28 (28)
disease

Chronic heart failure 27 (27)
Diabetes mellitus 49 (49)

According to EFS score, 4 patients were not frail,
11 were vulnerable, 25 had mild frailty, 21 had mod-
erate frailty, and 39 had severe frailty. According to
FFS score, 6 were not frail, 30 were pre-frail, and 64
were frail. According to the MNA scores, 15 patients
had normal nutritional status, 63 were at risk of mal-
nutrition, and 22 were malnourished. The comparison
of laboratory test results and anthropometric measure-
ments of the patients with different levels of frailty
based on EFS results is shown in Table 2. In the whole
study population, serum albumin (P=0.003), total cho-
lesterol (P=0.019), LDL (P = 0.025), iron (P=0.008),
biceps skinfold thickness (P=0.008), and triceps skin-
fold thickness (P<0.0001) were significantly different
(Table 2).

Laboratory parameters and anthropometric meas-
urements were compared between patients classified
according to FFS score (Table 3). In the whole study
group, serum creatinie (P = 0.032), serum albumin
(P=0.034), vitamin D (P=0.018), GFR (P=0.012),
MAC (P=0.009), biceps skinfold thickness (P=0.006),
and triceps skinfold thickness (P=0.011) were signifi-
cantly different (Table 3).

When patients with CKD were grouped based on
EFS, the MNA scores significantly differed in the
whole study population (P trend = 0.005). As a result
of this evaluation, 15 (15%) of the patients were in
normal nutritional status, 63 (63%) were at risk of
malnutrition, and 22 (22%) were malnourished. In
subgroup analysis, MNA scores showed significant
differences between the not frail and moderately frail
patients (P=0.035), not frail and severely frail patients
(P=0.009), vulnerable and severely frail patients
(P=0.010), and mildly frail and severely frail patients
(P=0.016) (Fig. 1).

Similarly, when patients with CKD were grouped
based on FFS, the MNA scores were significantly in
in the whole study population (P trend =0.0001). In
subgroup analysis, MNA scores showed significant
variance between not frail and frailty (P<0.001) and
pre-frailty and frailty (P<0.001) (Fig. 2).

In a multivariable linear regression analysis, sev-
eral factors were identified as independently associ-
ated with the EFS and FFS scores. For the EFS score,
these factors included age (beta = 0.342, 95% CI =
0.021 - 0.066, P<0.0001), MNA (beta = 0.334, 95%
CI: 0.309 - 1.000, P<0.0001), and serum albumin level
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Table 2. Laboratory results and anthropometric measurements of patients with chronic kidney
disease based on Edmonton Frailty Scale subgroups

Parameters E1l E2 E3 E4 ES P value
Age (year) 63.0+5.2 62.6+7.5 60.4+8.2 65.6+9.3 69.2+9.4 0.008
Gender (M/F) (n) 3/1 8/3 16/9 12/9 20/19 0.639
Urea (mg/dL) 75.1£51.3 73.2+54.8 91.6+36.4 94.8+45.6 92.3+33.0 0.139
Creatinine (mg/dL) 1.4 (1.4-6.7) 1.4(1.2-11.8) 3.1 (1.2-10.8) 3(1.2-11.7) 2.7 (1.1-13.6) 0.136
Albumin (g/dL) 4.24+0.2 4.2+0.4 3.6+0.6 3.94+0.5 3.7+0.4 0.003
Total cholesterol (mg/dL) 156+42.1 222+50.6 190+54.2 168+26.7 187.4+36.2 0.019
LDL cholesterol (mg/dL) 92.5+35.6 144.9+38 114+50.3 103+25.4 117.5+30.2 0.025
HDL cholesterol (mg/dL) 29.0+3.1 36.3+8.6 40.8+13.5 34.249.2 39.8+£13.0 0.147
Iron (ug/dL) 66.5 (51-300) 73 (21-120) 51(21-124) 73 (35-212) 51 (13-143) 0.008
Ferritin (ng/mL) 152.2 (11-490) 90 (8.5-427) 208 (23-2000) 248 (11-1444) 237 (13-2000) 0.269
Vitamin D (ng/mL) 15.4+9.7 19.3+£9.6 18.1£10.1 15.2+10.4 13.3+7.7 0.240
GFR (mL/dk/1.73 m?) 47.5 (7-51) 38 (3-52) 13 (5-64) 17 (5-48) 19 (4-65) 0.091
Middle arm 27+2.4 26.4+3.6 24.1£3.4 24.1+£3.7 23.6+4 0.114
circumference (cm)

Calf circumference (cm) 34.7+3.7 34.443.2 32.4+5.5 32.244.1 32+4.6 0.350
Hip circumference (cm) 109+11.1 106+5.6 99+11.9 104+12.7 104+12.5 0.075
Waist circumference (cm) 97+12.1 103+6.5 91£13.2 96+12.3 95+13.2 0.084
Biceps skin fold thickness 2.5 (1.9-2.8) 2.1(1.2-2.5) 1.4 (0.7-8) 1.2 (0.8-2.4) 1.2 (0.8-9.3) 0.008
(mm)

Triceps skin fold 3.8(2.2-5.4) 2,3 (1.4-3.6) 2 (1-9) 1.8 (1.1-3.1) 2 (1.1-14.2) 0.047
thickness (mm)

Muscle strength (kg) 37 (25-45) 30 (13-38) 22 (10-40) 20 (12-35) 18 (7-30) <0.0001

Data are shown as meantstandard deviation or median (minimum-maximum or number. Patients were categorized based on
their EFS score as follows: 0-4, not frail (subgroup E1); 6-7, vulnerable (subgroup E2); 8-9, mild frailty (subgroup E3); 10-11,
moderate frailty (subgroup E4); 12-17, severe frailty (subgroup E5). LDL=Low-Density Lipoprotein, HDL=High-Density

Lipoprotein, GFR=Glomerular Filtration Rate

(beta: —0.208, 95% CI: —0.885 - —0.022) (P=0.042).
For the FFS score, the factors included age (beta:
0.232, 95% CI: 0.004 - 0.026, P=0.007), MNA (beta:
0.371, 95% CI: 0.202 - 0.538, P=0.016), and GFR
(beta: —0.244, 95% CI: —0.016 - —0.002, P=0.008).

DISCUSSION

The term "frail" typically encompasses unexplained
weight loss, muscle weakness, reduced walking speed,
and diminished physical activity. Medical, socioeco-
nomic, and psychiatric problems in CKD contribute
to the development of frailty. Frailty is a multisystemic
condition that causes reduced physiological capacity.
In patients not undergoing renal replacement therapy,

a decrease in GFR of less than 50 mL/min/1.73 m2
has been shown to reduce oral intake in patients with
poor renal function, leading to poor nutritional status,
and malnutrition [1, 3, 12].

The frailty seen in end-stage renal disease (ESRD)
patients is independent of age, and most patients show
protein energy malnutrition. However, sarcopenia (de-
termined by measurement of the MAC) and dynapenia
(determined by measurement of hand grip strength)
seen in malnutrition has a higher prevalence in older
than in young patients with CKD [1, 13].

In the current study, there were conflicting find-
ings regarding the relations of EFS and FFS scores
with sex and age. Here, EFS and FFS scores showed
no significant relationship with sex (P=0.639 and
P=0.109), but were significantly related to age
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Table 3. Laboratory results and anthropometric measurements of patients with chronic kidney
disease based on Fried Frailty Scale subgroups

Parameters F1 F2 F3 P value
Age (year) 62.5+£5.0 61.8£9.0 67.249.3 0.028
Gender (M/F) (n) 5/1 21/9 33/31 0.109
Urea (mg/dL) 66.4+43 4 73.1£35.2 99.9+£38.6 <0.0001
Creatinine (mg/dL) 1.4 (1.2-6.7) 1.9 (1.1-11.8) 3.1(1.2-13.6) 0.032
Albumin (g/dL) 4.3+0.3 3.8+0.6 3.7+£0.4 0.034
Total cholesterol (mg/dL) 173449.8 197.5457.5 182.7+34.9 0.504
LDL cholesterol (mg/dL) 110.6+46.3 122.4+50.9 112.8+28.8 0.818
HDL cholesterol (mg/dL) 32+7 40.6£12.8 37.5+11.8 0.323
Iron (ug/dL) 72.5 (33-300) 60 (21-124) 54 (13-212) 0.426
Ferritin (ng/mL) 48.7 (11-490) 158.5 (23-2000) 254 (8.5-2000) 0.142
Vitamin D (ng/mL) 17.2£11.7 19.8£10.2 13.6£8.1 0.018
GFR (mL/dk/1.73 m?) 38 (7-51) 35 (3-65) 16.5 (4-58) 0.012
Middle arm circumference (cm) 27.34£2.5 25.4+4.2 23.4£3.5 0.009
Calf circumference (cm) 33+£2.8 34+5.8 31.8+4 0.163
Hip circumference (cm) 104.6+8.9 105+£14.3 102.7+10.9 0.798
Waist circumference (cm) 97.1£10.2 97.8£13.7 94.6+12.4 0.306
Biceps skin fold thickness (mm) 2.1(1.5-2.7) 1.6 (0.7-5.4) 1.2 (0.7-9.3) 0.006
Triceps skin fold thickness (mm) 2.5(2-5.4) 2.2 (1-6.2) 1.8 (1.1-14.2) 0.011

Data are shown as meantstandard deviation or median (minimum-maximum or number. Patients fulfilling none of these
criteria were classified as not frail (subgroup F1), those fulfilling 1-2 criteria as pre-frail (subgroup F2), and those fulfilling >3
criteria as frail (subgroup F3). LDL=Low-Density Lipoprotein, HDL=High-Density Lipoprotein, GFR=Glomerular Filtration
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Fig. 1. Comparison of mini-nutritional assessment results of Edmonton Fragility Scale subgroup.

299



Eur Res J. 2024;10(3):295-302

Frailty and nutrition in CKD patients

Ptrend <0.0001
———  P<«0.0001

S0—

40—

Patient Count

10—

Not Frail

Mini Nutritional
Assesment

—————————P<«0.0001 ———— I

Pre-Frail

B Normal Nutritional Status
[EAt risk of Manutrition
[CIMalnourished

Frail

Fig. 2. Comparison of mini-nutritional assessment results of Fried’s Fragility Scale subgroup.

(P=0.008 and P=0.028, respectively). Subgroup analy-
ses showed that these differences were mainly be-
tween patients with severe frailty and those without
frailty.

The actual incidence of frailty was shown to be
higher than that detected using clinical assessment in-
dexes, which is thought to be due to differences in the
definitions of frailty [14]. In systematice review, Col-
lard et al. [15] reported significant relationships be-
tween both increasing age and female sex with frailty
in community-residing adults aged 65 and above. The
same study showed that the prevalence of frailty dif-
fers among countries due to the different scales used
for evaluation.

A strong relationship was found between CKD
and frailty. The incidence of frailty was reported to in-
crease according to increasing CKD stage [1, 16, 17].
Consistent with the literature, GFR was found to be
associated with both EFS and FFS independently of
other factors in the present study. In patients with CKD
receiving hemodialysis, malnutrition is seen at high
rates of up to 22.2 %, and malnutrition is strongly re-
lated to both morbidity and mortality [18]. Malnutri-
tion is seen in 23%-76% of patients on hemodialysis
and 15%—50% of those on peritoneal dialysis [19]. In
the present study, MNA scores showed significant dif-
ferences according to EFS and FFS in patients with
CKD (Ptrend=0.005, Ptrend=0.001); the rate of mal-
nutrition increased with increasing frailty.

Low serum albumin levels are a good indicator of
malnutrition in HD patient groups [20]. Research in-

dicates a reverse correlation between serum albumin
levels and mortality and morbidity, both in the com-
munity and in patients admitted to the hospital [21].
Chia-ter Chao et al. [22] identified a negative corre-
lation between frailty and serum albumin levels in HD
patients. Similarly, in our study, serum albumin levels
were notably reduced in CKD patients with frailty
compared to those without frailty, as evaluated
through EFS and FFS. (P=0.003 and P=0.034).
Reduced vitamin D levels are correlated with frac-
tures, sarcopenia, disability, and frailty. In the InCHI-
ANTI study, low vitamin D level was accepted as a
predictor of frailty [23]. Similarly, Puts et al. [24] re-
ported a highly significant relationship between low
25-hydroxyvitamin D levels and the presence of
frailty. In the present study, vitamin D levels were sim-
ilar between the groups with and without frailty as as-
sessed by EFS (P=0.240). However, a significant
difference was observed between the groups regarding
frailty when assessed using FFS (P=0.018). This dif-
ference may have been due to implementation of dif-
ferent physical performance criteria in these scales.
Matos et al. [25] examined the correlation between
the MNA and hand grip test, and reported that hand
grip strength could be used as a significant predictor
of malnutrition. In the current investigation, it was also
observed that hand grip strength decreased as the
severity of frailty, as assessed by EFS, increased
(P<0.0001). In the present study, MAC measurement
was similar within EFS groups (P=0.114), while MAC
was significantly different between different FFS
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groups (P=0.009). These observations indicated that
MAC measurement alone could not be used as an in-
dicator of frailty.

Skinfold thickness measurements offer depend-
able data for estimating body fat. About 50% of body
fat is subcutaneous, making skinfold thickness a di-
rectly measurable indicator using a well-calibrated
caliper [26]. Triceps skinfold thickness is frequently
employed due to its straightforward application. Tri-
ceps skinfold thickness was found to be the most ac-
curate parameter for calculating total body fat
percentage in a study using dual-energy X-ray scan-
ning as a reference, in a population of hemodialysis
patients [27]. In our study, biceps skinfold thickness
and triceps skinfold thickness measurements showed
a statistically significant difference in the whole study
group for both EFS and FFS. Thus, both biceps and
triceps skinfold thicknesses can be implemented to as-
sess malnutrition in frail patients with CKD.

Malnutrition is a prevalent condition among indi-
viduals with CKD. Malnutrition increases frailty and
adversely affects rates of morbidity and mortality if
not diagnosed and treated. Although both frailty and
malnutrition are common in patients with CKD, the
associations of frailty with nutritional parameters are
not fully understood. A few studies are available on
the relationship between frailty and nutritional param-
eters in CKD patients. In the present study, frailty was
shown to be correlated with a number of nutritional
parameters (albumin, LDL, vitamin D, hemoglobin,
biceps skin fold thickness, triceps skin fold thickness,
muscle strength, MAC) in patients with CKD over 50
years old. In this study, we showed that malnutrition
was a strong indicator of frailty in patients with CKD.
Similarly, age and GFR were independently linked to
frailty in our population of patients with CKD.

CONCLUSION

Malnutrition is independently related to frailty among
individuals with CKD. Screening for malnutrition and
appropriate treatment beginning from the early stages
of CKD is warranted for prevention of the develop-
ment of frailty.
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ABSTRACT

Objectives: Diabetic ketoacidosis (DKA) poses a life-threatening risk in uncontrolled diabetes. Current diag-
nostic criteria rely on invasive measures, leading to potential delays in treatment initiation. This study aimed
to assess the diagnostic utility of noninvasive end-tidal carbon dioxide (EtCO2) measurements in DKA pa-
tients.

Methods: A prospective, cross-sectional study was conducted in a tertiary-level Emergency Medicine Clinic
from January 2021 to January 2023. Participants included adults with DKA symptoms and those with stable
vital signs as controls. EtCO: levels were measured using a capnograph device. Diagnostic criteria for DKA
were blood glucose >250 mg/dL, ketonuria, ketonemia, and metabolic acidosis (pH<7.3 or bicarbonate <15
mEq/dL). Statistical analysis was performed using SPSS Statistics.

Results: Of 730 participants, 120 had DKA, 410 did not, and 200 served as controls. EtCO2 levels significantly
differed between DKA, non-DKA, and control groups (P<0.05). EtCO; correlated with pH, lactate, base deficit,
and bicarbonate (P<0.05). ROC analysis showed an AUC of 0.86 for EtCO2 in diagnosing DKA (P<0.01),
with 91.67% sensitivity and 74.39% specificity at a cut-off value 23.7.

Conclusion: This study suggests that EtCO, measurement is a valuable noninvasive tool for diagnosing and
assessing the severity of DKA in the emergency department. An EtCOs threshold of <23.7 could prompt con-
sideration of DKA in patients with elevated blood glucose levels. More extensive multicenter studies are war-
ranted to validate these findings further. EtCO; measurement could facilitate early DK A diagnosis and improve
patient outcomes.

Keywords: Diabetic ketoacidosis, end tidal CO, fast diagnosis, emergency medicine

ing metabolic complication that can result

from poorly managed diabetes mellitus.
DKA) occurs due to decreased insulin effectiveness
and an increase in counter-regulatory hormones. Dia-
betic ketoacidosis was consistently fatal before the
identification of insulin in the 1920s. However, the
mortality rate associated with DK A has decreased sig-

@iabetic ketoacidosis (DKA) is a life-threaten-

nificantly over time [1, 2].

Diabetic ketoacidosis sometimes occurs in newly
diagnosed diabetic patients but more commonly in un-
controlled diabetic patients presenting to the emer-
gency department with hyperglycemia, ketonemia,
ketonuria, metabolic acidosis, and dehydration [3].
Rapid diagnosis and treatment are of great importance
in this disease, which is a mortal picture affecting the
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state of consciousness. Apart from physical examina-
tion, there is still no noninvasive method that will lead
the physician to a rapid diagnosis except for blood glu-
cose level > 250 mg/dL, ketonuria, ketonemia, meta-
bolic acidosis (pH<7.3, bicarbonate level <I8
mEq/dL), anion gap > 10 mEq/L (biochemistry, blood
gas, and urinalysis) [4]. This may lead to prolonged
treatment initiation and undesirable results in DK A pa-
tients who cannot be predicted by physical examina-
tion [4].

End-tidal carbon dioxide (EtCO:) measured with
a capnograph device indicates end-expiratory carbon
dioxide pressure [5]. While it was first used in opera-
tions in patients undergoing anesthesia, it has started
to be used in non-intubated patients over time [6].
Studies have shown that it can provide information
about the patient's metabolic status, and it has been ob-
served to be correlated with pH, bicarbonate, and
PCO.. EtCO:, a noninvasive, rapid, easy-to-apply
method, is increasing daily, especially in cardiopul-
monary arrest management [7].

This study aimed to investigate the diagnostic fea-
ture of end-tidal carbon dioxide measurement with a
capnograph device, which is a noninvasive, practical,
and rapid application suitable for use in prehospital
and hospital triage in diabetic ketoacidosis patients in
a prospective, cross-sectional, controlled plan.

METHODS

Study Design

Our study was conducted as a prospective, cross-sec-
tional, controlled, and single-center study between
01.01.2021 and 01.01.2023 in the Emergency Medi-
cine Clinic of a tertiary-level Izmir Atatiirk Training
and Research Hospital in Izmir province. Consent was
obtained from all volunteers participating in the study
by face-to-face interview. The Declaration of Helsinki
was complied with at all stages of the study.

Study Population

Patients over 18 who presented to the emergency
department were included in the study. Patients pre-
senting to the emergency department with symptoms
and signs of diabetic ketoacidosis, nausea, vomiting,
altered consciousness, polyuria/polydipsia, weakness,
and abdominal pain were included in the study. The
study did not include patients with respiratory pathol-
ogy or diseases such as pneumonia, asthma, or COPD
that may affect end-tidal carbon dioxide value. Uncon-
scious patients, patients in whom end-tidal carbon
dioxide measurement could not be adequately per-
formed, and intubated patients were excluded from the
study. The study did not include patients whose treat-
ment was started before the measurement.

Study Population

Patient group

Control group

Those without
DKA

Those with DKA

Fig. 1. Graphical explanation of the study population. DKA=Diabetic ketoacidosis.
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Study Protocol and Data Collection

Patients presenting to the emergency department
with symptoms and signs of diabetic ketoacidoses,
such as nausea, vomiting, altered consciousness,
polyuria/polydipsia, weakness, and abdominal pain,
were evaluated. In the triage area, the SD Gluconavii
Pro blood glucose meter is used to measure fingertip
stick blood glucose and other vital signs in patients
presenting to the emergency department. Those with
a blood glucose value of 250 mg/dL and above were
included in the study and named as the patient group.
Those who met the diagnostic criteria for diabetic ke-
toacidosis (blood glucose level > 250 mg/dL, ke-
tonuria, ketonemia, metabolic acidosis (pH<7.3 or
blood bicarbonate level <15 mEq/dL)) were divided
into two groups as patient group-DKA patients and
those who did not meet the diagnostic criteria as pa-
tient group-non-DKA patients.

Patients who presented to the emergency depart-
ment for different reasons, whose stick blood glucose
level was below 250 mg/dL, who had no respiratory
disease or pathology that could affect the end-tidal
CO2 value, and whose vital signs were stable were in-
cluded in the study as the control group (Fig. 1).

End-tidal CO; measurement was performed simul-
taneously with blood gas collection from the patients
included in the study before any treatment was admin-
istered. End-tidal CO2 measurement was performed
with the VS2000 Vital Sign Monitor (UTECH CO.,
LTD. (UTMI) device, which measures with the side-
stream technique using a side flow measurement
mask.

The patient's vital signs, end-tidal CO: values,
complaints, blood and urine tests, and outcomes were
recorded on the case form. These data were used for
statistical analysis.

Outcome Measurements

The primary outcome planned to be achieved in
this study is to evaluate the effectiveness of end-tidal
CO: measured with a mask in diagnosing diabetic ke-
toacidosis. For this purpose, end-tidal CO: levels were
measured before treatment in patients grouped as con-
trol group, DK A, and non-DKA patients. The second-
ary outcome was to determine the efficacy of end-tidal
CO: levels in determining the severity of diabetic ke-
toacidosis.

Statistical Analysis

Data were analyzed using the IBM SPSS Statistics
Standard Concurrent User V 26 (IBM Corp., Armonk,
New York, USA) statistical package program. De-
scriptive statistics were given as number of units (n),
percentage (%), and mean + standard deviation (x+£ss)
values. The Shapiro-Wilk normality test evaluated the
normal distribution of the data of numerical variables.
One-way Analysis of Variance (ANOVA) and Tukey
HSD test, one of the multiple comparison tests, was
used when the data were normally distributed; Kruskal
Wallis and Bonferroni-Dunn test, one of the multiple
comparison tests, were used when the data were not
normally distributed. The Spearman correlation coef-
ficient was used to analyze the relationships between
the data. P<0.05 was considered statistically signifi-
cant.

RESULTS

Seven hundred thirty people were included in the
study. Among the participants, 56.16% were women.
The mean age of the women was 59.45+17.04 years,
and the mean age of the men was 58.95+£14.88 years.
In the study groups, there were 120 participants with
DKA, 410 participants without DKA, and 200 partic-
ipants in the control group. There was no statistically
significant difference between these groups regarding
mean age (P=0.41). Other demographic data about the
patient groups are given in Table 1.

Systolic blood pressure, pH, base deficit, HCOs,
and end-tidal CO2 parameters showed a statistically
significant difference between the patient group with
DKA and the other two study groups, the patient group
without DKA and the control group (P<0.05). Pulse
rate glucose parameters showed a statistically signifi-
cant difference between the patient and control groups
(P<0.05). The lactate parameter showed a statistically
significant difference in all study groups (P<0.05). PO
and PCOs parameters showed no statistically signifi-
cant difference between the study groups. Age, vital
signs, blood gas, and end-tidal CO: values and p val-
ues of the patient groups are shown in Table 2.

The relationship between end-tidal and blood gas
parameters, which were statistically significantly dif-
ferent between the study groups, was evaluated. End-
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Table 1. Demographic characteristics of patients

Patient Patient Control Total
group-Those group-Those group
with DKA  without DKA

Gender

Arrival complaint

Hypertension

Coronary artery
disease

Congestive heart
failure

Outcome

Woman

Male

Weakness

Abdominal pain

Nausea/vomiting

Chills/shivering

Shortness of breath

Dizziness

Polyuria/polydipsia

None

There is

None

There is

None

There is

Discharge

Service hospitalization

Intensive care hospitalization

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

13 51 18 82
15.9% 62.2% 22.0% 100.0%
11 31 22 64
17.2% 48.4% 34.4%  100.0%
4 15 12 31
12.9% 48.4% 38.7%  100.0%
1 5 11 17
5.9% 29.4% 64.7%  100.0%
6 7 6 19
31.6% 36.8% 31.6%  100.0%
0 3 2 5
0.0% 60.0% 40.0% 100.0%
0 5 7 12
0.0% 41.7% 58.3%  100.0%
4 7 2 13
30.8% 53.8% 15.4%  100.0%
1 4 0 5
20.0% 80.0% 0.0%  100.0%
17 30 18 65
26.2% 46.2% 27.7%  100.0%
7 52 22 81
8.6% 64.2% 272%  100.0%
21 65 27 113
18.6% 57.5% 23.9% 100.0%
3 17 13 33
9.1% 51.5% 39.4%  100.0%
24 76 33 133
18.0% 57.1% 24.8%  100.0%
0 6 7 13
0.0% 46.2% 53.8%  100.0%
6 61 24 91
6.6% 67.0% 26.4% 100.0%
11 18 15 44
25.0% 40.9% 34.1% 100.0%
7 3 1 11
63.6% 27.3% 9.1%  100.0%
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Table 2. Vital signs, blood gas, and end-tidal CO; values of the patient groups

DKA Patients Non-DKA patients Control group P value
Age (years) 50.75+18.53 59.84+14.55 63.08+16.1 ¥0.41
SBP (mmHg) 122.46+25.42° 138.3£25.16° 127.43+19.89° ¥0.01
DBP (mmHg) 70.88+13.38° 77.51£13.83° 71.68+11.92° £0.02
Saturation (%) 96.88+1.75 96.21£2.14 96.6+2.27 £0.34
Pulse (bpm) 99.08+17.53? 89.91+13.84 86.8+14.23° ¥0.01
Temperature (° ) 50.02+66.45 40.53+36.07 36.43£0.3 £0.38
pH 7.23+0.1° 7.3940.05° 7.414+0.07° ¥0.001
PCO, (mmHg) 37.7+£30.09 48.35+47.11 38.15+7.88 £0.26
PO, (mmHg) 63.46+34.22 51.55+38 54.83+29.69 £0.35
Glucose (mg/dL) 488.08+181.33*  411.72+104.46" 125.43+£31.32°  ¥0.001
Lactate (mmol/L) 2.27+1.89° 2.25+1.12° 1.53+1.01° £0.01
Base excess (mEq/L) 12.82+7.84° 3.3+2.66° 3.4+2.9° ¥0.001
HCO; (mEg/L) 15.33+5.28" 24.41+3.26° 23.59+3.41° ¥0.001
End-tidal CO, (mmHg) 18.88+4.71° 26.28+5.1° 28.08+5.3° ¥0.001

¥One-Way Anova- Post Hoc Test Tukey, SBP= Systolic blood pressure, DBP=Diastolic blood pressure

Table 3. Correlation values of end-tidal CO: and blood gas values of the patient group - DKA

patients
DK groups End-tidal CO; pH PO, Lactate Base minus
Patient group-DK pH r 0.421°
patients
P value 0.040
n 24
PO, r -0.365 -0.174
P value 0.080 0.415
n 24 24
Lactate r -0.476" -0.031 -0.072
P value 0.019 0.885 0.739
n 24 24 24
Base minus r -0.437" -0.857 0.482  0.020
P value 0.033 0.000 0.017  0.928
n 24 24 24 24
HCO; r 0.440" 0.843" -0.300 -0.095 -0.923
P value 0.032 0.000 0.154  0.658 <0.001
n 24 24 24 24 24

*P<0.05, **P<0.01
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Table 4. ROC analysis showing the diagnostic accuracy of ETCO;

Criterion

Sensitivity

95% CI1

Specificity

95% CI1

+LR

95% CI1

-LR

95% CI1

<23.7

91.67

73.0-99.0

74.39

63.6-83.4

3.58

2.43-5.28

0.11

0.030-0.42

tidal CO2 was found to be statistically significantly
correlated with pH, lactate, base minus, and bicarbon-
ate (P<0.05) (Table 3).

ROC analysis was performed to examine the sen-
sitivity and specificity of end-tidal CO: in diagnosing
DKA patients with increased blood glucose levels. The
surface area under the curve (AUC) was calculated as
0.86 with 91.67% sensitivity and 74.39% selectivity
below the end-tidal CO: cut-off value of 23.7, and this
result was statistically significant (P<0.01). (Table 4,
Figs. 2 and 3).

DISCUSSION
More studies must be done on the diagnostic value of

End-tidal CO:; patients presenting to the emergency
department. This study is one of the rare studies eval-
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uating the use of capnography in prehospital and emer-
gency department triage for the diagnosis of diabetic
ketoacidosis.

Assessment of end-tidal CO2 by capnography is a
valuable method used in the emergency department
and critical care settings, especially in the context of
cardiac arrest and procedural sedation [8]. This study
demonstrated that EtCO, measured with a capnograph
device has diagnostic value in DKA patients.

Capnography has shown a consistent ability to aid
in identifying and diagnosing metabolic acidemia.
Linearity has been observed between EtCO:. and
serum bicarbonate levels. Many studies have investi-
gated this relationship, particularly in DKA and diar-
rhea [9-14]. As the severity of acidemia increases,
there is a decrease in bicarbonate levels, which leads
to respiratory compensation and a subsequent decrease
in EtCO: levels [9-12]. There is a direct relationship
between the severity of acidemia and the decrease in
bicarbonate and EtCO, levels. Furthermore, these
EtCO: levels are closely related to venous pH and bi-
carbonate levels, which may aid the diagnostic process

end-tidalCO2

A R R0
ami

i

100

8ol -

Sensitivity

40

20f

| AUC = 0,860
I P < 0,001
20 40 60 80 100

100-Specificity

Fig. 2. Graph showing the correlation of end-tidal CO2 with Fig. 3. ROC curve showing the diagnostic accuracy of
pH, lactate, base deficit, and bicarbonate.

ETCO2.
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[13-15]. This finding has potential for diabetic indi-
viduals in the evaluation of the presence of ketoacido-
sis [13, 14].

Recent studies investigate the relationship be-
tween metabolic acidosis and end-tidal CO2 measured
by capnography. However, the majority of these stud-
ies were performed in pediatric patients. In a study by
Fearon and Steele [9] investigating the presence and
severity of acidosis in children with diabetes mellitus
by end-tidal CO; measurement, it was reported that
end-tidal CO2 <29 and below suggested a diagnosis of
DKA. A recently published study by Bhattaram et al.
[16] investigated the relationship between end-tidal
CO:2 measurement and prognosis in adult DKA pa-
tients. They concluded that the diagnosis of DKA
should be considered in patients with EtCO: values
<24 measured by capnography [16]. Soleimanpour et
al. [17] investigated the diagnostic utility of end-tidal
CO:2 measurement in patients with suspected DKA
presenting to the emergency department. They con-
cluded that capnography could rule out DKA in pa-
tients with EtCO>>24.5 and elevated blood glucose
[17]. This study concluded that an end-tidal CO; limit
value below 23,7 may be significant for diagnosing
DKA. This result is similar to other studies.

This supports the idea that end-tidal CO: can be
used for diagnostic purposes in DKA patients, where
mortality and morbidity can be changed with rapid di-
agnosis in emergency departments.

Among the limited number of studies conducted
on adult patients on this subject, in a single-center
study conducted by Bou et al., [18] it was reported
that EtCO> may be helpful in adults in the differential
diagnosis of DKA in patients presenting to the emer-
gency department with glucose levels >550 mg/dL
[18]. However, Taghizadieh et al. [19] compared ar-
terial blood gas (ABG) with EtCO: and reported that
capnographic EtCO: helped detect metabolic acidosis
in spontaneously breathing patients. However, it
should be remembered that ABG is the gold standard
[19]. Similarly, this study showed a significant corre-
lation between blood gas and capnographic EtCO; val-
ues.

In our study, it was concluded that there was a sig-
nificant correlation between EtCO: and bicarbonate
(P<0.05). Similarly, previous studies have reported a
significant linear correlation between end-tidal CO»

and bicarbonate [20-22]. As low bicarbonate level ex-
plains the metabolic acidosis present in patients with
DKA, the linear significant correlation found between
EtCO: and bicarbonate is another result supporting
that EtCO. measurement can be used for diagnostic
purposes in these patients.

In this study, we indirectly suggest that including
EtCO2 measurements in the diagnostic process may
facilitate rapid triage of patients in the emergency de-
partment. By quickly identifying potential cases of
DKA using EtCOa, healthcare providers can prioritize
these patients for immediate intervention. This would
reduce the burden on the healthcare system while op-
timizing resource allocation and ensuring that criti-
cally ill individuals receive care quickly.

We also see the potential of EtCO: as a screening
tool. By using EtCO> measurements as a first diagnos-
tic step, healthcare providers can avoid unnecessary
laboratory tests and imaging procedures in patients
with hyperglycemia but not DKA. This would not only
save time and resources, but it would also reduce pa-
tient discomfort and radiation exposure.

Limitations

The limitations of our study include the fact that
it was a single-center study and the number of patients
was limited. The study exclusion criteria included con-
ditions that caused significant changes in end-tidal
CO: value, and it may not have been possible to ex-
clude all other confounding factors that affect EtCO-
value. In addition, no comparison of end-tidal CO.
measurement with other diagnostic methods was per-
formed in the study. In addition, since the types of di-
abetic ketoacidosis were not analyzed separately, the
possibility of different results in some types should not
be overlooked.

CONCLUSION

This study showed that the EtCO, measurement may
be an effective diagnostic tool in identifying DKA pa-
tients in the emergency department and evaluating
their severity. DKA should be among our preliminary
diagnoses in patients with elevated blood glucose lev-
els if the end-tidal CO, value is <23,7. Larger scale
and multicentre studies are needed in this regard.
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The relationship between fibromyalgia syndrome and
inflammation parameters in hemodialysis patients
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ABSTRACT

Objectives: Diagnosing fibromyalgia, a condition characterized by widespread body pain of unknown origin
accompanied by various additional symptoms, poses a challenge in hemodialysis patients, who frequently ex-
perience musculoskeletal disorders. To investigate the relationship between fibromyalgia syndrome and in-
flammation parameters in hemodialysis patients.

Methods: The study enrolled 311 hemodialysis patients undergoing treatment for over three months. Demo-
graphic characteristics, complete blood count, and biochemical values were documented as part of the study.
To assess fibromyalgia, the researchers recorded the patients scores on the Generalized Pain Scale and Symptom
Severity Scale based on data provided by the American College of Rheumatology. The patients were then di-
vided into two groups: those with fibromyalgia and those without fibromyalgia, and their laboratory values
and rates were compared. Inflammatory parameters such as erythrocyte sedimentation rate, ¢ reactive protein,
monocyte-to-lymphocyte ratio, lymphocyte-to-c reactive protein ratio, and c reactive protein to albumin ratio
were recorded.

Results: The study included 311 patients on hemodialysis for more than three months. Among the study par-
ticipants, 48.9% of the patients and 62.9% of those with fibromyalgia were women. The mean age was 54+26
years and was significantly higher in patients with fibromyalgia (P<0.001). Monocyte (P<0.03), C-reactive
protein (P<0.01), erythrocyte sedimentation rate (P<0.02), Monocyte to lymphocyte ratio (P=0.028), c reactive
protein to albumin ratio (P<0.005) were significantly higher, lymphocyte to ¢ reactive protein ratio (P<0.004)
and albumin (P=0.018) were significantly lower in the fibromyalgia group.

Conclusions: Fibromyalgia should be considered in the presence of high inflammation parameters in hemodial-
ysis patients with diffuse musculoskeletal pain.

Keywords: Fibromyalgia, hemodialysis, inflammation parameters, hematological indices

public health concern and has a detrimental im-
pact on the quality of life [1]. Hemodialysis is
the most commonly employed renal replacement ther-
apy for individuals with chronic kidney disease, a con-

Chronic kidney disease represents a significant

dition frequently associated with musculoskeletal dis-
orders [2]. Fibromyalgia syndrome (FS) is a prevalent
pain disorder characterized by tenderness and stiffness
in specific anatomical regions. Mood and sleep distur-
bances, fatigue, and functional impairments often ac-
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company it. FS is an extra-articular rheumatic disease
influenced by non-modifiable risk factors such as age,
gender, cultural and ethnic background, genetics, in-
flammation, and low socioeconomic status. The pain
experienced in fibromyalgia tends to worsen with
movement, leading to reduced physical activity and
limited sun exposure. These factors contribute to an
increased risk of osteoporosis and pose challenges in
diagnosing and treating both bone mineral disorders
and fibromyalgia in hemodialysis patients [3-7].

The 2010 American College of Rheumatology
(ACR) criteria for fibromyalgia syndrome, which can
affect all ages and genders and for which no clear
pathophysiologic cause is known, have facilitated di-
agnostic evaluation [8]. Since there are no predictable
biomarkers for the diagnosis, evaluation requires more
active use of questionnaire methods questioning the
severity, location, and prevalence of pain. Complete
blood counts and laboratory tests are requested from
every patient admitted to the hospital. Many diseases
are associated with inflammatory processes, and stan-
dard parameters such as erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP) have been used
in the past. The role of non-routinely used indices in
defining inflammation is increasing. Many studies
have shown that tests such as neutrophil-lymphocyte
ratio (NLR), platelet lymphocyte ratio (PLR), mean
platelet volume (MPV), red blood cell distribution vol-
ume (RDW), CRP, monocyte lymphocyte ratio
(MLR), CRP albumin ratio (CRPABO), lymphocyte
CRP ratio (LCRPO) are associated with inflammatory
processes [9-21].

Hemodialysis patients are known to be in an in-
flammatory process. It has been stated that half of the
patients with the glomerular filtration rate (GFR) level
of 15-60 mL/min had a CRP level of>2.1 mg/dL [22].
Uremic environment, decreased clearance and in-
creased proinflammatory cytokines, oxidative stress,
acidosis, acute and chronic diseases related to the dial-
ysis process. Factors related to infections, changing
adipose tissue metabolism and extracorporeal circula-
tion (purity of dialysis water, microbiological quality,
membrane compatibility) also play an additional role
in inflammation [23]. The aim of this study was to in-
vestigate the guiding value of inflammatory parame-
ters in the diagnosis of fibromyalgia in hemodialysis
patients in the inflammatory process.

This study aimed to investigate the guiding value

of inflammatory parameters in diagnosing fibromyal-
gia in hemodialysis patients with inflammatory
processes.

METHODS

The study included 311 patients on hemodialysis for
more than three months. Patients with known rheuma-
tologic disease, osteoporosis, malignancy, hemiplegia,
hypothyroidism or hyperthyroidism, malnutrition, in-
flammatory bowel disease, and those on hemodialysis
for less than three months were excluded. Demo-
graphic data such as age and gender and history of hy-
pertension, diabetes mellitus, coronary artery disease,
cerebrovascular diseases, hypothyroidism, anxiety, de-
pression, and dementia were recorded. Monthly in-
come level and home heating type were recorded for
socioeconomic status. Complete blood count and neu-
trophil-lymphocyte ratio (NLO), monocyte lympho-
cyte ratio (MLO), platelet mean platelet volume ratio
(PMPVO), CRP albumin ratio (CRPALBO), platelet
lymphocyte ratio (PLO), lymphocyte CRP ratio
(LCRP) and albumin, Laboratory results including cal-
cium, phosphorus, ferritin, parathormone (PTH), uric
acid, c-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), thyroid stimulating hormone (TSH),
bicarbonate, alkaline phosphatase (ALP) were
recorded.

The diagnosis of fibromyalgia is based on the ex-
amination of tenderness at specific anatomical sites
and is made using the widespread pain scale (WPI)
and symptom severity scale (SS) in the American Col-
lege of Rheumatology (ACD) 2010 update. The de-
gree of physical disability is determined with the
Fibromyalgia Impact Scale (FES). In our study, FS di-
agnosis and FES were determined by applying these
questionnaires to the patients. The widespread pain
scale (WPI) is a scoring scale ranging from 0 to 19 for
persistent pain in at least four of the five zones (upper
and lower left, upper and lower right abdomen, upper
and lower right abdomen, and axial region) in the last
seven days. The SS consists of two groups. First group
A (all items including fatigue, waking up without rest,
cognitive findings, and somatic symptoms in the last
week are scored between 0-3) and second group B
(headache in the last six months, pain-cramps in the
lower abdomen, presence of depression are assessed)
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A+B total is a maximum of 12 points. The maximum
WPI+SS total is 31 points. Accordingly, scores below
a total of 12 points are not suggestive of fibromyalgia.
The data obtained from each patient were summed for
these scores, and those with fibromyalgia were iden-
tified.

The fibromyalgia impact scale (FES) was

recorded according to the American College of
Rheumatology (ACD) criteria. The FES consists of 4
components, and in the first component, 11 activities
of daily living, such as shopping, laundry, cooking,
and making the bed, are evaluated on a Likert scale
from 0-3. The total score obtained is divided by the
number of questions, and the average score is ob-
tained. This score is multiplied by 3.33 for normaliza-
tion. In the second component, the number of days the
participant feels well is scored inversely proportional
to the severity of the disease and multiplied by 1.43
for normalization. In the third component, the number
of days unable to go to work and do household chores
is multiplied by 1.43 for normalization. In the fourth
component, the scores of questions 4-10 are taken. A
total of 50 points and above means that physical dis-
ability has increased.
The study group was divided into two groups as those
with fibromyalgia (FS+) and those without (FS-). In-
flammation and hematologic parameters, ratios, and
biochemistry parameters were compared between the
groups.

The study was approved by Health Sciences Uni-
versity Ankara Training and Research Hospital Ethical
Committee (Decision no: E-22-1011, Date: 27.
07.2022). All procedures were carried out in accor-
dance with the ethical rules and the principles of the
Declaration of Helsinki.

Statistical Analysis

Analyses were conducted using UN Statistical
Package for the Social Sciences 22.0 version (IBM
SPSS Corp.; Armonk, NY, USA). Categorical vari-
ables were expressed as frequency (n) and percentage
(%). Continuous variables were tested for conformity
to a normal distribution by Kolmogorov-Smirnov and
expressed as arithmetic mean, standard deviation, me-
dian, minimum, and maximum values. The student-t
test was used to compare continuous variables with
normal distribution, while those without normal dis-
tribution were analyzed by the Mann-Whitney U test.

Pearson-y2 and Fisher's exact tests were used for cat-
egorical variables. Spearmen's correlation was used
for correlation analysis, and P<0.05 was accepted as
the significance level. Receiving operating character-
istic (ROC), curve was used to find the sensitivity and
specificity threshold values of hematologic ratios.

RESULTS

Among the patients who participated in the study,
48.9% were women, and 62.9% of patients with fi-
bromyalgia were women. The mean age was 54 years
(IQR 26). Age was significantly higher in FS+ he-
modialysis patients (P<0.001), and female gender was
significantly higher (P<0.002). FS+ hemodialysis pa-
tients had significantly higher rates of hypertension
(p<.027), anxiety (P=0.016), depression (P<0.001),
and dementia (P=0.010). In the FS+ group, the rate of
catheter access to hemodialysis was high (P<0.002),
and home heating was stove (P=0.024). A comparison
of demographic and laboratory data of the groups is
presented in Table 1, and co-morbid conditions and
socioeconomic status are presented in Table 2.

There was no difference in the duration of dialysis
and KT/V ratio between FS+ and FS- groups on he-
modialysis. There was no difference between white
cell count, lymphocyte, and neutrophil cell counts in
both groups. Monocyte cell count was significantly
higher in the FS+ group (P<0.03). Hemoglobin,
platelet, and mean platelet volume did not differ be-
tween the groups.

There was no significant difference between the
groups in glucose, calcium, phosphorus, magnesium,
total protein, uric acid, alkaline phosphatase, total cho-
lesterol, thyroid stimulating hormone, total iron satu-
ration, vitamin B12, creatinine kinase, and bicarbonate
levels. PTH was significantly lower in FS+ patients
compared to non-FS+ patients (P=0.013). The folic
acid level was significantly lower in the FS+ group.
CRP, a marker of inflammation, was significantly
higher in the FS+ group (P<0.01), and erythrocyte sed-
imentation rate was significantly higher (P<0.02). Fer-
ritin, a negative acute phase reactant, was significantly
higher in the FS+ group (P<0.05). Albumin level was
significantly lower in the FS+ group (P=0.018).

In the ratios of inflammation parameters, CR-
PALBO was significantly higher (P<0.005), MLO was
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Table 1. Group demographic and laboratory data

Total FS (+) FS () t, z, x> P value
(n=311) (n=89) (n=222)
Age (years) 54 (26) 62 (21) 51(27) -4.458 <0.001
Gender
Female 48.9% 62.9% 43.2% <0.002
Male 51.1% 37.1% 56.8%
Dialysis time (h) 4 (4.5) 4 (4.5) 4(4.5) -0.392 0.695
KT/V 1.6 (0.48) 1.63 (0.49) 1.60 (0.52) 0.973 0.330
WBC (X 10°/L) 6.98 (3.09) 7(2.91) 6.93 (3.14) -0.089 0.929
Neutrophil (X 10%/L) 4.66 (2.42) 4.62 (2.36) 4.66 (2.46) -0.347 0.729
Lymphocyte (X 10°/L) 1.6 (0.86) 1.55 (0.86) 1.61 (0.87) -1.015 0.310
Monocytes (X 10°/L) 0.60 (0.28) 0.64 (0.33) 0.57 (0.27) -2.169 <0.030
Hb (g/dL) 10.97+1.6 10.79+1.54 11.05£1.63 1.291 0.198
PLT (X 10°/L) 202 (94) 208 (96) 199.5 (89) -0.869 0.385
MPV (fL) 10.32+1.11 10.43£1.09 10.27+1.11 -1.142 0.254
CRP (mg/dL) 7.4 (13.7) 8.6 (18.8) 6.3 (12.5) -2.588 <0.010
ESR (mm/h) 27 (33) 33 (37.5) 24.5(29.2) -2.331 <0.020
Glucose 105 (63) 106 (78) 104.5 (54) -0.440 0.660
Calcium 8.63 (0.92) 8.55(0.93) 8.68 (0.91) -1.057 0.290
Phosphorus 4.72+1.5 4.54+1.55 4.78+1.47 1.284 0.200
Magnesium 2.04 (0.74) 2.01 (0.60) 2.08 (0.79) -0.995 0.320
Total protein 6.7+0.80 6.8+£0.90 6.65+0.88 -1.712 0.088
Albumin 3.9(0.5) 3.8(0.5) 3.9(0.5) -2.361 0.018
Uric acid 6.1 (1.80) 5.9 (1.55) 6.2 (1.92) -1.791 0.073
ALP (IU/L) 121.09 (83) 113.98 (75) 123.2 (84) -0.621 0.535
PTH (IU/L) 389 (488.7) 346.7 (366.3) 405 (505.9) -2.497 0.013
Cholesterol (mg/dL) 155 (50) 162 (56) 151 (50) -1.609 0.109
Ferritin (ng/mL) 575 (479.1) 663.3 (503.4) 560.2 (477.4) -1.936 0.053
TSH (mlIU/L) 1.7 (1.8) 1.82 (2) 1.65 (1.6) -1.396 0.163
B12 vitamin (pg/mL) 479 (495) 494 (520) 465 (483) -0.457 0.648
Folate (ng/mL) 10.5 (17.7) 8.65 (14.2) 12.38 (17.8) -2.132 0.033
CK (U/L) 60 (61) 54 (72) 61 (57) -0.232 0.817
Bicarbonate (mEq/L) 21.2 (4.5) 21.1(5.2) 21.3 (4.1) -0.364 0.716
NLO 2.88 (1.88) 2.73 (1.9) 2.98 (1.88) -0.079 0.937
MLO 0.354 (0.20) 0.38 (0.18) 0.33 (0.20) -2.204 0.028
PMPVO 20 (10.08) 20 (12.09) 20 (9.01) -0.407 0.684
CRPALBO 1.89 (3.49) 245 (5.5) 1.57 (3.04) -2.814 <0.005
PLO 126.7 (71.2) 131 (75.7) 125.9 (69.9) -1.196 0.232
LCRPO 0.217 (0.41) 0.167 (0.29) 0.243(0.42) -2.876 <0.004

Data are shown as meantstandard deviation® or mean (IQR)*. WBC=White blood cell, Hb=Hemoglobin, PLT=Platelets,
MPV=Mean platelet volume, CRP=C-reactive protein, ESR=erythrocyte sedimentation rate, ALP=Alkaline phosphatase,
PTH=Parathormone, TSH=Thyroid stimulating hormone, CK=Creatinine kinase, NLO=Neutrophil lymphocyte ratio,
MLO=Monocyte lymphocyte ratio, PMPVO=Platelet MPV ratio, CRPALBO= CRP albiimine ratio, PLO= Platelet lymphocyte
ratio, LCRPO=Lymphocyte CRP ratio.
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Table 2. Co-morbid diseases and socioeconomic status of groups

FS (-) FS (+) P value
Diabetes mellitus No 71.6% 61.8% 0.091
Yes 28.4% 38.2%
Hypertension No 37.8% 24.7% 0.027
Yes 62.2% 75.3%
Coronary artery disease No 80.2% 75.3% 0.340
Yes 19.8% 24.7%
Cerebrovascular accident No 96.8% 92.1% 0.070
Yes 3.2% 7.9%
Hypothroidi No 95% 98.9% 0.113
Yes 5% 1.1%
Anxiety No 92.3% 83.1% 0.016
Yes 7.7% 16.9%
Depression No 92.8% 79.8% <0.001
Yes 7.8% 20.2%
Dementation No 99.5% 95.5% 0.010
Yes 0.5% 4.5%
Vascular Acces AVF 71.2% 52.8% <0.002
Catheter 28.8% 47.2
Warming Stove 63.1% 76.4% 0.024
Radiator 36.9% 23.6%
Monthly income <5.000 75.7% 78.7% 853
5.000-10.000 21.6% 19.1%
>10.000 2.7% 2.2%

AVF=arteriovenous fistula

significantly higher (P=0.028), and LCRPO was sig-
nificantly lower (P<0.004) in the FS+ group. There
was no significant difference between NLO, PMPVO,
and PLO between the two groups.

There was a negative correlation between the fi-
bromyalgia effect score and LCRPO (r=-.237,
P<0.001), a positive correlation between CRPALBO
(r=.237, P<0.001), a positive correlation with ESR
(r=.166, P<0.003), a positive correlation with MLO
(r=.116, P=0.041) and a strong positive correlation
with CRP (r=.223, P<0.001) between the FS+ group
and the FS- group.

When ROC analysis was performed for MLO,
CRPALBO, and LCRP, which showed significant dif-

ferences in the FS+ group, the area under the curve
was found to be significant at P=0.028, P<0.005 and
P<0.004, respectively (Fig. 1).

DISCUSSION

This study showed that inflammation was more promi-
nent in the group with fibromyalgia in hemodialysis
patients. In addition to the significant difference in
MLO, CRPALBO, and LCRPO ratios between FS+
and FS- groups, these ratios were correlated with fi-
bromyalgia effect score, and ROC analysis supported
these data. This study suggests that inflammatory
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Fig. 1. ROC analysis of MLO, CRPALBO and LCRPO between FS (+) and FS (-) groups.

Ratio AUC (95%) Cutt-off P value Sensitivity (%)  Spesifity (%)
MLO .580(.510-.650) .36 0.028 419 581
CRPALBO .602(.532-.672) 1.97 <0.005 450 .550
LCRP .604(.534-.674) .20 <0.004 .562 .563

MLO=Monocyte lymphocyte ratio, CRPALBO= CRP albiimine ratio, LCRPO=Lymphocyte CRP ratio

markers may serve as predictors for the diagnosis of
fibromyalgia in hemodialysis patients.

The absence of differences in dialysis duration and
KT/V between FS+ and FS- hemodialysis patients in-
dicate the comparability of the two groups and sug-
gests the absence of bias. Furthermore, the significant
findings of MLO, CRPALBO, and LCRPO in FS+ he-
modialysis patients suggest the involvement of inflam-
mation in the condition. In a previous study by Varim
et al. [11], it was reported that the lymphocyte-to-
monocyte ratio was significantly lower in the fi-
bromyalgia group compared to healthy volunteers,
which aligns with the significantly higher Monocyte
lymphocyte ratio and monocyte count observed in this
study involving hemodialysis patients.

NLO, PLO, and PMPVO, which have started to
be used in the diagnosis of systemic inflammation
from non-traditional hematologic ratios, were not
found significant in this study. This study's findings,
which show a lack of clinically significant correlation
between pain severity and MPV in patients with fi-
bromyalgia, are consistent with the study conducted
by Jayakrishnan et al. [15]. This increase in acute ex-
acerbations may be attributed to chronic inflammation
in chronic hemodialysis patients. This study was not
compatible with the study of Aktiirk and Biiylikavct
[16], who found NLO and MPV to be significantly
higher and PDW to be significantly lower in the com-
parison of healthy controls and fibromyalgia patient
group. Haliloglu et al. [19] found no difference be-

tween ESR, CRP, white blood cell count, and platelet
count in the control group and fibromyalgia group;
only MPV was found to be significantly higher and in-
terpreted as increased platelet activation and increased
risk of cardiovascular disease. Korniluk ef al. [20] re-
ported that the hematology standardization committee
approved MPV as an acceptable parameter for many
diseases. The two groups in the present study con-
sisted of hemodialysis patients, and there was no sig-
nificant difference in MPV.

In a study conducted by Yazici et al. [24] in
rheumatoid arthritis patients compared with a control
group, MPV was found to be correlated with disease
activity, ESR, and CRP. In this study, ESR and CRP
inflammation markers were significantly higher in the
fibromyalgia group. It was not associated with MPV.
In a large-scale community screening study by Fein-
berg et al. [189, a significant positive association of
fibromyalgia with serum CRP was found in hemodial-
ysis patients with fibromyalgia in this study.

Yiicetiirk ef al. [7] found a high fibromyalgia ef-
fect score (FES) in hemodialysis patients with fi-
bromyalgia compared to the control group. In this
study, FES was found to be high in hemodialysis pa-
tients with fibromyalgia and correlated with MLO,
CRPALBO, and LCRPO. No difference was found be-
tween albumin, calcium, phosphorus, ALP, TSH, and
PTH in the study by Yiicetiirk ez a!/. In this study, only
PTH and albumin were significantly lower in he-
modialysis patients with fibromyalgia. It was evalu-
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ated as a low-cycling bone mineral disorder due to im-
mobilization. The increase in fibromyalgia pain with
movement is considered a factor in this situation's de-
velopment. In a comparison of healthy volunteers and
the fibromyalgia group by Al-Nimer et al. [17], it was
reported that the evaluation of hemotologic ratios with
FES could be used in diagnosis and prognosis follow-
up. This study showed a significant positive correla-
tion between the FES score and MLO, CRP, ESR, and
CRPALBO.

The study by Taylor et al. [14], which investi-
gated monocyte subpopulations in healthy controls
and fibromyalgia patient groups, reported a positive
correlation between stress, pain, and monocyte sub-
populations. This finding aligns with the significantly
higher monocyte count observed in hemodialysis pa-
tients with fibromyalgia in the current study. Both
studies suggest a potential relationship between stress,
pain, and alterations in monocyte populations in fi-
bromyalgia, supporting the notion of a similar pattern
of association.

In a study by Cagliyan Tiirk et al. [21] with he-
modialysis, peritoneal dialysis, and transplant patients,
the relationship between the frequency of depressive
symptoms and anxiety in patients with fibromyalgia
was also found in this study. Laboratory parameters
were not significantly different in hemodialysis, peri-
toneal dialysis, and transplantation patients. In this
study, inflammation parameters MLO, CRPALBO,
CRP, ESR, and LCRPO were significant in hemodial-
ysis patients with fibromyalgia. It is known that half
of the patients with GFR 15-60% ml/min had CRP
>2.1mg/dL [22]. The effect of inflammation in fi-
bromyalgia syndrome is also known. Changes in pa-
rameters and rates monitored in hemodialysis patients
who are exposed to the same inflammation load,
which may also be affected by environmental and ge-
netic factors, may be guiding in patients clinically sug-
gestive of fibromyalgia. The frequency of
fibromyalgia, which is found at 2-8% in the general
population, in patients receiving renal replacement
therapy is not fully known [5].

As in many studies, fibromyalgia was found to be
more common in the female gender in this study. Since
the gender distribution is not normal, the absence of a
significant relationship other than age in the FS+ and
FS- group comparisons made only in females can be
explained by further studies.

Limitations

The limitations of our study include not to study
pro-inflammatory cytokines, adhesion molecules,
adipokines and related factors, and anti-inflammatory
cytokines and the relatively small number of cases.

CONCLUSION

The results of this study show that inflammation pa-
rameters and hematologic ratios can be used in the di-
agnosis of fibromyalgia, the pathophysiology of which
has not been fully elucidated. Monocytes, MLO, CRP,
CRPALBO, ESR, and LCRPO and their relationship
with fibromyalgia effect score suggest that they can
be used in prognosis follow-up. Since the items under
the curve in ROC analysis are significant, further stud-
ies are needed to determine the exact cut-off values.
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ABSTRACT

Objectives: Plantar fasciitis (PF), which accounts for approximately 80% of heel pain, is a common condition
affecting adults' quality of life. There are many different treatment modalities used in the treatment of PF. In
this study, we compared the clinical and functional outcomes of patients diagnosed with chronic PF in our
clinic who underwent USG-guided PRP (platelet-rich plasma) injection and patients who underwent RFNA
(radiofrequency nerve ablation) treatment.

Methods: Ultrasound-guided PRP injection or RFNA was performed on 95 patients who were diagnosed with
chronic PF and met the inclusion criteria. This group of patients was followed for at least one year (October
2021-October 2023), and the clinical and functional results of the patients were compared.

Results: The mean pre-treatment Visual Analog Scale (VAS), Foot Function Index (FFI), and American Or-
thopaedic Foot and Ankle Society (AOFAS) posterior-ankle scores were similar, and no significant difference
was found (P>0.05). A significant improvement was observed in the groups' FFI, VAS, and AFOAS scores
after treatment (P<0.05). However, no significant difference was found in treatment modalities (P>0.05).
Conclusions: As a result of the study, it was concluded that PRP injection and RFNA are effective treatment
methods in patients diagnosed with chronic plantar fasciitis without response to other conservative treatment
methods, but these two methods are not superior to each other.

Keywords: Plantar fasciitis, platelet-rich plasma, radiofrequency nerve ablation

lantar fasciitis (PF) is the most prevalent cause
of heel pain, accounting for about 80% of
cases; its occurrence in society is estimated at
7% [1]. This common condition is a health problem
that frequently affects the quality of life of adults.
Sharp, excruciating pain is the hallmark of plantar

fasciitis, and it typically flares up at the most incon-
venient times - first thing in the morning or right be-
fore an activity begins. Although this pain tends to
improve over time, in some cases, it can become
chronic and become a limiting factor in patients' daily
lives.
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The etiology of plantar fasciitis, one of the insidi-
ous causes of heel pain, is still not fully understood.
However, it is a disorder that is associated with several
risk factors such as age, increased body mass index
(BMI), overuse, Achilles strain, calcaneal sprain, pes
planus, pes cavus, lack of flexibility of the plantar
flexors (reduced ankle dorsiflexion) [2]. Pathophysi-
ologically, in the presence of increased fascial load, it
causes changes in the extracellular matrix after being
detected by the gap junctions (mechanotransduction)
between fibrocytes, causing myxoid degeneration and
disintegration of the plantar fascia [3]. Current litera-
ture suggests that PF has a degenerative pathology
rather than an inflammatory process, and the term
plantar fasciitis is recommended instead of PF due to
chronic inflammatory changes without histological
signs of fibroblastic proliferation [4].

There is a notable range of treatments available
for plantar fasciitis. Conservative treatment methods
are frequently used and include the use of anti-inflam-
matory drugs, physical therapy, stretching exercises,
foot pads, and orthotic devices. Remarkably, the suc-
cess rate of these conservative treatments can be as
high as 90% [5]. Additionally, surgical treatment can
be applied in resistant cases by releasing the fascia,
and success rates vary between 70% and 90% [6].
Nonetheless, because the plantar fascia area is subject
to pressure, there is a risk of complications, including
issues with soft tissue healing, superficial infections,
or even arch collapse. To mitigate the potential for
these significant complications, minimally invasive
treatments have been suggested over the years to man-
age this condition. These options include injections
(e.g., steroids or platelet-rich plasma [PRP]), extracor-
poreal shock wave therapy (ESWT), and radiofre-
quency nerve ablation (RFNA) targeting the plantar
fascia [7-9].

The purpose of this article is to evaluate and com-
pare the functional and clinical results of patients with
persistent plantar fasciitis who were treated at our
clinic using RFNA or PRP.

METHODS

Patients with plantar fasciitis in our clinic who re-
ceived conservative or minimally invasive treatment
(ESWLT, steroid injection, etc.) but still had chronic

plantar heel pain for longer than six months were in-
cluded in this study. Diagnosing plantar fasciitis was
established through clinical findings, adhering to the
diagnostic criteria outlined in the guidelines presented
by McPoil et al. [10]. Plantar fasciitis was diagnosed
by considering particular clinical observations, such
as tenderness when pressing on the inner part of the
heel's sole, heightened discomfort during initial steps
following extended inactivity, worsened pain after
prolonged standing or walking, and frequently expe-
riencing pain due to recent increases in weight-bearing
activities. These findings were indicative of the con-
dition. PRP or RFNA was applied to 95 patients who
met the inclusion criteria for the study due to persistent
heel pain. The patients data who were followed for at
least one year (October 2021-October 2023) were an-
alyzed, and their clinical and functional results were
compared.

The inclusion and exclusion criteria for patients
can be found in Table 1. Our institute's clinical re-
search ethics committee approved the study (approval
number 23.10.2023/20230040), and we obtained in-
formed consent from each patient. Patients' age, gen-
der, and BMI were recorded. Information was
obtained about the types of treatment previously ap-
plied to the patients, previous trauma, or systemic dis-
ease status. Three scales assessed the patients' clinical
scores before and 12 months after treatment. Initially,
pain was evaluated using the Visual Analog Scale
(VAS), where a score of 0 represented the absence of
pain, and a score of 10 indicated the most severe pain
imaginable. The Foot Function Index (FFI) comprises
a questionnaire with 23 items categorized into three
subgroups: 5 items related to activity limitations, nine
items focusing on pain severity, and another nine items
addressing disability. Finally, the assessment of foot
function involved using the American Orthopedic Foot
and Ankle Society (AOFAS) posterior-ankle scale.

Preparation and Application of PRP

It was prepared for our patients according to the
method described by Anitua et a/. [11-12]. Under
aseptic precautions, 30 ml of peripheral blood is col-
lected from the antecubital area into tubes containing
3.2% sodium citrate. With the double centrifugation
technique, approximately 3 mL of PRP is extracted
after centrifugation for 10 minutes at 1300 rpm and
3500 rpm to separate erythrocytes and concentrate
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platelets. Under sterile conditions, a 13 MHz linear
transducer-enabled ultrasound probe (Clarius L7 HD3,
Clarius Health Corp, Canada) is placed on the most
sensitive point of the foot by palpation in the medial
region of the foot and applied to the area where the
plantar fascia is thickest (Figure 1). The procedure was
completed by using two PRP injections with a two-
week interval in between.

Percutaneous radiofrequency ablation

The region of highest sensitivity on the affected
side of the plantar fascia is pinpointed, and specific lo-
cations where radio frequency treatment will be ap-
plied are marked within the area of pain, ensuring a 5
mm spacing between each marked point. Following
standard disinfection using iodine and alcohol and skin
preparation with a sterile cover, the calcaneal branch
of the posterior tibial nerve is localized and locally
anesthetized using 1% lidocaine under the guidance

Fig. 1. PRP (platelet-rich plasma) application under ultra-
sound guidance in the treatment of plantar fasciitis.

of ultrasound, approximately 2 centimeters distal to
the tip of the medial malleolus. After administering
local anesthesia, entry points on the skin for radioftre-
quency are established using a 1.5 mm Kirschner wire.
This is done to facilitate the insertion of the radiofre-
quency probe beneath the skin. Subsequently, percu-
taneous radiofrequency ablation is conducted by
positioning a radiofrequency probe at the level of the
plantar fascia under ultrasound guidance at each of the
marked grid's puncture points (CoATherm AK-A304,
Gyeonggi-do, South Korea). At the end of the proce-
dure, a sterile dressing is applied locally. Standard
Achilles and plantar fascia stretching and strengthen-
ing exercises were given during the follow-up of pa-
tients in both groups. Patients were advised not to
exercise and to rest on the first day after the injection.
Non-steroidal anti-inflammatory drugs were not rec-
ommended to any patient in the PRP group after the
procedure, and paracetamol was given to the patients
in the RFNA group; however, no orthosis or splint was
recommended.

Statistical Analysis

Data files were processed using IBM SPSS Statis-
tics version 25 (IBM Corp, based in the USA). The
Shapiro-Wilk test was employed to assess the distri-
bution of continuous variables. When comparing nor-
mally distributed variables among groups, one-way
analysis of variance (ANOVA) was the chosen statis-
tical method. In cases where the variables did not ex-
hibit a normal distribution, the Kruskal-Wallis test was
utilized for group comparisons. The Friedman Test
was selected to compare variables that showed non-
normal distribution at various time points. We employed
the Pearson Chi-Square and Fisher-Freeman-Halton
tests to assess qualitative data. A P-value less than 0.05
indicated a statistically significant difference for all the
statistical tests performed.

RESULTS

Demographic data of the patients included in our study
are shown in Table 2. Treatment groups were similar
in age, gender, and BMI distribution. However, the
mean VAS, FFI, and AFOAS scores before the proce-
dure were similar in all treatment groups, and no sig-
nificant difference was found (P>0.05). VAS, FFI, and

The European Research Journal | Volume 10

Issue 3 | May 2024

321



Eur Res J. 2024;10(3):319-325

Treatment of refractory plantar fasciitis

Table 1. Inclusion and exclusion criteria of the patients

Inclusion Criteria

Exclusion Criteria

Patients with chronic plantar fasciitis after failure of
conservative treatment for at least six months

Failure of conservative treatment (stretching
exercises, nonsteroidal anti-inflammatory drugs, and
heel pads) for at least six months

Patient should be able to understand the informed
consent

Visual analog scale pain higher than 5 (on a 10-point
visual analog scale)

Patients aged < 18 years

Associated pathology involving the lower limb such as —
a history of tarsal tunnel syndrome, ankle fractures, any

deformity of foot and ankle, Achilles tendinopathy

Patients with inflammatory diseases (e.g., ankylosing
spondylitis, rheumatoid arthritis, Reiter syndrome)

Pregnancy or lactation

AFOAS score changes in PRP and RFNA groups be-
fore and after treatment are presented in Table 3. Fol-
lowing the treatment, a notable enhancement was
noted in the groups' FFI, VAS, and AFOAS scores
(P<0.05). Nevertheless, no significant distinction was
found when comparing the various treatment methods
(P>0.05). Although the percentage decrease trend in
mean VAS and FFI scores after treatment was consis-
tent among the groups, there was a notably more sub-
stantial improvement in mean AFOAS (American
Foot and Ankle Outcome Score) scores in favor of the
PRP group (88.6+12.8 compared to 92.7+11.6). Body
mass index, thought to be one of the factors that may

affect the treatment outcome, did not affect the func-
tional outcome of either treatment group (P>0.05).
When previously unsuccessful treatment groups were
compared with new treatment methods, it was seen
that there was no significant effect on the outcome
(P>0.05).

DISCUSSION

Most heel pain cases, around 70% to 90%, can be ef-
fectively managed through conservative treatment.
However, for the remaining 10% to 30% of patients,

Table 2. Distribution of different variables in 2 groups

PRP RFNA P value
Age (years)
Mean+SD 45.3£10.2 47.448.3 0.647
Range 34-59 37-62
Gender, n
Female 21 0.369
Male 23 17
BMI (kg/m?)
Mean+SD 29.442.2 31.4£3.6 0.415
Range 25-33 25-34
Previous treatments, n
Steroid injection 47 0.745
Steroid injectiontESWL 27
PRP 21

BMI= body mass index, SD=standard deviation, ESWL=extracorporeal shock wave lithotripsy, PRP=platelet-rich plasma,

RFNA=radiofrequency nerve ablation
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Tablo 3. Distribution of functional outcome variables in 2 groups

Preinjection 6 Month 12 Month P value
(First Follow-up) (Second Follow-up)
VAS
PRP 8.1£2.2 4.8+1.7 3.2+0.9 0.016
RFNA 7.8£1.5 5.6+1.3 3.4+1 0.022
P value 0.785 0.689 0.572
AFOAS
PRP 68.2+14.4 89.1+£16.2 92.7£11.6 0.031
RFNA 70.2£11.3 86.7+11.8 88.6+12.8 0.036
P value 0.943 0.879 0.347
FFI
PRP 71.1£13.5 38.7+16.4 34.1£19.0 0.031
RFNA 68.3+14.7 51.2+21.7 32.3£17.2 0.029
P value 0.658 0.753 0.699

Data are shown as mean+standard deviation. PRP=platelet-rich plasma, RFNA=radiofrequency nerve ablation, VAS=Visual
Analog Scale, FFI=Foot Function Index, AOFAS=American Orthopaedic Foot and Ankle Society score

more invasive or surgical interventions may be neces-
sary [6]. The histopathological characteristics of this
condition involve elevated vascularity, an abundance
of ground substance proteins, localized regions with
fibroblast overgrowth, and damaged collagen fibers.
Additionally, some studies have shown nonspecific
signs of inflammation in plantar fasciitis. Etiologi-
cally, chronic plantar heel pain can develop due to
many factors, including nerve lesions. However, re-
garding the calcaneal spur formations that may first
come to mind in the etiology of patients with plantar
fasciitis, the results are contradictory regarding the re-
lationship between the size of the spurs and pain and
symptoms [13, 14]. For this reason, different treat-
ments for many other mechanisms, including spur ex-
cision, can be used to treat the disease [15, 16]. In this
study, the mean age of the patients was 41, which is
consistent with the age range often observed in similar
studies. Furthermore, some research has indicated that
plantar fasciitis affects individuals within their fourth
decade. Additionally, evidence suggests that plantar
fasciitis is more prevalent in the obese population. In
our study, the average BMI of the patients was found
to be 31.4 kg/m2, which was similar to the literature.
Although there was a slight female predominance in

terms of gender in our study, it could not be shown to
be associated with plantar fasciitis.

Substantial enhancements were noted in all assess-
ment scores for both treatment groups. The RFNA
group displayed superior outcomes in terms of VAS
and AOFAS scores when compared to the PRP group
at 6 and 12 months. Nevertheless, by the 12th month,
a slight increase in the decrease of all scores was ob-
served in the PRP group compared to the other group
(Table 3). While there was no statistically significant
distinction in functional scores, it is noteworthy that
the clinical outcomes exhibited more significant im-
provement in the RFNA group compared to the PRP
group (Table 3).

A meta-analysis conducted by Ling et al. [17] re-
ported that PRP effectively reduces pain and improves
physical function in patients with plantar fasciitis.
However, they also found that long-term PRP appli-
cations can improve pain and physical function over
12 months, whereas short-term PRP treatments, lasting
from 1 to 6 months, did not yield the same effect [17].
In the study conducted by Say et al. [18], they deter-
mined VAS and AFOAS scores at baseline and after a
6-month follow-up as 8.8+1 and 62.948.5 at the Oth
month, and 1+£0.8 and 90.6£2.6 at 6th month, respec-
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tively. They thus concluded that PRP injections
showed an excellent clinical response in patients with
chronic plantar fasciitis [18]. Jain ef al. [19] found
that the mean VAS and AOFAS scores in patients who
underwent PRP were 8.3 and 58.6 before the proce-
dure and 3.3 and 88.5 at 12 months, respectively. Our
study is similar to the literature (Table 3). However,
although there are many application guidelines in clin-
ical practice regarding the procedure of the PRP
method, platelet density, and number of sessions, there
is no consensus. Generally, PRP injections can be ad-
ministered in several sessions once a week or more per
week.

The superiority of ultrasound-guided injections
over palpation-guided injections is still controversial.
To treat plantar fasciitis, some prior research has rec-
ommended using ultrasound guidance for injection, as
this may enable more accurate injection administration
[20]. However, the results of trials by Kane [21] sug-
gest that ultrasound-guided injection is less effective
than palpation-guided injection in treating idiopathic
plantar fasciitis. Specific authors propose that employ-
ing ultrasound guidance can help prevent complica-
tions, such as the development of flexor hallucis
longus tendinosis resulting from excessively deep
punctures [22]. The patients in the study were treated
with ultrasound guidance, so subgroup analysis could
not be performed to investigate whether it was more
effective than palpation-guided injection.

Erken et al. [7] reported that this method dramat-
ically improved the results in patients in whom they
applied RFNA and followed up long-term, with the
VAS score before the procedure being 9.2+1.9, the
score after one year being 1.3+1.8 and the AOFAS
scores being 66.9+8.1 and 9347.5, respectively [7]. In
a retrospective study by Liden et al. [23], they re-
ported that the VAS was 8.12+1.61 before the proce-
dure and 2.0742.06 in the 6th month after the injection
and that the treatment was successful at a rate of 92%.
Yuan et al. [24] reported that VAS and AFOAS scores
improved significantly in 12 months in patients who
underwent RFNA and were followed up for an average
of 58.7 months. In the 12th month, it was determined
that VAS scores changed from 7.87+1.73 to 0.73+1.28,
and AFOAS scores changed from 42.73+10.75 to
98.40+4.24. Our clinical results in the study are con-
sistent with the literature; however, in the literature,

we did not come across an isolated survey comparing
both treatment methods. Nevertheless, reports com-
pare different methods for treating plantar fasciitis [9,
25].

This study demonstrates that the two methods
used for treating plantar fasciitis have similar effec-
tiveness, and no complications were detected in the
following patients. Both treatment methods have dif-
ferent technical requirements. PRP injection includes
disadvantages such as equipment setup, blood collec-
tion, and PRP preparation, but it may be a relatively
more cost-effective option. On the other hand, the
RFNA procedure can lead to peripheral nerve damage,
muscle-tendon injury, and the use of expensive equip-
ment, and it should be applied with caution.

Limitations

The study's shortcomings were a small sample
size, a brief follow-up period, and the need for a con-
trol group. More studies with a bigger patient popula-
tion, extended follow-up periods, and a control group
might offer a more thorough knowledge of how well
both treatment approaches work.

CONCLUSION

These findings suggest that these standard treatment
methods can potentially improve chronic plantar fasci-
itis symptoms that do not respond to other conserva-
tive treatment methods, but they do not appear to have
a superiority over each other.
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ABSTRACT

Objectives: The aim of this study is to investigate the hiatus defect diameter by measuring on multi-detector
computed tomography images in hiatal hernia patients.

Methods: The multi-detector computed tomography images of 50 patients and 50 individuals in control group
included in this study were investigated. The hiatus surface area (cm?), hiatus antero-posterior and transverse
diameters (cm), and the thickness of both diaphragmatic crura (mm) were measured by reformatting contrast-
enhanced thoraco-abdomino-pelvic computed tomography images using the region of interest method.
Results: In this study, a significant difference was obtained among groups according to hiatus surface area,
hiatus antero-posterior, and transverse diameter measurements, and both left and right diaphragmatic crural
thickness measurements (P<0.001). In the patient group, the cut-off values were determined by using ROC
analysis, and the values above these cut-off values enabled a hernia diagnosis with high sensitivity and speci-
ficity.

Conclusion: Measuring the hiatus surface area on multi-detector computed tomography images could serve
as a supplementary criterion for diagnosing of hiatal hernia.

Keywords: Computed tomography, gastroesophageal reflux, hiatal hernia, hiatal surface area

iatal hernia (HH) occurs through the herni-

ation of abdominal contents into the medi-

astinum via an enlarged esophageal hiatus
[1]. In the Western hemisphere, it is most associated
with Gastroesophageal reflux disease (GERD) [2].
In the study conducted by Shamiyeh et al. on cadav-
ers, the mean hiatal surface area (HSA) was measured
as 5.84 cm? [3]. In the study by Moten et al. [4], pa-
tients with HH had a mean HSA of 6.9 cm?, while ones
without HH had a mean HSA of 2.5 cm?. It was ob-
served that the frequency of GERD was higher in pa-
tients with HH [4].

HH is classified as 3 subtypes. Type 1 is a sliding
type HH, where the gastroesophageal junction (GEJ)
moves over the hiatus due to the laxity of the phrenoe-
sophageal ligament [1, 2]. Type 1 is the most associ-
ated with GERD. It is also the most frequently
observed HH type, with reported rates ranging 10%-
80% [2]. Type 2 is characterized by the normal posi-
tion of the GEJ, but the fundus of the stomach moves
upwards through the hiatus. This type is rare and con-
stitutes less than 5% of cases. Type 3 involves both the
GEJ and the stomach fundus shifting into the medi-
astinum. This type is generally observed in elderly
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Measurement of hiatus defect size

adults and more commonly in women [1, 2].

HH and GERD are diagnosed through symptom
scoring, upper gastrointestinal system endoscopy
(GISE), and barium radiographs [5]. However, there
is a limited correlation between barium radiographs
with intraoperative findings, and the herniated volume
of the stomach, and there is no consensus on the use
of barium radiographs in the diagnosis [5]. Addition-
ally, possessing the defect diameter is significant in
terms of antireflux treatment [6]. The presence of a
wide hiatus preoperatively can result in surgical failure
and possessing the hiatus diameter can lead to the use
of primary surgical repair methods in such cases with
large defects [6].

Recently, the widespread use of multi-detector
computed tomography (MDCT) and multiplanar re-
construction images for investigation and measuring
HSA enable a more precise determination of associ-
ated conditions and the normal range of HSA. Further-
more, MDCT permits visualization of the structure,
thickness, and variations of the right and left diaphrag-
matic crura thickness (DCT) [7].

In patients with HH, the main symptom occurs
due to GERD, and the initial approach in treatment is
commonly antireflux therapy, which aims to manage
symptoms [8]. However, definitive treatment is
achieved via surgery [8]. Surgical options include Nis-
sen fundoplication (NF), Toupet fundoplication (TF)
(in the presence of esophageal dysmotility), Door fun-
doplication (DF), or NF with primary surgical mesh
repair [8].

In this study we aimed to investigate the accuracy
of preoperative MDCT images in diagnosing HH by
measuring the HSA, hiatus AP and transverse diame-
ters (TD), and both DCT. Furthermore, we aimed to
observe the association between these measurements
and the accuracy of HH diagnosis, the type of surgery
performed, and the relationship between GERD and
defect size.

METHODS

This retrospective study was conducted in accordance
with the Declaration of Helsinki as well as reviewed
and approved by the ethics committee of our hospital
(Approval date: 05.07.2023 and no: 2011-KAEK-25
2023/07-26).

Patient Population

A total of 50 patients who presented to the General
Surgery department between September 2019 and De-
cember 2022 and, were diagnosed with HH based on
their symptoms, preoperative gastroscopy results, and
MDCT findings, all of which were subsequently con-
firmed by the surgery outcomes, were randomly in-
cluded in the patient group. The control group
consisted of 50 individuals who presented to the gen-
eral surgery clinic with complaints of abdominal pain
and based on the results of computed tomography, did
not show evidence of hiatal hernia. Participants in the
control group were randomly selected to match the age
and gender distribution of the patient group.

The demographic data (gender, age), blood param-
eters (hemoglobin, albumin, MCYV, chloride), preop-
erative gastroscopy data (gastroscopic Z-line,
gastroscopic hiatus level, gastroscopic hill grade),
MDCT images, and esophageal manometry results for
reflux were investigated. Measurement results of hia-
tus AP and TD (cm), HSA (cm?), the right and left
DCT (mm), and the type of hernia (type 1, 2, or 3)
were surveyed. The presence of GERD was investi-
gated clinically, manometrically, and radiologically re-
spectively.

As inclusion criteria for the study.

1. Age 18 years or older.

2. Confirmed diagnosis of HH via GISE and
MDCT.

3. Availability of preoperative CT images, GISE
results, and manometry results in the hospital system.

As exclusion criteria.

1. Younger than 18 years old or older than 80
years old.

2. Absence of preoperative CT images and GISE
results in the hospital system.

3. Absence of confirmed diagnosis of reflux
through manometry

Analysis of CT Images

All abdomen CT scans were performed using a
128-slice multi-detector-row CT scanner (Toshiba
Aquillion, Japan). For measurements, preoperative
thin-slice MDCT images available in the hospital sys-
tem were investigated. The images were acquired at
deep inspiration with a slice thickness of 1.25 mm in
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Fig. 1. Measurement of the hiatal surface area on axial, coronal, oblique axial, and sagittal computed tomography images
with the corrected angle (Measurements of hiatus antero-posterior and transverse diameter using reformatted oblique axial

images are shown).

the form of Intravenous contrast-enhanced thoraco-ab-
domino-pelvic CT. Multiplanar reformat (MPR) im-
ages of each MDCT scan were obtained, and the
measurements were performed based on the recon-
structed images adjusted to the appropriate angle of
the hiatus (Fig. 1). This method is similar to the meas-
urement technique used in a previous study by Moten
et al.[4]. On a suitable image of the esophageal hiatus
obtained, the AP and TD of the hiatus were initially
measured, followed by the measurement of HSA in an
elliptical shape that fits the esophageal hiatus, using
the Region of Interest (ROI) measurement tool in an
elliptical manner (Fig. 1). Additionally, the right and
left DCT were measured. Radiological evidence of re-
flux was assessed by examining content retention.

Statistical Analysis

IBM Statistical Package for the Social Sciences
(SPSS) version 22 for Windows, Chicago, IL, USA,
was used for all statistical analyses. The Kolmogorov-
Smirnov test was conducted to test the homogeneity

of distributions among groups. Mean values, standard
deviations, and median values of normally distributed
and non-normally distributed groups were calculated.
T-test was performed to compare age averages and
gender distributions between the patient and control
groups. The cut-off values for right and left DCT,
HSA, hiatus AP, and TD were determined using ROC
analysis. Sensitivity, specificity, and the area under the
curve (AUC) with a 95% confidence interval (CI)
were also calculated. All variables were included in
the univariate analysis. Explanatory factors with a
P<0.2 in this step were entered into the multivariate
analysis. Results were given as odds ratio (OR) and
95% CI. The association between the presence of her-
nia with HSA, Hiatus AP, and TD as well as right and
left DCT was assessed using Spearman's correlation
test. The association between hernia types and GERD
was analyzed using the Pearson-Chi Square test. Dif-
ferences were considered statistically significant at
P<0.05.
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RESULTS

Fifty patients (24 females and 26 males) with mean
age of 55.27+11.93 in patient group and 50 individuals
(35 females and 15 males) with mean age of
50.74413.71 in the control group were included in the
study (Table 1).

ROC analysis was conducted to determine the cut-
off values for HSA, hiatus AP diameter, and TD, as
well as the right and left DCT. The cut-off for HSA
was acquired as 2.8 cm? in ROC analysis and the her-
nia can be diagnosed with 87.7% sensitivity and 100%
specificity for ones with HAS >2.8 cm? (AUC: 0.961,
P<0.001) (Fig. 2). The cut-off of hiatus AP diameter
was found to be 1.4 cm and hernia diagnosis can be
carried out with 91.8% sensitivity and 92% specificity
for ones with AP diameter >1.4 cm (AUC: 0.964,
P<0.001) (Fig. 2). The cut-off for Hiatus TD was ob-
tained as 1.7cm and individuals with hiatus TD >1.4
cm can be diagnosed with hernia with 83.6% sensitiv-
ity and 98% specificity (AUC: 0.960, P<0.001) (Fig.
2). The cut-off for right DCT was acquired as 4.4mm
and HH can be diagnosed with 75.5% sensitivity and
66% specificity for individuals with right DCT >4.4
mm (AUC: 0.756, P<0.001) (Fig. 2). Finally, the cut-
off of left DCT was determined as 4.5 mm and HH can
be diagnosed with 63.3% sensitivity and 86% speci-
ficity in individuals with left DCT >4.5 mm (AUC:
0.786, P<0.001) (Fig. 2).

As per consideration of all variables together in
multivariate analysis, the most significant association
was between the hiatus AP diameter, and TD with the
diagnosis of hernia (Fig. 2).

Subsequently, univariate and multivariate analyses
were conducted for HAS, hiatus AP and TD as well as
right and left DCT. In both analyses, significant dif-
ferences were observed in both individual and the de-

pendent variables (Table 2).

A significant correlation between reflux with
HSA, hiatus AP, right and left DCT, TD, and
esophagoscopic hill grade was determined. It was ob-
served that as HSA, hiatus AP, TD, and esophago-
scopic hill grade increased, the risk of reflux formation
also increased (P<0.001).

In consideration of the distribution of hernia
among patients, type 1 HH was observed in 27 indi-
viduals, type 2 HH in 6 individuals, and type 3 HH in
17 individuals respectively. As per the association be-
tween HH types and GERD, GERD was noticed in 24
individuals with type 1. There was a statistically sig-
nificant increase in the frequency of GERD compared
to the other group (P<0.001).

In terms of the surgical procedures, NF was per-
formed in 44 individuals, TF in 2 individuals, NF with
mesh repair in 3 individuals, and DF in 1 individual.
Among the patients who underwent NF, the mean de-
fect diameter of HSA was 10.93+11.49 mm, while the
mean value for 3 patients who underwent NF with
mesh repair was 46.33+13.6 Smm, indicating a larger
defect size in individuals who underwent mesh repair.
However, statistical analysis for surgeries apart from
NF was not significant due to the restricted quantity
of patients.

DISCUSSION

HH occurs as a result of the widening of the
esophageal hiatus, leading to the herniation of the GEJ
and various layers of the stomach into the medi-
astinum [6]. HH, which is quite common in the popu-
lation, can be easily detected with increased screening
frequency and more frequently used MDCT. This
study proposes that the diagnosis of HH can be carried

Table 1. Demographic characteristics of patients and control groups

Characteristics Total Patients Group Control Group
Gender
Male 41 26 15
Female 59 24 35
Age (years)
Mean =+ standard deviation 53.47£13.10 55.27£11.93 50.74+13.71
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Fig. 2. ROC analyses.

out precisely by measuring HSA, Hiatus AP diameter,
and TD using the MDCT in individuals underwent HH
surgery.

In this study, the median value of HSA measure-
ment in 50 individuals of patient group was
12.83+3.26 cm?, and a cut-off value of 2.8 cm? was

acquired. HH could be diagnosed with high sensitivity
and specificity in ones with HSA >2.8 cm?. In the con-
trol group, the median value of HSA was measured as
1.65+0.26 cm?. There was a statistically significant
difference between the two groups (P<0.01). In a study
conducted by Quyang et al. [6], the mean value of
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Tablo 2. Measurement results on MDCT in patients with hiatal hernia

Univariate analysis

Multivariate analysis

OR (95% CI) P Value OR (95% CI) P Value
Hiatus area (cm?) 6.41 (2.39-17.15) <0.001 25.04 (0.87-715.62) 0.06
Hiatus AP diameter (cm) 371.20 (13.36-103.11)  <0.001 3.47 (0.00-1.63) 0.22
Hiatus transverse diameter (cm) 427.55 (23.71-770.83)  <0.001 10.48(1.22-89.57) 0.03
Right diaphragmatic thickness (mm) 2.42 (1.59-3.69) <0.001 10.01 (0.80-124.64)) 0.07
Left diaphragmatic thickness (mm) 2.68 (1.69-4.23) <0.001 6.34(0.46-87.39) 0.06

OR=o0dds ratio, CI=confidence interval, AP=Antero-posterior

HSA in patients with HH was 6.9cm?, whereas in pa-
tients without HH, it was 2.5cm?. Similar to our study,
it was anticipated that HSA could be significantly used
for diagnosing HH.

In a study by Moten et al. [4], the diagnosis of
HH could be carried out with 81% sensitivity and 88%
specificity in individuals with HSA >3.5 cm?. The re-
sults acquired in our study are similar to the previous
studies. However, the determination of cut-off values
additionally for Hiatus AP and TD sets our study apart
and makes it stand out. This aspect becomes signifi-
cant as it provides a more easily measurable parameter
in cases where HSA measurement may not be feasible
due to time constraints. In the patient group, the mean
Hiatus AP diameter was 3.59 cm with a cut-off value
of 1.4 cm, and the mean Hiatus TD was 3.55 cm with
a cut-off value of 1.7 cm. In the control group, the
mean Hiatus AP diameter was 1.12 cm, while the
mean TD was 1.22 cm. There was a significant differ-
ence observed among groups (P<0.01).

Since the esophageal hiatus is not parallel to the
body axis, measurements from axial or coronal images
may not yield accurate results. Therefore, measure-
ments were performed using corrected oblique axial
images from MDCT. This method is similar to the
oblique axial measurement method used by Moten et
al. [4] and Quyang et al. [6].

As the HSA increases in patients with HH of this
study, the frequency of reflux also increases. This find-
ing is consistent with the study conducted by Batirel
et al., where they emphasized that an increase in HSA
size leads to a decrease in the tone of the lower
esophageal sphincter, resulting in an increase in acid
reflux [9]. Similarly, in our study, as HSA increased,
a more frequent occurrence of reflux was observed in

both the MDCT images and manometry. Franzen et
al. also stated a similar result in their study, associat-
ing an increase in HSA value with an increase in reflux
frequency based on manometry and pH results [10].
The lower esophageal sphincter (LES) is a structure
located in the GEJ, consisting of a 3-4 cm long seg-
ment of smooth muscle with tonic contraction function
[11]. Composed mainly of the crural part of the di-
aphragm, it plays a protective role against GERD [11].
The LES pressure ranges from 10-40 mmHg and is
considered one of the classical defense mechanisms
against GERD [12]. NF, in addition to hernia repair,
includes antireflux effects, and the underlying mech-
anism involves alterations in LES motor functions [12].
HH can be categorized into 3 types. Type 1, rep-
resenting the sliding type of HH, occurs due to the
looseness of the phrenoesophageal ligament, which
leads to the displacement of the gastroesophageal
junction (GEJ) above the hiatus. Type 2 involves the
normal position of the GEJ, but the stomach fundus
displaces upward through the hiatus. Type 3 involves
the displacement of both the GEJ and the stomach fun-
dus into the mediastinum [1, 2]. There is an associa-
tion between hernia type and GERD, with the highest
reflux frequency appeared in type 1 HH, which is at-
tributed to the looseness of the phrenoesophageal lig-
ament. In this study, 27 individuals were observed
with type 1, 6 individuals with type 2, and 17 individ-
uals with type 3 HH. When considering the association
between HH types and GERD, 24 out of 27 patients
with type 1 were diagnosed with GERD. This group
exhibited a statistically significant increase in the fre-
quency of GERD compared to the other groups
(P<0.001). However, there was no statistically signif-
icant increase in the frequency of GERD in patients
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with type 2 HH and type 3 HH.

The presence of information on the opening and
anatomy of the esophageal hiatus is essential for mak-
ing informed decisions regarding the surgical ap-
proach and minimizing the risk of recurrence. In this
study, NF was performed in 44 patients, TF in 2 pa-
tients, NF with mesh repair in 3 patients, and DF in 1
patient. Among the 3 patients who underwent NF with
mesh repair, the mean HSA was acquired as
46.33+13.65 cm?, indicating a larger defect size com-
pared to other surgical groups.

Limitations

There are some limitations in this study. Apart
from inadequate quantity of patients, there is an un-
equal distribution of surgical procedures. A cut-oft of
HSA can be determined with a patient group compris-
ing similar and enough patients for each surgical pro-
cedure. Additionally, due to the small number of
patients in this study, diaphragmatic crura variations
were not investigated, and an adequate sample size
could not be obtained for classification in this regard.
Prospective studies including diaphragmatic crura
variations can provide significant preoperative data to
surgeons.

CONCLUSION

The measurement of HAS, hiatus AP and TD using the
MDCT can serve as a supplementary criterion in di-
agnosing of HH. Furthermore, it can offer insight into
the association between the defect size and reflux, the
correlation between defect size and the chosen surgical
approach, as well as the associated variations. This in-
formation proves highly advantageous for preopera-
tive planning, optimizing the surgical strategy, and
achieving better outcomes for the surgery.

Authors’ Contribution

Study Conception: SGGO, DD; Study Design:
SGGO, NKK, DD; Supervision: SGGO, DD; Fund-
ing: N/A; Materials: N/A; Data Collection and/or Pro-
cessing: NZ, BB; Statistical Analysis and/or Data
Interpretation: SGGO, NKK; Literature Review: NZ,
BB; Manuscript Preparation: SGGO, DD and Critical
Review: SGGO, DD.

Conflict of interest
The authors disclosed no conflict of interest during
the preparation or publication of this manuscript.

Financing
The authors disclosed that they did not receive any
grant during conduction or writing of this study.

REFERENCES

1. Zheng Z, Liu X, Xin C, et al. A new technique for treating hi-
atal hernia with gastroesophageal reflux disease: the laparoscopic
total left-side surgical approach. BMC Surg. 2021;21(1):361. doi:
10.1186/512893-021-01356-3.

2. Watson TJ, Ziegler KM. The Pathogenesis of Hiatal Hernia.
Foregut. 2022;2(1):36-43. doi: 10.1177/26345161221083020.
3. Shamiyeh A, Szabo K, Granderath FA, Syré G, Wayand W,
Zehetner J. The esophageal hiatus: what is the normal size? Surg
Endosc. 2010;24(5):988-991. doi: 10.1007/s00464-009-0711-0.
4. Moten AS, Ouyang W, Hava S, et al. In vivo measurement of
esophageal hiatus surface area using MDCT: description of the
methodology and clinical validation. Abdom Radiol (NY).
2020;45(9):2656-2662. doi: 10.1007/s00261-019-02279-7.

5. Boru CE, Rengo M, lossa A, et al. Hiatal Surface Area's CT
scan measurement is useful in hiatal hernia's treatment of bariatric
patients. Minim Invasive Ther Allied Technol. 2021;30(2):86-93.
doi: 10.1080/13645706.2019.1683033.

6. Ouyang W, Dass C, Zhao H, Kim C, Criner G; COPDGene In-
vestigators. Multiplanar MDCT measurement of esophageal hiatus
surface area: association with hiatal hernia and GERD. Surg En-
dosc. 2016;30(6):2465-2472. doi: 10.1007/s00464-015-4499-9.
7. Kumar D, Zifan A, Ghahremani G, Kunkel DC, Horgan S, Mit-
tal RK. Morphology of the Esophageal Hiatus: Is It Different in
3 Types of Hiatus Hernias? J Neurogastroenterol Motil.
2020;26(1):51-60. doi: 10.5056/jnm18208.

8. Sfara A, Dumitrascu DL. The management of hiatal hernia: an
update on diagnosis and treatment. Med Pharm Rep.
2019;92(4):321-325. doi: 10.15386/mpr-1323.

9. Batirel HF, Uygur-Bayramicli O, Giral A, et al. The size of the
esophageal hiatus in gastroesophageal reflux pathophysiology:
outcome of intraoperative measurements. J Gastrointest Surg.
2010;14(1):38-44. doi: 10.1007/s11605-009-1047-8.

10. Franzén T, Tibbling L. Is the severity of gastroesophageal re-
flux dependent on hiatus hernia size? World J Gastroenterol.
2014;20(6):1582-1584. doi: 10.3748/wjg.v20.16.1582.

11. Kahrilas PJ. GERD pathogenesis, pathophysiology, and clin-
ical manifestations. Cleve Clin J Med. 2003;70 Suppl 5:S4-19.
doi: 10.3949/ccjm.70.suppl_5.s4.

12. Vandenplas Y, Hassall E. Mechanisms of gastroesophageal
reflux and gastroesophageal reflux disease. J Pediatr Gastroen-
terol Nutr. 2002;35(2):119-136. doi: 10.1097/00005176-
200208000-00005.

The European Research Journal | Volume 10

Issue 3 | May 2024

332


https://doi.org/10.1186/s12893-021-01356-3
https://doi.org/10.1177/26345161221083020
https://doi.org/10.1007/s00464-009-0711-0
https://doi.org/10.1007/s00261-019-02279-7
https://doi.org/10.1080/13645706.2019.1683033
https://doi.org/10.1007/s00464-015-4499-9
https://doi.org/10.5056/jnm18208
https://doi.org/10.15386/mpr-1323
https://doi.org/10.1007/s11605-009-1047-8
https://doi.org/10.3748/wjg.v20.i6.1582
https://doi.org/10.3949/ccjm.70.suppl_5.s4
https://doi.org/10.1097/00005176-200208000-00005
https://doi.org/10.1097/00005176-200208000-00005

The European Research Journal 2024;10(3):333-337 Original Article

Pediatric Oncology

DOI: https://doi.org/10.18621/eurj.1382704

Solitary myofibroma in children: a report of two cases

Cagr1 Coskun'®, Kemal Késemehmetoglu?*®, Mehmet Ayvaz*®, ibrahim Vargel‘®, Ustiin Ayding6z°0,
Hatice Nursun Ozcan’®, Ali Varan'e, Bilgehan Yalcin'®

IDepartment of Pediatric Oncology, Hacettepe University Faculty of Medicine, Ankara, Turkey,; ?Department of Pathology, Hacettepe
University Faculty of Medicine, Ankara, Turkey, >Department of Orthopaedics and Traumatology, Hacettepe University Faculty of Medicine,
Ankara, Turkey,; *Department of Plastic and Reconstructive Surgery, Hacettepe University Faculty of Medicine, Ankara, Turkey, *Department
of Radiology, Hacettepe University Faculty of Medicine, Ankara, Turkey

ABSTRACT

Myofibromas are rare benign tumors of myofibroblasts, seen more commonly in children. These tumors typ-
ically involve soft tissues with a predilection for the head and neck. Malignant neoplasia is often suspected for
these rapidly growing tumors in early childhood. Clinical and radiological findings are not typical, and
histopathological examination makes the definitive diagnosis. This pathology requires the intervention of a
multidisciplinary team and regular follow-up. We report our experience with two children with myofibromas,
one in the right arm of a 5-year-old girl and the other in the right axilla of a 9-year-old boy. Tumors were totally
resected in both children, who are under follow-up with no adjuvant treatment free of disease after surgery.
Myofibroma should be considered in the differential diagnosis of pediatric soft tissue tumors. Surgical resection

is sufficient for treatment and patients should be followed regularly for possible recurrences.
Keywords: Solitary myofibroma, arm, axilla, immunohistochemistry, surgery

yofibroma is a benign neoplastic prolifera-
Mtion of myofibroblastic cells affecting

mainly the early pediatric age group [1].
The tumor may arise in a solitary or multicentric form,
with similar histopathological findings, but varied
clinical features and prognosis [2]. Myofibromas usu-
ally consist of benign nodules in the skin, muscle, or
bone. Less often, they can occur in the lungs, heart,
gastrointestinal tract, or orbit [3]. The rarity of this le-
sion may complicate the diagnosis for clinicians and
pathologists. Differential diagnosis is important to ac-
curately distinguish neurofibromas and other lesions
like benign and locally aggressive vascular tumors and
various malignant soft tissue tumors [3]. Here, two
cases of solitary myofibroma are presented.

PRESENTATION OF CASES

CASE 1

In November 2020, a five-year-old girl presented with
a 10-day history of a painless subcutaneous lump in
the upper right arm. She had no history of trauma.
Physical examination revealed a firm, slightly tender,
immobile palpable mass under the skin proximally in
the right arm medial to the humerus measuring ap-
proximately 2.5 x 1.5 cm in size with normal color of
the overlying skin. Ultrasonography (US) showed a
2.5 x 1.5 x 1.2 cm subcutaneous soft tissue solid lesion
with smooth lobulated contours, close to the middle
third of the right humerus. Magnetic resonance imag-
ing (MRI) displayed a non-specific fusiform solid
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mass in the middle third of the right arm, abutting the
brachial artery, basilic vein, and median nerve; malig-
nancy could not be ruled out (Fig. 1a and b). A trucut
biopsy was performed and histopathological examina-
tion revealed myofibroma and surgery was planned
based on the biopsy result. In the operation, a mass of
approximately 3 x 3 cm was removed totally, preserv-
ing the vascular and neural structures. Histological ex-
amination revealed the diagnosis of myofibroma
showing diffuse positivity with SMA (smooth muscle
actin) in the tumor cells, which were negative for
caldesmon and desmin (Fig. 2); surgical margins were
clear. In the postoperative control examination, no pal-
pable mass or limitation of arm movements was de-
tected. Considering the benign features of the tumor,
no adjuvant treatment was indicated. Regular follow-
up was planned with physical examination and peri-

Fig. 1. Magnetic resonance images of case 1. (a) axial fat-sat-
urated T2-weighted image and (b) coronal STIR sequences
show an ovoid-shaped hyperintense lesion with lobulated
margins in the middle part of the right arm. Ultrasonography
of case 2 (¢): a well-delineated hypoechoic nodule appeared
in the subcutaneous tissue.

odical MR imaging. At a follow-up of 14 months,
there was no evidence of disease locally or elsewhere.

CASE 2

In June 2021, a 9-year-old boy presented to our
hospital with the complaint of a painless nodule in the
right axillary region which was noticed by her parents
a few days earlier. He had café-au-lait spots spread
over his body. The family history was positive for neu-
rofibromatosis type 1 (NF-1). His brother, uncle, and
grandmother had documented NF-1, with multiple
neurofibromas and café-au-lait spots. The local US re-
vealed a subcutaneous 0.6 x 0.8 cm, slightly
echogenic, hypoechoic solid nodular lesion in the right
axilla (Fig. 1¢); myofibroma and neurofibroma were
considered in the differential diagnosis. The patient
was consulted by the plastic and reconstructive sur-
gery department, whereupon the lesion was excised
totally over the right posterior axillary line. The le-
sional cells were immunoreactive for SMA and
desmin, but negative for S-100 protein, CD34 (Fig. 3).
Thus, the pathologic diagnosis of myofibroma was
rendered. During a 6-month follow-up, no recurrence
was identified either locally or systemically. Parents

Fig. 2. Histopathological images of case 1. (a and b) well-cir-
cumscribed but unencapsulated mesenchymal tumor with in-
termingled hypocellular and hypercellular areas forming a
vague plexiform pattern, benign spindle cell proliferation
with hemangiopericytic pattern; (c) SMA showed strong pos-
itivity while (d) desmin was negative.
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Fig. 3. Histopathological images of case 2. (a) dermal nodule
with central degeneration, (b) neoplasm composed of inter-
secting fascicles of benign spindle mesenchymal cells; (c)
SMA was positive in tram-tract (myofibroblastic) pattern,
and (d) desmin showed focal positivity.

and patients were informed about the purpose of the
case report, and informed consent was obtained from
both families for this publication.

DISCUSSION

Myofibroma is a fibrous tumor of childhood and in-
fancy that is characterized by the development of
nodular lesions involving the skin, subcutaneous tis-
sue, visceral organs, or bones. It was first described as
myofibroblastic proliferation in a newborn in 1951 by
Williams and Schrum [3] and was classified according
to clinical signs and clinicopathological features by
Chung and Enzinger in 1981 [3]. In the WHO 2020
classification of soft tissue tumors, myofibromatosis
is classified under the category of pericytic (perivas-
cular) tumors [4].

Myofibroma is classified into three clinical sub-
groups such as solitary, multiple without or with vis-
ceral involvement [5]. In our cases that did not show
any evidence of internal organ involvement, the diag-
nosis was solitary myofibroma. Dhupar et al. [6] re-
ported that solitary myofibroma accounts for
approximately 70% of cases and Mahajan et al. [1]
found that 38 (90%) of 42 patients had solitary lesions.

The age of patients ranges from the first few

weeks of life to the end of adolescence. In the study
by Mahajan et al. [1], the median age at diagnosis of
42 patients was 37 months (range; birth-17 years). A
series of 114 cases including adults reported by Qudijk
et al. [7] in 2012 found that two-thirds presented in
the first 2 years of life and 91% before the age of 18.
Our cases were 5 and 9 years old, respectively, both
within the age range reported in the literature.

The etiology of myofibroma is not well known.
Some investigators reported that patients with familial
inheritance and inherited genes with autosomal or ge-
netic heterogeneity chromosomes are more susceptible
to myofibroma formation [6]. Trauma, injury, and the
effects of estrogen are other proposed hypotheses [6].
In our cases, there was no family history of myofi-
broma or history of trauma.

Both benign and malignant tumors can develop in
patients with NF-1, neurofibromas being the most
common. Malignant peripheral nerve sheath tumors
(MPNSTs) can develop within an associated plexiform
neurofibroma and have an extremely poor prognosis
with widespread recurrence and distant metastases [8].
The brother of our second case was diagnosed with
NF-1 and MPNST had developed based on NF1. The
myofibromas described in our cases were benign, and
no association of myofibroma with NF1 was found in
the literature.

Myofibroma typically develops in the soft tissues
of the head, neck, and trunk. However, extremities or
the skeleton may also be affected. In our cases, my-
ofibroma localizations were upper extremity and ax-
illa, both of which are rare localizations. In the
literature, Qudijk et al. [7] reported that myofibromas
were located in the arm in four patients and the axilla
in a single patient. In the study of Weiliang Wu et al.
[2], bone myofibromas in the upper extremities were
reported in two cases. In addition, Mahajan et a/. [1]
identified 10 of 38 patients had solitary lesions in their
extremities.

The presenting symptoms usually reflect the loca-
tion of the tumor and mainly include swelling or an
enlarging mass or nodiile; lesions are typically pain-
less. Hemangioma-like discoloration, skin atrophy,
and ulceration have also been described [3]. Similar
to the literature, our cases presented to the clinic with
painless masses. The imaging features of myofibromas
are not specific and in the US masses may show a hy-
poechoic or anechoic center. In our cases, well-con-
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toured, solid nodular lesions, hypoechoic in the US,
were revealed [2].

Myofibroma shows a characteristic histopatholog-
ical bi-phasic pattern composed of elongated spindle
cells at the periphery and polygonal cells with hyper-
chromatic nuclei at the center6. Tumor cells have char-
acteristic eosinophilic cytoplasm when stained with
hematoxylin-eosin, with no atypical pleomorphic or
malignant features [2]. Immunohistochemical staining
may be helpful in diagnosis. Myofibromas are benign
tumors with a characteristic histological and immuno-
histochemical pattern, displaying SMA- and, to a
lesser extent, SMA-positivity, with a low rate of
desmin expression7. SMA and desmin were positive
at immunohistological staining in our cases (Figs. 2
and 3).

The differential diagnosis of myofibroma is extensive,
including nodular fasciitis, neurofibroma, fibrous his-
tiocytoma, desmoid tumor, lipofibromatosis, infantile
myofibroelastic tumor, and congenital infantile fi-
brosarcoma. The histology of myofibroma is typical
in most cases and immunohistochemistry along with
clinical findings may help in diagnosis. Nodular fasci-
itis is rare in children and is an important differential
diagnosis in the adult age group. The histology of
nodular fasciitis shows a more prominent myxoid ma-
trix, a tissue culture-like growth pattern, often scat-
tered chronic inflammatory cells, and some
erythrocytes. The hemangiopericytoma-like vascular
pattern typical of myofibroma is not seen in nodular
fasciitis. The peripheral areas of myofibroma may re-
semble neurofibroma, but the myofibroblastic cells
lack S-100 protein and do not have the typical buckled
nuclei of neuronal cells. A fibrous histiocytoma con-
sists of cells arranged in a stratiform arrangement and
may be SMA positive, such as myofibroma. Generally,
fibrous histiocytoma cells express factor XIIla and
CD68. Inflammatory myofibroblastic tumors are char-
acterized by a proliferation of myofibroblastic spin-
dled cells and an inflammatory, predominantly
lymphoplasmacytic infiltrate. Inflammatory myofi-
broblastic tumors can often show rearrangements in-
volving the ALK gene in the 2p23 chromosomal
region. Congenital infantile fibrosarcoma is included
in the differential diagnosis and can be differentiated
from myofibroma by defining the t (12,15) transloca-
tion. In general, the identification of myoid cells in the

periphery of the lesion is a useful feature for myofi-
broma [7].

The recommended treatment for myofibroma is
total surgical excision9, which was performed in our
cases with negative margins resulting in local control.
In cases with difficulty in total excision, conservative
debulking and then close observation can be planned.
In the study consisting of 38 cases with solitary le-
sions, 12 patients underwent complete and 26 had in-
complete resections [1]. In myofibroma with visceral
involvement, cytotoxic chemotherapy agents or radio-
therapy can be used. However, there is no evidence in
the literature of the overall success of these treatments
[10]. Recurrences have also been reported, the recur-
rence rate being 7%-10% in the literature [3]. In a
study published in 2017, the median follow-up was
50.5 months, and only 1 in 42 patients developed
tumor progressionl. In our cases, although follow-up
is short, recurrence did not occur 6- and 15-months
after surgery, respectively.

The most common site of involvement of myofi-
broma is the head and neck, followed by the trunk. On
the other hand, myofibromas located in the upper ex-
tremity and axilla in our cases were unusual in terms
of their localizations. Radiological imaging can define
lesion boundaries. Histological analysis is required for
a definitive diagnosis. The primary management
modality is usually excision of the lesion. This patho-
logical condition requires the intervention and regular
follow-up of a multidisciplinary team.

CONCLUSION

In conclusion, although myofibroma is rare, it should
be considered in the differential diagnosis of pediatric
soft tissue tumors. Surgical resection is sufficient for
the more common solitary type, no additional treat-
ment is indicated in most cases. The overall prognosis
is favorable even in tumors resected with positive mar-
gins. Patients should be followed regularly for possi-
ble recurrences.

Patients’ Consent

Parents and patients were informed about the pur-
pose of the case report, and informed consent was ob-
tained from both families for this publication.
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