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Figure 1. Effects of prenatal Dex exposure on mRNA expression levels of DNMTs in hippocampus and cortex. The relative mRNA
levels of DNMTs were determined with 2-22" method and normalized to GAPDH. Data were expressed as mean =+ standard error.
9P <.001 vs. control in hippocampus and vs. Dex in cortex; %P <.001 vs. control in hippocampus; “P <.001 vs. control in cortex
(n=5 for each group). GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Dex, dexamethasone; DNMTs, DNA
methyltransferases.

Figure 2. Effects of prenatal Dex exposure on mRNA expression levels of HATs in hippocampus and cortex. The relative mRNA

levels of HATs were determined with 272" method and normalized to GAPDH. Data were expressed as mean + standard error.
9P <.001 vs. control in hippocampus and vs. Dex in cortex; 4P < .001 vs. control in cortex (n=5 for each group). HATSs, histone
acetyltransferases; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Dex, dexamethasone.
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Figure 3. Effects of prenatal Dex exposure on mRNA expression levels of HDACs in hippocampus and cortex. The relative mRNA
levels of HDACs were determined with 272" method and normalized to GAPDH. Data were expressed as mean + standard error.
abP <001 vs. control in cortex and vs. Dex in hippocampus (n =5 for each group). HDACs, histone deacetylases;

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Dex, dexamethasone.
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levels of adrenal corticotropin-releasing hormone and corticos-
terone, upregulation of corticotropin-releasing hormone in the
hypothalamus, downregulation of mineralocorticoid receptors,
and upregulation of 11-beta-hydroxysteroid dehydrogenase-1
in the hippocampus in adult male rats, prenatal Dex exposure
has been shown to alter hippocampal drive on HPA axis activity.'®
Prenatal stress has been proposed to interact with genetics as
well as epigenetics to alter the risk for various mental or meta-
bolic disorders.>®

The epigenetic regulation of gene activity, which includes DNA
and histone modifications, is involved in various stages of neuro-
nal function and are reported to have lifelong effects on mature
neurons, neuroplasticity, and cognition.® The epigenetic pro-
cesses causing changes in gene expression profiles during pre-
and postnatal period may be responsible for development of the
longer-lasting effects of prenatal stress.” Moreover, epigenetic
mechanisms have attracted great attention as therapeutic strat-
egy in diagnosis and treatment of neurodevelopmental disorder
and neurodegeneration.®?®?" In our study, prenatal Dex expo-
sure resulted in increased DNMT1, DNMT3a, DNMT3b, ATF2 and
decreased P300 mRNA levels in hippocampus while increased
DNMT3a, DNMT3b, ATF2, P300, HDAC1, and HDAC2 mRNA lev-
els were found in cortex. Furthermore, there were no signifi-
cant differences in cortical DNMT1, hippocampal HDAC1, and
HDAC2 gene expression levels between control and prenatally
stressed rats.

Activating transcription factor 2 regulates the expression of
specific genes involved in inflammation, proliferation, apopto-
sis, transformation, and repair.? In the rat models of depression
induced by lipopolysaccharide or chronic unpredicted mild
stress, significant increases of ATF2 activation were obtained
in hippocampus.?? Neuroinflammation that occurs in particu-
lar brain regions in response to external stress stimuli is usually
linked to depression. Chronic unpredicted mild stress-induced
ATF2 activation in the hippocampus may be due to its role in
inflammatory processes. Kucharczyk et al'' showed activation of

ATF2 in frontal cortex of male rats which were prenatally exposed
to immobilization stress. In contrast to the frontal cortex, ATF2
activation has not been seen in the hippocampus.'" In our study,
PDE resulted in enhanced ATF2 mRNA levels both in hippocam-
pus and cortex. The reason why we found increased expression
of ATF2 in the hippocampus may be because we used a different
prenatal stress protocol than Kucharczyk and colleagues.

P300 plays important roles during the neurodevelopmental
stages and may involve in neuroplasticity of mature neurons.”
The nuclear receptor interaction domain of the P300 interacts
with the GR. P300 is required for transcriptional coactivation
of target genes with glucocorticoid response elements.” In
the study by Hu et al?*, pregnant rats were injected with Dex
(0.2 mg/kg) from GD9 to 20 and PDE led to significant increase in
P300 mRNA levels of fetal rats. P300 mRNA levels were found to
be decreased significantly in hippocampus but increased in cor-
tex of PDE group in our study. The differences in P300 expression
pattern may be due to the fact that Hu et al used fetal hippocam-
pal tissues in their study and we used hippocampal tissues from
3-month-old rats.

DNA methylation causes inhibition of transcription and is
involved in regulation of gene expression and development.’
Glucocorticoid receptor function can be regulated by DNMTs,
and vice versa, GR can control the expression and activity of
DNMTs." Lui et al** induce PS using Dex at a different dose (0.1
mg/kg) from our study and demonstrated elevated DNMT1
mRNA levels in hippocampus of male rats. Boersma et al> dem-
onstrated increased DNMT1 and 3a mRNA levels in hippocampus
and amygdala of male rats exposed to different stressors includ-
ing swim, social, and restraint stress during prenatal period.?
In the study by Lei et al. PS induced by restraint stress caused
enhancement in hippocampal protein levels of DNMT1 and 3ain
female rats, but not in male offspring.” In the study by Grégoire
et al.®® prenatal restraint stress in male mice caused significant
decrease in hippocampal DNMT3b and cortical HDAC1T mRNA
levels whereas increase in hippocampal DNMT1 expression was
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observed. In the present study, PDE caused enhanced mRNA lev-
els of DNMT3a and DMNT3b both in hippocampus and cortex but
DNMT1 mRNA levels increased only in hippocampus. Our find-
ings supported previously reported studies describing increased
DNMT1, DNMT3a, and DNMT3b expressions in the hippocampus
as a result of prenatal stress.>*?° The inhibition of HDAC activ-
ity plays important roles in cellular and molecular processes
that are involved in neuroplasticity, oxidative stress, apoptosis,
transcription, and neuroprotection through modification of his-
tone acetylation levels.?” Zheng et al?® demonstrated that prena-
tal restraint stress increased DNMT1, HDAC1, and HDAC2 gene
expressions in the hippocampal samples of male mice. Wei et al?®
discovered that GR occupancy was enhanced at the HDAC2 pro-
moter glucocorticoid response element and enhances the tran-
scription of HDAC2 in repeatedly stressed rats. We found that
HDAC1 and HDAC2 mRNA levels elevated significantly in cortex
but not altered in hippocampus of prenatally stressed rats. Using
a different prenatal stress model and animal type from Zheng
et al. may explain the difference in HDAC expressions.

There are some limitations in our study. We could obtain more
effective results in gene expression analyses by increasing the
number of animals in the experimental groups. We did not have
the opportunity to analyze the protein levels of HATs, HDACs,
and DNMTs. Detecting gene expression levels may not always
give a precise result about the amount of a protein. We also did
not separate subregions of cortical and hippocampal tissues.
Therefore, protein quantification and microdissection tech-
niques are required for a more detailed analysis.

CONCLUSION

Further studies detecting mRNA and protein levels of HATs,
HDACs, and DNMTs throughout neurodevelopment and in later
life are needed to determine the changes in epigenetic mecha-
nisms. To the best of our knowledge, this study shows for the first
time that prenatal Dex exposure at a dose of 0.2 mg/kg during
the final week of gestation changed the gene expression pro-
files of DNMTs (DNMT1, DNMT3a, DNMT3b), HATs (ATF2, P300),
and HDACs (HDAC1, HDAC2) concurrently in the cortex and hip-
pocampus of male rats. Conclusively, our results will serve as an
experimental contribution to understanding the neurodevelop-
mental effects of prenatal stress on epigenetic programming and
suggest that prenatal stress may cause disruption of epigenetic
regulation through changes in hippocampal and cortical gene
expression patterns of DNMT1, DNMT3a, DNMT3b, ATF2, P300,
HDACT, and HDAC2 in male rats.
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ABSTRACT

Objective: The aim of the present study is to determine the frequency of polypharmacy and depression and the relationship
between them in older adults.

Methods: We reviewed the files and electronic records of 863 patients aged 65 years and older admitted to our geriatric outpa-
tient clinic. The presence of polypharmacy and depression was evaluated.

Results: The mean age of the participants was 73.3 + 6.5 years. The proportion of female patients was 66.8%. While the frequency
of polypharmacy was 47.1% in general, it was 80.5% in depressive patients. The proportion of patients diagnosed with depres-
sion was 15.9%. The presence of depression was found to be associated with a 3.3-fold increase in the risk of polypharmacy.
Conclusions: The frequency of polypharmacy was found to be high especially among depressed patients in our study. Early
diagnosis of depressed elderly people seems to be an approach to prevent the occurrence of polypharmacy.

Keywords: Depression, older adults, polypharmacy

INTRODUCTION

Geriatric syndromes are common clinical conditions in older
adults, including falls, frailty, cognitive impairment, delirium, uri-
nary incontinence, depression, and polypharmacy.’

Polypharmacy is a global problem that particularly affects
older adults, and its prevalence is higher in older adults.??
Polypharmacy is most commonly defined as the use of 5 or more
medications daily by an individual. Hyperpolypharmacy has
been defined as using 10 or more medications. It is stated that
approximately 30% of adults aged 65 and over take 5 or more
drugs in developed countries.**

Polypharmacy is a complex geriatric syndrome that needs care-
ful evaluation of its benefits and potential harms, especially in
elderly patients. Complexity arises from conditions such as mul-
timorbidity, sensory and cognitive impairment, drug-drug and
drug-disease interactions, which are common in old age.® Prior
studies have shown older adults to have multiple comorbidities
associated with increased drug use.”®

A very large cross-sectional study found that patients with
depression are more likely to have multimorbidity.’ In addition,
the risk of having comorbidities increases by 40% in depres-
sive disorders." Little is known about the relationship between
polypharmacy and depression in older adults. There is some

evidence that increasing numbers of medications are associ-
ated with more depressive symptoms, but this area is less well
understood.

This study aimed to determine the frequency of polypharmacy
and depression and the relationship between them in older
adults.

METHODS

Study Design and Patients

The subjects of this study were geriatric patients admitted to
our outpatient clinic between November 1, 2020, and March 1,
2021. The files and hospital electronic record system data of
863 patients were reviewed. The patients’ socio-demographic
characteristics, chronic diseases, medications used, newly
prescribed and discontinued drugs were examined. One
hundred twenty-four patients with insufficient file data were
excluded from the study. The study was completed with
739 patients. Polypharmacy, as defined most frequently, was
accepted as using 5 or more drugs at the same time. The diag-
nosis of depression was made by an experienced psychiatrist
or geriatrician.

Statistical Analysis
The normality of the distribution of continuous variables was
tested by the Shapiro-Wilk test. Two independent groups
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Table 1. Participants’ Socio-demographic Characteristics (n=739)

Non-depressive
(n=621)

Variables

Total
(n=739)

Depressive
(n=118) P

Aget

73.2+6.5

73.7 £ 6.7 .486 73.3+£6.5

Number of comorbiditiest

25+1.1

3.4+ 1.0 .000* 2.7+1.1

Polypharmacy

253 (40.7%)

95 (80.5%) .000* 348 (47.1%)

Patients with increased medication

105 (16.9%)

29 (24.6%) .047% 134 (18.1%)

*P < .05; fmean + SD.

with a non-normal distribution were compared with Mann-
Whitney U test. The relationship between categorical variables
was assessed with the y? test, and numerical variables with
Spearman’s rank correlation coefficient. Multicollinearity was
checked, and multivariate binary logistic regression analysis
was performed for independent predictors of polypharmacy.
Statistical analysis was performed with Statistical Package
for the Social Sciences for Windows version 22.0 (IBM SPSS
Statistics Corp., Armonk, NY, USA). A P value less than .05 was
accepted as statistically significant.

Compliance with Ethical Standards

Ethics approval: All procedures performed in studies involv-
ing human participants were in accordance with the ethical
standards of the institutional research committee and with the
1964 Helsinki Declaration and its later amendments or compa-
rable ethical standards. Approval for the study was granted by
Gaziantep University Medical Faculty Ethics Committee (Date:
May 27, 2020, Decision no: 2020/115). The authors confirm inde-
pendence from the sponsors, and the content of the article has
not been influenced by the sponsors.

Main Points

- Almost half of the geriatric patients had polypharmacy.

 The frequency of polypharmacy was higher in depressive
patients.

« The presence of depression
polypharmacy.

increased the risk of

RESULTS

The mean age of the 739 patients was 73.3 + 6.5 years. The
proportion of female patients was 66.8%. Almost half of the
participants had polypharmacy. The proportion of patients
who were previously or newly diagnosed with depression was
15.9%. The frequency of polypharmacy in depressive indi-
viduals was more than 80%, and also the rate of those with an
increase in the number of medications was found to be higher
in depressed patients. In addition, while 66 (19%) of 348 patients
with polypharmacy had a decrease in the number of drugs, most
of these patients were non-depressive patients. Other socio-
demographic characteristics of the patients are shown in Table 1.

A statistically significant positive correlation between the num-
ber of medications used and comorbidities and also the number
of medications used and medications discontinued are pre-
sented in Table 2.

Variance inflation factor was calculated, and the presence of
hypertension and diabetes mellitus was excluded from models
due to the collinearity problem. In multivariate binary logistic
regression analysis, age, depression, and the number of comor-
bidities were found as independent variables for polypharmacy
(Table 3).

DISCUSSION

The results of our study showed that polypharmacy is associ-
ated with depression and is more common in older adults with
depression than in non-depressive adults.
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Table 2. Correlation Analysis Results Between the Variables

Number of Number of
Number of Number of Medications Medications
Age Comorbidities Medications Newly Prescribed Discontinued
Age 1.000 0.011 0.095 -0.060 -0.102
2 .756 .010* 485 .346
Number of comorbidities r 0.011 1.000 0.730 0.104 0.271
P .756 .000* 222 .011*
Number of medications r 0.095 0.730 1.000 —0.045 0.479
P .010% .000* .597 .000*
Number of medications newly prescribed r -0.060 0.104 —-0.045 1.000 0.661
P 485 222 .597 1.000 .052
Number of medications discontinued r -0.102 0.271 0.479 0.661 1.000
P .346 .011* .000* .052

r, Spearman rank correlation coefficient.
*Significant at .01 level.

Previous studies have shown that polypharmacy is very common
in the elderly population and has a prevalence between 27% and
59% in primary care patients. In a recent study conducted with
34,232 elderly participants from 17 European countries, the prev-
alence of polypharmacy was found to be 32.1%."

Depression is the most common psychological disorder in older
adults that compromises health status, so individuals suffer-
ing from depression are more prone to polypharmacy.'? Studies
have shown that depression increases mortality alone or in com-
bination with other diseases. Studies conducted in Turkey have
reported that 10.2%-68.9% of the older individuals living in institu-
tions and 29% of community dwellers had depressive symptoms.

There is a vicious circle between polypharmacy and depression.
While depression can increase the number of drugs used, poly-
pharmacy can also lead to depressive symptoms in individuals.

To date, few studies have investigated the relationship between
depression and polypharmacy, and one of them claimed that
depression is a better predictor of polypharmacy than other
comorbid diseases.”>®

Insome studiesinvestigating the consequences of polypharmacy,
depression has been addressed, but it has not been discussed

Table 3. Multivariate Logistic Regression Analysis Results of
the Independent Variables for Polypharmacy

Polypharmacy

Variable OR [95% CI] P

Age 1.04[1.01-1.07] .016*
Gender (female vs. male) 1.01[0.67-1.51] .970
Depression 3.30[1.88-5.78] .000*
Number of comorbidities 5.49[4.25-7.10] .000*

OR, odds ratio.
*P < .05 according to multivariate binary logistic regression analysis.

sufficiently.’®'” Vetrano et al'® have shown that depressive symp-
toms were associated with polypharmacy. Furthermore, other
studies have shown that depressive patients have higher odds
for polypharmacy, and there was a positive association between
polypharmacy and depressive symptoms in older women.'#%°

In the present study, the prevalence of polypharmacy has been
found as 47.1% in older individuals. The high prevalence of poly-
pharmacy in older adults can be explained by the exponential
increase in the prevalence of chronic diseases and conditions
associated with advancing age.?’ The fact that the frequency of
polypharmacy in depressive individuals is more than 80% indi-
cates the importance of evaluating the elderly in terms of the pres-
ence of depression. Also, the presence of depression was found to
be associated with a 3.3-fold increase in the risk of polypharmacy.

Our findings showed that, compared to non-depressive older
adults, depressive patients had a significantly higher number
of comorbidities. Consistent with other studies, the number of
comorbidities and depressive disorders were associated with
the usage of more medications.?*?* More importantly, the num-
ber of medications used for chronic diseases has increased in
approximately a quarter of depressive patients who applied to
our geriatric outpatient clinic. In addition, most of the patients
with polypharmacy with a decreased number of drugs were non-
depressive patients. This also forces geriatricians to fight against
polypharmacy.

There are some limitations in our study. First is the retrospective
design of the study. Second, the fact that the study was con-
ducted in a tertiary healthcare institution increases the likeli-
hood of depressive patients having more comorbidities. Third,
the number of depressive patients was relatively low. Despite
these limitations, our study has some strengths. There are few
studies investigating the relationship between depression and
polypharmacy. There was no heterogeneity among the study
groups, so the relationship between depression and polyphar-
macy has been emphasized more clearly.
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CONCLUSION

This study showed that polypharmacy is quite common in the
elderly population, and defining variables, such as depression
associated with polypharmacy, is important in monitoring the
older individuals most vulnerable to this problem. Early diagno-
sis of depressed elderly people seems to be an approach to pre-
vent the occurrence of polypharmacy. It is necessary to carry out
further large-scale, multi-center, prospective studies to analyze
this association better in older individuals.
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ABSTRACT

Objective: This study aimed to evaluate the sphenoid sinus septation, the presence/absence of Onodi cells, and the relationship
between these structures with each other in cone-beam computed tomography.

Methods: A total of 500 cases (250 males, 250 females) between the ages of 18 and 81 were included in this study. Sphenoid
sinus septations were classified as intersphenoid, multiple, and absent, and Onodi cells as present or absent. The relationship
between these parameters was also assessed. Chi square test was used to determine the relationship between sphenoid sinus
septation and Onodi cells.

Results: Multiple septa seen in 451 (90.2%) of the cases is the most common type of sphenoid septation. Onodi cells were pres-
entin 327 (65.4%) of the cases. A statistically significant relationship was detected between Onodi cells and mean age (P < .05)
but no significant difference was observed between the septation and mean age (P > .05). There was no significant difference
between the septation or Onodi cells with gender (P > .05). Multiple septa were observed in all cases with Onodi cell. The rela-
tionship between sphenoid sinus septation and Onodi cell was statistically significant (P < .001).

Conclusion: This study revealed that there was a significant relationship between sphenoid sinus septation and Onodi cells.
The presence of Onodi cells was observed only with multiple septa. Cone-beam computed tomography is an effective imaging
method in the evaluation of sphenoid sinus anatomy and its variations and surrounding anatomical structures.

Keywords: Cone-beam computed tomography, Onodi cell, septation, Sphenoid sinus

INTRODUCTION

Paranasal sinus anatomy can be defined according to the devel-
opment degree of each sinus, the pneumatization variations
(additional extensions of air-filled cells from the ethmoid com-
plex or from the sphenoid sinuses to the enclosing bone), and
variations in the bony structure.' The sphenoid sinuses, the most
posterior of the paranasal sinuses, are situated in the center of
the skull base, in the body of the sphenoid bone. They are sur-
rounded by some important structures such as the Vidian nerve
in the sinus floor, the trigeminal nerve situated in the infero-lat-
eral wall, the carotid artery in the mid-lateral sinus wall, and the
optic nerve located in the superior lateral wall.??

Since the bony canal of the optic nerve and/or of the internal
carotid artery may be associated with the sphenoid septations,
great care should be taken during the removal of these septa-
tions in surgical procedures.* The sphenoid sinus septum is gen-
erally in the anterior midline, in line with the nasal septum, but

the sphenoid septum can deviate from the midline to any side,
curved, displace vertically, transversely, or obliquely. Thus, the
2 sinus cavities may not be equal to each other.** The septum
can be S- or C-shaped, complete or incomplete. There may also
be an accessory septum in the sinus.*

The optic nerve can be surrounded by an air cell named the
sphenoethmoid or Onodi when the most posterior ethmoid air
cells in superior location extend posterolaterally and the ante-
rior wall of the sphenoid sinus is displaced. The optic nerve in
the Onodi cell can be found without a bone cover and its surface
can be unprotected. The Onodi cell is a significant anatomical
guide in surgical interventions to the lateral sphenoid sinus and
the posterior ethmoid cells due to its relationship with the optic
nerve which is vulnerable.*

Because the Onodi cell and the sphenoid sinus share a com-
mon bony wall, the Onodi cell can mistakenly thought to be the
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Figure 1. Sphenoid sinus septation types on coronal (A, B, C) and axial (D, E, F) CBCT sections: Intersphenoid septa (A, D), multiple
septa (B, E), and absence of septa (C, F). CBCT, cone-beam computed tomography.

sphenoid sinus, but the sphenoid sinus is located inferiorly.* If
there are unilateral or bilateral sphenoethmoidal air cells on cor-
onal sections, there is a horizontal or cruciform septa because of
air cell situated superiorly to the posterior choana (generally the
sphenoid) that displaces the anterior wall of the sphenoid sinus
horizontally, so that the sphenoid and the posterior ethmoid air
cells can be distinguished from each other.t Because all sphenoid
sinus septations are vertically directed, and if there are horizon-
tally directed septa within the sphenoid sinus in sagittal sections,
indeed, these septations belong to posterior ethmoid sinus.’

One of the methods used to provide multiplanar imaging for
the maxillofacial region is cone-beam computed tomography
(CBCT). Cone-beam computed tomography is a technical devel-
opment in computed tomography (CT) imaging and suitable
for use in situations limited with the head scanning because
CBCT has relatively lower radiation dose and high isotropic spa-
tial resolution compared to CT which is a large and expensive
modality.”® Cone-beam computed tomography is considered to
be suitable for evaluation of paranasal sinus anatomy and surgi-
cal results and the imaging of intra- and perioperative osseous
structures.’

Sphenoid sinus septations and Onodi cells are adjacent or asso-
ciated with some neurovascular structures, and also Onodi cells
are related to the walls and septations of sphenoid sinus. These
structures and their relationships are important both during vari-
ous sinus surgeries and in preoperative radiographic examina-
tions. There are some investigations in the literature examining

Main Points

-+ The presence of Onodi cells was observed only with mul-
tiple septa.

- A relationship was detected between sphenoid sinus sep-
tation and Onodi cell.

« Cone-beam computed tomography is a suitable imaging
method for the evaluation of sphenoid sinus.

the sphenoid sinus septations and Onodi cells with CBCT or
CT,'"> however, as far as we know, there is no study evaluating
the relationship between these parameters. Therefore, the aim
of this study was to assess the septation of sphenoid sinus, the
presence/absence of Onodi cells, and the relationship between
these structures with each other on CBCT.

METHODS

Study Design

Before the study, the ethical approval was obtained from
Gaziantep University Ethics Committee (Decision No: 2020/245).
The tomographical records in CBCT archive in Gaziantep
University Faculty of Dentistry, Dentomaxillofacial Radiology
Department were used and examined retrospectively. Images
were acquired with Planmeca 3D Mid (ProMax, Helsinki, Finland)
CBCT device, and Romexis software (Helsinki, Oy, Finland) was
used for the analysis of the images. Multiplanar images with
16 x 16 and 16 x 9 cm field of view, a voxel resolution of 0.4 mm?,
and a slice thickness of T mm were used.

Sphenoid sinus septation and Onodi cells were examined
according to mean age and gender in 500 cases (250 males,
250 females) between the ages of 18 and 81, and the rela-
tionship between these parameters with each other was also
investigated. Images with fracture line due to trauma in the
maxillofacial area or any maxillofacial lesion, sphenoid sinus dis-
ease, intracranial tumors, and craniofacial anomalies were not
included in the study.

Sphenoid sinus septations were examined in coronal and axial
sections, and they were classified as intersphenoid, multiple, or
absent (Figure 1). If there was a single septa extending vertically
from the superior to the inferior, located at or near the midline
and dividing the sinus into 2 equal/unequal cavities, it was noted
as the intersphenoid septa. If there was one or more complete
or incomplete accessory septa in addition to the main septum, it
was evaluated as multiple septa, and sinuses without septa were
recorded as “absent”
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Figure 2. Onodi cells on CBCT sections: coronal (A; asterisks)
and sagittal (B; asterisk). CBCT, cone-beam computed
tomography.

The presence or absence of Onodi cells was investigated in
the coronal and sagittal planes (Figure 2). Sinuses with at least
1 Onodi cell were classified as “present” in these images, and
sinuses without any Onodi cells were classified as “absent.”

All CBCT images were assessed by the same maxillofacial
radiologist. In order to determine the intra-observer calibra-
tion, the evaluations made by the observer were repeated in
100 randomly selected CBCT images (20% of all images), 2 weeks
after the initial assessment, and intra-observer calibration was
examined.

Statistical Analysis

Intraclass correlation coefficient was used to calculate intraob-
server agreement. The conformity of the data to normal distribu-
tion was evaluated by Shapiro Wilk test. Chi square test was used
to determine the relationship between sphenoid sinus septation
and Onodi cells. As descriptive statistics, mean + standard devia-
tion for numerical variables and number and % values for cat-
egorical variables were given. Statistical Package for the Social
Sciences software (version 24.0) (Armonk, NY, IBM SPSS Corp.)
was used for statistical analysis, and P value < .05 was considered
statistically significant.

RESULTS

Of the total 500 CBCT images between the ages of 18 and 81
(mean 46.11 + 15.90), 250 were male (50%), 250 were female
(50%), and the mean age was 47.02 + 15.78 and 45.19 + 16.01,
respectively. The intraobserver reliability coefficient for all evalu-
ations was found to be almost perfect (0.91).

When the distribution of sphenoid sinus septation was investi-
gated, 44 (8.8%) cases had intersphenoid septation, 451 (90.2%)
had multiple septa (Table 1). The sphenoid septum was absent
in 5 (1%) cases. The relationship between the mean age and
septation was also assessed. The mean age was 46.36 + 17.65
for intersphenoid septa, 46.14 + 15.75 for multiple septa, and
40.60 + 15.66 for absent. No significant difference was deter-
mined between the septation and mean age (P > 0.05).

When the relationship of Onodi cells with mean age was exam-
ined, the mean age of 327 (65.4%) cases with Onodi cells was
found to be 47.34 + 15.32, and the mean age of 173 (34.6%)
cases without Onodi was 43.77 + 16.76 (Table 1). A statistically

Table 1. Distribution of Sphenoid Sinus Septation and Onodi
Cell According to Mean Age

Age
(Mean + SD) P

46.36 + 17.65 .751

N (%)

Sphenoid Intersphenoid 44 (8.8)
sinus

. Multiple 451 (90.2) 46.14 + 15.75
septation
Absent 5(1.0) 40.60 + 15.66
Onodi Present 327 (65.4) 47.34 + 15.32 .033*
cell Absent 173 (34.6) 43.77 + 16.76

SD, Standard Deviation.
*P < .05.

significant relationship was detected between Onodi cells and
mean age (P < .05).

The distribution of sphenoid sinus septation and Onodi cell
according to gender was shown in Table 2. In males, 27 of the
cases (10.8%) had intersphenoid, 220 (88.0%) had multiple septa,
while 3 (1.2%) had no septa. In females, intersphenoid septa were
in 17 (6.8%) cases, multiple septa in 231 (92.4%), and 2 (0.8%)
had no septa. The frequency of Onodi cells in males and females
was 156 (62.4%) and 171 (68.4%), respectively, and the absence
of Onodi cells in genders was 94 (37.6%) and 79 (31.6%), respec-
tively. There was no significant difference between the septation
or Onodi cells with gender (P > 0.05).

The presence of Onodi cells was observed only with multiple
septa (Table 3). The cases without Onodi were found together
with multiple septa in 24.8% and with intersphenoid septa in
8.8%. The rate of cases with the absence of both Onodi cells and
septa together was 1%. When the sphenoid sinus septation and
Onodi cell were compared, a statistically significant relationship
was observed (P <.001).

DISCUSSION

In this study, sphenoid sinus septation and Onodi cells were
investigated according to mean age and gender on CBCT images
and the relationship between these parameters was evaluated.
In the literature, few studies have been found investigating
sphenoid sinus septation and Onodi cells in CBCT,* but to the
best of our knowledge, there is no published study assessing the
relationship between these parameters. In this study, a statisti-
cally significant relationship was found between sphenoid sinus
septation and Onodi cells. Multiple septa were observed in all

Table 2. Distribution of Sphenoid Sinus Septation and Onodi
Cell According to Gender

Male N (%) Female N (%) P
Sphenoid Intersphenoid 27 (10.8) 17 (6.8) .254
SIEs Multiple 220(88.0) 231 (92.4)
septation
Absent 3(1.2) 2 (0.8)
Onodi cell Present 156 (62.4) 171 (68.4) .158
Absent 94 (37.6) 79 (31.6)
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Table 3. Relationship Between Sphenoid Sinus Septation and Onodi Cell

Sphenoid Sinus Septation

Intersphenoid N (%) Multiple N (%) Absent N (%) Total N (%) P
Onodi cell Present 0 (0) 327 (65.4) 0 (0) 327 (65.4) .000*
Absent 44 (8.8) 124 (24.8) 5 (1.0) 173 (34.6)
Total N (%) 44 (8.8) 451 (90.2) 5 (1.0) 500 (100)
*P < .05.

cases with Onodi cells. The most common sphenoid septation
type was multiple (90.2%). Onodi cells were present in 65.4% of
the cases.

When the sphenoid sinuses are well developed, structures such
as the vidian (pterygoid) canal, foramen rotundum (maxillary
nerve), optic nerve, and internal carotid artery can be defined by
their indentations in the sinus cavity. These anatomical associa-
tions can be a potential surgical risk factor because fracture or
removal of any sphenoid septa or indentations can cause injuries
to surrounding nerves or vessels. The location and number of the
sphenoid sinus septations are highly changeable and they usu-
ally attach to the osseous canal of the internal carotid artery and/
or optic nerve, which extends into the posterolateral sphenoid
sinus.*?

The sphenoid and posterior ethmoid cells are also interrelated.
The posterior ethmoid cells invading the sphenoid in the pos-
terior and superior direction will cause contact of these cells
with the optic nerve’® Also, this posterior ethmoid cell, called
the Onodi cell, shares a bony wall with the sphenoid sinus.*
Therefore, it should not be passed to more posterior part of the
sphenoid sinus which has become an important landmark in
ethmoidectomies.®

Sphenoid sinuses usually have an intersphenoid septum.’
In most of the studies evaluating septa, the incidence of sin-
gle/main intersphenoid septum was found to be quite high.
Idowu et al'® found this rate as 95%, Hamid et al'? 71.6%,
ELKammash et al'” 70%, Rahmati et al'® 69.8%, Anusha et al®
53.7%, and Kayalioglu et al®*® detected it as 46% in their study
with bony specimens. Although this rate was seen as 38%,”
29.6%,% 28.1%,% and 20%?2* in some studies, the incidence in our
study was 8.8% and it was much lower than in others. When the
intersphenoid sinus septation was evaluated according to gen-
der, Kapur et al*® found that this parameter was 68% and 77.9%
in males and females, respectively, and Akgil et al* detected
this rate as 48.1% and 43.7%, respectively. In the present study,
intersphenoid sinus septa were found as 10.8% in males and
6.8% in females.

The prevalence of multiple sphenoid sinus septa has been
observed at around 50% in some studies,’*?*?” and in some'%'728
at lower rates. This prevalence has been reported by Sareen
et al** as 80% in their research on cadavers, Jaworek-Tro¢ et al?
as 78.04%, Seddighi et al?®* as 71.9%. In our research, this value
was found to be 90.2%, consistent with other studies. When

multiple septa were evaluated according to gender, Kapur et al*®
found this as 32% and 22.1% in males and females, respectively,
and Akgul et al* found it as 51.9% and 56.3%, respectively. In
this study, higher rates were detected to be 88.0% and 92.4%,
respectively, compared to other studies.

Considering the studies with the absence of septa, the frequency
in the control group in Yalgin's? study was 14.8%, 10.8% in the
study of Hamid et al,’> 7.5% in the study of Ngubane et al*® 4%
in the study of Wiebracht and Zimmer.?® In the CT study of Sirikci
et al,*" in the anatomical and endoscopic study of Tan and Ong?
on cadavers, and in the research of Seddighi et al?®* on pituitary
adenomas on CT, there was no case without septa. Similarly, in
the current study, the absence of septa was observed in only 1%
of the cases.

In investigations with CT, the incidence of Onodi cells was
reported by Wada et al*? as 50.8% in the study group with a
mean age of 55.6, Chmielik and Chmielik*®* as 39.8% in their
study between the ages of 8 and 18, Hwang et al** as 32% in the
study among persons aged 19-76 years, Ozturan et al* reported
it as 16.6% in their study between the ages of 13 and 91. In the
present study, the mean age was 47.34 + 15.32 years and its inci-
dence was higher (65.4%) than the others, and a significant rela-
tionship was detected between the mean age and Onodi cells. It
was observed that the mean age of the patients with Onodi cells
was higher than those without Onodi cells.

When the Onodi cells were assessed according to gender,
Tomovic et al*® on CT found this parameter as 62.2% and 63.5%
in males and females, respectively, and Thanaviratananich et al*’
in the endoscopic study on cadavers detected this rate as 58.7%
and 63.2%, respectively. Ozdemir et al*® on CT observed this
parameter as 24.5% and 17.6% in males and females, respec-
tively, and Avsever et al’® on CBCT found this rate as 4.3% and
5.1%, respectively. In our study, Onodi cells were observed as
62.4% in males and 68.4% in females.

In the study of Driben et al'® with CT and subsequent endo-
scopic dissection on adult human cadavers, the prevalence of
Onodi cells detected was 7% and 39%, respectively, and signifi-
cant difference was found between analyses. Weinberger et al
observed Onodi cells with a frequency of 8% in CT analysis and
14% in cadaver samples. In the CT study on different ethnicity of
Hindi et al,* the relationship between the racial group and the
incidence of Onodi cells was significant and they reported the
incidence in the Chinese group higher than the others. Ozdemir
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et al*® found the prevalence of Onodi cells on CT as 21.2% in
the Turkish population. Tomovic et al,*® in the study with differ-
ent ethnic groups, found no statistically significant difference
between the groups, and they detected Onodi cells in 57.0%
of the African American population, in 62.7% of the Hispanic
population, and in 73.1% of the White population. In the current
study, consistent with these data, the incidence of Onodi cells
was observed to be 65.4%.

Knowing the anatomical relationships of the sphenoid sinus is
important because it can help explain the unusual symptoms
caused by sphenoid sinus disease, as well as avoid surgical com-
plications.> Cone beam computed tomography scanning of the
paranasal sinuses provides useful information in evaluating the
extent of the Onodi cell and detailed anatomy before the endo-
scopic sinus surgery.* Cone-beam computed tomography is an
imaging method suitable for use in evaluating the bone struc-
ture of the head region and paranasal sinus anatomy and is rela-
tively low-dose compared to CT.” Therefore, in our study, CBCT
was used in the evaluation of sphenoid sinuses.

It has been reported that a horizontal septum crossing the sphe-
noid sinus lumen in coronal or sagittal plane images indicates the
presence of Onodi cells.>® This means that there is at least 1 sep-
tum in the sphenoid sinuses where Onodi cells are detected. In
the present study, a statistically significant relationship was found
between sphenoid sinus septation and Onodi cells. The fact that
only multiple septations were found in cases that detected Onodi
cells showed there was also another septa in addition to the hori-
zontal septum. In accordance with the existing literature, in our
study, if the sphenoid sinus septa were absent, Onodi cells were
also absent. It can be thought that this relationship is due to the
anatomical proximity of septa and Onodi cells and the variations
during the development of these structures.

The difference between these results we obtained and the
results of other studies may be due to reasons such as ethnic-
ity, the study group consisting of living individuals/cadavers/dry
bones, different sample numbers, or age groups. It may also be
due to differences between study groups and imaging methods
and using different classifications in the evaluation of sphenoid
sinus septation.

The limitation of this study was that the medical history or sys-
temic diseases of the cases were not known as the study was
retrospective. Therefore, studies that are prospective or involve a
particular pathological condition affecting the paranasal sinuses
may be planned in the future. In addition, by increasing the num-
ber of samples, studies can be conducted in different popula-
tions and according to age groups.

CONCLUSION

In this study, the distribution of sphenoid sinus septation and
Onodi cells according to mean age and gender was investi-
gated, and a significant relationship was found between these
parameters. Onodi cell was observed only with multiple septa.
It is important to know these structures and their relationship
with each other to define the variations in the surrounding
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neurovascular structures, planning and performing various
sinus surgeries correctly, and avoid complications. Cone-beam
computed tomography is an effective imaging method in the
evaluation of sphenoid sinus anatomy and its variations and sur-
rounding anatomical structures.
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ABSTRACT

Objective: Although ultrasound-guided manual compression is a safe and cost-effective method in the treatment of pseudoa-
neurysm, there are many factors affecting the success of the procedure. This study aimed to determine the factors affecting the
success of ultrasound-guided manual compression.

Methods: The records of patients who developed iatrogenic femoral artery pseudoaneurysm in the cardiology department
between 2017 and 2020 were retrospectively analyzed. Data regarding patients, procedural and aneurysm-related factors were
evaluated by univariate and multivariate logistic regression analysis.

Results: Seventy-five patients who underwent ultrasound-guided manual compression were included in our study. In study
population, the rate of successful ultrasound-guided manual compression is 72%. As a result of the univariate analysis, hyper-
tension, diabetes mellitus, sheath size, the length of aneurysm sac, the width of aneurysm sac, compression duration, aneurysm
detection time> 24 hours parameters were found to be significant predictors for failed ultrasound-guided manual compression.
In the multivariate analysis, it was found that the independent predictors associated with failed ultrasound-guided manual
compression were the aneurysm detection time longer than 24 hours and the length of aneurysm sac (odds ratio: 5.908; 95% Cl
1.136-30.720; P=.035 and odds ratio: 1.042; 95% Cl 1.008-1.100; P=.045). In receiver operating characteristic (ROC) curve analy-
sis, the length of the pseudoaneurysm sac of 34 mm and above had 90% sensitivity and 57% specificity for failed ultrasound-
guided manual compression.

Conclusions: Ultrasound-guided manual compression is an effective method in the treatment of pseudoaneurysm. However,
early detection and size of pseudoaneurysm are important for the success of this treatment. Checking the operation site within
the first 24 hours after catheterization is important for early diagnosis and treatment of possible complications. In addition, it
should be considered that treatment success is low in length of pseudoaneurysm sacs longer than 34 mm.

Keywords: Compression, pseudoaneurysm, ultrasound

INTRODUCTION

Pseudoaneurysms are structures in which the integrity of the
artery wallisimpaired, where the outer wall of the aneurysmal sac
is limited by perivascular tissue, blood clot, or a reactive fibrous
tissue. They usually occur due to vascular trauma, infection, and
iatrogenic reasons. latrogenic pseudoaneurysm is an important
complication seen after percutaneous endovascular interven-
tions performed for diagnostic or therapeutic purposes.'?

Historically, surgical treatment was suggested for the first
time for the treatment of pseudoaneurysms.® However, after
surgical procedures, prolongation of hospital stay, increase in
cost, and increase in morbidity and mortality have led to the

search for less invasive methods.*¢ Since 1991, the ultrasound-
guided manual compression (UGMC) method has been used
in the treatment of pseudoaneurysm.”"" Although the success
rate of UGMC has been reported to be high in the literature,
failure rates of 5%-30% have been reported in several case
series.”'21314 Failed UGMC has been attributed to factors such
as emergency procedure, interventional procedure, use of
anticoagulants, aneurysm diameter, neck diameter, and track
|ength.12'15'16

In the present study, we aimed to determine the factors affecting
the efficiency and the success of the UGMC method in the treat-
ment of iatrogenic femoral artery pseudoaneurysm (IFAP).

Cite this article as: Kus G, Bayar N, Cagira G, Ozgiinoglu EC, Giiven R, Arslan S. The importance of ultrasound-guided
manual compression in iatrogenic pseudoaneurysm treatment: The sooner the better. Eur J Ther. 2022;28(3):236-241.

Corresponding author: Gorkem Kus, e-mail: grk1628@hotmail.com

Received: November 22, 2021 Accepted: June 13, 2022
Copyright@Author(s) - Available online at eurjther.com.

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.


mailto:grk1628@hotmail.com
http://orcid.org/0000-0002-6058-5501
http://orcid.org/0000-0001-6785-3137
http://orcid.org/0000-0001-9768-918X
http://orcid.org/0000-0002-6198-5128
http://orcid.org/0000-0003-4129-8985
http://orcid.org/0000-0002-2907-4957
https://creativecommons.org/licenses/by-nc/4.0/

Eur J Ther 2022;28(3):236-241

Kus et al. Ultrasound-Guided Manual Compression: The Sooner the Better

Figure 1. (A) Schematic image of PSA. (B) Ultrasound image of a PSA directly adjacent to the common femoral artery via a
definable neck. Duplex scan demonstrates flow within the PSA and the femoral artery. PSA, pseudoaneurysm.
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METHODS

The records of patients who developed IFAP after cardiac cath-
eterization and who underwent UGMC in the cardiology clinic
of our hospital between 2017 and 2020 were retrospectively
analyzed. Procedures other than the femoral artery entry site
were excluded. Patients were divided into 2 groups according
to whether UGMC was successful or not. Demographic charac-
teristics and comorbidities of the patients were analyzed. The
intervened artery, sheath size, diagnostic/interventional pro-
cedure, emergency/elective procedure, catheterization pro-
cedure duration, pre- and post-catheterization anticoagulant
and antiaggregant treatment use, and time from catheteriza-
tion to the detection of pseudoaneurysm (pseudoaneurysm
age) were recorded from the catheter laboratory reports.
Approval was obtained from the local ethics committee for
the study.

Cardiac catheterization was performed using a 6f or 7f sheath
through the common femoral artery. While antiaggregant
or anticoagulant therapy was not used in diagnostic proce-
dures, dual antiplatelet therapy and intravenous (iv) heparin
(70-100 u/kg) were used in emergency interventional proce-
dures. After the diagnostic catheterization procedures, sheath

Main Points

« Latrogenic pseudoaneurysm is an important complication
seen after percutaneous endovascular interventions per-
formed for diagnostic or therapeutic purposes

« Since 1991, ultrasound-guided manual compression
(UGMC), which is an effective and safe treatment method,
has been used in the treatment of pseudoaneurysm that
develops following interventional procedures.

+ The aneurysm detection time longer than 24 hours and the
length of the aneurysm sac were found as independent
predictors associated with failed UGMC.

+ Checking the intervention site within the first 24 hours is
very important for the early diagnosis of a possible pseu-
doaneurysm and for the success of the UGMC treatment.

was removed immediately after the procedure, and direct man-
ual compression was applied for 15 minutes. Sheath was with-
drawn approximately 4 hours after the interventional procedures
and direct manual compression was applied for 15 minutes.

The diagnosis of pseudoaneurysm was confirmed by color
Doppler ultrasound test performed in patients with pain, swell-
ing in the groin after catheterization, and systolic murmur and
pulsatile mass on physical examination. The identification of a
pseudoaneurysm was confirmed by the classical triad of ultra-
sound findings including a hypoechoic sac in the vicinity of
the parent vessel, a swirling high resistance flow on Doppler
ultrasound within this mass, and a to and fro type waveform in
the neck or in the sac close to the neck (Figure 1A and B). In all
patients, aneurysm size, number of aneurysmal sacs, presence of
arteriovenous fistula, and presence of partial thrombosis were
recorded before the UGMC procedure.

Compression procedure under ultrasonographic guidance was
performed by a cardiologist by determining the neck of the
aneurysm with superficial ultrasound and applying pressure to
this area. Three cycles of compression were applied to patients
with aneurysm neck length over 8 mm with a US transducer
(3.5-7 Mhz) for 15-20 minutes. Analgesic treatment (iv 1-2 mg
midazolam hydrochloride) was administered to patients who
felt pain during the procedure. The compression procedure
was continued until the blood flow to the aneurysm sac was
stopped while the blood flow continued in the main femoral
artery.The blood flow to the sac was evaluated after a 10-minute
break between each cycle. Compression tape was applied to
the patients for 12 hours after the procedure. Successful treat-
ment after the procedure was defined as the cessation of blood
flow in the false lumen and the continuation of blood flow in
the common femoral artery. Each patient who underwent suc-
cessful compression underwent ultrasonography (USG) control
24 hours after the procedure. Patients whose aneurysm pouch
filling could not be completely prevented were accepted as
failed compression. Results were expressed using mean values
and standard deviation.
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Ethical committee approval was received from Antalya Education
and Research Hospital Ethics Committee (Date: March 24, 2021,
Decision no: 1/29, Protocol no: 2021/15).

Statistical Analysis

All statistical analyses (sensitivity, specificity, negative predic-
tive value, and positive predictive value) were performed using
MedCalc Statistical Software version v19.4.1 (MedCalc Software,
Ostend, Belgium) and Statistical Package for the Social Sciences
25.0 (Armonk, NY: IBM SPSS Corp.). The data of the patients are
expressed as median (quartiles) for distributed data and per-
centage for categorical variables. Shapiro Wilk test was used if
the continuous variables were normally distributed. Student’s
t-test was used for parameters with normal distribution and
Mann-Whitney U-test was used for parameters with non-normal
distribution. Chi square test or Fisher’s exact test was used in the
analysis of categorical variables. Whether the width and length
of the pseudoaneurysm sac measurements were effective in
distinguishing successful compression patients from failed com-
pression patients was evaluated by calculating the area under
the ROC curve, and significant predictors were determined by
binary logistic regression. P < .05 was considered statistically
significant.

RESULTS

Seventy-five patients who received UGMC treatment for IFAP
were divided into 2 groups, 54 (72%) as successful compression
and 21 (28%) as failed compression. Some demographic charac-
teristics of the patients such as age (65.5 + 13.5 and 63.1 + 10.0),
male gender (50% and 42.9%), smoking, hyperlipidemia, chronic
renal failure, and peripheral artery disease were found to be simi-
lar in both groups, whereas diabetes mellitus and hypertension
differed significantly in the failed UGMC group (Table 1).

Comparing blood parameters such as international normalized
ratio, hemoglobin, and platelets between the groups, no signifi-
cant difference was found. In addition, there was no statistically
significant difference between the use of antiaggregant and
anticoagulant drugs in both groups.

Procedure- and aneurysm-related risk characteristics of the
groups are presented in Table 2. There was no significant dif-
ference in both groups in terms of diagnostic/therapeutic pro-
cedure, emergency/elective procedure, type of procedure,
and duration of the procedure that led to IFAP development.
However, the use of large-scale sheath was found to be higher in
the failed UGMC group (P:.048).

While the diameter of the pseudoaneurysm sac length (30.0 mm
(20.0-45.2) and 47.0 mm (38.5-69.0) P < .001) and the width of
the pseudoaneurysm sac (18.0 mm (12.0-30.0) and 30.0 mm
(17.5-49.0) P .007) were found to be significantly larger; the pseu-
doaneurysm sac’s being unilobuled/multilobuled or the pres-
ence of partial thrombosis in the sac were found to be similar in
both groups.

The time until the detection of pseudoaneurysm was longer in
the failed UGMC group (24.0 hours (21.0-48.7) and 35.0 hours

Eur J Ther 2022;28(3):236-241

(27.0-69.0) P: 0.011); especially pseudoaneurysms detected
after the first 24 hours were found to be statistically signifi-
cant for failed UGMC (P < .001). However, the UGMC duration
(37.5 minutes (34.5-48.0) and 50.0 minutes (40.0-57.5)) was also
found to be longer in the failed UGMC group.

Comparing the groups, the length and width of the pseudoa-
neurysm sac (30.0 mm (20.0-45.2) and 47.0 mm (38.5-69.0)
P <.0017; 18.0 mm (12.0-30.0) 30.0 mm (17.5-49.0) P:.007) in the
failed UGMC group were found to be statistically significantly
large.

As a result of the univariate regression analysis, parameters
such as hypertension, diabetes mellitus, sheath size, the length
of the aneurysm sac, the width of the aneurysm sac, compres-
sion duration, aneurysm detection time >24 hours were found
to be significant predictors for failed UGMC (P=.036, P = .014,

Table 1. Demographic Characteristics, Clinical Features, and
Laboratory Findings of Patients

Successful  Failed UGMC

UGMC Group Group
Variables (n=54) (n=21) P
Age, years 65.5 + 13.5 63.1 + 10.0 .345
Male, % (n) 50.0 (27) 42.9 (9) .578
HT, % (n) 53.7 (29) 81.0 (17) .030
DM, % (n) 22.2 (12) 52.4 (11) .011
Smoking, % (n) 22.2(12) 38.1 (8) .163
Hyperlipidemia, % (n) 61.1 (33) 71.4 (15) 403
CAD, % (n) 68.5 (37) 90.5 (19) .050
PAD*, % (n) 9.3 (5) 14.3 (3) .396
CRF*, % (n) 9.3 (5) 4.8 (1) 1.000
Antiaggregant therapy*, % (n)
-None 5.6 (3) 9.5(2) 0.507
-Single therapy 20.4 (11) 9.5 (2)
-Dual therapy 74.1 (40) 81.0 (17)
Anticoagulant therapy*, % (n)
-None 77.8 (42) 81.0 (17) 0.440
-LMWH therapy 14.8 (8) 9.5 (2)
-VKA therapy 5.6 (3) 0.0 (0)
-NOAC therapy 1.9 (1) 9.5 (2)
INR 1.06 1.09 0.200

(1.00-1.18) (1.06-1.13)
Hemoglobin, g/dL 11.8 11.9 0.265

(10.6-14.1) (9.8-12.8)
Platelet count, (x 103 209.0 204.5 0.166

per pL) (179.0-268.0) (190.0-229.2)

*Fisher’s exact test.

HT, hypertension; DM, diabetes mellitus; CAD, coronary artery disease;
PAD, peripheral artery disease; CRF, chronic renal failure; LMWH,
low-molecular-weight heparin; VKA, vitamin K antagonist; NOAC, non-vi-
tamin K antagonist oral anticoagulant; INR, International normalized ratio.
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Table 2. Procedural and Aneurysmal Risk Characteristics of
Patients

Successful Failed
UGMC UGMC
Variables Group Group P
Procedure, % (n)
Emergency procedure 22.2 (12) 28.6 (6) .563
Elective procedure 77.8 (42) 71.4 (15)
Intervention, % (n)
Diagnostic 37.0 (20) 38.1(8) .932
Therapeutic 63.0 (34) 61.9 (13)
Type of procedure*, % (n)
CAG 90.7 (49) 90.5(19) .712
EPS 3.7 (2) 9.5 (2)
TAVI 1.9 (1) 0.0 (0)
PAG 3,7 (2) 0.0 (0)
Duration of procedure 17.5 19.0
(minutes) (10.0-23.2) (14.0-28.5)
Sheat size*, % (F)
6f 96.3 (52) 81.(17) .048
7f 3.7 (2) 19.0 (4)
Aneurysm sac diameter 30.0 47.0 <.001
(length) (mm) (20.0-45.2) (38.5-69.0)
Aneurysm sac diameter 18.0 30.0 .007
(width) (mm) (12.0-30.0) (17.5-49.0)
Unilobule/multilobule sac*, % (n)
Unilobule 83.3(45)  85.7(18) 1.000
Multilobule 16.7 (9) 14.3 (3)
Partial thrombosis of pseudoaneurysm, % (n)
No 64.8(35) 57.1(12) .600
Yes 35.2 (19) 42.9 (9)
Duration of compression 37.5 50.0 .002
(minute) (34.5-48.0) (40.0-57.5)
Time lag before diagnosis 24.0 35.0 .011

(hour) (21.0-48.7) (27.0-69.0)

Time lag before diagnosis of aneurysm
< 24 hours (n=34) 57.4 (31) 143 (3) <.001
>24 hours (n=41) 42.6 (23) 85.7 (18)

* Fisher’s exact test.
CAG, coronary angiography; EPS, electrophysiological study; TAVI, tran-
scatheter aortic valve implantation; PAG, peripheral angiography.

P=.047,P=.001,P=.029, P=.012, P =.002, respectively). In the
multivariate logistic regression analysis performed with these
parameters, it was found that the independent predictors associ-
ated with failed UGMC were the aneurysm detection time longer
than 24 hours and the length of the aneurysm sac (OR: 5.908;
95% Cl 1.136-30.720; P=.035, and OR: 1.042; 95% C| 1.008-1.100;
P=.045) (Table 3).
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In ROC curve analysis, the length diameter of the pseudoaneu-
rysm sac of 34 mm and above had 90% sensitivity and 57% speci-
ficity for failed UGMC (Figure 2).

Major complications associated with UGMC such as rupture, dis-
tal embolization, skin necrosis, or neuropathy were not detected
in our patients. However, transient hypotension developed dur-
ing compression in 2 patients, and vagal reaction developed
in 1 patient as a result compression was interrupted in these
patients. Compression was continued after the patients were
stabilized.

DISCUSSION

Ultrasound-guided manual compression, first described by
Fellmeth et al.” in 1991, is a safe and cost-effective method; how-
ever, its success rate varies between 57% and 99% in various case
series.®’>'7 |In our clinic, our success rate after UGMC was 72%,
which was consistent with the studies in the literature. In studies
where the success rate was higher, the presence of partial throm-
bosis after compression was considered successful compression,
whereas pseudoaneurysms with large hematoma were consid-
ered not suitable for compression and were excluded from the
study.”'® Partial thrombosis was not used as a criterion for suc-
cess in our study, while the presence of a large hematoma was
not considered a contraindication for UGMC.

Other studies in the literature report that anticoagulant and anti-
platelet therapy cause higher failure and recurrence rates.'>"
Although IFAP was detected more in those receiving single or
dual antiplatelet therapy in our study (93%), taking antiplate-
let or anticoagulant therapy was not found to be a predictor of
failed UGMC. This may be related to the discontinuation of anti-
coagulant treatment before the procedure or the low number of
patients in our study group.

The need for long compression times may also be associated
with failed UGMC. While the average compression time in the lit-
erature is approximately 44 minutes, in some situations, there are
cases with compression time up to 300 minutes.' There are also
studies reporting that long compression times do not correlate
with the success of UGMC. Eisenberg et al'* explained this by the
failure to perform effective compression for more than 1 hour
due to patient comfort and operator fatigue. Although compres-
sion time was found to be longer in the failed UGMC group in
our study, it was not found to be an independent predictor for
failed UGMC in multivariate analysis. In our study, a statistically
significant difference may not have been found between the
compression time and failed UGMC due to the inability to con-
tinue compression for a long time due to patient and operator
comfort.

Different results were obtained in studies investigating the rela-
tionship between pseudoaneurysm age and UGMC success.
Shatnawi et al.® reported an association between aneurysm
age >48 hours after catheterization and the rate of failed UGMC.
Similarly, the aneurysm detection time was found to be longer
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Table 3. Univariate and Multivariate Analysis of Factors Associated with Ultrasound-Guided Manual Compression Failure

Univariate Multivariate

Variables OR (95% CI) P Adjusted OR (95% CI) P
Age (years) 0.985 (0.946-1.026) 464

HT 3.664 (1.089-12.329) .036 2.858 (0.529-15.445) 223
DM 3.850 (1.321-11.224) .014 2.188 (0.527-9.094) .281
CAD 4.365 (0.912-20.899) .065 6.344 (0.849-47.389) .072
Sheath size (6f, 7f) 6.118 (1.028-36.405) .047 5.204 (0.187-144.772) 331
Aneurysm sac diameter (length)(mm) 1.058 (1.024-1.094) .001 1.042 (1.008-1.100) .045
Aneurysm sac diameter (width) (mm) 1.029 (1.003-1.056) .029 1.029 (0.982-1.078) 227
Compression time (minutes) 1.043 (1.009-1.078) .012 1.032 (0.981-1.086) .226

Time lag before diagnosis of aneurysm >24 hour

8.087 (2.126-30.760) .002

5.908 (1.136-30.720) .035

HT, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; OR, odds ratio.

in the failed UGMC group in our study, and aneurysm detection
time of >24 hours was determined as an independent predictor
of failed UGMC in the multivariate analysis. This situation may be
explained by the fact that the pseudointima layer that develops
in the aneurysm sac over time and endothelialization prevents
thrombosis, which is necessary for successful compression.’
Therefore, checking the intervention site within the first 24 hours
is very important for the early diagnosis of a possible pseudoan-
eurysm and for the success of the UGMC treatment to be applied.

While there are publications showing that the size of the pseudo-
aneurysm sac is unrelated to failed UGMC,?° many studies found
that the size of the pseudoaneurysm sac was the limiting factor

Figure 2. Receiver operating characteristic curves showing
the AUC for aneurysm diameter (length). AUC, area under
curve.
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affecting the success of UGMC.">%'22 Qur study has demonstrated
that there is an inverse relationship between pseudoaneurysm
size and compression success. This result may be explained by
the fact that the flow through larger pseudoaneurysms tends
to be greater than the flow in smaller pseudoaneurysms and
therefore it is more difficult to stop it completely. In our study,
it was also found that the diameter of the pseudoaneurysm
was larger and that the success of UGMC was lower in patients
with pseudoaneurysm after >24 hours. This result once again
reveals the importance of early diagnosis in the treatment of
pseudoaneurysm.

Limitations

The main limitations of our study were that it is a single-center
study, that the operators performing the procedure had varying
length of experience, and the body mass index of many patients
were not recorded.

CONCLUSION

Ultrasound-guided manual compression is an effective and safe
treatment method in the treatment of pseudoaneurysm that
develops following interventional procedures. However, for this
treatment to be successful, it is important to detect the pseudoa-
neurysm before 24 hours. Checking the intervention site within
the first 24 hours after catheterization may increase the success
of UGMC treatment by detecting possible pseudoaneurysm
before it becomes too large. In addition, since the size of the
pseudoaneurysm sac length also affects the success of UGMC, it
should be considered that treatment success is low, especially in
the length of pseudoaneurysm sacs longer than 34 mm.
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ABSTRACT

Objective: Conotruncal heart defects represent 10%-15% of congenital heart diseases and mostly include tetralogy of Fallot,
pulmonary atresia with ventricular septal defect, truncus arteriosus, and interrupted aortic arch.

Methods: This study aimed to investigate the prevalence of 22q11.2 deletion (Del22) with fluorescent in situ hybridization anal-
ysis among children followed with conotruncal heart defects. In 104 cases with conotruncal heart defects, the 22g11.2 region
was screened for deletion through the fluorescent in situ hybridization analysis using a probe specific to this region.

Results: The fluorescent in situ hybridization analysis performed in patients with conotruncal heart defects showed that
Del22 was present in 3 cases in Group | (70 pts) with isolated cardiopathy (4.3%), 2 cases in Group Il (29 pts) with cardiopa-
thy +dysmorphism (6.9%), 2 cases in Group lll (2 pts) with cardiopathy +immunodeficiency + dysmorphism (100%), and 1 case
in Group IV (3 pts) with cardiopathy +immunodeficiency (33.3%) (P < .05). Eight (7.5%) of 104 patients with conotruncal heart

defects were found to have Del22.

Conclusions: The results obtained from the present study are compatible with the literature. The clinical manifestation of
Del22 is extremely variable. With additional abnormalities such as immunodeficiency and dysmorphic features, Del22 positivity

was increasing statistically.

Keywords: Conotruncal heart defects, Del22, FISH, 22q11.2

INTRODUCTION

Conotruncal heart defects (CTHD) include various defects, such
as tetralogy of Fallot (TOF), tricuspid atresia, double outlet right
ventricle, and transposition of the great arteries. These defects
represent 5%-10% of congenital heart diseases and are required
to be corrected in the neonatal or childhood period since they
often cause severe cyanosis. Congenital aortic arch malforma-
tions occur in approximately 80% of all patients with Del22,
suggesting that Del22 is an important risk factor for aortic
anomalies.”?

Del22 is a chromosomal disorder that causes congenital defects.
The most common clinical manifestations are cardiac defects,
palate disorders, dysmorphic face, growth disorders, and immu-
nosuppression. The prognosis of Del22 is variable. The wide
spectrum of the phenotypes of the syndrome has been previ-
ously divided into different sections (DiGeorge syndrome, velo-
cardiofacial syndrome, cardiofacial syndrome, etc.); however,
they are known to be etiologically similar and called 22q11.2
deletion or Del22 syndrome.'*

METHODS

Patient Group

A total of 104 cases, who were followed in our hospital’s Pediatric
Cardiology Outpatient Clinic for CTHD, were divided into
4 groups according to the presence of dysmorphic features and
immune system disorders.

Patients with CTHD were included in the study. Metaphase chro-
mosomes obtained from the peripheral blood of the patients
were investigated by the fluorescent in situ hybridization (FISH)
method using the Del22 probe. This study was approved by
the Ethics Committee of the Gaziantep University with number
341/2017.

Fluorescent In Situ Hybridization Analysis

Forthe FISH analysis, standard metaphase preparations of periph-
eral blood lymphocytes were used. Genomic DNA was extracted
from peripheral blood following standard protocols. It is the
2-Mb commonly deleted region called DiGeorge Critical Zone
and is seen in 90% of patients.*® The critical region of a minimum
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of 300-480 kb containing several genes, including TUPLET, TBX1,
SLC25AT1, and CLTD, was described within the region. The Del22
screening was performed via FISH method using TUPLE1 probe
(Kreatech Diagnostics, Amsterdam, Netherlands) and P250-A1
kit (MRC-Holland, Amsterdam, Netherlands) in accordance with
the manufacturer’s instructions. The P250 kit consists of 30 differ-
ent probes targeting the 22q11 region and can be used to detect
common and atypical types of deletion.

Measurements and Parameters

Patients diagnosed with CTHD by imaging methods and parents
of the younger patients were informed about the subject of the
study. A 2-cc blood sample was collected to analyze with the
FISH method, technical details of which were given earlier.

Evaluation of the Data

Statistical analysis was performed using MedCalc version 19.6.4
software. Demographic characteristics of the participants
were expressed as frequency and percentage. The one-tailed
chi-square test (x?) was used for detecting Del22 prevalence
between groups. A P value of <.05 was considered statistically
significant.

RESULTS

A total of 104 patients, ages ranging from 10 days to 18 years,
were included in the study. The mean age of the patients was
6.3 + 5.1 years (range 10 days-19 years). The diagnosis of CTHD
was made by the pediatric cardiologist on the basis of echo-
cardiography, cardiac catheterization, and cardiac computed
tomography or cardiac magnetic resonance results (Table 1). All
cases included in the study were evaluated for Del22 using FISH
method. Of the cases, 39 were female and 65 (62.5%) were male.
The cases, whose peripheral blood samples were studied, were
divided into 4 groups according to the cardiac findings, dys-
morphic features, and immune system disorders accompanying
Del22. Group |, cases with congenital cardiopathy alone; group II,
cases with cardiopathy +dysmorphic findings; group lll, cases
with cardiopathy +dysmorphic findings +immunodeficiency;
and group, cases with cardiopathy+immunodeficiency. The
classification of patients according to the phenotypic findings is
presented in Table 2.

As seen in Table 2, the largest group in the study was group |, the
isolated cardiopathy group with 70 cases, which was followed
by group I, cardiopathy+dysmorphism group with 29 cases,
group lll, cardiopathy +dysmorphism+immunodeficiency group
with 2 cases, and group IV, cardiopathy +immunodeficiency group
with 3 cases. The FISH analysis performed showed that Del22 was

Main Points

- Conotruncal heart disorders carry risk of increased
22q11.2 deletion (Del22) frequency.

« Increased Del22 frequency is more prominent with
increased multisystem involvement such as conotruncal
heart defect, dysmorphic face, and immune disorders.

+ 22q11.2 deletion problem is not rare; therefore, it should be
considered for every single patient.
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Table 1. Conotruncal Heart Disease Type and Number of
Patients

Conotruncal Heart Diseases Number of Cases

Tetralogy of Fallot 85
Isolated tetralogy of Fallot (55)
With right aortic arch (17)
With pulmonary atresia (13)

Double outlet right ventricle 6

Tricuspid atresia

Isolated perimembranous ventricular 3
septal defect
Others* 8

*Taussig Bing anomaly, atrioventricular septal defect, dilated ascending
aorta, right aortic arch, patent ductus arterious, ventricular septal defect,
major aortopulmonary collateral arteries, hypoplastic left heart syndrome.

present in 3 cases in group |, 2 cases in group Il and lll, 1 case in
group IV. The ratio of male patients was higher in all groups.

The classification of patients undergoing Del22 analysis
according to the type of cardiopathy and accompanying find-
ings and the rate of Del22 detection are given in Table 3. In
the group consisting of 67.4% cases with cardiopathy alone,
the most common cardiopathies were TOF. Del22 positivity
with FISH analysis were 4.3%, 6.9%, 100%, and 33.3% in groups
(P=.029, 2.

The characteristics of 8 cases with Del22 are given in Table 4. Four
(50%) of these 8 patients with cardiac defects had TOF, 1 (12.5%)
had TOF +right aortic arch, 1 (12.5%) had perimembranous ven-
tricular septal defect, 1 (12.5%) had TOF + pulmonary atresia, and
1 (12.5%) had major aortopulmonary collaterals. A total of 75%
of patients with Del22 were found to have TOF. Four cases were
accompanied by immunodeficiency and 3 were accompanied by
dysmorphic findings.

DISCUSSION

Del22 is a chromosomal disorder that causes congenital defects.
The most common clinical manifestations are cardiac defects,
palate disorders, dysmorphic face, growth disorders, and

Table 2. Classification of the Cases, Whose Del22 Analysis
Was Performed, According to the Phenotypic Findings and
Detection Rates of Del22

Total Number (Female/Male) *Del22 + Number

Group | 70 (67.4%) (28-42) 3 (4.3%)
Group I 29 (27.9%) (10-19) 2 (6.9%)
Group 2 (1.9%) (0-2) 2 (100%)
Group IV 3 (2.8%) (1-2) 1(33.3%)
Total 104 (39-65) 8 (7.5%)

Group |, cardiopathy alone; group Il, cardiopathy + dysmorphic findings;
group ll, cardiopathy+dysmorphic findings +immunodeficiency; and
group 1V, cardiopathy + immunodeficiency.

*P=.0029, chi-squared test between groups.
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Table 3. Detection of Del22 According to the Type of Cardiopathy and Accompanying Findings in Patients for Whom Del22

Analysis Was Performed

Group | Group Il Group 1l Group IV
n Del22+ n Del22+ n Del22+ n Del22+

Tetralogy of Fallot 45 1 5 1 2 2 1
Tetralogy of Fallot with right aortic arch 10 1 7
Tetralogy of Fallot with pulmonary atresia 4 9 1 1
Double outlet right ventricle 3
Isolated perimembranous ventricle septal defect 2 1 1
Truncus arteriosus 3
Others* 5 1 3
Total 70 29 2 3

Group |, cardiopathy alone; group I, cardiopathy + dysmorphic findings; group lll, congenital cardiopathy + dysmorphic findings + immunodeficiency; and

group 1V, cardiopathy + immunodeficiency.

*Taussig Bing anomaly, atrioventricular septal defect, dilated ascending aorta, right aortic arch, patent ductus arterious, ventricular septal defect, major

aortopulmonary collateral arteries, hypoplastic left heart syndrome.

immunosuppression. The prognosis of Del22 is variable. Palatal
abnormalities causing hypernasal speech, feeding, and swallow-
ing difficulties can be seen in more than 75% of the cases. Most
patients are admitted to the hospital with mild dysmorphic facial
and vertebral defects. Immunodeficiency is observed in the
majority of cases due to thymic aplasia or hypoplasia increasing
susceptibility to viral infections. Furthermore, these individuals
are more likely to develop autoimmune diseases such as idio-
pathic thrombocytopenic purpura and juvenile idiopathic arthri-
tis. Neonatal hypocalcemia is seen in half of the patients. It often
recovers spontaneously but can reappear in a certain period of
life or after several conditions such as an infection, surgery, and
pregnancy. Other clinical features include gastrointestinal disor-
ders, hearing loss, renal and dental defects, learning disorders,
and psychiatric problems. The wide spectrum of the phenotypes
of the syndrome has been previously divided into different
sections (DiGeorge syndrome, velocardiofacial syndrome, car-
diofacial syndrome, Shprintzen syndrome, conotruncal cardiac
anomaly, and CATCH 22); however, they are known to be etio-
logically similar and called 22q11.2 deletion syndrome or shortly
Del22 at present.’”

The FISH method is the most frequently used method to screen
syndromes with common pathogenesis that occur due to loss

of genetic material in the eleventh region of the long arm of
chromosome 22.° The loss of genetic material due to deletion
and haploinsufficiency increases the variety of clinical findings
and causes different phenotypes in generations in the same
family.>® In 93% of the cases, the deletion emerges “de novo” or
may be inherited in autosomal dominant manner in 6%-25% of
the patients.’

Goldmuntz’ reported that the patients with Del22 had cardiac
anomalies and most of these defects were CTHD or aortic arch
anomalies. Among these, TOF and interruptic aortic arch are
the most frequent ones, similar to our study. The prevalence of
Del22 in children with CTHD was reported to be 30%.2 On this
basis, Del22 examination is recommended in the routine clini-
cal practice in all rare conotruncal anomalies such as interruptic
aortic arch and truncus arteriosus. The age of diagnosis of the
syndrome varies from center to center.>’

Alikasifoglu et al® conducted a study involving 32 patients with
clinical features of TOF, truncus arteriosus, outlet ventricular sep-
tal defect, transposition, pulmonary atresia, vascular anomalies,
and facial dysmorphism and reported the rate of deletion as
6.3%. In a study by Giray et al.’ involving 36 patients with con-
genital heart defects, the rate of patients with Del22 was found

Table 4. Findings of Eight Cases with Del22

Cardiopathy

Dysmorphic Findings

Immunodeficiency

1 Tetralogy of Fallot Hypertelorism Yes
2 Tetralogy of Fallot Hypertelorism, low-set ears, small mouth Yes
3 Tetralogy of Fallot No Yes
4 Tetralogy of Fallot No No
5  Tetralogy of Fallot with right aortic arch No No
6 Tetralogy of Fallot with pulmonary atresia Hypertelorism, small mouth No
7 Perimembranous ventricle septal defect No Yes
8 Major aortopulmonary collaterals No No
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to be 19.4% with the FISH method. This rate constitutes 14.2% of
patients with isolated CTHD and 30.4% of all patients with CTHD.®

In a study by Halder et al.’® in which 146 patients with con-
genital heart defects requiring surgical treatment were exam-
ined with FISH method for Del22 frequency, typical clinical
features of Del22 were detected in 87 cases and 59 cases
were observed to have isolated heart defects. The authors fur-
ther detected hemizygous Del22 in 9 (6.16%) of 146 patients
whereas no Del22 was found in patients with isolated heart
malformation.

Beauchesne et al" investigated the frequency of DiGeorge
syndrome in 103 patients by FISH analysis and detected TOF in
77 patients, pulmonary atresia in 23 patients, and truncus arteri-
osus in 3 patients. Six patients (5.8%) were found to have a Del22,
similar to our results.

The FISH technique has many advantages over classical cytoge-
netic techniques in detecting Del22. It is more precise than tradi-
tional karyotyping or using high-resolution banding techniques
and requires less effort than karyotyping, DNA dosage analysis,
or restriction fragment length polymorphism. The FISH tech-
nique has been further reported to be useful in prenatal diagno-
sis using amniotic fluid cells.’

The frequency of cardiac malformations in patients with
DiGeorge syndrome ranges from 49% to 83%. The CTHDs are
the most commonly seen heart diseases, suggesting that the
incidence of TOF in these patients may be high. In the study
by Fomin et al.” the rate of TOF was found to be 50%. In the
present study, 83 of the patients with CTHD had TOF. Del22
should be investigated in all patients with heart malformations
such as TOF, interruptic aortic arch, septal defects, and truncus
arteriosus.

In our study, the results were found to be similar to the litera-
ture. An important point in our study is that with added abnor-
malities such as immunodeficiency and dysmorphic features
(e.g., group lll), Del22 positivity was increasing. But in every
groups had different rate Del22 patients. Such as some cardiac
malformations for example the right-sided aortic arch, are not
prominent cardiac anomalies and have no pronounced clinical
symptoms. Therefore, diagnosis can only be made when genetic
testing is performed.'*

Population-based screening is required to determine the true
incidence and prevalence of this syndrome. However, it may be
highly expensive to screen a large population, and it is unlikely
as it will be ethically questionable. Therefore, it would be more
acceptable to screen certain risk groups. Tobias et al.” suggested
several guidelines to facilitate the early detection of Del22.
Several criteria have been recommended by the International
Primary Immunodeficiency Diseases Classification Committee to
help diagnose DiGeorge syndrome. These criteria mainly refer to
immune defects and include the most common clinical features
such as immunodeficiency, hypoparathyroidism, CTHD, facial
abnormalities, and 22q11.2.'¢ Increased awareness of Del22
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syndrome, diagnostic guidelines, and a long follow-up period
are the most important factors in diagnosing the disease.

CONCLUSION

In conclusion, the clinical presentation of Del22 is highly vari-
able. It is obvious that the probability of being able to diagnose
the disease increases if the test is administered to patients with
at least one other symptom of the syndrome in addition to the
conotruncal anomaly. However, this can prevent the diagnosis of
some isolated cases.

Clinical follow-up of the patients positive for Del22 must be
carried out through multidisciplinary teamwork.”'> Risks such
as hypocalcemia, immunity, vascular anomalies must be taken
into consideration before surgical operations. Necessary
changes in diet and vaccinations must be taken into consider-
ation. Treatment of infections should not be delayed since some
patients are more likely to develop recurrent infections due to
immunodeficiency. Furthermore, motor, behavior, and speech
developmental processes must be followed closely. Improved
life quality for the patients can be only possible with the success
of well-organized teamwork.
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