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Ocular abnormalities in multi-transfused beta-thalassemia patients

Reza Jafari, Samira Heydarian', Hosein Karami?, Mohammad Momeni Shektaei’, Kiumars Noruzpour Dailami,
Ahmad Ahmadzadeh Amiri, Majid Reza Sheikh Rezaee, Asad Allah Farrokh Far

Aims: The aim of this study was to assess ocular changes in thalassemia patients who have
received multiple transfusions and chelate binding therapy in order to avoid iron accumulation.
Settings and Design: A cross-sectional study. Subjects and Methods: A total of 54 thalassemia major
patients were selected as case group, and 54 age- and sex-matched healthy subjects were regarded as
a control group. Ocular examination included visual acuity, refraction testing, slit lamp examination,
funduscopy, tonometry, perimetry, tear break-up time test, and color vision testing were performed for all
the participants. We computed the frequency and duration of blood transfusion, the mean serum ferritin
level, pretransfusion hemoglobin concentration, and type, duration, and daily dose of chelation therapy
for thalassemia patients based on their records. Statistical Analysis Used: All data analysis was performed
using SPSS, version 19. Results: All the thalassemic patients were asymptomatic, but abnormal ocular
findings (dry eye (33.3%), cataract (10.2%), retinal pigment epithelium degeneration (16.7%), color vision
deficiency (3.7%), and visual field defects (33.7%)) were seen in 68.5% of thalassemic group. The prevalence
of ocular abnormalities in normal group was 19.4%, which was significantly lower than that in thalassemia
patients (P = 0.000). No significant correlation was found between ocular abnormalities and mean serum
ferritin level (P = 0.627) and mean hemoglobin concentration (P = 0.143). Correlation of number of blood
transfusion with the presence of ocular abnormalities was found to be statistically significant (P = 0.005).
Conclusions: As life expectancy for beta-thalassemia patients extends, regular ophthalmological evaluation
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to detect early changes in their ocular system is recommended.
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Beta-thalassemia is one of the most common
hemoglobinopathies.!"l Blood transfusion therapy on a
continuing basis represents the primary treatment for
beta-thalassemia.” Although this treatment alleviates anemia,
itleads to massive tissue deposition of iron and may eventually
result in multi-organ dysfunction.?* Iron-chelation therapies
are frequently used to minimize iron overload in these
patients.!

The effectiveness of deferoxamine as a therapeutic
approach to iron overload has been proved in the previous
studies.®®) However, treatment with deferoxamine is
cumbersome, expensive, and unpleasant and presents some
long-term toxic effects.”” Thus, there was a great need for
development of an alternative iron-chelator based on three
main criteria namely oral activity, low cost, and low toxicity./**!
Deferiprone and deferasirox are two new iron chelation drugs
that have been introduced for clinical use as an orally effective
substitute for deferoxamine.!*”!

Ophthalmologic changes might occur as a result of the
disease itself or as side effects of iron chelators and include
ocular surface disorders, cataract, angioid streak, retinal venous

Department of Ophthalmology, Faculty of Medicine, *Department of
Optometry, Mazandaran University of Medical Sciences, *Thalassemia
Research Center, Mazandaran University of Medical Sciences, Sari,
'Department of Optometry, School of Paramedical Science, Mashhad
University of Medical Sciences, Mashhad, Iran

Correspondence to: Ms. Samira Heydarian, Department of Optometry,
School of Paramedical Science, Mashhad University of Medical
Sciences, Mashhad, Iran. E-mail: opt_heydarian@yahoo.com

Manuscript received: 25.01.15; Revision accepted: 06.11.15

tortuosity, retinal toxicity, retinal pigment epithelium (RPE)
degeneration and mottling, optic neuropathy, and decreased
visual acuity.['*17]

This study was conducted to assess the prevalence of ocular
abnormalities in multi-transfused beta-thalassemia patients
and to determine their relationship with serum ferritin level,
hemoglobin concentration, and the type, dosage, and duration
of chelation therapy.

Subjects and Methods

This study was conducted in the thalassemia research center.
Thalassemia patients in Sari are all registered in this center in
order to receive treatment. Patients were selected with simple
random sampling method by using computerized tables. Of 66
randomly selected patients, 10 patients were excluded because
of diabetes, and 2 subjects because of previous cataract surgery.
Fifty-four patients with transfused dependent beta-thalassemia
major, who had been receiving chelation for at least 2 years,
ranging in age between 14 and 42 years, were evaluated
in the study as a case group. Each patient received regular
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transfusions of packed red cells at 15-30 days intervals to
maintain their hemoglobin concentration at a level above 9 g/dl.

The serum ferritin level was measured in all thalassemic
patients at 6 months intervals. Hemoglobin was measured
before each transfusion, and the records were kept in their
records. For the purpose of the study, we computed the
frequency and duration of blood transfusion, the mean serum
ferritin level, pretransfusion hemoglobin concentration, and
type, duration, and daily dose of chelation therapy for each
patient based on their records.

To compare the results with those of a normal population,
56 age- and sex-matched healthy control subjects were recruited
from the staff of Bou-Ali Sina Hospital (2 individuals were
excluded because of bilateral amblyopia). Patients in the control
group did not have any history of iron deficiency or any other
blood disorders.

Patients with ophthalmic disease, amblyopia, aphakia,
strabismus, and systemic disease which may lead to ocular
abnormalities were excluded. All patients were fully informed
about the nature of the study according to the codes of ethics in
the Declaration of Helsinki protocol, and then written consent
for participation obtained from all participants or their legal
guardians.

Each patient underwent a complete eye examination.
Ocular examination included visual acuity, refractive
measurement, slit lamp examination, funduscopy,
tonometry, perimetry, tear break-up time (TBUT) test, and
color vision testing. Refractive errors were measured by
autorefractometer (mean of 3 measurements by Topcon
Autorefractometer model KM 8900, Japan). Uncorrected and
best-corrected visual acuity was determined monocularly,
at 6 m using tumbling E chart, retro illuminated with
luminance of 100 cd/m? We used this chart because, in
our country, people do not use the alphabet in their native
language, and it is the most prevalent chart which is used.
Slit lamp biomicroscopy (model BQ 900: Haag-Streit, Bern,
Switzerland), ophthalmoscopy (Ophthalmoscope Heine
Beta 200, Germany), and intraocular pressure examination,
using Goldman tonometer were done for each eye.

TBUT test was used to diagnose dry eye syndrome. The BUT
was evaluated without topical anesthesia, using a slit lamp
microscope and a cobalt-blue filter. Fluorescein solutions were
instilled in the conjunctival sac of the patients. The patients
were told to blink several times constantly for a few seconds
to ensure homogeneous distribution of fluorescein. The time
interval between the last complete blink and the first tear film
break-up was recorded. A TBUT of <10 s was considered as
dry eye.l'®!

Ishihara test was used to diagnose red-green color vision
deficiency of patients. The Humphrey Field Analyzer II (750 1
Series, Carl Zeiss Meditec) was used to conduct 30-2 SITA-fast
visual field (VF) test in all subjects. We used SITA-fast strategy
that decreased test duration and reduced patient fatigue in
order to produce more reliable and repeatable VF test results.!"”!
The reliability of information derived from VF tests related to
the ability of the patients. However, standardized reliability
criteria have been approved at the 7" VF symposium at
Amsterdam.® The test was repeated in patients with high
fixation loss (more than20%), high false positive (more than 33%),

and high false negative (more than 33%) in order to achieve
accurate and valuable results.[*?

To interpret VF results, we consider global hemifield test,
grayscale, and total and pattern deviations of each patient.
Global indices were considered as a numerical quantification
of VF loss.

Data were analyzed in SPSS.19 software (SPSS for
Windows, SPSS Inc., Chicago, IL, USA). Chi-square tests,
Mann-Whitney U-tests, ANOVA, Student’s t-tests, and
Spearman correlation were used where applicable. Ocular
findings in thalassemia patients were correlated with number
of blood transfusion received serum ferritin level, and the
type, dose, and duration of chelation therapy. The prevalence
of ocular changes in the thalassemic patients was compared
with that in the control group. In order to evaluate the
effect of different type of chelators on the eye of case group,
thalassemia patients were divided into three groups based on
the type of chelators they received: Group A received blood
transfusion and subcutaneous deferoxamine, Group B blood
transfusion combined with subcutaneous deferoxamine and
oral deferiprone, and Group C blood transfusion along with
Osveral (an Iranian-made deferasirox). The level of significance
was set at 0.05.

Results

Fifty-four thalassemia subjects aged 14-42 years and
54 healthy controls aged 1642 years were evaluated for ocular
abnormalities. Among thalassemia patients, 23 subjects (42.6%)
were male, and 31 subjects (57.4%) were female. The mean
age + standard deviation (SD) of thalassemic patients was
25.40 + 6.94 years. The control group included 108 eyes of
56 subjects (54.6% male and 45.4% female) with a mean age of
26.74 + 6.5 years. There was no significant difference for sex
and age between the groups (P =0.077, P =0.152, respectively).

The mean serum ferritin level of thalassemic patients was
1695 + 975 mg/ml, and the mean level of hemoglobin in them
was 8.42 + 0.96 g/dl. Of 54 thalassemia patients, 15 received
blood transfusion and subcutaneous deferoxamine, 26 patients
received blood transfusion combined with subcutaneous
deferoxamine and oral deferiprone, and 13 patients received
blood transfusion along with Osveral. Table 1 shows the
characteristics of thalassemia patients based on the type of
chelation they received.

The mean spherical equivalent was -0.0093 + 0.86 in
thalassemia major patients and —0.22 + 1.33 in the normal group,
and no significant difference was found between spherical
equivalent of subjects in two groups (P = 0.204).

The mean + SD values for uncorrected visual acuity was
0.93 + 0.14 in thalassemia patients, which was significantly
different from that in normal group (0.84 + 0.27, P = 0.016).
However, corrective lens normalized visual acuity in all
subjects of both groups.

All the thalassemic patients were asymptomatic, but
abnormal ocular findings (dry eye [33.3% (95% confidence
interval [CI], 24.29%, 42.36%)], cataract [10.2% (95% CI, 4.38%,
15.98%)], RPE degeneration [16.7% (95% CI, 9.52%, 23.80%)],
color vision deficiency [3.7% (95% CI, 0.08%, 7.32%)], and
VF defects [33.7% (95% CI, 24.57%, 42.73%)]) were seen in
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68.5% (95% CI, 59.61%, 77.41%) of thalassemic group. The
prevalence of ocular abnormalities in normal group was
19.4% (95% CI, 11.85%, 27.02%), which was significantly lower
than that in thalassemia patients (P =0.000). Table 2 presents the
prevalence of abnormal ocular findings between two groups.

According to the table, prevalence of cataract in thalassemia
group was 10.2% (95% CI, 4.38%, 15.98%), while none of
normal individuals had any cataractous changes in their
lens (P =0.001).

The mean + SD TBUT among thalassemia patients was
12.62 +6.06 s which was significantly lower than that in normal
group (16.12 + 5.73 second, P = 0.000).

The mean IOP in both groups was within the normal range,
and we found statistically significant difference between the
groups regarding intraocular pressure (P = 0.048). The mean
IOP in the case group was 11.40 + 2.174 in comparison to
10.93 + 2.24 in the control group.

Of 108 VF results of thalassemic patients, 4 were excluded
because of poor cooperation of patients and their low test
reliability (in spite of repeating the test), so we consider
104 VF results in statistical analysis. The prevalence of VF
abnormality among thalassemia patients was 33.7% (95% CI,
24.57%, 42.73%), including 17.3% (95% CI, 10.03%, 24.57%)
general depression, 6.7% (95% CI, 1.92%, 11.54%) paracentral
scotoma, 4.8% (95% CI, 0.69%, 8.91%) superior arcuate scotoma,
and 4.8% (95% CI, 0.69%, 8.91%) inferior arcuate scotoma.
Table 3 represents the prevalence of different type of VF defects
between the two groups.

Table 4 shows ocular involvement among thalassemic
patients, based on the type of chelator they received. According
to the table, there was no significant difference between the
prevalence of different type of ocular abnormalities, among
three thalassemic groups.

Table 5 shows the correlation of ophthalmologic
manifestations with serum ferritin level, mean hemoglobin

concentration, number of transfusion, and the dose and
duration of chelation therapy.

According to the table, no significant correlation was
found between ocular abnormalities and mean serum ferritin
level (P =0.627) and mean hemoglobin concentration (P=0.143).
Correlation of number of blood transfusion with presence
of ocular abnormalities was found to be statistically
significant (P = 0.005). In patients who used Osveral or
deferoxamine, we found no significant correlation between the
presence of ocular abnormalities with dose (P =0.828, P=0.302,
respectively) and duration (P = 0.372, P = 0.101, respectively)
of chelation therapy, while in those who used deferoxamine
in combination with deferiprone, there was a significant
relation between ophthalmologic manifestation with duration
treatment (P =0.001, P =0.029, respectively), but not with dose
of chelators agents (P = 0.94, P = 0.063, respectively).

Discussion

The prevalence of ocular abnormalities in the thalassemic
patients has already been studied during the past decades.'*!”]
In the present study, we found no significant differences in the
spherical equivalent between thalassemia and normal patients,
which was similar to the previous studies.**! About 21.29% of
our thalassemic patients had decreased visual acuity. In those
with decreased visual acuity, refractive error was found to
be the case, and the vision was fully correctable with glasses.
This observation was consistent with findings of previous
studies.'®!*% Taneja et al. founded reduced visual acuity in 33%
of their subjects which was fully correctable with corrective
lenses.['"!l Taher et al. also found that the type of iron chelating
agent used had no influence on the decrease in visual acuity.!"”!

In the current study, which involve 54 thalassemic subjects
with different ages (ranged 14-42), the prevalence of ocular
abnormalities was 68.5% which was higher than some previous
studies.!">14 Different percentages of ocular abnormalities
were reported in previous studies; this is because of different
parameters that they evaluate in their studies or age range

Table 1: Characteristics of thalassemia patients based on the type of chelation they received

Hemoglobin Serum ferritin level Number of blood Duration of Duration of blood Chelators dose
concentration (mg/ml) transfusion chelation transfusion (year) (ml/kg/day)
(g/dl) therapy (year)

Desferal* 8.70+1.12 (6-10.5) 1506.66+791 (200-2500) 457.17+113 (292-730) 26.40+8.47 (13-40) 27.06+8.08 (14-40) 3333+6.06 (20-40)

Desferal
+ L-onef
Osveral!  8.15+0.73 (7-10) 1190.76+685 (310-3000)
Total 8.42+0.96 (6-11)  1695+975 (200-4000)

327.89:88 (175-474)
380.89+111.42 (160-730) 18.70+10.83 (2-40) 23.40+6.97 (11-40)

8.40+0.94 (7-11) 2055.76+1061 (500-4000) 363.68+98.39 (160-648) 22.30+5.92 (11-34) 22.92+5.97 (11-34) 31.15+7.04 (20-40)

3.8+1.51 (1-6)
3.15x(2-6)

48.40+15.82 (30-80)
20.15+5.6 (12-28) 24.23+5.23 (20-35)

*Deferoxamine, "Deferiprone, ‘Iranian-made deferasirox

Table 2: Prevalence of abnormal ocular findings among two groups

95% ClI
Anomaly Dry eye Cataract Visual field RPE Color vision Pinguecula
defect degeneration  deficiency

Thalassemia (%) 68.5 (59.61-77.41) 33.3 (24.29-42.36) 10.2 (4.38-15.98) 33.7 (24.57-42.73) 16.7 (9.52-23.80) 3.7 (0.08-7.32) 42.6 (33.11-52.06)

Normal (%) 19.4 (11.85-27.02) 9.3 (3.70-14.81) -

10.2 (4.38-15.98) 0.9 (0.16-5.07) 3.7 (0.08-7.32) 9.3 (3.70-14.81)

Cl: Confidence interval, RPE: Retinal pigment epithelium
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of their participants. Dewan and Gomber!¥ reported ocular
involvement in 36% of their subjects while Taneja et al.'l
reported figure of 58%. They do not evaluate VF defects and
dry eye in their study, which were the most prevalent ocular
manifestation in our study. On the other hand, an average
number of blood transfusion in our study was 327.89 + 88 which
was higher than previous studies.'12!41¢l This is because, we
evaluate thalassemia subjects aged 14-42 years, who received
blood transfusion from the 1+ years of their life, while most of
the previous studies evaluate thalassemic children in younger
age groups with lower number of transfusion.!'* 241 Moreover,
as we found a significant positive correlation between the
number of blood transfusion and age of thalassemic patients

Table 3: Prevalence of different type of visual field defects
among two groups

95% ClI

Thalassemia Normal

66.3 (57.26-75.42) 89.8 (84.11-95.51)
17.3 (10.03-24.57) 10.2 (4.48-15.88)
6.7 (1.92-11.54) -
4.8 (0.69-8.91) -
4.8 (0.69-8.91) -

Normal (%)

General depression (%)
Paracentral scotoma (%)
Superior arcuate scotoma (%)
Inferior arcuate scotoma (%)

with prevalence of ocular abnormalities, the prevalence of
ophthalmic manifestations in our study was more than that in
some previous studies.''*] However, considering different
age range of the participants in other studies and different
parameters they evaluated, it could be difficult to make an
accurate comparison.

We found peripheral cortical cataract in 10.2% of thalassemic
subjects (11 out of 108 eyes). None of these opacities was in
the visual axis, and, therefore, none interfered with vision.
Gartaganis et al.l'"”! and Taneja et al.™ found lens opacities in
13.8% and 40% of their subjects, respectively. Of 11 eyes with
lens opacity, seven were in Group B, who received blood
transfusion combined with subcutaneous deferoxamine and
oral deferiprone. A recent report of two cases of cataract after
using deferiprone raised the issue of a possible association
between deferiprone consumption and development of
cataract.” In the present study, cortical cataract was found
in 6.7%, 13.7%, and 7.7% of eyes of patients who consumed
deferoxamine, deferoxamine combined with deferiprone,
and Osveral, respectively. Although the prevalence of
cataract in those who used deferiprone was more than other
patients, the difference was not statistically significant. These
findings were approximately similar to those that reported by
Nowroozzadeh et al.! In their study, the prevalence of cataract
was 10.7% and 18.8% in those who consumed deferoxamine

Total 104 108 and deferiprone, respectively (P = 0.36).
Poor cooperation 4 We found RPE degeneration in 16.7% of thalassemic
Total 108

ClI: Confidence interval

patients. Taneja ef al.™ and Sathwara et al.'? reported figures
of 31% and 17.6%, respectively, in their studies. Our results

Table 4: Ocular involvement among thalassemic patients, based on the type of chelators they received

95% ClI
Anomaly Cataract Dry eye Visual field RPE atrophy Color vision Pinguecula
defect deficiency
Group A* 80 (65.27-94.72) 6.7 (1.85-21.33) 40 (21.69-58.03) 40 (22.50-57.53) 13.3 (0.81-25.84) 0 46.7 (28.30-65.03)
(%)
Group Bf 59.6 (45.99-73.23) 13.5(3.98-22.93) 23.1 (11.38-34.77) 28 (11.62-34.52) 23.1 (11.38-34.77) 7.7 (0.29-15.08) 46.2 (32.31-59.99)
(%)
Group C* 73.1 (55.49-90.66) 7.7 (2.13-24.14) 46.2 (26.38-65.91) 37.5(18.14-56.86) 7.7 (2.13-24.14) 0 30.8 (12.47-49.06)
(%)
P 0.136 0.551 0.083 0.493 0.193 0.107 0.375

*Those who received blood transfusion and subcutaneous deferoxamine, "Those who received blood transfusion combined with subcutaneous deferoxamine and
oral deferiprone, {Those who received blood transfusion along with Osveral (an Iranian-made deferasirox). Cl: Confidence interval, RPE: Retinal pigment epithelium

Table 5: Correlation of ophthalmologic manifestations with age. Serum ferritin level, mean hemoglobin concentration,
number of transfusion, and dose and duration of chelation therapy

P
Ferritin Hemoglobin Chelators Chelators Number of blood Duration of Age
level dose type transfusion chelators therapy

Anomaly 0.627 0.143 0.817 0.136 0.005 0.000 0.001
Cataract 0.496 0.653 0.546 0.551 0.518 0.021 0.058
Visual field defect 0.247 0.258 0.448 0.493 0.332 0.063 0.152
Dry eye 0.016 1 0.313 0.083 0.088 0.037 0.302
RPE degeneration 0.651 0.273 0.041 0.193 0.953 0.002 0.002
Color vision 0.187 0.471 0.701 0.107 0.090 0.011 0.182

RPE: Retinal pigment epithelium
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showed that 12 out of 18 patients with RPE degeneration
were used deferiprone in combination with deferoxamine.
However, we found no significant difference between the
prevalence of RPE degeneration among thalassemia patients
based on chelator agents they used. Taneja et al. reported
that patients with RPE changes had received lesser dose
of deferoxamine and larger dose of deferiprone. Thus,
they conclude that deferoxamine may be protective while
deferiprone use may be contributory to the occurrence of RPE
degeneration.™ Furthermore, Taher et al. found that patients
on deferiprone have RPE degeneration 4 times as much as
those on deferoxamine."” This observation is consistent with
our study. Sathwara et al. reported that the prevalence of RPE
degeneration in those who used deferoxamine was significantly
lower than those who do not receive that and conclude that
the ocular abnormalities were mainly because of iron overload
and not secondary to chelation therapy.'” Iron causes oxidative
damage to protein, lipids, and DNA through the generation of
free radicals in the Fenton reaction, and it has been shown to
disrupt the blood-retinal barrier. Therefore, iron may play a role
in the pathogenesis of retinal degeneration as a source of free
radical damage.”*! However, we do not found any correlation
between prevalence of RPE degeneration and serum ferritin
level and number of infusion.

VF examination revealed abnormalities in 33.7% of
thalassemic patients, with the most common abnormality being
general depression (17.3%). Simon et al.*" reported sudden
peripheral VF loss due to high dose intravenous deferoxamine
for reducing systemic iron overload. Their findings were
similar to those that reported by Shahriari et al.™ who found
74% VF abnormality among their patients and a significant
correlation between the presence of VF abnormality and dose
of deferoxamine. All their patients who received more than
40 mg/kg/day of deferoxamine had VF defects. However, in
our study, we do not found any correlation between VF defects
and type, duration, and dosage of chelator agents. This can
be attributed to use of lower doses of chelators comparing to
other studies. In our study like Rahiminejad et al.,”*®! none of
our cases were symptomatic, so we can conclude that in the
absence of electrodiagnostic tests, perimetry is useful for early
detection of ocular problems.

We found color vision deficiency in only 2 thalassemic
patients (red-green deficiency), it seems that color vision
deficiency in these patients was hereditary, and we found no
correlation between incidence of color vision disorders and
type, dose, and duration of chelation therapy. Our findings
were similar to those that reported by Rahiminejad ef al.”* and
Dewan and Gomber.["!

Our data showed a statistically significant increase in
intraocular pressure in thalassemic patients compared
with controls, which was similar to Nowroozzadeh et al.*!
findings. This increase might be due to iron overload in their
trabecular meshwork. However, the mean IOP in both groups
was within the normal range. According to previous studies,
iron is potentially related to several ocular disease, including
glaucoma, cataract, and age-related macular degeneration.3!

The TBUT values were significantly lower in beta-thalassemia
patients than in the control subjects, which was similar to those
reported by Gartaganis et al. in 2003.7% Our data also showed
that there was a significant correlation between the patient’s

dry eye and serum ferritin level. It is known that increased iron
deposition in the glands has a cytotoxic effect leading mainly
to endocrine and exocrine dysfunction. The lacrimal glands
are typical tubuloacinar exocrine glands, so iron overload will
impair their exocrine secretion and cause tear film deficiency
in these patients.”? Our data also revealed that the prevalence
of pinguecula, which is not related to using chelator agents or
own thalassemia disease was significantly higher than normal
patients, and we found a significant correlation between the
presence of dry eye and pinguecula in these patients.

Conclusion

Although all of our thalassemia patients were asymptomatic,
a large number of them revealed ocular abnormalities. We do
not found any significant correlation between the prevalence
of ocular abnormalities with serum ferritin level, hemoglobin
concentration, and the type and dose of chelation therapy.
Our study has some limitations; we compared the ocular side
effects of three different treatment regimes, but since in our
study entering into these regimes was not randomized, the
differences (or lack of differences) between the groups may be
a result of selection bias during planning of the treatment. In
this study, those who received Osveral or deferiprone were on
deferoxamine before being shifted to their current treatment,
and there is a possibility that their ocular abnormalities
could have occurred before changing treatment. Overall, the
association between ocular abnormality and chelator type
has not been established in the present study. Hence, further
prospective investigation with a large sample of thalassemia
patients based on the type of chelator they received is
recommended.

As life expectancy for beta-thalassemia patients extends,
regular ophthalmological evaluation to detect early changes
in their ocular system is recommended, in order to achieve a
better life quality for this patient group.
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