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Abstract

Objective: This study aims to determine whether there is a relationship between ferritin levels and the ultrasound of
genu joints in Major-beta Thalassemia patients who undergo repeated transfusions.

Methods: 43 major-beta thalassemia patients who met the inclusion criteria had their genu joint examined by
ultrasonography in the Radiology Department of Dr. Moewardi Hospital Surakarta. We analyzed several variables
related to synovial thickening, synovial vascularization and joint effusion in these patients.

Results: From 43 samples, the median value of ferritin was 2976.8 (702.2-8897.7) ng/mL and the median of average
transfusion was 15 (5-67) times. Analysis with Mann Whitney's non-parametric hypothesis test showed a statistically
significant relation between ferritin levels and the presence or absence of ultrasonographic genu joint manifestations
in general (p = 0.006) and hypoechoic synovial joint thickening (p = 0.020)

Conclusion: Major-beta thalassemia patients with ferritin levels> 2976.8 ng/mL had a 1.73 times higher risk for
thickening of the synovial joints and 1.50 times higher for having genu joint manifestations. The frequency of transfusion
showed a statistically significant relationship with the thickening of the synovial joint. Repeated transfusions more than
15 times increased the prevalence of the synovial joints thickening by 1.57 times.
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1. Introduction

Thalassemia is a serious public health problem in the world, especially in Mediterranean countries, Malaysia, Thailand,
and Indonesia.! More than 3% of the world's population has the thalassemia gene where the highest incidence rate that
up to 40% of cases occurs in Asia.? In Indonesia, thalassemia is the most common disease among hemolytic anemia
groups with intra-corpuscular causes. Major-beta thalassemia as a genetic disease that affects a lifetime will bring many
problems for the patient. Starting from blood disorders due to anemia, the process of hemolysis, to abnormalities of
various organs both caused by the disease itself or the side effects of the treatment. Hemoglobin (Hb) levels <10 gr%
occur in 99.1% of major-beta thalassemia patients. To this day, blood transfusion is still the main treatment for
managing anemia in major-beta thalassemia.3#4
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Iron overload that occurs in thalassemia patients requires a lifetime chelation therapy. Chelation agent is suspected as
one of the factors that cause joint disorders that are common in thalassemia patients.>¢ One of a non-invasive way to
find out joint disorder is the detection of the joint with ultrasonography. In this study, we wanted to find out the
correlation between ferritin levels with USG of joints in major-beta thalassemia patients that undergo repeated
transfusions in Dr. Moewardi General Hospital.

2. Methods

We used observational analytic design with a cross-sectional approach using medical records at Dr. Moewardi Hospital.
We included patients with a diagnosis of thalassemia proven by Hb Electrophoresis examination and underwent routine
transfusion in the pediatric department of Dr. Moewardi Hospital from February to August 2019, there were 43 patients
who met the inclusion criteria and had a complete medical record.

The inclusion criteria were 1) patient diagnosed with beta major thalassemia based on clinical symptoms and Hb
electrophoresis; 2) aged over 2 years; 3) had a complete data record of ferritin level; 4) parents/guardians signed the
consent form following the study. Exclusion criteria of this study were 1) patients who had transfusion for the first time;
2) patients with a history of trauma.

Each patient has an ultrasonography examination that contained: 1) synovial thickening; 2) synovial vascularization; 3)
genu effusion, which was done by 2 radiologists with more than 3 years experiences. The last ferritin level was taken
from the report card. Gender, age, duration of diagnosis and frequency of transfusion written on the report card were
collected and statistically analyzed using SPSS version 25.0.

3. Results
Table 1 Reliability tests using the Kappa-Cohen test

Radiologist 1 p value K value

Synovial thickening | No synovial thickening

Radiologist 2
Synovial thickening 1 0 0.035 0.615
No synovial thickening

The kappa-cohen test showed a p value of 0.035 and a K value of 0.615 which stated that the ultrasound instrument had
fulfilled the reliability test to be used in this study.

Table 2 Sociodemographic characteristics of the samples

Variable Number Percentage (%)
Sex

Male 18 41.9

Female 25 58.1
Age (year (mean (SD)) | 10.58 (5.75)

Table 2 presents the sociodemographic characteristics of the sample consisting of gender and age. Our samples
contained 18 male (41.9%) and 25 females (58.1%). The mean age was 10.58 + 5.75 years. The age variable was
presented in the mean + SD form because it had a numerical scale and a normal data distribution.
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Table 3 Clinical characteristics of the samples

Variable Number Percentage (%)
Ferritin Level (ng/mL) 2976.8 (702.3-8897.7)
Iron Serum (pg/dl) 155 (50-240)
TIBC (g/dl) 2244+ 288
Hemoglobin (g/dl) 119+1.8
Transfusion Frequency (times) 15 (5-67)
Diagnosis Duration (years) 5(1-15)
Joint Manifestation
Yes 10 23.3
No 33 76.7
Synovial Joint Thickening
No 15 349
Mild 16 37.2
Moderate 12 279
Synovium Vascularisation
No 26 60.5
Spot Signal 17 39.5
Knee Joint Efusion
No 39 90.7
Yes 4 9.3

Table 4 Hypothesis test relationship between ferritin levels and joint ultrasound results using mann whitney non-
parametric test

Variable Number p value

Joint Manifestation 0.006
No 10
Yes 33

Synovial Joint Thickening 0.020
No 15
Yes 28

Synovial Joint Thickening 0.963
Mild 16
Moderate 12

Synovium Vaskularisation 0.495
No 26
Spot Signal 17

Knee Joint Efusion 0.167
No 39
Yes 4
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The results of hypothesis testing using Mann Whitney non-parametric test found a statistically significant relationship
between ferritin levels and the presence or absence of overall joint manifestations based on the results of
ultrasonographic examination (p = 0.006) and thickening of the hypoechoic synovial joints (p = 0.020). Ferritin levels
did not have a statistically significant relationship with intensity of synovial joint thickening (p = 0.963), increased
synovial vascularity (p = 0.495), and the presence or absence of effusion in the knee joint (p = 0.167).

Table 5 Hypothesis test relationship between variable transfusion frequency and joint ultrasound examination results
using mann whitney non-parametric test

Variabel Number p value

Joint Manifestation 0.077
No 10
Yes 33

Synovial Joint Thickening 0.026
No 15
Yes 28

Synovial Joint Thickening 0.423
Mild 16
Moderate 12

Synovium Vaskularisation 0.566
No 26
Spot Signal 17

Knee Joint Efusion 0.805
No 39
Yes 4

The results of hypothesis testing using Mann Whitney non-parametric test found a statistically significant relationship
between variable frequency of transfusion and the presence or absence of synovial joint thickening (p = 0.026). The
frequency of transfusion frequency did not have a statistically significant relationship with overall joint manifestations
based on ultrasound examination results (p = 0.077), intensity of synovial joint thickening (p = 0.423), increased
synovial vascularization (p = 0.566), and the presence or absence of effusion in the joint knee (p = 0.805).

Table 6 Transfusion frequency hypothesis testing with synovial joint thickening

Synovial Joint Thickening | p value | Prevalence-Ratio (95%CI)
Yes No
Number of 0.052 1.57 (0.96-2.55)
Transfusion
>15 times 18 5
<15 times 10 10

4. Discussion

The main therapy for thalassemia patients is blood transfusion, especially red blood cells. Blood transfusion therapy is
carried out routinely and periodically with various frequencies depending on clinician decisions. The target of blood
transfusion therapy is a hemoglobin level of 9.5-10.5 g/dl.4,5,6 Iron is one of the main components of red blood cells,
so that transfusion of red blood cells can increase the amount of iron in the patient's body. The greater the number of
red blood cells transfusion correlates with a greater amount of iron in the body. The effectiveness of hematopoiesis in
major-beta thalassemia patients also contributes to increasing levels of iron in the body. Red blood cell transfusion

104



GSC Advanced Research and Reviews, 2020, 05(03), 101-109

therapy and ineffectiveness of hematopoiesis contribute to the buildup of iron in many organs which can lead to organ
damage.”

Ferritin, a protein that acts as an iron carrier in the bloodstream, is one of the laboratory markers that can represent
the total amount of iron in the body.8 Blood ferritin levels have a positive correlation with the amount of iron in the
body in most clinical conditions. Blood ferritin levels also have a correlation with the volume of blood or frequency of
transfusion, which indirectly has a positive correlation with the degree of major-beta thalassemia.?

The results of the median levels of ferritin in the blood obtained by this study were 2976.8 ng/mL with a minimum
value of 702.2 ng/mL and a maximum of 8897.7 ng/mL. Our study showed high blood ferritin levels, which were in
accordance with the profile of beta major thalassemia patients who had undergone repeated blood transfusions. The
study of Mishra A, et al. also showed an average high blood ferritin level in major-beta thalassemia patients that was
2672.52 ng/mlL, even the research of Riaz H, et al. showed an average higher blood ferritin level of 4236.5 ng/mL.7.10

The blood ferritin levels of the subjects of this study disputed a considerable difference with the average blood ferritin
levels of children aged 6-15 years who were in the range of 7-140 ng/mL, even disputing the significant difference with
the average ferritin levels of adults, namely 20-250 ng/mL.11 High levels of blood ferritin in the subject indirectly
indicate high levels of total iron in the subject’s body. High levels of total iron in the subject's body correlate with the
severity of major-beta Thalassemia which requires a high amount and/or frequency of blood transfusions from a young
age.

The mean of the subjects’ ages in this study was 10.58 years with an even distribution of sex (male: female = 41.9%:
58.1%). These results are consistent with the study of Kadhim, et al, which states that 41.70% of thalassemia patients
are within the age range of 6-15 years and gender distribution in thalassemia patients is evenly distributed.5 Aydinok,
et al's study also states that the majority of thalassemia patients are in the age range of 10-20 years with an even
distribution of gender.®

The median transfusion frequency of the subjects in this study was 15 times. Aydinok, et al's study, states that the
frequency of thalassemia patients undergoing repeated transfusions is more than 8 times a year.!2 The median length
of patients has been diagnosed with major-beta thalassemia until the study time is 5 years. The average length of time
a patient has been diagnosed with a diagnosis of major-beta thalassemia is a relatively different thing for each study
conducted, so there is no comparative study that can be taken into consideration.

Joint disorders are one of the clinical manifestations that are often found in major-beta thalassemia. Rawi, et al. study
showed that joint manifestations occurred in 54.3% of beta major Thalassemia patients, whereas the multicenter study
by Nouredine, et al. showed an incidence range of 16-30% for joint manifestations in major-beta Thalassemia
patients.1314 Qur results showed a prevalence of joint manifestations of 76.7%. Our study subjects had a higher
prevalence rate for joint manifestations than similar studies. Clinical manifestations of joints in major-beta Thalassemia
patients can occur in various types of diseases, including rheumatoid arthritis, osteoarthritis, arthropathy related to
deferiprone therapy, arthritis or arthropathy related to excess iron in the body, crystal arthritis, septic arthritis, and
joint effusion.!s

The pathophysiology of joint abnormalities in patients with major thalassemia is still unclear at this time. B-globin gene
locus that has abnormalities in major-beta thalassemia is believed to be related to genes that triggers the development
of the systemic autoimmune disease, where the joint is one of the main targets, in patients with major-beta thalassemia.
Excessive iron in the body is also one factor that is thought to play a role in joint manifestations experienced by major-
beta thalassemia patients, but the underlying pathophysiology is unclear. One hypothesis is that excessive iron can cause
tissue damage by free radical formation. Research conducted using animal models shows that excessive iron can worsen
degeneration of joint discs.1®

Increasing age will cause the condition of major thalassemia to be more severe, so the number and frequency of blood
transfusions will also increase. The higher age is also associated with longer subjects diagnosed with major-beta
thalassemia. An increase in the amount of blood transfusion is positively correlated with an increase in iron deposits in
the body thereby increasing the likelihood of joint problems. The similarity of pathophysiology is the basis of the
hypothesis of the relationship between age, frequency of transfusion, and duration of diagnosis with joint
manifestations in patients with major-beta thalassemia.

Joint ultrasonography is one modality that can be used to examine joint abnormalities in major-beta thalassemia
patients. Our results showed 66.1% of the subjects had synovial joint thickening, 30.5% of the subjects had increased

105



GSC Advanced Research and Reviews, 2020, 05(03), 101-109

synovium vascularization and 9.3% of the subjects had knee joint effusion. Atta, et al. study using ultrasonography in
the knee joint showed that major-beta thalassemia patients had an incidence of synovitis (23.8%), joint effusion
(14.3%), metaphysis dysplasia (85.7%), and increased power doppler signal (19%).35 Based on the results of this study,
supported by other studies, we can say that joint problems are common among major-beta thalassemia patients.

Excessive iron in the body is one of the factors believed to contribute to joint manifestations experienced by major-beta
thalassemia patients, although the underlying pathophysiology is unclear.l” The high number and frequency of blood
transfusion in major-beta thalassemia patients also contribute to higher levels of iron in the body, which can be
represented by increased blood ferritin levels.” If excessive iron is a cause and is involved in the pathophysiology of
joint manifestations in major-beta thalassemia patients, the higher iron levels in the body will lead to a higher likelihood
of joint manifestations appear. Based on the above findings we have a hypothesis that ferritin levels in the blood have a
statistically significant relationship with joint manifestations.

Our results showed a statistically significant relationship between blood ferritin levels and overall joint manifestations
and the presence of synovial joint thickening but did not show a statistically significant association with increased
synovium vascularity and knee joint effusion. The use of traditional ferritin cut-off levels of 1000 ng/mL did not show
significant results on the five variables, but the use of the median (2976.8 ng/mL) as a cut-off showed significant results
on the overall joint manifestation variables and thickening of the synovial joints. Major-beta thalassemia patients with
ferritin levels> 2976.8 ng/mL had a higher risk of 1.73 times of synovial joint thickening and 1.50 times higher of overall
joint manifestations based on ultrasonographic results. Based on the results of this study, it can be said that joint
manifestations are more at risk in patients with major-beta thalassemia with blood ferritin levels greater than 2976.8
ng/mlL.

To our knowledge, there are no studies in Indonesia, even in the world, that examines the relationship between joint
manifestations based on ultrasound examination in major-beta thalassemia patients and blood ferritin levels. Therefore,
this study can be regarded as the first study examining the relationship between the two variables.

Our results did not show a statistically significant relationship among age, sex, and frequency of transfusion with joint
abnormalities variables based on ultrasound examination. The frequency of transfusions shows a statistically significant
association with the thickening of the synovial joint. The frequency of transfusion more than 15 times increased the
prevalence of synovial joint thickening by 1.57 times.

Based on multivariate analysis, there were no significant results on the variables studied. The order of influence from
highest to lowest is determined by the value of p. The order of influence on overall joint manifestations includes the
length of diagnosis, frequency of transfusion, sex, age, and ferritin levels. The order of influence on synovial joint
thickening includes ferritin levels, duration of diagnosis, sex, frequency of transfusion, and age. The order of influence
on the increase in joint vascularization includes the length of diagnosis, frequency of transfusion, age, ferritin levels, and
sex. The order of influences on knee joint effusion included ferritin levels, sex, age, length of diagnosis, and frequency of
transfusion.

Joint disorders in major-beta thalassemia patients can be broadly divided into two categories, namely arthritis and
arthropathy.!> Excessive amounts of iron in the body can manifest as arthritis or arthropathy.1” Based on our results, a
statistically significant association was found in synovial joint thickening. Synovial joint thickening is a sign of joint
inflammation or synovitis, which has been proven in rheumatoid arthritis and osteoarthritis.'8 Findings of synovitis and
synovial joint thickening on ultrasonography is a sign of inflammation in the joints. No statistical significant association
was found in the variable increase in synovium vascularization which is one sign of joint inflammation. This finding did
not eliminate evidence of joints inflammation because not all joint inflammation is accompanied by a significant increase
in synovium vascularization.1?

Based on the above findings, it can be said that joint abnormalities that were found to have a statistically significant
relationship with ferritin levels in our study were arthritis or inflammation of the joints. Joint manifestations in the form
of arthropathy are outside the scope of the predicted value of ferritin levels obtained in our study.

Research by Al-Rawi, et al. states that joint abnormalities in patients with major-beta thalassemia are not related to age
and sex, but have a statistically significant relationship with the frequency of transfusion.13 Haine et al. states that joint
abnormalities in patients with major-beta thalassemia are not related to age.2 These results are consistent with this
study where the frequency of transfusion has a statistically significant relationship with joint abnormalities in patients
with major-beta thalassemia.
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The use of only one modality in the joint examination, namely ultrasonography, to ascertain joint manifestations or
abnormalities is one of the limitations of our study. Ultrasonography is a radiology instrument that is operator
dependent and prone to bias. The reliability test is still not 100% able to eliminate this bias. The power doppler
instrument used in this study is also prone to bias results due to engine conditions and the acoustic condition of the
examination room.1? The results are not significant or even significant in a study even though it cannot be separated
from the inspection bias.

The use of only one modality is a limitation of our study which is thought to have contributed to a statistically
insignificant result in the variables of synovium vascularization and knee joint effusion. The use of more than one
modality, for example, CT-Scan or MRI, to perform joint examination is a suggestion that we can propose to overcome
the limitations.

The exclusion and analysis of variables using iron chelation therapy, especially deferiprone, is another limitation of this
study which could contribute to the insignificant results of the study for knee joint effusion variables. Joint effusion can
appear in joint inflammation, but specifically, in patients with major-beta thalassemia, the appearance of joint effusion
has more correlation with the side effects of iron chelation therapy, namely deferiprone. Joint effusion due to iron
chelation is known as deferiprone-related arthropathy.15

The unanalyzed factor in the administration of iron chelation therapy, coupled with joint manifestations that lead to
arthritis in this study, is a contributor to the insignificant results of research on joint effusion variables. Inclusion of
variable administration of iron chelation therapy supplemented by type, frequency, and dose, is a solution we can offer
from the limitation of this study.

The limited number of samples due to the limited duration of the study and the number of patients who met the
inclusion criteria also contributed to the existence of significant results in this study. The greater the number of study
samples, the greater the reliability of a study, which can contribute to a more significant p-value.?! An increase in the
number of samples accompanied by extended study duration and collaboration with other research center hospitals is
the solution we propose for this limitation.

Hypothesis testing showed the significance of blood ferritin levels with overall joint manifestations and synovial joint
thickening and frequency of transfusion with a synovial joint thickening. Blood ferritin levels> 2976.8 ng/dl could be
used as predictors of overall joint manifestations and thickening of synovial joints in patients with major-beta
thalassemia. The frequency of transfusion> 15 times could be used as a predictor of synovial joint thickening in patients
with major-beta thalassemia.

Although the results of the study stated that the increase of the variables in synovium and knee joint effusion did not
have a statistically significant relationship with blood ferritin levels in major-beta thalassemia patients, this was not in
accordance with the logic of pathophysiology and characteristics of joint abnormalities in major-beta thalassemia
patients. The author believe that if all the limitations of the research described above can be overcome, it is very possible
to find a statistically meaningful relationship between the two variables. Further research with more diverse methods,
longer duration, and a larger subject need to be done to prove the relationship between the two variables.

5. Conclusion

Based on the results of this study, we can conclude that the median value of blood ferritin levels in this study was 2986.7
ng/mL. The prevalence of joint manifestations in this study was 76.7%, synovial joint thickening 65.1%, increased
synovial vascularization 39.5% and knee joint effusion 9.3%.

The median value of diagnosis time and frequency of transfusion in this study was 5 years and 15 times. This study is
the first study in the world to examine the relationship between joint manifestations based on ultrasound examination
results and blood ferritin levels, age, sex, frequency of transfusion, and duration of diagnosis in patients with major-beta
thalassemia.

There were significantly different results between joint manifestations and synovial joint thickening with blood ferritin

levels. There was a significantly different result between the thickening of the synovial joint and the frequency of
transfusion.
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No significant results were obtained between joint abnormalities with age and gender. Research limitations in the
examination method, duration, and subject of research are factors that contribute to the results that are not significantly
different.
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