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	 Pathologic Outcomes 
	 Both in the experimental and control groups, no 
atrophy was detected in the left hemilarynx. No right 
vocal cord muscle atrophy was detected in the rabbits 
of the experimental group (Figure 3), whereas in all 
cases of the control group, atrophy was seen in the 
right hemilarynx (Figure 4), (Table 1), (p<0.001).

	 	
	 	
	 	
	 	
	 	
	 	
	 	
	 	
	 	

	 DISCUSSION

	 Recurrent nerve transection is characterized by a 
loss of vocal cord movement, a forward-tilted aryte-
noid cartilage, and bowing of the vocal cord due to 
loss of muscle tone (7). One of the approaches to treat 

this complication is laryngeal reinnervation. Laryngeal 
reinnervation refers to any method that seeks to rees-
tablish neural pathways to the vocal cord which inc-
ludes use of nerve-muscle pedicle, muscle-nerve-
muscle pedicle, and donor nerve-recurrent laryngeal 
nerve (RLN) anastomosis (8-10).
	 End-to-end microsurgical neurorhaphy has beco-
me the standard approach for the repair of peripheral 
nerve injuries. However, when the proximal stump is 
unavailable, or when autogenous donor nerve is not 
of adequate length, then, this method becomes unsu-
itable (11).
	 Animal experiments and clinical trials have shown 
that end-to-side repair of transected nerves may result 
in functional motor re-innervation through the colla-
teral sprouting of axons. Even partial recovery of 
sensory function after surgically created end-to-side 
nerve anastomosis has been reported. The advantage 
of the end-to-side neurorrhaphy is that nerve function 
of the recipient nerve can be restored, while avoiding 
damage to the donor nerve (12-16).
	 Bontioti et al. (17) have investigated the factors 
effective on the mechanism of action of end-to-side 
nerve repair, and suggested three basic mechanisms: 
1. contamination from axons regenerating from the 
proximal stump of the recipient nerve, 2. true collate-
ral sprouting from healthy fibers of the donor nerve 
and 3. “terminal sprouting” also called, true axonal 
regeneration from damaged fibers of the donor nerve. 

Figure 3. No muscular atrophy is detected in the experimen-
tal group (HE X 100).

Figure 4. Muscular atrophy is observed in the control group 
(HE X 50).

Table 1. Comparison of the experimental group with the 
control group.

Variables

Laryngoscopy
Vocal cord movement
No vocal cord movement

EMG
Nerve denervation
Nerve regeneration 

Pathologic examination of 
the larinx

Presence of atrophy
No atrophy

Control 
Group

-
8 (100%)

8 (100%)
-

8 (100%)
-

Experimental 
Group

8 (100%)
-

-
8 (100%)

-
8 (100%)

P 
value

<0.001

<0.001

<0.001

EMG: Electromyelography
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Collateral sprouting from healthy fibers does not 
need the induction from donor nerve trauma, but 
simple coaptation with the chemical call from the 
degenerated distal stump and from the distal effector 
is capable to induce axonal ingrowth from the healthy 
fibers of the donor nerve trunk . Contamination can 
sometimes result in a neuroma which should be taken 
into account. It does not require the donor nerve 
damage collateral sprouting from wholesome nerve 
fibers: simple coaptation with the chemical call from 
the degenerated distal stump and from the distal 
effector is capable to induce axonal ingrowth from 
the healthy fibers of the donor nerve trunk . The third 
mechanism involves trauma to the donor nerve: ter-
minal sprouting can be produced either opening a 
window in the nerve trunk connective tissue, or pas-
sing classical suture stitches though/around (17,18).
	 The only real functioning abductor muscle of the 
vocal cords is the posterior cricoarytenoid muscle. 
The recurrent laryngeal nerve innervates all of the 
intrinsic muscles of the larynx, except the cricothyro-
id muscle (19). Recurrent nerve transection is a serious 
complication, as it leads to vocal cord paralysis, and 
the ipsilateral vocal cord remains fixed in the para-
median position (20). The vocal cords should be evalu-
ated preoperatively in order to determine whether 
vocal cord paralysis is already present. Furthermore, 
the recurrent laryngeal nerve should be routinely 
identified during thyroidectomy or parathyroidec-
tomy.
	 During thyroidectomy, it becomes difficult to 
identify the recurrent nerve when all arteries and 
veins are transected. The surgeon should be alerted 
for possible iatrogenic injury to the recurrent nerve if 
there is no lumen identified in one of these transected 
structures. In the previous animal study by Engin et 
al. (21) an end-to-end anastomosis was performed bet-
ween the phrenic and recurrent laryngeal nerves, and 
the vocal cord function was demonstrated with vide-
olaryngoendoscopy and laryngeal EMG, with an up 
to 90% success rate. Despite these results, this opera-
tion is not recommended in elderly patients particu-
larly in those with compromised respiratory function. 
However, the present nerve transposition experiment 
was designed to be used in such cases. We created a 

model of unilateral recurrent nerve paralysis with 
contour lateral recurrent stimuli directed to vocal 
cords via nerve transposition. Stimulation of the 
vocal cords induced reinnervation of denervated 
muscles, and they regained their respiratory function. 
The sural nerve is used because of its functionality as 
free nerve graft. Although, not identified on the first 
postoperative day, vocal cord activity and reinnerva-
tion potentials were detected on EMG after 3 months 
with a success rate of 100% without subsequent lary-
ngeal atrophy. Following recurrent nerve transection, 
nerve transposition successfully restored laryngeal 
function in rabbits.

	 CONCLUSION

	 In conclusion, inter-recurrent nerve anastomosis 
with free nerve grafting can be considered in patients 
with unilateral recurrent nerve transection injury, 
particularly, when the complications of tracheostomy 
and the quality of life are taken into consideration.
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ABSTRACT

Objective: Several hundreds of cystic fibrosis transmembrane conductance regulator 
(CFTR) variants have been reported, however it is not known whether which one of 
them was causing the disease of cystic fibrosis (CF) or not. Information about CFTR 
genes carrying the M470 or the V470 allele are interesting. In this study, we aimed to 
investigate the clinical importance of M470V mutation in Antiochia region.
Methods: A case- control study consisted of 145 children from whom CF gene study 
was requested because of recurrent respiratory tract infections, growth failure, chro-
nic diarrhea and constipation. The parameters of patients with positive mutation were 
compared with negative ones as for gender, age, height, weight, annual number of 
upper and lower respiratory tract infections, parental consanguinity, sibling death, 
clinical and laboratory parametres.
Results: In 63 of 145 patients (43.4%), heterozygous mutation, in 16 (11%) of them 
homozygous mutation was detected. All of the patients with mutation group had 
M470V mutation. The sweat test results of all patients were within normal limits. 
Mean age of those patients were 41.21±39.8 (min: 6 max: 192) months and 30 (38%) 
of them were girls. Thirty percent of the patients with mutation (n=17.7) had a fami-
lial history of cystic fibrosis, 2 a history of sibling death . In the mutation group, only 
annual number of infections, skin dryness, loss of weight, level of IgG and IgM were 
significantly higher (p<0.05). 
Conclusion: It was concluded that in M470V positive cases, the disease may cause 
clinical symptoms without affecting sweat test results, with less gastrointestinal but 
more respiratory symptoms, causing a more prominent loss of weight.

Keywords: Child, cystic fibrosis, M470V

ÖZ

Amaç: Kistik fibroz transmembran regulatör (CFTR) geni ile ilgili yüzlerce varyant 
bildirilmesine karşın, hangisinin kistik fibrozis (CF) hastalığına yol açtığı bilinmemek-
tedir. CFTR geninin M470 ve V470 alelleri ile ilgili bilgiler ilgi çekicidir. Bu çalışmada, 
Antakya bölgesinde M470V mutasyonunun klinik önemi araştırılmıştır. 
Yöntem: Çalışmaya, yineleyen solunum yolu enfeksiyonları, büyüme geriliği, kronik 
diare ya da konstipasyon nedeniyle CF genetik analizi istenen 145 çocuk alınmıştır. 
Genetik mutasyonu pozitif ve negatif hastalar cins, boy, kilo, yıllık üst ve alt solunum 
yolu enfeksiyon sayısı, akraba evliliği, kardeş ölümü, klinik ve laboratuvar paramet-
releri yönünden karşılaştırılmıştır. 
Bulgular: Yüz kırk beş hastanın 63’ünde (%43,4) heterozigot, 16’sında (%11) homo-
zigot mutasyon saptanmıştır. Mutasyon saptanan hastaların tümünde M470V mutas-
yonu vardır. Tüm hastaların ter testleri normal sınırlarda bulunmuştur. Hastaların 
ortalama yaşı 41,21±39,8 (min: 6 max: 192) ay olup, 30’u (%38) kızdır. Mutasyon 
saptanan hastaların 17,7’sinde (%32) ailede CF öyküsü, 2’sinde kardeş ölümü öyküsü 
vardır. Yıllık enfeksiyon sayısı, deri kuruluğu, kilo kaybı, IgG ve IgM düzeyleri 
anlamlı olarak yüksek bulunmuştur (p<0,05). 
Sonuç: M470V mutasyonunun ter testi sonuçlarını etkilemeden daha sık solunum 
daha nadir gastrointestinal sistem olmak üzere CF klinik semptomlarına ve belirgin 
kilo kaybına neden olduğu düşünülmüştür. 
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	 IntroductIon 

	 Cystic fibrosis (CS) is a terminal disease charac-
terized with dark, sticky mucus secretion from the 
exocrine glands showing autosomal recessive inheri-
tance (1). The gene causing the disease is localized on 
the 7th chromosome. The spread mutation detected in 
CF is ΔF508 and over 1500 mutations have been 
determined (2,3).
	 Several hundreds of cystic fibrosis transmembra-
ne conductance regulator (CFTR) variants have been 
reported, it is not known whether they are causing CF 
or not. One of “CFTR mutations which were associ-
ated with polymorphisms” is M470. The most inte-
resting finding about the different patterns was CFTR 
genes carrying the M470 or the V470 allele. M470 
and the combined V frequency are seen in the sub-
Saharan Africa. Although there was polymorphism, 
M470V may cause clinical issues, such as congenital 
bilateral absence of the vas deferens in Chinese males 
(2,4,5). 
	 The carrier rate of CF in the white race is stated as 
1/25 and the incidence of live birth as 1/2500-3000. 
The frequency of the disease show significant diffe-
rences between ethnical groups and countries due to 
the autosomal recessive inheritance because of con-
sanguineous marriage, (1,5-7). In this study, we aimed 
to investigate the clinical importance of M470V 
mutation in the Antiochia region (ancient commercial 
center and capital of Syria; an early center of 
Christianity) a region with frequent consanguineous 
marriages due to ethnical reasons.

	 MATERIALS and METHODS

	 The study was designed as a case-control study. 
The study group (mutation positive group) consisted 
of 79 children with mutations out of 145 children 
who had undergone CF gene study because of recur-
rent respiratory tract infections, growth failure, chro-
nic diarrhea and constipation. 

	 Genetic analysis
	 DNA was isolated from whole blood samples in 
EDTA using a commercially available DNA extracti-

on kit (RTA Lab, Ltd., Sti, Turkey). PCR amplificati-
on of exons 7, 10 and 11 in the cystic fibrosis conduc-
tance transmembrane regulator (CFTR) gene was 
performed using gene specific primers. Each primer 
was used to perform both genomic DNA amplificati-
on and sequencing reactions. PCR was performed 
using a total volume of 25 μl, containing 100 ng of 
genomic DNA, 12.5 μl of 2x reaction buffer (GML 
SeqFinder Sequencing System, Switzerland), 5 pmol 
of each primer. After an initial denaturation step at 
95°C for 10 mins, samples were subjected to 35 
cycles of PCR at 95°C for 30secs at 59°C for 90secs, 
and at 72°C for 60secs with a final extension step at 
72°C for 7 mins. Amplified products were verified by 
electrophoresis using 2% agarose gel and also cycle-
sequencing reactions were performed in both forward 
and reverse directions in terminator ready reaction 
mixture containing Big Dye Terminator v3.1 Cycle 
Sequencing Kit (Applied Biosystems, USA) and sub-
mitted to 25 cycles at 96°C for 10secs, 50°C for 
5secs, 60°C for 4 mins. After the purification of cycle 
sequencing products, 5 μl of marked and purified 
DNA were analysed by capillary electrophoresis on 
an ABI PRISM 3130 Genetic Analyser (Applied 
Biosystems, Forster city, CA, USA). The mutation 
was confirmed via sequencing of the anti-sense DNA 
strand, which was performed twice.

	 Study design
	 The cases were separated into 2 groups as mutati-
on negative and mutation positive according to their 
gene mutation results. The admission complaints of 
the cases were evaluated based on physical examina-
tion and laboratory findings.
	 Gender, age, height, weight, history of meconium 
ileus, prolonged neonatal jaundice, skin findings, 
annual number of upper and lower respiratory tract 
infections, parental consanguinity, sibling death, sib-
ling with cystic fibrosis, family history of chronic 
constipation, acute pancreatitis were recorded. 
Physical examination findings such as nasal polyps, 
chronic sinusitis, complete blood count, routine bioc-
hemistry, serum levels of immunoglobulins, sweat 
test results, fecal fat, chest X ray and sinus radiology 
findings were recorded. 
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	 Statistical analyses
	 Mean, median, standard deviation (SD) and range 
were computed for each domain of the CF in this refe-
rence population. Kolmogorov-Smirnov tests were 
used to test whether the CF domain scores showed a 
normal distribution. Analyses were separately perfor-
med for mutation groups. The Mann-Whitney test, 
chi-square tests, logistic regressions were used to 
assess potential differences between genders, analyses 
and different age-groups. Data were analyzed with 
SPSS version 15.0.

	 RESULTS

	 In 63 of 145 patients (%43.4), heterozygous, and 
in 16 (%11) cases homozygous mutations were 
detected. A total of 79 patients had M470V mutati-
ons. Mean age of those patients was 41.21±39.8 
(min: 6 max: 192) months and 30 (%38) were girls 
and 49 (%62) were boys. Seventeen (32.7%) patients 
with mutation, and 5 (18.5%) with negative mutation 
had a familial history of cystic fibrosis. There is no 
statistically significant difference between them 
(p<0.05). Siblings of 2 patients with mutation were 
dead.
	 The recurrent respiratory tract infections (adenoi-
ditis, tonsillitis, sinusitis, bronchitis and bronchopne-
umonia) of the cases were questioned. In the mutati-
on group, only annual number of infections were 
significantly higher (p<0.01). There were respiratory 
tract complaints in 56 (70.9%), gastrointestinal in 11 
(13.9%) and both respiratory and gastrointestinal 
system complaints and findings in 12 (15.2%) cases. 
	 When evaluated according to the gastrointestinal 
symptoms, past history of meconium ileus and neo-
natal jaundice stories was not significant in both 
groups. None of the cases were receiving pancreatic 
enzyme and enteric nutrition support. There was no 
significant difference between the two groups as for 
past history of chronic constipation and diarrhea. 
	 When the cases were separated into groups accor-
ding to their height percentiles, the patients were 
under 3. percentile (n=17, 21.5%) or within 3. and 
10. percentiles (n=28; 35.4%), and short stature was 
detected in a total of 45 cases (57%). Besides body 

weights of the patients were under 3. percentile 
(n=13; 16.5%) or within 3. and 10. percentiles (n=26; 
32.9%) and a total of 39 (49.4%) cases were detected. 
The patients with mutation had significantly low 
weight percentiles. Even though their height percen-
tiles were lower , intergroup differences were statisti-
cally significant (p>0.05). Skin dryness was statisti-
cally significantly more frequent in mutation positive 
cases (p<0.01).
	 The sweat test results of all patients were within 
the normal limits. Chlorine levels in both groups 
were detected to be less than 60 mmol/L.
	 Hemoglobin values of the whole group was detec-
ted as 11.43±1.1 (min: 8,6 max:14) mg/dl, white 
blood cell count as 11±3.9 x 103/µl (min: 5.1 103/µl, 
and max: 25.2 103/µl ), platelet count as 400±116.4x 
103/µl (min: 198x103/µl max: 726x103/µl ).
	 When we compared groups according to age, gen-
der, white blood, hemoglobin, platelet, level of serum 
Ig E and Ig A results, there were no significant diffe-
rences amongh groups.. In mutation group, level of 
serum IgG and IgM were significantly higher (p<0.05) 
(Table 1). In the mutation group the number of child-
ren with low weight, IgA deficiency and IgE excess 
was statistically significantly lower when compared 
with those without mutation (p<0.05), (p<0.01) 
(Table 2).

	 	
	 	
	 	
	 	
	 	
	 	
	 	
	 	
	 	
	 	
	 	

	 Average serum glucose values in the cases with 
low height and weight percentiles were detected to be 
significantly low in both groups (p<0.05). However, 
hypoglycemia or hyperglycemia was not detected. 

Table 1. The clinical and laboratory characteristics of cases 
with respect to mutation groups.

Male
Female
Age (months) 
Hemoglobin 
WBC
PLT
Ig A
Ig G
IgM
IgE

Mutation (+) 
Group (n:52) 

Mean±SD

23
29

38±36 
10.3±1

10.9±3.9
400±13
105±67
884±27
103±33
179±25

Mutation (-) 
Group (n:27) 

Mean±SD

7
20

45±45
11.5±1
11±3.7
396±86
80±47
698±27
88±26
174±28

p value

0.09

0.4
0.4
0.9
0.8

0.058
0.04
0.02
0.9
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The glucose, SGPT, SGPT, BUN, creatinine, GGT, 
protein, albumin, sodium, potassium, chlorine, calci-
um, phosphorus, alkaline phosphatase, total bilirubin 
and direct bilirubin values checked in all of the cases 
were detected to be within the normal reference valu-
es in both groups. 
	 Fecal fat was checked in the stool of all patients 
and fat in the stool of 5 (9.6%) mutation positive 
cases were detected.
	 Abdominal USG was done on all patients, fullness 
and gall sludge in gall bladder was detected in 2 
mutation positive cases. 

	 DISCUSSION

	 Cystic fibrosis is caused by mutations in the 
CFTR (ABCC7) gene. The most common mutation is 
ΔF508del, which accounts for approximately two 
thirds of all CFTR alleles in patients with CF, with a 
decreasing prevalence from Northwest to Southeast 
Europe. The remaining third of alleles are substanti-
ally heterogeneous, with fewer than 20 mutations 
occurring at a worldwide frequency of more than 
0.1%. Some mutations can reach a higher frequency 
in certain populations, due to a founder effect in reli-
gious, ethnic or geographical isolates (8,9).
	 In a study carried out in the European community, 
1700 gene mutations were checked and a total of 80 
different variations, 61 of which were previously 
detected. Three important CFTR haplotypes were 
known as poly-T, TG-repeats and the M470V poly-
morphisms. M470V polymorphism was studied in 
the sub-Saharan region and very high incidence rates 
were detected. It was stated that V allele may be sour-

ced outside of Africa and may be from Europe or 
Asia (9,10). M470 genes are the ancestral genes (11,12). In 
our study, no mutations other than M470V gene 
mutations were detected. M470 gene mutation may 
be frequently detected because our region was known 
as Mesopotamia in the ancient times and was a part 
of the old world. Our region including Antioch 
(Antakya) which was the capital of Syrian province 
of Eastern Roman Empire may be effective in detec-
tion of the V allele which is known to be sourced 
from Europe or Asia.
	 CFTR mutations vary in their frequency and dist-
ribution in different populations. Very few mutations 
have a worldwide frequency above 0.1%, but some 
can reach high prevalence in selected populations (13). 
Thus Antioch region which is a region with frequent 
consanguineous marriages due to ethnical reasons 
was chosen.
	 Sweat chlorine test is still the golden standard in 
diagnosis of cystic fibrosis. Typical clinical findings 
and sweat test results support the diagnosis in the 
cases with cystic fibrosis. Genetic mutation detection 
is an important method which may affect the future 
life of the patient. Furthermore, polymorphism adds 
to the severity of the disease (14.15). In our study, poly-
morphism was detected in 54.4% of the patients 
while no patient had positive sweat test. 
	 Mutation analysis may be used for making a diag-
nosis of CF in individuals with a consistent clinical 
picture. CFTR mutations may: A. cause CF; B. be 
associated with CFTR-related disorders; C. have no 
clinical consequences; D. have unknown or uncertain 
clinical relevance.
	 M470V mutations were also added to the group 
without clinical symptoms. However, it is stated that 
pathogenic potentials of most mutations are not 
determined, mutation analysis will not end the cont-
radiction and the clinician should act according to the 
clinical findings of the patient (9,16,17). The children 
with M470V mutation detected in our study having 
clinical findings related to the disease support this 
view.
	 CF phenotype is affected from environmental fac-
tors and other genetic factors besides genotype. 
When homozygote and heterozygote classification of 

Table 1. The clinical and laboratory characteristics of cases 
with respect to mutation groups.

Properties

Short stature
Low weight
Ig A deficiency
Ig G deficiency
IgM deficiency
High IgE values

Mutation (+) 
Group 
n (%)

33 (73.3)
30 (76.9)
33 (58.9)

0 (0)
0 (0)

30 (85.7)

Mutation (-) 
Group 
n (%)

12 (26.7)
9 (23.1)
23 (41.1)
1 (100)
1 (100)
4 (14.3) 

Total
n 

45 
39
56
1
1
35

P value

0.08
0.03
0.04
0.3
0.3

0.001
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the patients was performed, a picture that changes 
from light lung diseases to serious severe lung disea-
ses can be seen because the same classification can 
include different mutations. Similarly, it may come 
with chronic pancreatitis or repeating acute pancrea-
titis, sclerosing cholangitis or it may not give any 
symptoms (18,19). 
	 If there is 0-1 gene mutation positivity was detec-
ted at the time of diagnosis and during follow up of 
CF, there should be clinical and laboratory informati-
on exchange and their results should be especially 
considered together with the family characteristics of 
the patient, ethnical characteristics, frequency and 
test results shall be evaluated and followed as a 
whole. If there is suspicion, rare mutations shall be 
scanned in terms of carriership (16). Case-control 
group with 0-1 gene mutation cases were included in 
this study. Even though definite limits cannot be 
shown, a patient profile with normal sweat test, cha-
racterized with frequently repeating infections and 
respiratory system involvement being in the forefront 
appeared. 
	 The studies carried out have stated that the 
M470V mutation usually doesn’t cause clinical fin-
dings (20,21). However, M470V may cause clinical 
issues, such as congenital bilateral absence of the 
vas deferens in Asian males (4,22). Also Kutuk et al. 
(23) reported a case with jejunoileal atresia which is 
an intestinal sign of CF from Kayseri, Turkey. In our 
study, we would like to emphasize that especially 
the upper respiratory tract infections are seen more 
commonly in these cases. Another study (Algerian 
cystic fibrosis families) detected 1609delCA and the 
M470V polymorphisms in a child with severe CF 
findings (24). 
	 A study conducted in England and Wales regions 
retrospectively examined the records of the patients 
who died because of CF between the years of 1959 
and 2008. It was stated that the male patients and the 
patients with high socio-economic level die sooner 
(25). Due to the fact that pediatric cases were included 
in this study and that there were no severe cases, we 
didn’t have any exiğted cases during the 1 year of 
observation period. 

	 CONCLUSION

	 M470V positive cases were detected as a result of 
the genetic analysis carried out with CF suspicion in 
an ethnical region. The disease may cause clinical 
symptoms without affecting sweat test results, with 
less gastrointestinal but more respiratory symptoms, 
causing a more prominent loss of weight, and higher 
levels of immunoglobulin due to more frequent infec-
tions. As a result, this study which was performed in 
a closed society implicated the importance of M470V 
polymorphism in CF. 
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Evaluation of the effectiveness of two different methods 
for the prevention of microbial colonization in nebulizers: 
Randomised controlled trial

Nebulizerlerde mikrobiyal kolonizasyonun önlenmesi için iki farklı yöntemin 
etkinliğinin değerlendirilmesi: Randomize kontrollü çalışma

Bengü Çetİnkaya, Sibel Serap Ceylan

Pamukkale Üniversitesi Sağlık Bilimleri Fakültesi Çocuk Sağlığı ve Hastalıkları Hemşireliği Ana Bilim Dalı, Denizli

ABSTRACT

Objective: In this study two different methods were used to prevent microbial coloni-
sation of nebulizer elements and the results were evaluated. 
Methods: The study was conducted as a randomized controlled semi-experimental 
study. The data were collected at the pediatrics department of a hospital in the city in 
western Turkey. A total of 120 pediatric patient using nebulizer treatment at least 
twice daily and their mothers were included in the study. The pediatric patients were 
divided into 3 groups. In one group no intervention was made (control group). In 
another group, nebulizer masks and sets were changed once every 24 hours. In the 
third group, masks were washed once daily in soap and water. In all groups swab 
samples were taken every 24 hours and examined under laboratory conditions.
Results: Results showed that there was 10.8% microbial growth in the control group 
and 2.5% microbial growth in the 24-hour change group. No growth was detected in 
the wash group. 
Conclusion: As a result of this study, it is recommended that nebulizer elements are 
washed once daily with soap and water and dried on a clean towel in order to prevent 
contamination.

Keywords: Inhalation, nebulizers, disinfection, pediatrics

ÖZ

Amaç: Bu çalışmada, nebulizatör parçalarında mikrobiyal kolonizasyonu önlemek 
için iki farklı yöntem uygulanmış ve sonuçları değerlendirilmiştir.
Yöntem: Çalışma yarı deneysel randomize kontrollü bir çalışmadır. Çalışma verileri 
Türkiye’nin batısında bulunan bir şehirdeki hastanelerin çocuk sağlığı ve hastalıkları 
kliniklerinde toplanmıştır. Çalışma kapsamına günde en az 2 kez nebul tedavisi alan 
120 çocuk hasta ve annesi dahil edilmiştir. Araştırma kapsamına alınan çocuklar 3 
gruba ayrılmıştır. Bir gruba girişim uygulanmamıştır (kontrol grubu). Bir grubun 
nebul maskeleri ve setleri 24 saatte bir değiştirilmiştir. Bir grubun maskeleri ise günde 
bir kez su ve sabunla yıkanmıştır. Tüm grupların maske ve setlerinden 24 saatte bir 
sürüntü örneği alınıp laboratuvar ortamında değerlendirilmiştir.
Bulgular: Araştırma sonucunda kontrol grubunda %10,8, 24 saatte bir değişim yapı-
lan grupta %2,5 oranında mikrobiyal üreme saptanmıştır. Yıkama grubunda ise hiç 
üreme saptanmamıştır.
Sonuç: Sonuç olarak, kontaminasyonu önlemek için nebulizatör parçaların günde bir 
kez sabun ve suyla yıkanması ve temiz bir havlu üzerinde kurutulması önerilmektedir. 

Anahtar kelimeler: Inhalasyon, nebulizer, dezenfeksiyon, pediatri

	 INTRODUCTION

	 Nebulizers and their chambers are items of medi-
cal equipment that are used on the respiratory tract 
and come into indirect contact (semi-critical) with 

respiratory mucosa (1). Delivery of drugs using nebu-
lizer is preferred because of the local and rapid 
effect, and fewer side effects with lower doses. The 
risk of infection, overdose or adverse effects during 
delibvery of the drugs are the disadvantages of the 
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use of a nebulizer (2). 
	 The risk of contamination is high after nebulizer 
use (3,4). Nebulizer contamination can cause various 
lower respiratory tract infections (4,5). The cleaning, 
sterilization, and disinfecting of the medical equip-
ment used on the respiratory tract is important in 
terms of preventing infection in patients (6). There are 
various suggestions for preventing infections caused 
by nebulizers. The Centers for Disease Control and 
Prevention and the European Respiratory Society 
recommend that nebulizers should be cleaned, disin-
fected, rinsed in sterilized water, and dried after each 
use (6,7). In their study, Cobben et al. (8) proposed that 
masks and sets should be changed every 24 hours. 
The procedures for the prevention of microbial colo-
nization on the nebulizer equipment have been 
important research topics. Although the literature 
demonstrates significant evidence for bacterial growth 
in home nebulizer, which are used for chronic respi-
ratory tract infection (9), we could not find any litera-
ture related to contamination during short time usage. 
The methods for preventing infection must be simple 
and cost-effective. In this study, three different proce-
dures for preventing microbial colonization of nebu-
lizer masks and sets were applied and then the results 
were reviewed. 

	 RESEARCH QUESTIONS
	 1. Is there a microbial colonization of nebulizer 

masks and sets of the control group?
	 2. Is there a microbial colony in the nebulizer 

mask and set of the experimental group 1?
	 3. Is there a microbial colonization of nebulizer 

masks and sets of experimental group 2?

	 MATERIAL and METHODS

	 In this study, a randomized controlled semi-
experimental design was used. The study was con-
ducted at the pediatrics department of a hospital in 
Turkey. The pediatric ward had a 40-bed capacity 
with six children and their mothers were staying in 
this ward. The study included 120 patients aged 0-5 
with bronchitis and bronchiolitis using nebulizer tre-
atment at least twice daily and their mothers. 

	 In order to determine the sample size of the study, 
the literature was examined and it was determined 
that the microorganism growth rate in the nebulizers 
ranged from 11.3% to 16.6% (5,10). In our study, it was 
estimated that 1% of the experimental group and 20% 
of the control group had microbial growth, and samp-
le size was calculated as 31 patients per each group 
with a statistical power of 80% and a confidence 
interval of 95% (11). Considering the possibility of 
data loss, 40 patients were included in each group. 
Cramer’s V was calculated to calculate the effect size 
of the work, and a median effect size of .23 was obta-
ined. 
	 The participants were divided into three groups by 
randomization. In the first group, the patients’ nebu-
lizer masks and sets (tube, and chamber) were chan-
ged according to the clinical routines. In the clinic 
where the data was collected, the same nebulizer 
masks and sets were used for the whole duration of 
the patients’ stay. During this time the masks and sets 
were not disinfected or dried (control group). In the 
second group, the masks and sets were changed every 
24 hours. There was no disinfecting or drying in this 
group either (experimental group 1). In the third 
group (experimental group 2), the nebulizer masks 
and chambers were washed with soap and water and 
dried once every day by the mothers. The tubes were 
not washed and changed (Figure 1). The researchers 
established the kind of soap routinely used by the 
mothers for their children. The mothers were educa-
ted by the researchers and also given a written copy 
of the washing procedure (Table 1). 
	 The experimental groups and the control group 
were created by a randomization process taking into 
account the diagnosis, and treatment protocols (fre-
quency, and type of medicine) for the children. 
	 Before the first usage cultures were obtained in 
the control group, in experimental groups 1 and 2. In 
the control group and experimental group 2, the cul-
tures were taken with swabs from the nebulizer 
masks, chambers, and tubes before the first usage, 
and after the 24th, 48th, and 72nd hour. In the experi-
mental group 1, the cultures were taken at 24th hour. 
The culture samples were immediately placed onto a 
Stuart transport medium and taken to the laboratory. 
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The bacterial culture was implanted into 5% Sheep 
Blood Agar Base and Eosin-Methylene Blue Agar 

(EMB) and left for 48 hours at 37°C. The bacterial 
pathogens grown were reported. 

 

 

 

Figure 1: Collection of study data.  

 

First Group 
(Control Group) 

Culture was 
taken before 
first usage. 

Culture was 
taken after 
24th hour. 

Culture was 
taken after 
48th hour. 

Culture was 
taken after 
72nd hour. 

Second Group 
(Experimental 
Group 1) 

Culture was taken 
before first usage 

Culture was taken after 
24th hour. 

Nebulizer mask and 
sets changed. 
Culture was taken 
before first usage. 

Culture was taken after 
24th hour. 

Nebulizer mask and 
sets changed. 
Culture was taken 
before first usage 

Culture was taken 
after 24th hour. 

Third Group  
(Experimental 
Group 2)  

Mothers were educated 
about the washing 
procedure 

Culture was taken first 
usage 

Nebulizer mask and 
chamber washed after 12th 
hour. 

Culture was taken after 
24th hour. 

Nebulizer mask and 
chamber washed after 36th 
hour 

Culture was taken after 
48th hour.  

Nebulizer mask and 
chamber washed after 60th 
hour  

Culture was taken after 
72nd hour. 

Figure 1. Collection of study data. 
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In the data collection, the children and their parents’ 
introductory information form and forms with daily 
monitoring and result records were used. The data 
were collected by the researchers.
	 All the statistical analyses were performed by 
using SPSS software, version 11.5 (SPSS Inc., 
Chicago, IL, USA). In the data analysis, the percen-
tage distributions and the homogeneity test (χ2) were 
used to assess the descriptive characteristics of the 
participants in the control and experimental groups, 
and percentage distributions were used for the micro-
bial growth rates. The statistical significance was set 
at p<0.05.
	 The required permission to conduct the study was 
obtained from the University Medical Ethics board. 
Information about the study was given to the partici-
pating families and their written consent was obtai-
ned. 

	 RESULTS

	 The mean age of the patients included in the study 
was established to be 12.96±10.87 months. The mean 
age of the mothers was 27.98±5.24, and their mean 
length of school education was found to be 6.55±3.62 
years. 
	 Randomization was applied with regards to the 
diagnosis, and treatment protocol (frequency, and 
type of the medication) of the children receiving the 
nebulizer treatment in the control and experimental 
groups (Table 2). 
	 Of the culture samples taken from the masks and 
sets, bacterial growth was detected in the masks only. 
The analysis of the bacterial growth in the experimen-
tal and control groups established that the growth 

occurred after 48 and 72 hours in the control group 
and growth of Staphylococcus aureus and Pseudomonas 
species was demonstrated (Table 3).
	 In the experimental group 1 growth of coagulase-
negative Staphylococcus species was detected at the 
first and the second change of the nebulizer (Table 4). 
	 Any microbial growth was not detected in the 
experimental group 2 (Table 5). There was no signi-
ficant difference between the education of the mot-
hers and presence of bacterial growth in the nebulizer 
masks and sets (p<0.05).

Table 1. Washing procedure for mothers.

After the last usage 
every day, please clean 
the mask and chamber 
according to the 
instructions opposite

1. Separate the mask from the tube
2. Separate the mask from the chamber
3. Place all the parts in a clean bowl 
except for the tubes
4. Add warm water and soap and lather
5. Wash all the parts
6. Rinse all parts 
7. Dry the mask and the chamber on a 
paper towel

Table 2. Characteristics of the children under nebulizer treat-
ment.

Characteristics of 
the children

Gender
Female
Male

Diagnosis
Bronchitis
Bronchiolitis

Previously received 
nebulizer treatment

Yes
No

Nebulizer treatment 
given at home

Yes
No

Frequency of 
nebulizer treatment

At least 2 times
3 or more times

Type of aerosol 
medicine

Salbutamol
Salbutamol+ 
budesonide 

Antibiotic treatment
Yes
No

Total

Control 
Group
n (%)

10 (25)
30 (75)

X2=1.108;    

12 (30)
28 (70)

X2=5.147;   

14 (35)
26 (65)

X2=3.482;  

6 (15)
34 (85)

X2=11.004; 

1 (2.5)
39 (97.5)
X2=2.017;   

24 (60)
16 (40)

X2=1.920;   

38 (95)
2 (5)

X2=4.706;   

40 (100)

Experimental 
Group 1

n (%)

9 (22.5)
31 (77.5)

p>0.05

13 (32.5)
27 (67.5)

p>0.05

22 (55)
18 (45)

p>0.05

6 (15)
34 (85)

p<0.05

-
40 (100)

p>0.05

26 (65)
14 (35)

p>0.05

32 (80)
8 (20)

p>0.05

40 (100)

Experimental
Group 2

n (%)

13 (32.5)
27 (67.5)

21 (52.5)
19 (47.5)

20 (50)
20 (50)

17 (42.5)
23 (57.5)

-
40 (100)

20 (50)
20 (50)

32 (80)
8 (20)

40 (100)
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	 DISCUSSION

	 The aim of nebulization treatment is to deliver the 
drug in a liquid form rapidly into the bronchioli and 
alveoli in the form of respirable particles and to enab-
le the accumulation of particles smaller than five 
microns into the lungs (12). According to their species, 
the dimensions of the microorganisms vary from 0.01 
to 100 microns (13). In these circumstances the impro-
per use of nebulizers can lead to microorganisms 
reaching the lungs. Our study findings supported that 

bacterial growth occurs in the control group at 48th 

and 72nd hours, and accordingly Staphylococcus 
aureus and pseudomonas species were isolated. The 
growth rate was 10.8% in this group. 
	 In a study which monitored nebulizers for 24-72 
hours, 10.5% of a total 11.4% cases growth of gram 
negative bacilli mainly Pseudomonas aeruginosa was 
found (5).
	 In our study, a change was made every 24 hours in 
experimental group 1. In this group, a growth at a rate 
of 2.5% was seen at the first change and at a rate of 
2.7% at the second change. The similarity between 
these rates is noteworthy. The growth of coagulase-
negative Staphylococci was seen at both changes. 
	 In another study, in three of the culture samples 
taken from 150 nebulizers at the 24th hour, (2%) 
coagulase-negative Staphylococcus was isolated (12). 
Other studies concerning nebulizers have observed 
Pseudomonas species and coagulase-negative 
Staphylococcus growth in nebulizer parts (4,9,10,15,16). 
Some species of Pseudomonas, Streptococcus and 
Staphylococcus can result in serious respiratory tract 
infections such as pneumonia (17-19). 
	 In our study there was no microbial growth in the 
washing group (experimental group 2). Humidity 
creates a suitable environment for the growth of bac-
teria (20). The studies conducted have suggested that 
nebulizer parts be kept away from humidity in order 
to prevent contamination. In a study, Hutchinson et 
al. (9) emphasized that although bacterial growth is 
possible in nebulizers after disinfecting procedures 
such as washing, there was minimal or no bacterial 
growth when parts were dried after being washed. 
Blau et al. (3) also specified in their study that the 
washing and drying of nebulizers reduce the rate of 
contamination.
	 In addition to this, Cohen et al. (4) found that the 
rate of contamination can be reduced by washing and 
drying nebulizer masks and chambers after every 
usage. Furthermore, Reychler et al. (14) recommended 
washing with tap water and detergent, rinsing in tap 
water and drying on a clean towel of all nebulizer 
parts after every usage. The study of Jakobson et al. 
(15) supported the knowledge that fewer bacteria grow 
in dry environments. These studies support our 

Table 3. Distribution of control group microbial contamination.

Monitoring

Before usage
24th hours
48th hours
72nd hours

Yes (%)

-
-

2 (5)
a2 (5.7)
b1 (2.9)
1 (2.9) 

No (%)

40 (100)
40 (100)
38 (95)

31 (88.5)

Microorganism

-
-

Staphylococcus aureus
Staphylococcus aureus

Pseudomonas species 

agrowth continuing since 48th hours; bgrowth at 72nd hours 

Control Group

Table 4. Distribution of experimental group 1 microbial con-
tamination.

Monitoring

*1st change

*2nd change

*3rd change

Yes (%)

1 (2.5)

1 (2.7)

-

No (%)

39 (97.5)

36 (97.3)

35 (100)

Microorganism

Coagulase-negative 
Staphylococcus species
Coagulase-negative 
Staphylococcus species
-

*Masks and sets changed every 24 hours

Experimental group 1
(Change every 

24 hours)

Table 5. Distribution of experimental group 2 microbial con-
tamination.

Monitoring

Before use
24th hours
48th hours
72nd hours

Yes (%)

-
-
-
-

No (%)

40 (100)
40 (100)
36 (100)
31 (100)

Microorganism

-
-
-
-

Control Group
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study’s findings. In the control group and experimen-
tal group 1, the microbial growth may be linked to a 
moist environment. 
	 In our study, in the groups where no disinfecting 
or drying procedures were applied, microbial growth 
was observed; whereas in the group where washing 
and drying were performed, no microbial growth was 
detected. 
	 Improper cleaning/changing of nebulizers leads to 
contamination and the risk of lower respiratory tract 
infections. Our study’s findings demonstrate that the 
once-daily washing and drying of nebulizer parts 
prevents contamination. Health education is one of 
the important tasks of the Pediatric Nurse. Using this 
function, the nurse trains and counsels the child and 
family to protect them from illness. It is therefore 
recommended that hospital procedures regarding 
nebulization should be established and that pediatric 
nurses should provide training to children’s primary 
caregivers on the use of nebulizers. 
	 As there is a procedure to prevent infection in 
nebulizer masks and sets in other centers, it is the 
limit of the research to be carried out in one center. 
This is also a strong point of the research in terms of 
controlling the environmental factors.
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Effects of alcohol during secondary neurulation in chick 
embryos

Alkolün tavuk embriyolarında sekonder nörilasyon üzerine etkileri 
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ABSTRACT

Objective: Alcohol continues to be consumed even though its harmful effecs are well estab-
lished. One of the most common damage of alcohol consumption is fetal alcohol syndrome, 
characterized by craniofacial anomalies, cardiac anomalies and neural tube defects. 
Therefore, understanding the molecular mechanisms underlying the alcohol-induced toxi-
city that occur with time and dose dependent manner is very important. , Most of the stu-
dies in order to understand the effects of alcohol have been carried out on early neurula-
tion, however its effects on late neurulation are still unknown. Therefore in this study, 
effects of alcohol on secondary neurulation were investigated in chick embryos.
Methods: Leghorn breed of embryonic chicken eggs were used. At 50 h of incubation, 100 
μL 50% ethanol solution was injected. Depending on the period of exposure to alcohol, 
varying degrees of pathological disorders were detected in E3, E7 and E10 days. 
Results: Developmental delay, structural abnormalities, morphological abnormalities in 
the heart and face and especially presence of two spinal cord cavities were found. In addi-
tion, we also detected delays in the closure of the neural tube, cellular deformities and the 
structural abnormalities in notochord. While eNOS, iNOS, and TUNEL levels increased, 
while laminin levels decreased.
Conclusion: In this study during late development, significant alcohol-induced morpholo-
gical and histopathological changes were observed. We also determined Increased level of 
oxidative stress caused by alcohol was accompanied with the changes in matrix compositi-
on. Better understanding of these mechanisms which affect the cell behavior is important 
and will allow learning of harmful effects of alcohol.

Keywords: Alcohol, neural tube defect, secondary neurulation

ÖZ

Amaç: Alkol, zararları iyi bilinmesine rağmen, tüketilmeye devam edilmektedir. Alkol 
tüketiminin en yaygın hasarlarından biri kraniofasial anomaliler, kardiyak anomaliler ve 
nöral tüp kusurlarıyla karakterize fetal alkol sendromudur. Bu nedenle, alkole bağlı tok-
sisitenin altında yatan, zaman ve doza bağlı olarak ortaya çıkan moleküler mekanizmaları 
anlamak çok önemlidir. Alkolün etkilerini anlamak için, yapılan çalışmaların çoğu erken 
nörilasyon üzerine yapılmıştır. Ancak, geç nörilasyon üzerindeki etkileri halen bilinme-
mektedir. Bu nedenle bu çalışmada, civciv embriyolarında alkolün sekonder nörilasyon 
üzerindeki etkileri araştırılmıştır.
Yöntem: Leghorn cinsi embriyonik tavuk yumurtalarını kullanıldı. Kuluçka işleminin 50. 
saatinde, 100 uL %50 etanol çözeltisi enjekte edildi. Alkole maruz kalma süresine bağlı 
olarak, E3, E7 ve E10 günlerinde değişik derecelerde patolojik bozukluk belirlendi.
Bulgular: Gelişim geriliği, yapısal anomaliler, kalp ve yüzdeki morfolojik anomaliler ve 
özellikle iki spinal kord boşluğunun varlığı saptandı. Buna ek olarak, nöral tüpün kapan-
masında gecikmeler, hücresel deformasyonlar ve notokordun oluşumunda anomaliler 
belirlendi. ENOS, iNOS ve TUNEL düzeyleri artarken, laminin önemli ölçüde azaldığı 
görüldü.
Sonuç: Bu çalışmada geç gelişme döneminde alkolün yol açtığı morfolojik ve histopatolo-
jik değişiklikler gözlendi. Alkolden kaynaklanan oksidatif stres düzeyindeki artışa mat-
riks kompozisyonundaki değişiklikler eşlik etti. Hücre davranışını etkileyen bu mekaniz-
maların daha iyi anlaşılması önemli olup, alkolün zararlı etkilerinin öğrenilmesine izin 
verecektir.

Anahtar kelimeler: Alkol, nöral tüp defekti, sekonder nörilasyon
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	 INTRODUCTION

	 Neural tube is formed by primary neurulation 
ventrally and secondary neurulation dorsally at the 
structural overlap between the caudal end of the neu-
ral plate and cranial end of the tail bud (1). Full and 
complete neurulation is very important for the deve-
lopment of brain and spinal cord. Neurulation has to 
be successfully completed for a normal structural and 
functional development of various tissues and organs 
associated with the central nervous system. It is 
known that some diseases and physical abnormalities 
can occur in later stages of life due to exposure to 
agents with teratogenic effects during neural tube 
development (2). Alcohol, which is a chemical agent, 
can easily pass the placenta barrier, reach the fetus 
and cause developmental abnormalities such as seen 
in fetal alcohol syndrome (FAS). FAS was first desc-
ribed by Jones and Smith in 1973 and characterized 
by prenatal and postnatal growth retardation, cranio-
facial anomalies, central nervous system dysfunction, 
and anomalies involving the musculoskeletal system, 
heart, eyes and kidneys as reduced proliferation, dis-
rupted DNA and protein synthesis, and apoptosis 
contribute to the effects of alcohol on growth retarda-
tion (2,3). However, the exact molecular pathways 
leading to FAS are stil unknown.
	 NO is a potent molecule that plays an important 
role in intra-cellular and inter-cellular messaging 
systems (4). It exhibits antioxidant effects via detoxi-
fication of reactive oxygen species (ROS). Studies on 
ROS have argued that increased oxidative stress dis-
rupted the functions of the mitochondria, resulting in 
neuronal disorders and caused embryonic malforma-
tions characterized by high levels of apoptosis (5). 
Peunova et al. (6) argued that NO altered the cell beha-
vior via kinases, cytoskeleton, scaffold proteins and 
epigenetics. Ron and Messing (7) also lend support to 
Peunova et al. (6) by showing that alcohol caused 
NTD through similar pathways.
	 During the development of the neural tube, 
mesenchymal cells become polarized to form the 
neural tube epithelium and the basement membrane 
is formed by accumulation of laminin and fibrocentin 
especially from large glycoproteins. Laminin is invol-

ved in adhesion of the cells to the basement membra-
ne. Further, it communicates with intracellular skele-
ton and guides the cellular function. Neuronal NO 
synthase (nNOS; NOS-1) and endothelial NO syntha-
se (eNOS; NOS-3) are constitutively expressed and 
do not vigorously respond to extracellular stimulati-
on. In contrast, inducible NO synthase (iNOS; NOS-2) 
actively responds to extracellular changes, with a 
marked upregulation in expression and activity of 
laminin. It has been thought that the presence of 
laminin in the neural tube and mesenchyma was not 
altered much during secondary neurulation and that it 
was there to form a boundary. Fibronectin, on the 
other hand, has been found in abundance especially 
in regions where neural crest cells were populated. It 
has been shown that mesenchymal cavitations which 
occur during neurulation but not related to neural 
tube contain copious amounts of fibronectin which 
has been considered as an adjunct to cell-to-cell 
adhesion (8). When the oxidative stress is increased in 
biological tissues, the cells cannot fulfill detoxificati-
on, resulting in destruction of the cytoskeleton, 
reduction in adhesion capacity, cell degeneration and, 
subsequently, cell death (9). Loss of cell matrix and 
adhesion capability affects cell cycle, inhibits growth 
and induces apoptosis (5).
	 Even though there is a debate as to whether secon-
dary neurulation in chick is similar to posterior neural 
tube development in humans, it is highly possible 
that similar molecules are used. Defects in this region 
are also believed to occur similarly (10). It has been 
shown that laminin is present in mesenchymal-
epithelial transition zones throughout HH-18 and 20 
stages and that it provides polarization of cells there 
and contributed to the development of the basement 
membrane. This environment with these cells produ-
ces secondary neurulation (11). However, exact effect 
of laminin in this period is yet to be established.
	 Neural tube defect is one of the central nervous 
system disorders that cause very important social, 
economical and medical problems. Although there 
have been many studies on primary neurulation, stu-
dies on the function of secondary neurulation and 
caudal region are limited. In the present study, effects 
of ethanol application on secondary neurulation in 
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chick embryos were investigated. Possible develop-
mental anomalies and mechanisms underlying these 
anomalies have been investigated with e-NOS and 
i-NOS staining with regard to oxidative stress, lami-
nin α1 with regard to matrix molecules and TUNEL 
staining with regard to apoptosis.

	 MATERIAL and METHODS

	 We used Leghorn breed of embryonated chicken 
eggs which were supplied by Republic of Turkey 
Ministry of Agriculture and Rural Affairs, Bornova 
Veterinary Control and Research Institute. Eggs were 
divided into three groups (each n=10) as Control, 
Sham and ethanol treated groups. They were incuba-
ted in about 60-80% humidified atmosphere at 
37,5°C. At 50th h of incubation which corresponds to 
HH-stage-13-14 (12) they were rinsed with 70% etha-
nol and a piece of plastic tape was placed close to the 
air cavity of the eggs, and a small hole was opened 
for injections. Hundred μL 50% ethanol solution and 
100 μL saline (sham) were injected under the embryo 
discs with a 30-gauge syringe while the control group 
did not undergo any procedure. Then, in all the gro-
ups, the eggs were closed with a sterile tape. Samples 
were taken at 1st (E3 days group), 5th (E7 days group) 
and 8th (E10 days group) days after the injection. 
Embryos were fixed in 10% buffered formalin soluti-
on, dehydrated in graduated ethyl alcohol and were 
passed through xylene (Riedel-de Haën, Germany) 
and embedded in paraffin (Isolab, U.K.) blocks. All 
samples of 5 μm-thick serial sections were taken on 
normal and poly-l-lysine coated slides (Sigma, U.K.). 
Sections were stained with Mayer’s heamatoxylin-
eosin (HE) (Sigma U.K.) to demonstrate the histolo-
gical structure. Also eNOS (RS-654, CA, USA), 
iNOS (RS-651, CA, USA), laminin α1 (SC-5582, 
CA, USA) and TUNEL (Millipore-s7101, CA, USA) 
immunohistochemistry stainings were performed in 
order to detect possible effects of proteins thought to 
be in the mechanism (15). Sections were viewed under 
Leica (DM 4000B) light-field microscope at various 
magnifications and images were acquired by Olympus 
(DP 71) camera.
	 Immunohistochemistry: The sections were incu-

bated at 60°C overnight then dewaxed in xylene for 
30 minutes. After rehydrating through a decreasing 
series of ethanols, sections were washed in distilled 
water and PBS for 10 minute. They were then treated 
with 2% trypsin in 50 mM Tris buffer (pH 7.5) at 
37°C for 15 minutes and washed again with PBS. 
Sections were delineated using a Dako pen (Dako, 
Glostrup, Denmark) and incubated in a solution of 
3% H2O2 for 15 minutes to inhibit endogenous pero-
xidase activity. After this procedure, sections were 
washed with PBS and incubated with primary antibo-
dies to iNOS (1:100 dilution; Zymed, 61-7700 South 
San Francisco, CA) and eNOS (1:200 dilution; 
Biomol, SA-258, Hamburg, Germany) for 18 hours. 
After washing, the sections were incubated with bio-
tinylated IgG and then with streptavidin-peroxidase 
conjugate (Histostain-Plus Bulk Kits; Zymed, South 
San Francisco, CA, according to kit instructions). 
Then, the sections were washed with PBS, incubated 
with a solution containing 3-amino-9-ethylcarbazole 
(AEC) for 5 minutes to visualize immunolabelling, 
and finally counterstained with Mayer’s haematoxy-
lin. The negative controls were treated as above, 
except incubation with the primary antibody was 
replaced by incubation with rabbit IgG or mouse IgG. 
Control samples were processed in the same manner 
except that the primary antibodies were omitted. All 
dilutions and thorough washes between stages were 
performed using PBS unless otherwise stated (14).
	 TUNEL method: An in situ apoptosis detection kit 
(Dead End Colorimetric) TUNEL (terminal deoxy-
nucleotidyl transferase-mediated dUTP nick end-
labelled System, Promega) was used to detect apop-
tosis and all reagents listed below were included, 
unless otherwise stated. The sections were deparaffi-
nized in xylene, rehydrated as above, incubated with 
20 μg/ml proteinase K for 10 minutes, and rinsed in 
distilled water. Endogenous peroxidase activity was 
inhibited by incubation with 3% hydrogen peroxide 
(H2O2) for 5 minutes. The sections were then incuba-
ted with equilibration buffer for 10-15 seconds and 
TdT enzyme, and prepared according to kit instructi-
ons, in a humidified atmosphere, at 37ºC, for 60 
minutes. They were subsequently placed in pre-
warmed working strength stop/wash buffer at room 
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temperature for 10 minutes, and incubated with anti-
streptavidin-peroxidase, at a 1:500 dilution in PBS, 
for 45 minutes. Each step was separated by careful 
washing in PBS. Labelling was revealed using DAB/
H2O2, nuclei were counterstained with Mayer’s hae-
matoxylin, and sections were mounted as described 
previously (15).
	 Statistical evaluation: Immunohistochemistry was 
evaluated semiquantitatively utilizing the H-score 
technique by a histologist with blinded manner. 
H-score (0-300) was calculated by multiplying stai-
ning intensity (0, negative; 1, weak; 2, moderate; 3, 
strong) with the positively stained area (0-100%). For 
TUNEL staining, each section was counted for 100 
cells from randomly chosen fields by a histologist 
with blinded manner. The percentage of apoptotic 
cells to total number of cells was indicated as apop-
totic index (16).

	 RESULTS

	 Embryos from the shams and alcohol administra-
tion groups were observed and photographed both 
macroscopically and microscopically. There was no 
infected embryos among these samples. Numbers 
and percentages of normal and abnormal embryos 
after incubation with physiological saline and alcohol 
%50 are seen in Table 1 Macroscopic evaluation: 
Growth retardation, deformations in the heart and 
limbs, deterioration in vesicles in brain regions, flat-
tening of the head and distortions in vascularization 
were observed in E3 embryos . In addition, vascular 
disorders that affect the embryos were observed. 
Growth retardation in all organs, the small head, con-

tour distortion and flattening in the facial region were 
observed in E7 embryos. Growth retardation, distur-
bances in the body symmetry, deformation in the 
layer and pigmentation of the eyes were observed in 
E10 embryos (Figure 1).
	 Microscopic evaluation: HE staining in E3 day 
group (Stage 20) of sham group as control group; 
medullary cord and ventricular layers which were 
formed by neuroepitelial cells, dermomyotome, scle-
rotome and notochord were seen. The surface ecto-

Table 1. Numbers and percentages of normal and abnormal 
embryos after incubation with physiological saline and.

Groups

Sham

50 %
Alcohol

3th,7th and 
10th days

3th days
7th days
10th days

Embryos 
n (%)

10 (100%)

10 (100%)
10 (100%)
10 (100%)

Lethal 
n (%)

0 (0)

0 (0)
3 (30%)
7 (70%)

Observed 
n (%)

10 (100%)

10 (100%)
7 (70%)
3 (30%)

Growth 
Reterdation 

n (%)

0 (0)

8 (80%)
6 (85%)

  3 (100%)

Figure 1. Compared to sham group, ethanol administration 
caused growth retardation, reduction of the vascularization 
and, in particular, structural abnormalities of the heart or 
head in E3 days. In E7 days, brain vesicles expansion, eye and 
retinal pigmentation abnormalities can be considered. In E10 
days, moderate growth retardation and disorders were obser-
ved.

Figure 2. In Sham group, normally closed neural tube, nor-
mal surface ectoderm and neural ectoderm and notochord 
were seen. However, in E3 days ethanol administration 
group, reduction in the notochord and open neural tube were 
detected. Bar: 20 μm.
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derm and the neural tube was properly settled, the 
cavity was formed with a central channel and surro-
unding mesenchymal cells with the normal appearan-
ce was established and also neural tube closure was 
observed. However, in alcohol treated group , delay 
in neural tube closure , notochord shrinking, reducti-
on in neuroepithelial thickness and differences in the 
cell shape and layout were observed. Although in 
sham group, normal basal level of e-NOS and i-NOS 
staining were present, these staining were more fre-
quently seen in alcohol treated group. We observed 
that e-NOS staining was relatively more intense than 
i-NOS staining. In both sham and alcohol-treated 
groups, e-NOS staining was darker than i-NOS stai-
ning. Laminin α1 immunoreactivity was lower in 
50% alcohol-administration group. In sham group; 
TUNEL staining which demonstrates the apoptosis of 
the neuroepithelial tissue was very low. However, in 
alcohol-treated group TUNEL staining was more 
strong than sham group (Figure 2).

	 On E7 day of alcohol treated group; varying deg-
rees of disorders were revealed in ventricular layer, 
motor columns and dorsal root ganglia (DRG). 
Significant changes were seen at medullary cord 
maturation center channel, white-gray matter, dorsal, 
ventral and lateral horns (Figure 3). The main finding 
of this group was the presence of the double center 
channel and one of the channels was surrounded by 
ciliated ependymal cells. Also, deformation at notoc-
hord was observed (Figure 4). In sham group, normal 
basal level of e-NOS and i-NOS staining were pre-
sent. However, these stainings were more strong in 
alcohol treated group. We observed that e-NOS stai-
ning was relatively higher than i-NOS staining. In 
both sham-, and alcohol-treated groups, e-NOS stai-
ning was darker than i-NOS staining. Laminin immu-

Figure 3. In Sham group, normally closed neural tube, normal 
medullary cord and developing layers were observed. However, 
in E7 days ethanol administration group, these structures 
were disrupted and double spinal cord channel was seen. Bar: 
50 μm (Control TUNEL), 100 μm (Other images).

Figure 4. The detail of the E7 alcohol group which showed 
double channel. One of these channel (A) had cilia (arrow). 
There was also abnormal (*) notochord (B).

Figure 5. In sham groups, completely normal spinal cord and 
surrounding structures were seen. However, in E10 days 
ethanol administration group, these structures were severely 
disrupted. Bar: 50 μm (Control TUNEL), 100 μm (Other 
images).

Figure 6. Ethanol administration (E3, E7, E10 days). 
Immunohistochemistry staining was assessed in a blinded 
manner with H-score compared to shame (SH). The percen-
tage of positive apoptotic cells was determined by TUNEL 
staining. All values were expressed as the percentage of sham. 
SD: Standart deviation.
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noreactivity was decreased. In addition, apoptotic cells 
were increased especially in gray matter (Figure 3).
	 In E10 day of alcohol-treated group; pathology 
was observed in mantle layer, ventral and dorsal 
horns of vertebral body, vertebra curves and DRG. 
The spinal cord and notochord were quite smaller 
depending on the decrease in the density of cells. 
Also, we observed that, the spinal cord channel 
disappeared, cell loss was widely seen, and cells were 
collected at the edge. Corruption and irregularities 
were found in the cells. The e-NOS and i-NOS reac-
tivities were increased where i-NOS reactivity was 
more than e-NOS reactivity. Reactivity of the laminin 
was increased clearly. Intense apoptosis was obser-
ved in the spinal cord and notochord (Figure 5).
	 Microscopic examination demonstrated that dec-
rease in pathological disorders in E7 day- samples 
was statistically significant (p<0.01). However, pat-
hological disturbances were more frequent in E3 and 
E10 day-samples. iNOS was more frequently seen 
than eNOS which was statistically significant 
(p<0.01). iNOS was found more frequently in subse-
quent days however it was less significant. Laminin 
expression decreased in following days and this dec-
rease was statistically significant (p<0.01). Whereas, 
increase in apoptotic cells were found but it was less 
significant (Figure 6).

	 DISCUSSION

	 Neurulation is the embryonic process that forms 
the brain and spinal cord. This process includes the 
formation of the neural plate, rise of the lateral neural 
folds, and eventually the fusion of these folds to cre-
ate the neural tube (17). Secondary neurulation begins 
with the formation of medullary cord at HH stage 16 
or 51-56 h of incubation. Multiple cavities develop 
inside the medullary cord. These cavities coalescence 
to form single lumen, which becomes continuous 
with the neurocele of the primary neural tube and 
finally secondary neurulation is completed by HH 
stage on 35th or 8th-9th days of incubation (18).
	 Several animal models such as chick embryos, 
Japanese medaka, mice, zebrafish have been used 
successfully to investigate the effects of ethanol on 

developing central nervous system (1,18). However, 
chick embryos, which do not metabolise alcohol to 
acetaldehyde until day 9 of gestation permits investi-
gating the effects of ethanol in the absence of its 
primary metabolite. This is the reason why we used 
chick embryos in this study. In this study the relation 
between primary and secondary neurulation was 
shown, experimental analysis on this process was 
performed morphologically and organizations and 
behaviors of cells were defined. In optimization 
experiments, it was observed that 10%, 25% and 
50%, alcohol applications caused neural tube defects 
when applied before neurulation (19). Although there 
are many studies on the primary stage of neurulation, 
secondary neurulation which has gained an importan-
ce due to its possible role in manipulating neural tube 
formation is still a mystery. In our study, 50% ethanol 
treatment was applied at 50th h of incubation suppo-
sing that this would interrupt or affect secondary 
neurulation. There was clear effect of alcohol on the 
secondary neurulation which also affected later deve-
lopment.
	 In addition to exposure to ethanol and many che-
mical agents can affect the neural tube development 
of chick embryos. For example, Lee and Nagele (20) 

administered local anesthetics under in vivo (100-
200 μg/ml) and Güney et al. (21) administered diaze-
pam (400 μg/ml) in vitro culture conditions to the 
chicks at the same developmental stage and found 
that these caused neural tube defects by affecting 
microfilament function in neuroepithealial cells. In a 
study by Greenaway and Fantel (22) rifampin (100 μg/
ml) was injected to embryos and it was observed that 
rifampin impaired the metabolism of cytochrome 
p450 enzyme and thus caused neural tube defect. 
Some studies have reported that heavy metals and 
enviromental pollutants cause defects in neural tube, 
heart, brain and sensory organs of chick embryos 
where the most frequent factor FAS + (17).
	 Ethanol-induced anomalies are closely related to 
the timing of exposure. Namely, in chick embryos for 
example, ethanol exposure at early gastrulation thro-
ugh neurulation stages induces cranial defects (24,25). 
However, exposure at post neurulation stages causes 
significant growth retardation. In the studies conduc-
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ted using alcohol, cell death was observed in the 
facial region and neural crest in chick embryos, 
which caused a loss in the size of chick embryos with 
growth retardation (26). Moreover, alcohol impairs 
development, function and life of nerve cells by 
affecting brain and prevents cell migration (27). In 
these studies, findings were associated with the dose 
and duration of alcohol exposure. Similar to these 
studies, in the present study, growth retardation in all 
organs, disturbances in the body symmetry, contour 
distortion and flattening in the facial region were 
observed macroscopically due to defects in secon-
dary neurulation.
	 During secondary neurulation, defining two cell 
groups as central and surrounding cells and obser-
ving cavity formation in central cells point out to the 
importance of the secondary neurulation phase. 
Relations among central cells having such different 
cell behaviour show that the factors playing a role in 
making the cell stay at the centre during migration 
have a role in the formation of secondary neurulation 
(28). The fact that cells stop migrating or proliferating, 
but die to form a cavity for the canal or attach to the 
developing neural tube increases the importance of 
such factors. Cell behaviour mentioned here is medi-
ated through different factors such as genetic infor-
mation, environmental factors, growth factors and 
adhesion molecules (29). In this study, we determined 
significant changes at medullary cord maturation, 
center channel, white-gray matter, dorsal, ventral and 
lateral horns in E7 embryos. The main finding of this 
group was the presence of the double center channel 
and one of the channels was surrounded by ciliated 
ependymal cells. However, we observed that, the 
spinal cord channel disappeared in E10 embryos. 
Therefore, alcohol treatment affected all secondary 
neurulation processes which induced moderate abnor-
malies during later stages of development.
	 It has long been known that developmental defects 
occur due to increased NOS. In a related study, Ron 
and colleagues reported that L-N6-(1-iminoethyl)-
lysine, which is used to inhibit NOS2, reduced the 
neural tube defects in babies of diabetic mothers. 
This treatment resulted in alleviation of endoplasmic 
reticulum stress, decline in apoptosis and reduction in 

congenital defects (9). Plachta and coworkers noted 
NTD when apoptosis was inhibited and they attribu-
ted this finding to increased NOS as well as inhibiti-
on of apoptosis (32). In the present study, increased 
defects as a result of alterations in NOS immunohis-
tochemistry and concurrent apoptosis were similar to 
previous studies.
	 Other factor which is as important as cell behavi-
ours such as migration, proliferation and differentia-
tion (28) in the secondary neurulation of developing 
embryo is the behaviour of the cell. This behaviour of 
the cell to produce normal development depends on 
the ability of the cell to die at the right place, at the 
right time and in right number besides having an abi-
lity to die for orientation. Although the cells have the 
same nutrition and have no pathological reason to 
die, there is a programmed cell death leading to cavi-
tation. Cell death occurs at tail bud morphogenesis in 
chick embryo (31). In terms of cell death and apopto-
sis, cell formation studies are carried out most com-
monly on tail region. Tail region incubated between 
2-5 days contain many structures along with neural 
tube, notochord, somits and mesenchyme. The role of 
cell death is thought to be reshaping embryonic tail 
(32). Pyknotic nuclei were observed in studies on cell 
proliferation (33) and cell death was observed at 18th-
22nd stages according to HH stages (12). It was obser-
ved based on the appearance of the cells at tail bud 
morphogenesis and TUNEL staining. Signs of apop-
tosis at tail bud are mostly observed at medullar cord 
(31). In our study, in E10 day-embryos, the spinal cord 
and notochord were quite smaller depending on the 
decrease in the density of cells. TUNEL staining 
revealed, disappearance of the spinal cord channel, 
diffuse, cell loss and accumulation of cells at the edge 
due to apoptosis. Intense apoptosis was also observed 
in the spinal cord and notochord.
	 Extracellular matrix proteins play significant roles 
in cell growth, cell differentiation, migration, polari-
zation and the formation of basement. Laminin is a 
matrix molecule which participates in the formation 
of basement membrane. It also helps organization of 
epithelial cells and adhesion of these cells to the 
basement membrane. O’Shea (8) carried out a study 
on mice and showed that laminin staining was more 



234

İzmir Dr. Behçet Uz Çocuk Hast. Dergisi 2017; 7(3):227-235

prominent on the neuroepithelium facing the notoc-
hord and basement membrane of the side surface. In 
another study, the researchers noted that laminin sta-
ining was weak in neural crest migration region and 
non-existent in certain regions (34). Their finding is in 
agreement with our findings. This happens possibly 
to enable free migration of neural crest cells. Changes 
in the amount of laminin with time have been shown 
to affect cell differentiation (11). Sometimes the lumen 
has been observed to develop even from a cavity. 
Changes in the presence of laminin with respect to 
location and time throughout neurulation may be an 
indicator of its importance in the formation of base-
ment membrane and cell migration. Formation of 
cavity and lumen by confluence of cavities is coinci-
dental and do not occur in an array (18). In one of the 
experimental models, small amount of fibronectin 
and very small amount of laminin have been identifi-
ed at the distal end of the tail bud in mouse embryos 
on day 10.5, during the process of secondary neuru-
lation. It has been shown that laminin was present in 
the lateral aspect of the basement membrane of neu-
roepithelium but not in the dorsolateral region in an 
11 day-old embryo. Presence of copious amounts of 
fibronectin in these regions on that day has been 
demonstrated (8). In the present study, we found that 
immunohistochemical staining of laminin became 
weaker with development of the embryo and diffe-
rentiation. Decrease in staining intensity of laminin 
became more prominent with alcohol application. This 
can be attributed to the response of the matrix molecu-
les disruptions due to increased oxidative stress.
	 All of these observations demonstrated that, 
secondary neurulation is an important step and alco-
hol caused moderate pathology in this process. These 
findings point out that, problems are likely to develop 
during the ongoing life of embryos that affect the 
quality of life in the future. Ex ovo monitoring and 
explanation of these effects at the molecular level, 
will be helpful to understand adverse impacts of alco-
hol intake on the development.
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ÖZ

Amaç: Hiperbilirubinemi yenidoğan bebeklerde sık görülen bir klinik durum olsa da bilirubin 
ensefalopatisi günümüzde önemli bir sağlık sorunudur. Çalışmamızda, üç yıllık sürede indirekt 
hiperbilirubinemi nedeni ile kan değişimi yapılan hastaların, etiyolojik nedenleri, kan değişimine 
bağlı gelişen komplikasyonları ve bilirubin ensefalopatisi gelişimi yönünden değerlendirilmiştir.
Yöntem: Ocak 2012 ve Ocak 2015 tarihleri arasında İzmir Tepecik Eğitim ve Araştırma 
Hastanesi Neonatoloji Kliniğine hiperbilirubinemi nedeni ile yatan ve kan değişimi uygulanan 
yenidoğanlar retrospektif olarak incelendi. Demografik veriler, laboratuvar parametreleri, kan 
değişimine bağlı komplikasyonlar ve bilirubin ensefalopatisi gelişme sıklığı araştırıldı. Bilirubin 
ensefalopatisi gelişen ve gelişmeyen olgular risk faktörleri açısından karşılaştırıldı.
Bulgular: Çalışmaya 27 bebek dahil edildi ve %59,3’ü erkek olup, %55,6’sı sezaryen ile doğmuş-
tu. Ortalama gebelik yaşı 36,5± 3,1 hafta olup, doğum ağırlığı 2912,5±759 gramdı. Hastaların 
ortalama yaşı 34,2±54,2 saatti ve ilk 24 saatte bebeklerin % 81’ine kan değişimi yapıldığı ve bu 
bebeklerin %40,7’sinde ABO uyuşmazlığı, % 33’ünde Rh uyuşmazlığının neden olduğu görüldü. 
Kan değişimi öncesi ve sonrasında total bilirubin ve trombosit sayılarının istatistiksel farka yol 
açacak şekilde düştüğü görüldü (p<0,05). Kan değişimine bağlı exitus saptanmadı. Nekrotizan 
enterokolit ve böbrek yetmezliği gibi komplikasyonlar görülmedi. En sık rastlanan komplikas-
yonlar hipokalsemi (%14), trombositopeni (%7) ve hipoglisemi (%7) idi. Olguların %25,9’unda 
bilirubin ensefalopatisine bağlı nörolojik etkilenme saptandı, ancak nörolojik etkilenmesi olma-
yan bebekler ile kıyaslandığında demografik, etiyolojik ve laboratuvar verileri açısından istatis-
tiksel farklılık saptanmadı
Sonuç: ABO ve Rh uyuşmazlığının kan değişimi için en sık nedenler olmasından dolayı, bu olgu-
larda erken taburculukların önüne geçilmesi, ailelerin bilgilendirilmesi ve taburculuk sonrası 
yakın izlemleri ile kan değişim sıklığı azaltılabilir.

Anahtar kelimeler: Bilirubin ensefalopatisi, indirek hiperbilirubinemi, kan değişimi, yenidoğan

ABSTRACT

Objective: Neonatal hyperbilirubinemia is a frequently seen clinical condition, and bilirubin 
encephlopathy is presetly an important health problem. In our study the patients who had under-
gone blood exchange transfusion were evaluated as for responsible etiologic factors, complications 
developed due to blood exchange transfusion and development of bilirübin encephalpathy.
Methods: Between January 2012 and January 2015, infants who were admitted to Izmir Tepecik 
Training and Research Hospital due to hyperbilirubinemia and underwent exchange transfusion 
were retrospectively investigated. Demographic data, laboratory parameters, exchange compli-
cations and the frequency of development of bilirubin encephalopathy were investigated. Cases 
with bilirubin encephalopathy were compared with non-encephalopathic ones as for the presen-
ce of risk factors. 
Results: Twenty-seven infants were included into the study and 59.3% of the cases were male and 
55.6% of them were born with caesarean section. The mean gestational age of the infants was 
36.5±3.1 weeks and their mean birth weight was 2912.5±759 grams. The mean age at the time of 
admission was 34.2±54.2 hours and 81% of infants had exchange transfusion within the first 24 
hours due to ABO incompatibility in 40.7% and Rh incompatibility in 33% of the infants. Total 
bilirubin and platelet counts decreased after exchange transfusion, leading to a statistical diffe-
rence (p<0.05). The most common complications were hypocalcemia (14%), thrombocytopenia 
(7%), and hypoglycemia (7%). Neurological effects of bilirubin encephalopathy were detected in 
25.9% of the cases but there was no statistical difference in terms of demographic, etiologic and 
laboratory data when compared with those without neurologic involvement.
Conclusion: Though ABO, and Rh incompatibilities are the most frequently seen causes of blood 
exchange transfusions, the frequency of blood exchange transfusions may be decreased by pre-
venting early discharges, informing the families, and close follow-up after discharge.

Keywords: Bilirubin encephalopathy, indirect hyperbilirubinemia, exchange transfusion, newborn
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	 GİRİŞ 

	 Hiperbilirubinemi yenidoğan döneminde sık kar-
şılaşılan, genellikle iyi seyirli bir klinik durum olsa 
da bilirubine bağlı nörolojik hasar günümüzde hala 
önemli bir sağlık sorunudur. Yüksek bilirubin düzey-
leri uygun tedavi yapılmadığı zaman kalıcı nörolojik 
sekele neden olabilmektedir. Erken tanı ve tedavi ile 
mortalite ve morbiditenin önüne geçilebilmekle bir-
likte, ne yazık ki ülkemiz için bilirubin ensefalopatisi 
hala sık karşılaşılan bir sorundur (1). 
	 Hiperbilirubinemiye bağlı toksisite santral sinir 
sistemini etkileyerek bilirubin ensefalopatisi adı veri-
len nörolojik ve gelişimsel sorunlara yol açmaktadır. 
Rh izoimmunizasyonun prenatal tanısı ve anti-D 
tedavisi sayesinde kan değişimi uygulanan olgu sayı-
sı günümüzde azalmış olsa da, bilirubin düzeyinin 
nörotoksik olduğu öngörülen yüksek değerlerinde 
kan değişimi halen uygulanan bir tedavi yöntemidir 
(2). Kan değişiminin hiperbilirubinemiye bağlı nöro-
toksiteyi azalttığı bilinmesine karşın, uygulamanın 
kendisine ait komplikasyonlar da söz konusudur (3,4). 
	 Bu çalışmada, yenidoğan kliniğimizde üç yıllık 
süre içinde hiperbilirubinemi nedeniyle kan değişimi 
(KD) yapılan bebeklerin genel özellikleri, etiyolojik 
nedenleri, kan değişimine bağlı komplikasyonlar ve 
bilirubin ensefalopatisi gelişimi yönünden risk fak-
törlerinin değerlendirilmesi hedeflendi.

	 GEREÇ ve YÖNTEM

	 Bu araştırma, retrospektif ve tek merkezli olup, 
çalışmaya 1 Ocak 2012 ve 1 Ocak 2015 tarihleri ara-
sında İzmir Tepecik Eğitim ve Araştırma Hastanesi 
Yenidoğan Kliniğine hiperbilirubinemi nedeni ile 
yatan ve KD yapılan bebekler dahil edilmiştir. 
Hastaların dosyalarından gebelik haftası, cinsiyet, 
doğum ağırlığı, doğum şekli, kan grupları, periferik 
kan yayması, hemoliz bulgusu olup olmadığı, KD 
öncesi ve sonrası tam kan sayımı, total bilirubin, 
serum üre ve kreatinin değerleri, kan kültürleri ve 
serum kalsiyum değerleri kaydedilmiştir. Kayıtlardaki 
verilerden hemoliz bulguları ile birlikte Rh (-) anne-
den doğan Rh (+) yenidoğanlarda Rh uygunsuzluğu, 
O grubu anneden doğan A ya da B grubu yenidoğan-
larda ABO uygunsuzluğu sarılık nedeni olarak kabul 

edilmiştir. Bebeklerin kan değişimine bağlı görülen 
komplikasyonları ve izlemlerinde gelişen nörolojik 
sorunlar kaydedilmiştir. 
	 Tüm hastalara KD öncesi ve sonrası Amerikan 
Pediatri Akademisi (AAP) ve Türk Neonatoloji 
Derneği (TND) bilirubin nomogramlarına göre foto-
terapi verilmiş olup, KD ve FT’ye rağmen, serum 
total bilirubin değeri belirli düzeye ulaştığında, yine 
aynı izlem tablosu kullanılarak KD yinelenmiştir 
(2,5). Tüm bebeklerin kan değişimi standart rehberler-
de belirtildiği gibi aşağıda anlatılan şekilde yapıl-
mıştır ve tüm hastalara aynı izlem protokolü uygu-
lanmıştır. 
	 Kan değişimleri CMV taraması negatif olan, ışın-
lanmış ve lökosit filtresinden geçirilmiş taze tam kan 
ile ve miktarı 2 x vücut ağırlığı x 80 ml/kg şeklinde 
hesaplanarak yapılmıştır. Bebeğin ABO ve Rh uygun-
suzluğuna göre seçilen 5 günü geçmemiş Acid Cytrate 
Dextrose (ACD) içeren torbada tam kan kullanılarak, 
aseptik koşullarda, çift volüm kan değişimi prosedü-
rü ile umbilikal ven kateterinden, 60-90 dk.’da, her 
seferinde 5 mL/kg kan verilip alınarak, ayrıca her 
100 mL kan değişiminde 1 cc kalsiyum glukonat 
verilmesi şeklinde uygulanmıştır (6). Aritmi izlemi 
için hasta başı monitör kullanılmış ve KD işlemi 
servo-kontrollü radian ısıtıcı altında, ısıtılmış kan ile 
hipotermiye izin verilmeyecek şekilde uygulanmıştır. 
KD sonrası hastaların tümüne, kan değişimi öncesi 
ve sonrası alınan kültür sonuçları çıkana kadar (en az 
3 gün süreyle) ampirik antibiyotik tedavisi verilmiş-
tir, Rh ve ABO uygunsuzluğu olanlara kan değişimi 
sonrası 1 g/kg’dan İVİG tedavisi uygulanmıştır. 
	 KD’den 4 saat sonra total bilirubin değeri kontrol 
edilmiş, gerekli durumlarda 4-6 saate bir yinelenmiş, 
tam kan sayımı ise 12 saatte bir yapılmıştır. 
	 KD’ne bağlı komplikasyonlar açısından trombosit 
değerinin 150x109 altı değerler trombositopeni, kan 
şekeri izleminde ilk 24 saat içerisinde <45 mg/dl, >24 
saat olan bebeklerde <50 mg/dl değerler hipoglisemi 
olarak kabul edilirken, serum kalsiyum değerinin 
term bebeklerde 8 mg/dl, preterm bebeklerde 7 mg/dl 
altı olması hipokalsemi olarak kabul edilmiştir (7).
	 Kronik bilirubin ensefalopatisinin klasik sekel 
tetradı; ekstrapiramidal bozukluklar, yüksek frekanslı 
sensorinöronal işitme kaybı, özellikle yukarı bakış 
anormalliği olmak üzere bakış anormalliği ve diş 
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minesi hipoplazisi olarak kabul edilmektedir. 
Çalışmaya alınan bebeklerin poliklinik izlemlerinde 
anormal nörolojik muayene bulgusu saptanan olgular 
“nörolojik sorun gelişen bebekler” olarak gruplandı-
rılmıştır (8). Nörolojik sorun gelişen ve gelişmeyen 
olgular, demografik özellikleri, risk faktörleri ve kan 
değişimi öncesi laboratuvar değerleri açısından ista-
tistiksel olarak karşılaştırılmıştır.
	 İstatistiksel analiz olarak, merkezi eğilim ve yayı-
lım ölçütleri, verilerin karşılaştırılmasında paired t 
testi, Mann-Whitney U test ve ki-kare testi kullanıl-
mıştır. İstatiksel analiz için SPSS 20.0 paket program 
kullanılmış olup, p değerinin 0,05’den küçük olması 
istatistiksel olarak anlamlı kabul edilmiştir.

	 BULGULAR

	 Çalışma süresince Yenidoğan Ünitesinde toplam 
27 bebeğe KD uygulanmıştır. Bebeklerin genel özel-
likleri Tablo 1’de verilmiştir. Bebeklerin ortalama 
gebelik yaşı 36,5±3,1 hafta olup, doğum ağırlığı 
2912,5±759 gramdı. KD yapılan hastaların %59,3’ü 
erkek olup (n:16), sezaryen ile doğanlar %55,6 (n:15) 
oranındadır. Bebeklerin büyük bir çoğunluğuna (n:22, 
%81) ilk 24 saatte kan değişimi yapılmıştır. KD yapı-
lan bebeklerin %40,7’sinde ABO uyuşmazlığı, 
%33’ünde Rh uyuşmazlığı saptanmıştır.
	 Bebeklerin KD öncesi ve sonrası laboratuvar veri-
leri Tablo 2’de verilmiştir. Bebeklerin total bilirubin 
ve trombosit sayılarının KD sonrası anlamlı derecede 
düştüğü, diğer laboratuvar verilerinde anlamlı deği-
şiklik olmadığı görüldü (p<0,05). Biyokimyasal veri-
lere bakıldığında ise, serum kalsiyum seviyesinin KD 

sonrası istatistiksel farka yol açacak şekilde düştüğü 
saptandı (p<0,05). Bu durum KD sırasında kullanılan 
tam kanın ACD içermesi ile ilişkilendirildi.
	 Çalışmada yer alan bebeklerin yedisinde (%25,9) 
bilirubine bağlı nörogelişimsel sorun belirlendi. 
Bebeklerin dördünde (%14) iki defa kan değişimi 
uygulandı. Nörogelişimsel sorun belirlenen hastaların 
üçünde (%11) sensörinöral işitme kaybı, dördünde 
(%14) kronik bilirubin ensefalopatisi ile uyumlu nöro-
lojik muayene bulguları mevcuttu.  Nörogelişimsel 
sorun gelişen bebeklerle nörogelişimsel sorun saptan-

Tablo 1. Kan değişimi yapılan bebeklerin genel özellikleri.

Gebelik yaşı (hafta)*
Doğum ağırlığı (g)*
Erkek cinsiyet
Normal vaginal doğum
Postnatal yaş (saat)*
ABO uyuşmazlığı n (%)
Rh uyuşmazlığı n (%)

36,5±3,1
2912,5±759

16 (59)
12 (44)

34,2±54,2
12 (40,7)

8 (29)

*Değerler ortalama ± standart sapma olarak verilmiştir.

Tablo 2. Kan değişimi yapılan bebeklerin laboratuvar verile-
rinin karşılaştırılması.

Parametre

Hematokrit (%)*
İndirekt bilirubin (mg/dL)*
PLT (L/mm3)*
Kalsiyum (mg/dL)*
Üre (mg/dL)*
Kreatinin (mg/dL)*

KD Öncesi

38,8±8,3
19,0±7,1

230±106,6
9,1±0,9

29,2±14,1
0,98±0,21

* Değerler ortalama ± standart sapma olarak verilmiştir.
PLT: Trombosit sayısı

KD Sonrası

38,8±5,2
10,0±5,02
177,8±77,9
8,2±0,93
28,7±11,5
0,94±0,15

p

0,97
0,001
0,008
0,001
0,66
0,10

Tablo 3. Nörogelişimsel sorun gelişen bebeklerin nörogelişimsel sorunu olmayan bebeklerle karşılaştırılması.

Gebelik yaşı (hafta)*
Doğum ağırlığı (g)*
Erkek cinsiyet 
Vaginal doğum
Postnatal yaş (saat)*
Hemolitik hastalık
KD öncesi hematokrit (%)*
KD öncesi T. bilirubin düzeyi (mg/dL)*
İlk 24 saatte KD

Nörogelişimsel sorun saptanan bebekler 
(n=7)

36,8±3,4
2872±586

4 (57)
0 (0)

37±53,9
2 (28)

39,7±9,1
22,3±10,1

5 (71)

* Değerler ortalama ± standart  sapma olarak verilmiştir. 

Nörogelişimsel sorunu olmayan bebekler 
(n=20)

36,4±3,1
2926±824

12 (60)
12 (60)

33,3±55,7
7 (35)

38,5±8,3
17,9±5,6
17 (85)

p

0,76
0,76
0,89
0,008
0,40
0,75
0,93
0,52
0,42
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mayan bebekler karşılaştırıldığında, her iki grupta 
gebelik haftası, cinsiyet ve doğum ağırlıkları açısından 
fark bulunmamıştır. Ancak, nörogelişimsel sorun geli-
şen bebeklerde sezaryenle doğum oranı, nörolojik etki-
lenmesi olmayan bebeklere göre istatistiksel olarak 
anlamlı düzeyde daha fazla saptanmıştır (p=0,008). 
Nörogelişimsel sorun belirlenen bebeklerin diğer 
bebeklere kıyasla, KD öncesi daha yüksek bilirubin 
değerlerine sahip oldukları ve bu hastaların da %71’ine 
ilk 24 saat içinde KD uygulandığı saptanmıştır. Ancak 
bu durum istatistiksel farka yol açmamıştır. Diğer kli-
nik ve laboratuvar parametreler açısından gruplar ara-
sında anlamlı istatistiksel fark saptanmamıştır (Tablo 
3). Nörolojik etkilenim gerçekleşen bebeklerde, hemo-
liz bulgusu açısından gruplar arası fark olmadığı, fakat 
erkek bebeklerin bu grupta daha fazla oldukları görül-
müş, ancak istatistiksel fark saptanmamıştır (p>0,05). 
Glukoz-6 fosfat dehidrogenaz (G6PD) enzimi olguların 
yalnızca 10’unda bakılabilmiş olup, bu olgularda G6PD 
düzeyinin normal olduğu saptanmıştır. İki bebekte 
(%7) hipoglisemi, dört bebekte (%14) hipokalsemi, iki 
bebekte (%7) trombositopeni, bir bebekte (%3,7) hipo-
natremi ve iki bebekte (%7) KD sonrası alınan kan 
kültüründe üreme görülmüştür. Çalışmaya alınan hasta 
grubunda mortalite olmamıştır. 

	 TARTIŞMA

	 Sarılık yenidoğan döneminde sık görülen, genel-
likle kendiliğinden düzelen iyi seyirli bir klinik 
durumdur. Bilirubin düzeyinin belli bir sınırı aşması 
sonrasında ortaya çıkan bilirubin ensefalopatisi kalıcı 
ve geri dönüşümsüz nörolojik hasara yol açması 
nedeniyle önemlidir. Bilirubin düzeyinin fizyolojik 
düzeyleri aştığı durumlarda tedavi amacıyla fototera-
pi, nörotoksite riski taşıyan daha yüksek bilirubin 
düzeylerinde KD uygulanmaktadır. Çalışmamızda, 
üç yıllık bir süre içinde Yenidoğan Kliniğinde KD 
uygulanan olgular değerlendirilmiş, yaklaşık 1/4’inde 
KD uygulamasına karşın bilirubin ensefalopatisine 
bağlı nörolojik sekel geliştiği belirlenmiştir. Özellikle 
ilk 24 saatte KD gerektiren hiperbilirubinemi sıklığı-
nın yüksek olduğu görülmüştür.
	 Ciddi hiperbilirubineminin KD ile tedavi edilmesi 
ilk olarak 1940’lı yıllarda başlamıştır (8). Rh uygunsuz-
luğu, en sık endikasyon olup, KD gereksiniminin 

%20-70 arasında değişkenlik gösterdiği bildirilmiştir 
(9). Anti-D immunoglobulin uygulamalarının yaygın-
laşmasıyla Rh uygunsuzluğuna bağlı KD azalmakla 
birlikte, günümüzde ABO uygunsuzluğuna bağlı ağır 
hiperbilirubinemi nedeniyle KD en sık neden olarak 
görülmektedir (9,10). Çalışmamızda da, literatürle ben-
zer şekilde ABO uygunsuzluğuna bağlı ağır hiperbili-
rubinemi en sık KD endikasyonu olarak bulunmuştur. 
	 Literatürde hiperbilirubinemi sıklığının erkek 
bebeklerde daha fazla olduğu bildirilmiştir (11). 
Çalışmamızda da, erkek bebek sıklığı daha fazla 
bulunmuştur. Yine, erkek bebeklerde ciddi hiperbili-
rubinemi ve bilirubin ensefalopatisi sıklığının kız 
bebeklere göre daha fazla olduğu bildirilmektedir 
(11,12). Daha önce yapılan gözlemsel çalışmalarda da, 
erkek bebeklerde kız bebeklere kıyasla daha yüksek 
bilirubin seviyeleri görülmüştür. Benzer şekilde ABD 
Kernikterus çalışmasında erkek bebeklerde etkilen-
me, kız bebeklerden iki kat fazla saptanmıştır (13). 
Becu-Villabos ve ark. (14) erkek cinsiyet varlığında, 
bilirubin ilişkili etkilenime yatkınlık olduğunu ve bu 
durumun kesin olarak açıklanamamış olsa da intrau-
terin gonadotropinden kaynaklanabileceğini, geç 
embriyonik ve erken postnatal yaşamda santral sinir 
sistemi gelişimi üzerinde etkilerinin olabileceğini 
belirtmişlerdir (14). Çalışmamızda, bilirubine bağlı 
nörolojik sorun gelişen bebeklerde cinsiyetle ilişki 
bulunmamıştır. Olgu sayısının yetersiz olmasının bu 
duruma yol açmış olabileceği düşünülmüştür. 
	 İlk olarak 1960’lı yıllarda Yunanistan’dan yapılan 
kernikterus çalışmasında, G6PD eksikliğinin önemli 
hiperbilirubinemi nedeni olduğu tanımlanmıştır (19). 
Daha sonrasında yapılan araştırmalarda da, bu durum 
desteklenmiştir. Ancak bu çalışmadaki olguların 
çoğunda G6PD enzim düzeyi çalışılamamış olmasın-
dan dolayı değerlendirilememiş olması çalışmanın 
önemli bir kısıtlayıcı yönüdür.
	 Doğum şekli ile hiperbilirubinemi riskinin araştı-
rıldığı bir çalışmada; vakum ile doğum bir risk etme-
ni olarak bildirilirken, sezaryen ile doğan bebeklerde 
sarılık gelişme riskinin daha düşük olduğu bildiril-
miştir (15). Çalışmamızda, literatürden farklı olarak 
bebeklerin yalnızca %44,4’ü vaginal doğum ile doğ-
muş ve iki grupta da hiçbir bebekte sefal hematom 
saptanmamıştı. Sezaryen ile doğan bebeklerde daha 
fazla nörolojik sorun belirlenmiştir. Bu durum, önem-
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li perinatal sorunu olan ve antenatal etkilenme belir-
lenen bebeklerin doğumunda, obstetrisyenlerin sezar-
yen ile doğumu öncelikle yeğlemiş olabilmesi ve bu 
olgularda erken dönemde beslenmenin daha yetersiz 
olması ile kısmen açıklanabilir.
	 Türk Neonatoloji Derneği 2016 önerilerinde de 
belirtildiği gibi, kan değişimi işleminde, ışınlanmış, 
lökosit düzeyi azaltılmış, bebek kan grubu ile uyumlu 
kan ile KD işlemi gerçekleştirilir. Rh hemolitik has-
talığı için, ABO uygun Rh negatif veya O grubu Rh 
negatif ve salin ya da yenidoğana uyumlu plazmada 
çözünmüş eritrosit süspansiyonu kullanılmalıdır. 
ABO uygunsuzluğu için kan değişiminde ise O grubu 
Rh uyumlu eritrositler yeğlenmelidir. Kan değişimin-
de kullanılacak kan ek solüsyonu uzaklaştırılmış 
eritrosit ve eritilmiş taze donmuş plazma içermelidir 
ve ortalama hematokrit değeri %45-60 arasında 
istenmektedir. Eritrosit O grubu veya maternal ABO 
grubu ile uyumlu Rh negatif, plazma tercihen AB 
grubundan olmalı ve annenin antikor geliştirdiği her-
hangi bir eritrosit antijenini içermemeli ve anne seru-
mu ile çapraz karşılaştırması uyumlu olmalıdır (16,17). 
Ancak eritrosit süspansiyonu ile taze donmuş plazma 
karışımının hazırlanamadığı durumlarda tam kan da 
kullanılabilmektedir (18). Her ne kadar tam kan karı-
şımlarına bağlı sensitizasyon reaksiyonlarının daha 
fazla olabileceği belirtilse de çalışmamızda bu durum 
izlenmemiştir (16,17). Tam kan ile yapılan kan değişi-
mine bağlı komplikasyon sıklığı da literatürde farklı-
lıklar göstermektedir (15). Hipokalsemi, hipoglisemi, 
apne, bradikardi gibi işleme bağlı komplikasyonların 
%5,2-17 sıklığında görüldüğü bildirilmiştir (18). 
Benzer şekilde taze donmuş plazma ve eritrosit süs-
pansiyonu ile hazırlanan karışımlarla yapılan KD 
durumunda %5-10 oranında akut komplikasyon 
(hipoglisemi, bradikardi, siyanoz, tromboz gibi) 
görülebilmektedir. Mortalite oranı tüm KD’lerinde 
%0,3-1,5 arasında değişmekte olup, daha çok klinis-
yenin deneyimine ve işlemin yapıldığı merkezin tek-
nik donanımına göre farklılık göstermektedir (18). 
Fototerapinin yaygın kullanımı, riskli olabilecek 
gebelerin erken belirlenmesi ve sensitizasyon reaksi-
yonlarının önlenmesi ile KD sıklığı azaltılmaya çalı-
şılsa da, gerekli durumlarda bu işlemin KD konusun-
da deneyimli olan merkezlerde yapılması uygun bir 
yaklaşım olacaktır. 

	 Çalışmamızda, KD ile ilişkili nekrotizan enterokolit 
ve böbrek yetmezliği gibi ciddi komplikasyonlar izlen-
medi ve hiçbir olguda bu komplikasyonlara bağlı kalıcı 
sekel ve ölümle karşılaşılmadı. KD’ne bağlı en sık 
görülen komplikasyonlar ise hipokalsemi (%14), trom-
bositopeni (%7) ve hipoglisemi (%7) idi. Hipokalsemi 
tablosu tam kanda antikoagülan olarak kullanılan ACD 
miktarı ile ilişkilendirilmiş olup, trombositopeni masif 
yapılan transfüzyona ikincil gelişen bir komplikasyon 
olarak karşımıza çıkmaktadır. 
	 Hemoliz hiperbilirubinemi gelişiminde major risk 
faktörüdür, ancak aynı zamanda bilirubin nörotoksisi-
tesinin oluşmasını da arttırabilmektedir. Hemoliz ile 
giden durumlarda nonhemolitik durumlara kıyasla 
beyin hasarının arttığı bazı araştırmalarda gösterilmiş-
tir (20,21). Geçmiş yıllarda Rh izoimmunizasyonu sıkça 
suçlanırken, alınan sıkı koruyucu önlemler sayesinde 
eski önemini yitirmiş olsa da gelişmekte olan ülkeler 
için hala önemini korumaktadır. Sonuç olarak, çalış-
mamızda Rh izoimmunizasyonuna bağlı KD yapılan 
bebeklerin oranı %40,7 idi. Genel olarak kabul edilen 
görüş, hemolitik hastalıklarda bilirubin ilişkili nöro-
toksisitenin daha fazla olduğu yönde olsa da, aynı 
bilirubin düzeyinde hemoliz olmadan da nörotoksisite 
gelişebildiği gösterilmiştir (22,23). Wennberg ve ark. (24) 
Pilot Kernikterus çalışmalarında, hemolizi olan ve 
olmayan olguların benzer otopsi bulgularına sahip 
olduğunu göstermişlerdir. Bir diğer çalışmada, Chen 
ve ark. (25) hiperbilirubinemik olan bebekleri iki grup-
ta değerlendirmiş ve KD oranı hemolitik grupta daha 
fazla olmasına rağmen, hastaların uzun dönem izlem-
lerinde nörolojik izlemlerini benzer olarak bulmuşlar-
dır. Çalışmamızda, nörolojik etkilenimi olan ve olma-
yan hastaların değerlendirilmesinde hemolitik hastalık 
oranları gruplar arasında benzer olarak bulunmuştur. 
Bu durum akla yüksek bilirubin seviyesine olan maru-
ziyet süresinin temel belirleyici faktör olduğunu 
düşündürmektedir. Bir diğer önemli nokta ise kan 
beyin bariyerinin geçirgenlik durumudur. Fetal yaşam-
da oluşmadığı ve yaşamın ilk günlerinde bu bariyerin 
olmadığı kabul edilmektedir. Yapılan deneysel çalış-
malarda, ankonjuge bilirubinin anormal şekilde arttığı 
durumlarda serebral ekstrasellüler boşluğa penetre 
olduğu, bunun da bilirubin ilişkili nörotoksisiteye ve 
kernikterus tablosuna yol açtığı düşünülmektedir (26). 
Bu durum özellikle ilk 24 saatte yapılan KD sıklıkla-
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rının artmasına neden olmaktadır. Sonuç olarak, çalış-
mamızda nörolojik etkilenim gösteren bebeklerin 
%71’i ilk 24 saat içinde KD yapılan olgular olup, 
diğer iki bebek ise geç gelen bebeklerdir. Amerika 
Birleşik Devletleri’nde, 1992-2004 yılları arasında 
125 infantın akut bilirubin ensefalopati ve/veya pos-
tikterik sekel gelişen bebeklerin değerlendirildiği 
geniş kapsamlı bir çalışmada, mortalite ve morbidite-
nin erken dönemde sarılık gelişen bebeklerde daha 
fazla olduğu gösterilmiştir (13).
	 Hiperbilirubineminin önlenmesi ve tedavisinde en 
önemli nokta ciddi hiperbilirubinemi gelişiminin 
önüne geçilmesidir. 
	 Sonuç olarak, bu çalışmada, KD yapılan bebekler-
de, erkek cinsiyet, ilk 24 saatte başlayan sarılık ve 
grup uyuşmazlıklarının daha fazla olduğu gösteril-
miştir. ABO ve Rh uyuşmazlığının hala en sık KD 
yapılma nedeni olmasından dolayı, bu grup olgularda 
erken taburculukların önüne geçilmesi, ailelerin bil-
gilendirilmesinin sağlanması ve taburculuk sonrası 
yakın izlemleri ile KD sıklığı azaltılabilir. 
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ÖZ

Persistan müller kanalı sendromu (PMKS) görece nadir görülen 46,XY cinsiyet geli-
şim bozukluğudur ve klinik olarak normal dış genital yapıya sahip erkeklerde inme-
miş testis, uterus ve fallop tüpleri gibi müller kanal türevlerinin varlığı ile karakteri-
zedir. Bu hastalık sıklıkla müller yapıların regresyonunda rol oynayan anti-Müllerian 
hormon (AMH) veya onun reseptörü olan AMH reseptör tip 2 (AMRHR2) genindeki 
genetik bozukluğun sonucunda ortaya çıkmaktadır. Genetik nedenleri ortaya konul-
muş olguların %45’inde AMHR2 mutasyonu saptandığı bildirilmektedir. En sık baş-
vuru bulguları bilateral kriptorşidizm veya transvers testiküler ektopidir. Uterus ve 
tüplerin varlığı genellikle kriptorşidizm için yapılan ameliyat sırasında saptanmakta-
dır. Burada, bilateral inmemiş testis nedeni ile yapılan laparoskopik girişim sırasında 
müller yapılar (uterus ve fallop tüpleri) saptanan ve önceden bildirilen bir homozigot 
AMHR2 mutasyonu tanımlanan PMKS’li bir olgu sunulmuştur.

Anahtar kelimeler: Anti-müllerian hormone, inmemiş testis, Persistan müller kana-
lı sendromu

ABSTRACT

Persistent müllerian duct syndrome (PMDS) is a relatively rare form of a 46,XY 
disorders of sex development and clinically characterized by undescended testes and 
the presence of mullerian duct derivatives such as a uterus and fallopian tubes in 
males with normal external genitalia. The disease is frequently caused either by the 
genetic defect of the anti-müllerian hormone (AMH) or its receptor AMH receptor 
type 2 (AMHR2) gene. AMHR2 mutations have been reported in 45% of genetically 
proven cases with PMDS. The most common referral findings are bilateral cryptorc-
hidism or transverse testicular ectopia. The presence of uterus and tubes is usually 
detected during surgery for cryptorchidism. Herein we have presented a PMDS pati-
ent with previously reported homozygous AMHR2 mutation, in whom müllerian 
structures (uterus and fallopian tubes) were detected during laparoscopic interventi-
on performed with the indication of bilateral undescended testis.

Keywords: Anti-müllerian hormone, undescended testis, persistent müllerian duct 
syndrome

	 GİRİŞ 

	 Persistan (kalıcı) müller kanalı sendromu (PMKS), 
görece nadir görülen bir genetik hastalık olup, müller 
yapıların (uterus fallop tüpleri, vajenin üst kısmı) 
gerilememesi ile karakterize 46, XY cinsiyet farklı-
laşma bozukluğudur (1). PMKS genellikle müller 

yapıların intrauterin dönemdeki gerilemesinde rol 
oynayan anti-müllerian hormon (AMH) veya AMH 
reseptör tip 2 (AMHR2) genlerindeki fonksiyon kay-
bettirici mutasyonlar sonucunda ortaya çıkmaktadır 
(1). Transforming growth factor-β (TGF-β) ailesinden 
olan AMH, sertoli hücresinden üretilmektedir ve 
AMHR2 üzerinden etki göstererek müller yapıların 
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regresyonunu sağlamaktadır (2,3). Sıklığı net olarak 
bilinmemekle birlikte, PMKS’nin ilk tanımlandığın-
dan bu yana literatürde yaklaşık 200 olgu bulunmak-
tadır (1). En sık başvuru bulguları tek taraflı veya 
bilateral inmemiş testis, inguinal herni, transvers tes-
tiküler ektopidir (1,4). Bu bulgulara sahip olgular, sık-
lıkla çocuk cerrahisi tarafından yapılan düzelme 
ameliyatları sırasında müller yapıların saptanması 
sonucunda PMKS tanısı almaktadır (1,4). Bunun yanın-
da, hematüri, hemospermi, karın ağrısı, libido kaybı, 
infertilite yakınmaları ile PMKS tanısı alan erişkin 
olgular da bildirilmiştir (1,5,6).
	 PMKS hastalarının %85’inden AMH veya 
AMHR2 mutasyonları sorumlu iken, %15’inde etiyo-
lojik neden saptanamamaktadır (7). Genetik nedenleri 
ortaya konulmuş olguların %45’inin AMHR2 mutas-
yonu olduğu bildirilmektedir (8). Bu iki durum klasik 
olarak serum AMH düzeyine göre birbirinden ayrıl-
maktadır. Serum AMH düzeyinin çok düşük olması 
AMH gen mutasyonunu, normal veya yüksek olması 
ise AMHR2 gen mutasyonunu desteklemektedir (5,7). 
AMHR2 12q13.13’te lokalize olup, 11 ekzondan 
oluşmaktadır (7). İlk üç ekzon ekstraselüler, dördüncü 
ekzon transmembran, geri kalan kısımlar ise intrase-
lüler yapıyı kodlamaktadır (7). AMHR2 mutasyonları 
çoğunlukla otozomal resesif olarak kalıtılmaktadır, 
ancak literatürde bazı olgularda otozomal dominant 
ve X’e bağlı geçiş de bildirilmektedir (3,7,9). Bu olgu 
raporunda, bilateral inmemiş testis nedeni ile yapılan 
laparoskopik girişim sırasında müller yapıları (uterus 
ve fallop tüpleri) saptanan ve AMHR2 geninde 
mutasyonu tanımlanan PMKS olgusu sunulmuştur.

	 OLGU

	 On beş aylık ve bilateral inmemiş testisi bulunan 
haricen erkek görünümlü olgu, cinsiyet gelişim 
bozukluğu açısından değerlendirilmek üzere Çocuk 
Cerrahisi Bölümü tarafından gönderildi. Hastanın 
doğumdan bu yana bilateral inmemiş testis açısından 
Çocuk Cerrahisi tarafından takip edildiği, 2 hafta 
önce testislerin indirilmesi amacı ile laparoskopik 
girişim yapıldığı öğrenildi. Bu girişim sırasında mül-
ler yapılar (uterus, fallop tüpleri) ve bilateral over 
görünümlü gonad saptandığı (Resim 1) ve bunu üze-

rine gonad biyopsisi yapılarak ameliyatın sonlandırıl-
dığı bildirildi. Yirmi yedi yaşındaki annenin ilk gebe-
liğinden, miadında ve 2800 g olarak doğan olgunun 
anne-babası arasında akrabalık yoktu. Soygeçmişinde 
benzer hastalık öyküsü bulunmuyordu. 

	 Genital değerlendirmede gergin penis boyu 4,5 
cm ölçüldü. Üretranın normal yerleşimde olduğu 
görüldü. Hipoplazik yapıda olan skrotumda veya 
inguinal alanlarda gonad palpe edilemedi. Sistemik 
muayenede ek bir özellik saptanmadı. Laboratuvar 
incelemesinde foliküler uyarıcı hormon (FSH) 1,27 
IU/mL (1,27-19,26 IU/mL), lüteinleştirici hormon 
(LH) <0,2 IU/mL (0,03-3,9 IU/mL), total testosteron 
<0,1 ng/mL, dihidroepiandrostenodion-sülfat 
(DHEA-S) 5,2 µg/dL (1-41 µg/dL), androstenodion 
<0,30 ng/mL (0,6-3,1 ng/mL), 17-hidroksi-
progesteron 0,13 ng/mL (0,63-12,2 ng/mL) olarak 
saptandı ve hastanın bu laboratuvar değerleri prepu-
bertal döneme göre normal olarak değerlendirildi. 
Human chorionic gonadotropin (hCG) testi sonrasın-
da bakılan total testosteron düzeyi 3,39 ng/mL olarak 
saptandı ve bu testosteron yanıtı normal olarak 
(ΔTestosteron >1 ng/mL) değerlendirildi. Gonad 
biyopsisinin normal testis histolojisi ile uyumlu oldu-
ğu rapor edildi. Karyotipi 46, XY olarak saptandı. 
AMH düzeyi 105 ng/mL (33,4-342,5) olarak ölçüldü. 
PMKS düşünülen olgunun AMHR2 geni birinci 
ekzonunda daha önce bildirilmiş olan c.24G>A (p.
W8X) nonsense (anlamsız) mutasyonu homozigot 

Resim 1. Laparoskopi sırasında saptanan uterus (b) ve 
gonadlar (a, c). 
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olarak saptandı (Şekil 1). Anne ve babanın AMHR2 
geninde c.24G>A (p.W8X) heterozigot mutasyon 
saptandı ve aileye genetik danışma verildi. Hasta, 
müller yapıları çıkarılması ve orşiopeksi yapılması 
sonrasında poliklinik izleme alındı. 

	 TARTIŞMA

	 İntra-abdominal yerleşimli testisler, müllerian 
kalıntılar ve normal erkek dış genital yapıya sahip 
PMKS tanılı olgumuzda daha önce tanımlanmış bir 
AMHR2 mutasyonu saptandı (c.24G>A, p.W8X). 
Bugüne kadar tanımlanmış 60’tan fazla AMHR2 gen 
mutasyonu bulunmaktadır (7). Hastamızda saptanan 
nokta mutasyonu sonucunda, 11 ekzondan oluşan bu 
genin, birinci ekzonun 24. pozisyonundaki guanin 
(G) nükleotidi adenin (A) nükleotidi ile yer değiştir-
miştir. Bunun sonuncunda, triptofan aminoasidini 
kodlayan UGG kodonu UGA stop kodonuna dönüş-
müştür ve protein sentezinin erken dönemde sonlan-
masına yol açmıştır. Bu mutasyon, bilateral inmemiş 
testis ve tek taraflı inguinal şişlik nedeni ile başvuran 
ve transvers testiküler ektopi saptanmış PMKS’li bir 
olguda bildirilmektedir (10). Aynı mutasyon olmasına 
rağmen, bu hastamızda her iki testis abdominal yerle-
şimli saptanmıştır. Testis inişinde önemli rol oynayan 
AMH ve ilgili reseptörü olan AMHR2’deki mutas-
yonlar farklı kliniklere yol açabilmektedir.
	 Gestasyonun erken dönemlerinde her iki cinsiyet-
te müller ve wolf yapıları birlikte bulunmaktadır. 
Erkek olgularda, gestasyonun yedinci haftasından 
sonra sertoli hücrelerinden salgılanan AMH, ilgili 
reseptörü olan AMHR2 ile etkileşerek müller yapıla-
rın regresyonunu sağlamaktadır (3,7). Buna karşılık, 
AMH ve AMHR2’deki fonksiyon kaybettirici mutas-

yonlar varlığında müllerian kanal gerilemeyerek ute-
rus, fallop tüpleri, serviks ve vajen üst kısmına fark-
lılaşmaktadır (3,7). Bu patolojilere ek olarak bu hasta-
larda, testis iniş anomalileri (bilateral inmemiş veya 
transvers testis) de sıklıkla saptanmaktadır (7,11). 
PMKS olgularındaki bu patolojinin, AMH’nın etki 
gösterememesi veya testislerin müllerian yapı kalın-
tılarına yapışık kalmasından dolayı ortaya çıkmış 
olabileceği ileri sürülmektedir (11,12). 
	 Erkek cinsiyet gelişim bozukluğu olarak tanımla-
nan PMKS olgularının %85’lik kısmında AMH veya 
AMHR2 genlerinde mutasyon saptanabilirken, geri 
kalan kısmına ise bu genlerde mutasyon saptanmadı-
ğı bildirilmektedir (8). Hangi gende bozukluk olduğu-
na dair karar, AMH düzeyine göre verilmektedir. 
Genel olarak AMH düzeyinin çok düşük veya ölçüle-
meyecek düzeyde olması AMH gen defektini işaret 
etmektedir (3,7,8). Ancak, literatürde AMH geninde 
mutasyon saptanıp normal AMH düzeyine sahip olgu 
da bulunmaktadır (13). Bu olgu raporunda saptanan 
mutasyonun AMH sentezini engellemediği, ancak 
hormon aktivitesini bozarak biyoinaktif bir moleküle 
neden olduğu öne sürülmektedir. AMHR2 mutasyon-
larında ise reseptör aktivitesine göre serum AMH 
düzeyi normal veya yüksek beklenmektedir (5,7,11). 
Literatürde benzer mutasyon saptanan olguda AMH 
düzeyi yüksek bildirilmesine karşın, bu olgu raporun-
da AMHR2 mutasyonu (c.24G>A) saptadığımız 
olgunun AMH düzeyi normal sınırlarda saptanmıştır. 
Erken bir stop kodon oluşumu ile sonuçlanan bu 
mutasyon, reseptörün sentezlenmemesini engelle-
mektedir. Bu nedenle, Korkmaz ve ark. (10) tarafından 
aynı mutasyonun tanımlandığı olgudaki gibi, olgu-
muzda da serum AMH düzeyinin yüksek olması 
gerekirdi. Olgumuzdaki serum AMH (yarı ömrü 
1,5-2 gün) ölçümü hCG uyarı testinden iki gün sonra 
yapıldı. Bu nedenle, uygulanan hCG sonrasında artan 
intratestiküler testosteron düzeyinin, sertoli hücrele-
rinden sentezlenen AMH’yı güçlü bir şekilde inhibe 
ettiği ve yüksek olması beklenen serum AMH düze-
yinin normal sınırlara çekilmiş olabileceğini düşün-
mekteyiz (14,15). Bu ilişkiyi net olarak açıklayabilmek 
için, orşiopeksi sonrasında, hCG testi ile sentezlenen 
testosteron etkisinin geçtiği bir dönemde, serum 
AMH düzeyinin yine ölçülmesi planlandı. Ancak, bazı 

Şekil 1. Yeni nesil dizi analizi yöntemi ile hastanın AMHR2 
geninde saptanan homozigot c.24G>A (p.W8X) mutasyonu.

53.817.740 bp 53.817.750 bp

AMHR2
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nedenlerden dolayı bu ölçüm gerçekleştirilemedi.
	 Belirgin bir kliniği bulunmayan olgularda, ailenin 
fark etmemesi veya rutin muayenelerde genital mua-
yenenin yapılmaması durumunda bu hastalık kolay-
lıkla atlanabilir. Çocukluk çağında genellikle tesadüfi 
olarak inmemiş testis veya inguinal herni operasyon-
ları sırasında saptanabilmektedir. Ender olarak, eriş-
kin dönemde de bildirilmektedir (6). Testislerin skro-
tum dışında yerleştiği durumlarda, yaşamın altıncı 
ayından sonra tedrici olarak germ hücre kaybı ger-
çekleşmektedir (16). Bununla birlikte, testis skrotom-
dan ne kadar uzağa yerleşirse, germ ve leydig hücre 
kaybının ve infertilite riskinin o kadar yüksek olduğu 
ileri sürülmektedir (16). İnfertilite nedeni ile başvurup 
PMKS tanısı konulan inmemiş testisi saptanan eriş-
kin olgularda sperm sayısının ve testosteron sentezi-
nin etkilenmiş olduğu bildirilmektedir (5,6,17). Her iki 
testisi abdomende yerleşik bulunan olgumuzun yapı-
lan gonad biyopsisinde, seminifer tübüllerinin histo-
lojisi ve germ hücrelerinin normal yapıda olduğu 
rapor edildi. Bunun yanında, olgumuzun germ hücre-
leri hakkında net bilgi verebilmek için testisler indi-
rildikten sonra uzun süreli izlem ve puberte sonrası 
sperm sayılarının değerlendirilmesi gerekmektedir. 
Ayrıca, operasyon sırasında müller kalıntılarına yapı-
şık halde bulunan testislerin serbestleştirilip skrotu-
ma indirilmesi sırasında da yapı ve fonksiyonlarının 
etkilenebileceği göz ardı edilmemelidir.
	 İnfant dönemde bu olguların testis ve müller 
kalıntı histolojisi normal iken erken müdahale edil-
mez ise zaman içinde malign değişim gösterebildiği 
bilinmektedir. Bu olgulardaki malign değişim sıklığı-
nın yaşla birlikte artmakla beraber, %5-18 arasında 
olduğu bildirilmektedir (1). Bu hastalarda embriyonel 
karsinom, seminom, yolk salk tümörü ve teratom 
geliştiği rapor edilmektedir (1,3). Bir çalışmada, inme-
miş testis olgularındaki tümör geliştirme riskinin 
abdominal testis yerleşimli olgularında ingüinal yer-
leşimli olanlardan daha yüksek olduğu ve bu riskin 
testisin indirilmesi sonrasında da devam ettiği ileri 
sürülmektedir (18). Bu olguda, yapılan testis biyopsi-
sinde histolojik ve immünohistokimyasal değerlen-
dirmesinde tümör bulgusu saptanmadı. Ameliyat 
sonrası tümör geliştirme riskinin ortadan kalkmaması 
nedeni ile düzenli aralıklar ile izlemine devam edil-

mesi planlandı.
	 Sonuç olarak, bu olgu raporu ile erkek fenotipinde 
olan ve bilateral inmemiş testis olgularında iç genital 
yapıların olası cinsiyet gelişim bozuklukları açısın-
dan erken dönemde (ilk 6 ay) değerlendirilmesi 
gerekliliğini ve olası riskler (infertilite, testiküler 
malignite riski) açısından erken müdahalenin önemi-
ni vurgulamak istedik. 
	
Not: Bu olgu raporu 26-30 Nisan 2017 tarihinde 
Antalya’da düzenlenen XXI. Ulusal Pediatrik 
Endokrinoloji Kongresi’nde sunulmuştur. 

Hasta Onayı: Hastadan bilgilendirilmiş onam formu 
alınmıştır.

Çıkar Çatışması: Yazarlar bu makale ile ilgili olarak 
herhangi bir çıkar çatışması bildirmemiştir.
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Combined use of genetic and immunohistochemical 
analysis is a critical step in differential diagnosis of 
sarcoglycanopathies
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	 Dear Editors,

	 As essential components of the membrane integ-
rity during muscular contraction, sarcoglycan (SGC) 
proteins at the cell membrane form a subcomplex 
closely linked with the dystrophin- associated glycop-
rotein (DAG) complex (1). Deficiencies of alpha-, 
beta-, delta-, and gamma- sarcoglycans cause autoso-
mal recessive (type 2) limb- girdle muscular dystrop-
hies (LGMDs) and no definitive treatment exists for 
LGMDs (1,2). Physical therapy, stretching exercises 
which increase range of motion of affected structu-
res, and also prevent contractures, anti-obesity mea-
sures, surgical treatment of orthopedic complications, 
mechanical and/or respiratory armamentorium to 
ease ambulation, mobility, and respiration are among 
some of the therapeutic approaches used to prolong 
survival and improve quality of life. The patient sho-
uld be closely observed for the development of cardi-
ac involvement such as cardiomyopathy, and also 
emotional support should be provided (2). In the diffe-
rential diagnosis of LGMDs most commonly seen 
Duchenne and Becker muscular dystrophies (DMD/ 
BMD) should be considered. However differential 
diagnosis can not be made among these entities based 

solely on clinical information. Therefore immunohis-
tochemical staining of muscle biopsy specimens is 
mandatory for accurate diagnosis (1-3). 
	 In our earlier study, we reported 20 clinically 
diagnosed muscular dystrophy patients (4 siblings) 
with defective gamma- sarcoglycan expressions 
found in the histopathological examination of their 
muscle biopsy specimens (4). Although there were 
defective expressions of gamma-sarcoglycan protein 
in all biopsy specimens, the culprit genetic defects 
could be determined in only nine of them. Most cases 
had silent homozygous or heterozygous mutations 
(4-7). After this report, we have also diagnosed 19 new 
patients (3 siblings) with LGMD. Interestingly some 
of these patients presented with multiple sarcoglycan 
defects (8-10). In addition, dystrophin gene mutations 
were determined in a sibling who demonstrated per-
manent gamma-sarcoglycan deficiency with normal 
dystrophin expression as detected on the histopatho-
logical examination of the muscle biopsy specimen 
(Table 1). 
	 All histopatological examinations of muscle biop-
sies were performed at Pathology Laboratories of 
Behcet Uz Children’s Hospital and Tepecik Hospital. 
Genetic analyses were performed at Duzen Laboratory 
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from January 2007 through December 2014. 
Immunohistochemical analysis (IHC) was repeated 
to confirm the diagnosis. Individual patient database 

was reviewed in all cases, and clinical information of 
patients was recorded including age, gender, detailed 
family history and consanguinity. Neurological exa-

Table 1. Histopathologic and genetic features of patients.

Patient

GK

MY

ŞD
DAÇ
FK

KŞ/KŞ
MK/İK

NU

OH

İT
ARU

YÖ

NSÖ

AT/NT
EK

AE/AE

EG/OG
ÇG
TA
FÇ/SÇ
İY
MMK
ID/RD
Aİ
NM
ZG
BE

EB
HK

LC
SB
ZS

Age

21

6

9
11
11

8/5
6/8

7

10

6
10

2

7

2/6
3

6/8

11/7
1
5

8/6
12
0
7
44
9
5
3

14
1

21
26
6

Sex

F

M

M
M
M

M/M
M/M

F

M

M
M

M

F

F/M
F

M

M/M
M
M

M/M
M
F
F
M
F
F
F

F
F

F
F
M

CK

5300

4500

15000
17500
5000

2200/6100
5000/13000

10000

7500

11000
7500

1312

11000

7500/15700
13000

35000/13000

9000/7000
11000
15000
16000
1700
200

24068
1189
5323
250
5313

250
7000

600
800
500

Defectiive 
SGC (IHC)

gamma

gamma

gamma
gamma
gamma

gamma
gamma

gamma

gamma

gamma
gamma

gamma

gamma

gamma
gamma

gamma

gamma
All SGCs
alpha and gamma 
alpha and gamma
gamma
beta
alpha and gamma
alpha
gamma
All SGCs
All SGCs

beta
alfa and gamma

gamma
Alpha and gamma
beta

Defective gene

gamma 

gamma

-
gamma

gamma and alpha

gamma
gamma

gamma

alpha

-
gamma

gamma

gamma

gamma
gamma

gamma

dystrophin
beta
alpha 
alpha

gamma
beta
alpha 
alpha

gamma
gamma

gamma and beta

beta
alfa 

beta
beta 

gamma

Genetic pathology

compound heterozygosity

compound heterozygosity

-
heterozygot
heterozygot

heterozygot
compound heterozygosity

compound heterozygosity

-

-
silent mutation

heterozygot and silent mutation

silent mutation

homozygot
Silent mutation

Silent mutations

Homozygot deletion
homozigot gene deletion

homozygot novel deletion 
homozygot novel mutation

heterozygot.
heterozigot intronic

Homozygot mutation
Homozygot mutation
Homozygot mutation
Heterozygot mutation

compound heterozygosity 
(gamma) and homozygot 

mutations (beta)
İntronic difference 

heterozygot and silent mutation

Homozigot. mutation
İntronic difference

compound heterozygosity 
(gamma)

Gene defects

R116H(c.G347A) maternal
S287N(c.G860A) paternal
I218T(c.T653T) maternal
R116H(c.G347A) paternal
S287N(c.G860A) paternal+ 

maternal
-

c.G860A (S287N) 
c.G347A (R116H) SGCG/

duplication of exon 10 
SGCA

c.G347A (R116H)
c.808-801DELGT

Exon 8 LOH
R116H(c.G347A)

S287N(c.G860A)/duplication 
of exon 1-10 SGCA

İntragenic amplification 
SGCA

-
c.T312G
c.T705C

c.G347A (R116H)
c.T705C
c.T312G
c.T705C

c.525delT
c.T312G
c.T705C
c.T312G

c.T705C(L235L)
c.T228C

Deletions of exon 45- 47 
Total gene deletion SGCB

Deletion of 3. Exon, SGCA
c.226 C > T (p.L76 F) SGCA

c.T312G(L104L)
c.244-21 T/C d (rs225170)

c.G101A (R34H)
c.C850T (R284C)
c.G848A (C283Y)
c.G347A (R116H)

c.T312G (L104L)rs1800351
c.G860A (S287N)/

c. G265A (V89M) SGCB
c.T244-21C (rs225170)

c.G347A (R116H)
c.T705C(L235L)

C.265.G/A (V89M) SGCB
c.244-21 T/C i (rs225170)

c.G347A (R116H)
c.G860A (S287N)/
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mination and laboratory findings were also evalua-
ted. We tried to determine the spectrum of genetic 
defects in immunohistochemically proven cases of 
sarcoglycanopathies, to correlate the findings with 
clinical phenotypes and to display the regional diffe-
rences as for the clinical, histopathological, and gene-
tic characteristics of sarcoglycanopathies (11,12). 
	 As a known fact because of the potential variati-
ons in residual SGC expressions, genotyoe of sar-
coglycanopathies can not be predicted accurately 
based solely on variable SGC expressions. Therefore, 
immunoanalysis of skeletal muscle sections for four 
SGCs must be performed (5-7). Besides, concomitant 
reduction in the levels of dystrophin, and any SGC 
may play a critical role in the differential diagnosis of 
dystrophinopathies among sarcoglycan-deficient 
LGMDs. Therefore, it is a challenging issue to disc-
riminate between an entity of dystrophinopathy cau-
sed by defective expressions of SGCs and a LGMD 
induced by defective expression of dystrophin. Since, 
siblings of this series demonstrated dystrophin gene 
deletions, despite normal sarcolemmal dystrophin 
staining pattern, dystrophinopathies were also consi-
dered in the differential diagnosis.
	 Patients with LGMD or primary dystrophinopat-
hies may not be differentiated based on clinical evi-
dence. Probably, many male patients with LGMD 
might be underestimated, and these patients might be 
misdiagnosed as having DMD or BMD (8-10). If these 
patients can be subjected to appropriate immunohis-
tochemical examinations and molecular analysis, 
then normal staining pattern of dystrophin can be 
revealed, and an autosomal recessive mode of inheri-
tance can be disclosed. On the contrary, patients with 
dystrophinopathy may demonstrate normal - regional 
absence or mosaic pattern of sarcolemmal staining 
patterns with anti-SGC antibodies. These variations 
in staining may signify that cell membrane- associa-
ted dystrophin glycoprotein complex may have diffe-
rent abnormal presentations (4). Therefore, accurate 
diagnosis requires careful analysis using immunohis-
tochemical staining in combination with genetic 
study (1,2). In addition, we must keep on mind that, 
there can be some neuromuscular diseases presented 
with focal sarcoglycan defects as detected during 

immunohistochemical analysis of muscle biopsy spe-
cimen (13).
	 In summary, as an important corollary not only 
the primarily deficient SGC gene, but also all related 
genes should be analyzed. Besides, patterns of gene-
tic complexity associated with LGMDs should be 
considered in the differential diagnosis of muscular 
dystrophies (2,4,8-10,13). 

	 CONFLICT of INTEREST: The authors had 
received financial support from Izmir Katip Çelebi 
University.
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	 Noonan sendromu hücre proliferasyonu, farklılaş-
ması, yaşamı ve metabolizması ile ilişkili sinyal ileti-
minde görevli ras ilişkili mitojen-aktiveli protein 
kinaz yolağındaki mutasyonlardan kaynaklanan oto-
zomal dominant geçişli genetik bir hastalıktır. 
	 Anne ve babası arasında akrabalık olmayan kız 
olgu boy kısalığı olması nedeniyle çocuk endokrin 
polikliniğine yönlendirildi. Sağlıklı bir annenin ilk 
gebeliğinden sezaryen ile otuz sekizinci gestasyon 
haftasında 2300 g doğan 15 yaşında kız olgunun, 
öyküsünden pediatri kardiyoloji bölümünde, valvüler 
pulmoner stenoz ve mitral yetmezlik tanılarıyla 
izlendiği ve infant döneminde kardiyak operasyon 
geçirdiği öğrenildi. Fizik muayenesinde, boy: 131,6 
cm (<3 p), boy SDS: -4,73, ağırlık: 28,7 kg ((<3 p), 
ağırlık SDS: -5,31 olarak saptandı. Hedef boy: 150,65 
ve hedef boy SDS: -1,95 olarak saptandı. Dismorfik 
yüz görünümü olan olgunun fizik incelemesinde, 
yele boyun, hipertelorizm, epikantus, aşağı dönük 
palpepral fissürler, düşük ve arka rotasyonlu kulak, 
üçgen yüz, mikrognati, yüksek damak, ayrık meme 
başları, kardiyak operasyon skarı ve pektus ekskava-
tum saptandı (Şekil 1). Boy kısalığına yönelik yapı-
lan incelemelerde, tam kan sayımı, biyokimyasal 
analizi ve tiroid fonksiyon testleri normal saptandı. 
Fizik muayene bulguları Noonan sendromu ile uyum-
lu olması nedeniyle yapılan genetik çalışmada 
PTPN11 geninde p.D61G heterozigot mutasyonu 

belirlendi. Noonan sendromu tanısı olan olguya boy 
kısalığı olması ve boy uzama hızlarının yetersiz 
olması nedeni ile 45 mikrogram/kg/doz büyüme hor-
monu tedavisi başlandı.

	 Bu çalışmada, kısa boyu, kraniofasiyal anomalile-
ri ve dismorfik bulguları ile Noonan sendromu tanısı 
konan kız olgu sunulmuştur. Şıklar ve ark.’nın (1) yap-

Şekil 1. Noonan sendromu olgusunun fenotipik görünümü.
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tığı Ulusal Noonan sendromlu hastaların klinik özel-
liklerinin incelendiği çok merkezli çalışmada, 124 
olguya karakteristik yüz görünümü ve kısa boyu 
olması ile tanı konulmuştur. Hastamızda boy kısalığı, 
yele boyun, pektus ekskavatum, ayrık meme başları, 
valvüler pulmoner stenoz ve dismorfik yüz görünü-
mü nedeni ile Noonan sendromu tanısı aldı ve 
PTPN11 geninde heterozigot mutasyon saptanarak 
tanı doğrulanmıştır. Noonan sendromu olan olgularda 
büyüme hormonu eksikliği, nörosekresyon bozuk-
lukları ve büyüme hormonu insensivitesi boy kısalı-
ğından sorumludur (2). Bazı klinik çalışmalarda, 
PTPN11 geninde mutasyon saptanan Noonan send-
romlu olguların kısa boya, düşük IGF-1 düzeylerine 
ve normal veya yüksek büyüme hormonu düzeyleri-
ne sahip olduğu gösterilmiştir (2,3). Ulusal Noonan 
sendromlu olgular incelendiğinde, 47 olgu büyüme 
hormonu tedavisi almış ve büyüme hormonu tedavisi 

alan olgularda önemli oranda boy kazancı sağlamıştır 
(1). Olgumuza 45 mikrogram/kg/dozunda büyüme 
hormonu tedavisi başlandı ve 8 cm/yıl boy uzaması 
saptandı (Şekil 2). Tartaglia ve ark.’nın (4) yaptığı 
Noonan sendromlu PTPN11 geninde mutasyon sap-
tanan olguların genotip-fenotip korelasyon çalışma-
sında, %70,6’sında pulmoner stenoz ve %78’inde 
pektus deformitesi saptanmıştır. Olgumuzda da pul-
moner stenoz ve pektus ekskavatum deformitesi 
mevcuttu. Noonan sendromu olan olgulara boy 
kazancı sağlamak ve erken tanı almaları için farkın-
dalık sağlanmalı, büyüme hormonu tedavisi başlan-
malıdır.
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