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In this issue, Asroruddin, et al1 reported their 
study on various factors affecting bacterial 
corneal ulcer healing, and concluded that the 
most common risk factor for corneal ulcer was 
trauma, and Pseudomonas sp. was the most 
common bacteria found in corneal ulcer. Most 
cases were healed by antibiotics and epithelial 
healing was complete after more or less 17.5 
days.1 However, a corneal ulcer might be difficult 
to diagnose and the cause might be elusive, 
which causes delayed treatment, impaired 
healing and development of a large corneal scar 
that lead to visual acuity impairment or even 
blindness.2  

Large corneal scar may need corneal 
transplantation, but shortage of corneal donor 
requires development of other means to 
substitute corneal transplant. Various attempts 
have been tried, and a very promising approach 
using umbilical cord derived stem cells was 
reported.3 

Umbilical cord was shown to contain a 
very special type of stem cells that is called 
mucin secreting cord lining epithelial cells 
(muc-CLEC). This muc-CLEC was derived 
from umbilical cord tissue that wrapped 
the Wharton’s jelly, namely the cord lining 
membrane. To get the muc-CLEC, cord lining 
membrane was minced to 0.5 cm2 squares and 
the explants were cultured in Medium-171. 
The medium is a commercial medium to grow 
mammary epithelium. Cell outgrowth was 
harvested and cryopreserved, and finally was 
cultured in a cocktail with PTTe-1 medium as 
the main medium. However, PTTe-1 is an in-
house medium that will be patented, and is not 
yet available commercially.4

The muc-CLEC was characterized and showed 
cytoplasmic or nuclear expression of p63, which 
was an epithelial cell marker that was expressed 
in corneal epithelium. Moreover, muc-CLEC 

express pluripotent stem cell marker, i.e. OCT-4 
and NANOG in all of the cells, and around 70% 
of the cells were positive for SSEA-4, SOX2, 
and REX1; and also mesenchymal stem cell 
(MSC) markers. However, the percentages of 
MSC markers were not precisely the same as in 
MSC, as muc-CLEC expressed very high CD166, 
moderate CD105, and low CD734 while according 
to International Society for Cell Therapy (ISCT) 
consensus, MSC should express more than 
95% CD105 and CD73.5 Further, muc-CLEC 
express HES1, ABCG2, BMI1, and CK15,3 and 
combination of the expression of these markers 
and p63 make them similar to limbal stem cells, 
which are the source of corneal epithelial cells. 
Moreover, other  studies induced embryonic 
stem cells6 and bone marrow MSCs7 into corneal 
epithelium progenitors either  using limbal 
stem cell conditioned medium and collagen 
IV as matrix,6 or limbal stem cell co-culture or 
conditioned medium.7  

In a study, Reza, et al3 used muc-CLEC that 
were seeded on amniotic membrane and was 
supported by nitrocellulose frame, which was 
transplanted to a denuded area of a limbal 
stem cell deficient rabbit cornea. The frame 
was sutured to hold it on place. This treatment 
was compared to both amniotic membrane 
supported by nitrocellulose frame transplant, 
and no transplant as controls. The muc-CLEC 
transplanted eyes showed clear cornea with 
smooth surface, while both controls showed 
corneal epithelial defect, surface irregularity, 
and corneal opacification.3 Another study 
applied MSCs that were  suspended in fibrin gel 
compared to fibrin gel only on rabbit scraped 
cornea, and showed corneal reconstruction in 
both MSC containing fibrin gel and fibrin gel 
only group.

In conclusion, stem cells from various sources 
were promising to be developed as corneal 
transplant substitutes.
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ABSTRAK

Latar belakang: Hipoksia berperan dalam terjadinya ulkus 
lambung yang sering dihubungkan dengan sekresi asam klorida 
(HCl) berlebihan. Pembentukan HCl melibatkan 2 jenis enzim, 
yaitu H,K-ATPase dan anhidrase karbonat (CA). Penelitian ini 
bertujuan menjelaskan mekanisme yang mendasari terjadinya 
ulkus lambung pada hipoksia sistemik kronik, dengan melihat 
respons H,K-ATPase dan CA9 pada tikus sebagai model hewan.

Metode: Penelitian ini merupakan penelitian eksperimental 
in vivo, yang bertujuan untuk menguji hubungan hipoksia 
terhadap ekspresi mRNA H-K-ATPase dan CA9 dan aktivitas 
spesifik H-K-ATPase dan CA total pada lambung tikus hipoksia 
sistemik kronik. Hasil uji kemudian dibandingkan dengan 
tikus kontrol. Data dianalisis menggunakan program SPSS. 
Jika distribusi data normal dan homogen, uji ANOVA dan 
LSD post-hoc digunakan, tetapi jika distribusi data tidak 
normal dan homogen, dilakukan transformasi data, kemudian 
digunakan uji nonparametrik yaitu Kruskal-Wallis dan Mann 
Whitney. Sebanyak 25 tikus Sprague-Dawley dibagi menjadi 
5 kelompok, yaitu kelompok kontrol tanpa hipoksia dan 
kelompok hipoksia 1, 3, 5, dan 7 hari yang ditempatkan dalam 
kotak hipoksia (O2 10% dan N2 90%). Setelah perlakuan, 
tikus dieutanasia, lambung tikus diisolasi, dihomogenisasi, 
kemudian dilakukan pengukuran ekspresi mRNA H,K-ATPase 
dan CA9 menggunakan real time RT-PCR, aktivitas spesifik 
H,K-ATPase menggunakan larutan standar fosfat, dan 
aktivitas spesifik CA9 total menggunakan larutan standar 
p-nitrofenol (pNP).

Hasil: Ekspresi mRNA H,K-ATPase lebih tinggi pada hari 
pertama (2,159) dan turun drastis mulai hari ketiga sampai 
ketujuh (0,289; 0,108; 0,062). Aktivitas spesifik H,K-ATPase 
sedikit lebih tinggi pada hari pertama (0,765), turun pada 
hari ketiga (0,685) dan kelima (0,655), naik kembali pada 
hari ketujuh (0,884). Ekspresi mRNA CA9 menurun mulai 
hari pertama sampai hari ketujuh (0,84; 0,766; 0,736; 0,343). 
Aktivitas spesifik CA total lebih rendah pada hari pertama 
(0,083), kemudian lebih tinggi kembali pada hari ketiga sampai 
hari ketujuh (0,111; 0,136; 0,144). 

Kesimpulan: Pada keadaan hipoksia, ekspresi mRNA HK-
ATPase dan CA9 menurun, tetapi aktivitas spesifik HK-ATPase 
dan CA total meningkat.

ABSTRACT

Background: Hypoxia may induce gastric ulcer associated 
with excessive hidrogen chloride (HCl) secretion. Synthesis of 
HCl involves 2 enzymes, H,K-ATPase and carbonic anhydrase 
(CA). This study aimed to clarify the underlying cause of 
gastric ulcer in chronic hypoxic condition, by investigating the 
H,K-ATPase and CA9 response in rats. 

Methods: This study was an in vivo experiment, to know the 
relationship between hypoxia to expression of H,K-ATPase and 
CA9 mRNA, and H,K-ATPase and total CA specific activity of 
chronic systemic rat gastric hypoxia. The result was compared 
to control. Data was analyzed by SPSS. If the data distribution 
was normal and homogeneous, ANOVA and LSD post-hoc test 
were used. However, if the distribution was not normal and 
not homogeneous, and still as such after transformation, data 
was treated in non-parametric using Kruskal-Wallis and Mann 
Whitney test. Twenty five male Sprague-Dawley rats were 
divided into 5 groups: rats undergoing hypoxia for 1, 3, 5, and 
7 days placed in hypoxia chamber (10% O2, 90% N2), and one 
control group. Following this treatment, stomach of the rats 
was extracted and homogenized. Expression of H,K-ATPase 
and CA9 mRNA was measured using real time RT-PCR. Specific 
activity of H,K-ATPase was measured using phosphate standard 
solution, and specific activity of total CA was measured using 
p-nitrophenol solution. 

Results: The expression of H,K-ATPase mRNA was higher in 
the first day (2.159), and drastically lowered from the third 
to seventh day (0.289; 0.108; 0.062). Specific activities of 
H,K-ATPase was slightly higher in the first day (0.765), then 
was lowered in the third (0.685) and fifth day (0.655), and 
was higher in the seventh day (0.884). The expression of CA9 
mRNA was lowered progressively from the first to seventh 
day (0.84; 0.766; 0.736; 0.343). Specific activities of total 
CA was low in the first day (0.083), and was higher from the 
third to seventh day (0.111; 0.136; 0.144).

Conclusion: In hypoxia condition, expression of H,K-ATPase 
and CA9 mRNA were decreased, but the specific activity of 
H,K-ATPase  and total CA were increased.
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Oxygen is an important element in living 
organisms, especially for aerobic organisms. It 
functions as a final electron in respiratory chain 
in mitochondria and releases energy by forming 
water as by product. In physiological condition, 
the released energy is captured in the form of 
high energy covalent bounds, the adenosine 
triphosphate (ATP).1-4 Hence, the availability of 
ATP is very important for the survival of organism. 
Under normoxia condition, aerobic cells obtains 
ATP from respiratory chains in the mitochondria. 
However, organisms or cells may undergo hypoxic 
conditions. In this case, ATP is synthesized using 
the anaerobic way, which is less efficient and 
associated with increased acid production.1 
Therefore, in an attempt to obtain an equivalent 
amount of ATP through aerobic metabolism, the 
hypoxic process is associated with an increase of 
lactic acid, which is then ionized immediately into 
hidrogen (H+) and lactate.4 

Recently, it was reported that rats exposed 
to chronic hypoxia developed gastric ulcer,5 
a disease usually associated with increasing 
hidrogen chloride (HCl) secretion. hidrogen, 
potassium-ATPase (H,K-ATPase) is a membrane 
bound enzyme also called proton pump and has 
pivotal role in the secretion of HCl from parietal 
cells.6,7 H+ is secreted by this enzyme into the 
gastric lumen in an exchange with kalium (K+) 
on the expense of one ATP. On the other hand, H+ 
itself is derived from the ionization of carbonic 
acid (H2CO3) into bicarbonate ion (HCO3

-) and H+, 
a reaction catalyzed by carbonic anhydrase (CA).8 

The aim of this study was to investigate one of 
the underlying causes of gastric ulcer in chronic 
normobaric hypoxic condition, by exploring the 
H,K-ATPase and CA response in rats.

METHODS

This study was in vivo experiment, to know the 
relationship between hypoxia to expression of 
H,K-ATPase and CA9 messenger-ribonucleic 
acid (mRNA), and H,K-ATPase and total CA 
specific activity of chronic systemic rat gastric 
hypoxia. The result was compared to control. 
Sprague-Dawley male rats, weighing 150-200 
grams were used in this study. The animals were 
obtained from The Institute of Health Research 
and Development, Ministry of Health, Republic 

of Indonesia. Protocol of this experiment was 
approved by Research Ethics Committee of the 
Faculty of Medicine, Universitas Indonesia, No. 
114/H2.F1/ETIK/2013. The experiment was 
conducted from February 2013 until May 2014.

Hypoxia treatment 
Animals were divided into five groups of five rats 
each. The groups consisted of rats undergoing 
one, three, five, and seven days of hypoxia 
condition versus control. Rats of the control 
group were placed in an environment with air 
condition while rats of the other groups were 
placed in a closed hypoxic chamber which had 
no access to environment air and connected only 
to a tube delivering 10% O2 and 90% N2 in 1 atm 
pressure. Prior to the experiment, animals were 
placed in the animal house for two weeks, and in 
the hypoxic chamber for six hours. All animals 
had free access to a standard food and water. After 
each determined period, rats were sacrificed, 
stomachs were extracted and kept in deep freezer 
at -80°C. 

mRNA expression assay
mRNA expression assay was performed for H,K-
ATPase, CA9, using 18sRNA as housekeeping gene 
based on the copy number of complementary-
deoxyribonucleic acid (cDNA) produced from 
each mRNA and synthesized by real time reverse 
transcription polymerase chain reaction  (RT-PCR) 
technique. For H,K-ATPase, accession number in 
National Center for Biotechnology Information 
(NCBI) is NM_012509.1, primer sequences are 
ATGGGGAAGGCAGAGAATTATGA (forward) and 
TGACAACTGGTGGTCGTTCA (reverse). For CA9, 
accession number in NCBI is NM_001107956.1, 
primer sequences are GCTAAGCAGCTCCATACGCT 
(forward) and GCCAAACACCAAGGCTAGGA 
(reverse). For 18sRNA accession number in 
NCBI is NR_046237.1, primer sequences are 
CGCGGTTCTATTTTGTTGGT (forward) and 
AGTCGGCATCGTTTATGGTC (reverse).9 mRNAs 
were isolated from gastric mucosal homogenates, 
following preparation of 25 mg gastric mucosal 
and 500 μL tripure isolation reagent (Roche). 
Isolation of mRNA was performed according to 
the procedure described in the kit instruction 
manual. Relative expression of mRNAs was 
measured using real time RT-PCR Mini Opticon 
(BIO RAD) with software Bio-Rad CFX Manager. 
Each reaction mixture contained 1μL RNA 
template (equivalent to 100 ng RNA), 0.2 μL 
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forward primer, 0.2 μL reverse primer, 0.2μL 
KAPA-RT Mix, 5μL KAPA SYBR FAST master mix, 
and 13.4 μL nuclease free water. Reaction for cDNA 
amplification performed using KAPA SYBR FAST 
one-step qRT-PCR, according to the procedure 
described in the kit instruction manual. Relative 
gene expression was counted according to Livak’s 
method.10

H,K-ATPase enzyme assay
ATP hydrolytic activity of rat stomach was 
quantified as orthophosphate released from 
substrate ATP using a colorimetric malachite 
green procedure.11 Specific activity of H,K-ATPase 
was calculated as the difference of ATPase activity 
in the presence and absence of the specific 
gastric H,K-ATPase inhibitor SCH28080, and 
were expressed as μmol Pi released/mg protein/
minute. 

The mucosal tissue was dissected from rat 
stomach, homogenized, followed by three freezed 
thawed cycles at -80°C and room temperature. 
The cell membrane fraction was separated by 
differential centrifugation.12 Firstly, the mixture 
was centrifuged at 600 g for 10 minutes. The 
supernatant was taken, placed in the other 
centrifuge tube and underwent separation at 
10,000 g for 10 minutes. The second supernatant 
was centrifuged at 30,000 g for one hour. After 
this last centrifugation, the supernatant was 
discarded and the pellet was dissolved in Tris HCl 
buffer 60 mM pH 7.4. The H,K-ATPase activity was 
assayed from this last fraction using the Smolka 
technique. Briefly, ATPase assays were carried 
out in 96-well microplates. Each well contained 
of 20 μL 1mM ATP, 5 μL enzyme (or 8 μL, added 
wih 3 μL 50 μM SCH28080 for inhibition assay), 
and completed with bi-destillation water to 50 
μL. The mixture was incubated for 30 minutes 
at 37°C. Enzymatic activity was stopped by 
addition of malachite green reagent containing 
5 μL acid solution (incubated 10 minutes at 
room temperature) and 15 μL for blue solution 
(incubated 20 minutes at room temperature). For 
blank, 50 μL bi-destillation water was mixed with 
5 μL for acid solution and 15 μL blue solution.13 

The activity of H,K-ATPase is expressed as amount 
of phosphate released and bound with malachite 
green to produce a compound with maximum 
absorbance at 620 nm. A standard curve was 
derived from a series of standard phosphate 

solution ranging from 0 to 1.25 nmol/50 μL.

Total CA enzyme assay
The total CA specific activity was measured 
according to technique Verrpoorte, modified 
by Ozdemir.12 In principle, p-nitrophenil 
acetat (pNPA) was hydrolyzed by CA to form 
p-nitrophenol (pNP). The yellow color intensity 
of pNP is proportional to the amount of the 
substrate pNPA. 

CA activity was estimated by mixing 750 μL 0.03 
nmol pNPA, 50 μL sample and 700 μL tris sulfate 
buffer 0.1 M (pH 7.4). Absorbance of the sample at 
348 nm was measured in a spectrophotometer after 
three minutes of incubation at room temperature. 
A standard curve was derived from a series of pNP 
solution ranging from zero to 100 nmol/mL.

Data analysis
Data were analyzed by SPSS program version 
16. If the data distribution was normal and 
homogeneous, ANOVA and LSD post-hoc test 
were used. However, if the distribution was not 
normal and not homogeneous, and still as such 
after transformation, data was treated in non-
parametric way using Kruskal-Wallis and Mann 
Whitney test. A p-value of < 0.05 was taken as the 
limit of statistical significance.

RESULTS

H,K-ATPase assay
The expression of H,K-ATPase mRNA is 
significantly higher (Kruskal-Wallis, p = 0.003) at 
the first day hypoxia, and decreased drastically 
from the third to seventh day. (Figure 1). 
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Figure 2. Specific activity of H,K-ATPase
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Figure 4. Specific activity of total CA. *) p < 0.05 vs control

Specific activity of enzyme was higher slightly 
in the first day, than was lowered slightly in 
the third and fifth day, and was higher again 
in the seventh day. The highest activity was in 
the seventh day. Over all, the change was not 
significant (n = 25, p = 0.126). (Figure 2).

Carbonic anhydrase assay
The expression of CA9 mRNA decreased from 
the first to seventh day of hypoxia, although the 
changes were not significant (Kruskal-Wallis, n 
= 25, p = 0.060). The treatment groups showed 
a lower number of mRNA than the control group, 
whereby the lowest was seventh day (Figure 3).

Specific activity of total CA was significantly 
decreased in the first day (ANOVA, p = 0.003), 
followed by a markedly higher activity at day 
three, five, and seven (Figure 4). 

DISCUSSION

Stomach is the first part of digestive tract and 
only secretes one enzyme, the pepsin, which 
needs HCl as an activator. The stomach does 
not absorb the digested food, however, it is very 
important for the protection of distal digestive 
tract by HCl secretion. Moreover, the gastric 
mucosa secretes intrinsic factor, an important 
glicoprotein which binds vitamin B12. Vitamin 
B12 itself is absorbed in the ileum. There is a 
close relationship between intrinsic factor and 
HCl production. Glicoprotein (intrinsic factor) 
bind with vitamin B12 form intrinsic factor – 
vitamin B12 complex. The complex binds ileum 
receptor, and then absorbs the vitamin B12. The 
more HCl amount can influence to vitamin B12, 
the more vitamin B12 can be absorbed. In the 
condition of achlorhydria, characterized by the 
absence of HCl in the stomach, the absorption of 
vitamin B12 is impaired, resulting in vitamin B12 
deficiencies. Consequently, the patients will suffer 
from anemia and peripheral neural symptoms.14

On the other hand, peptic ulcer is often associated 
with hyperacidity and HCl being considered as the 
main cause. Syam, et al5 reported that gastric ulcer 
was developed in rats suffering from systemic 
hypoxia. The authors also found that expression of 
hypoxia inducible factor -1 (HIF-1) was increased in 
rat stomach.5 It is well known that CA expression, 
especially CA9 is under control of HIF-1, suggesting 

that CA activity increases under hypoxic condition. 
The present study tries to explain the mechanism 
how hypoxia related with HCl secretion and to 
gastric ulcer formation as reported by Syam, et al5 
by investigating the CA and H,K-ATPase enzymes. 
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HCl secretion involves two steps. Firstly, the activity 
of CA which catalyzes conversion of H2CO3 into HCO3

- 
and H+ as the source of H+. The second step is the 
secretion of H+ in exchange with K+. As this process 
is against concentration gradient, it needs an energy 
source in the form of ATP.14 The process is catalyzed 
by H,K-ATPase also known as proton pump. 

Our study indicated that the expression of proton 
pump at the mRNA level was significantly higher 
in the first day of hypoxia, followed by a decrease 
from day three to seven of hypoxia. Thus, it can 
be concluded that the expression of H,K-ATPase 
appears to be induced by hypoxia. However, 
concerning specific enzyme activity, there is no 
significant difference between control and hypoxic 
states at different days. This suggests that high level 
of mRNA at day one of hypoxia was not translated 
into protein. It is not easy to explain the relation 
between mRNA level with the constant activity of 
enzyme, because the correlation is very weak.

The proton pump is a membrane integral protein 
of the parietal cell of the stomach. We did not find 
any information indicating that the proton pump 
is a constitutive protein. However as this protein 
is supposed to permanently secrete HCl, the 
synthesized enzyme may be stored in the parietal 
cell membrane. As a consequence, in case of 
stimuli for secretion, the protein may not need to 
be synthesized de novo. The proton need is fulfilled 
by the activities of CA. We demonstrated that the 
activity of total CA increased during observation. 
However, the synthesis of CA9 mRNA decreased 
from day one until seven when compared to 
control. Gastric tissue expresses three isoforms 
of CA i.e: CA2, CA9, and CA12. Usually CA9 
expression increases in hypoxic condition.15 This 
phenomenon is usually used as an indicator of 
hypoxic state in a cell or a tissue. But in stomach, 
it is the CA9 which is dominant under normal 
condition. Some authors reported that in gastric 
cancer, the CA9 expression decreases in contrary 
to other cancer.16-18 Malignant tissue is usually 
found in hypoxic condition.16 Interestingly, 
in our experiments in hypoxic condition, the 
expression of CA9 also decreased. In order 
to explain the increase of activity during this 
experiment, we have to see to other CA isoform. 
One study reported17 that in the gastric cancer, 
CA12 increases along with CA9. Thus, it can be 
suggested that high activities of total CA was due 
to high activities of CA12.

Hidrogen chloride is the main cause of peptic ulcer. 
However, even in the absence of HCl, peptic ulcer 
can be developed. Pepsin, the protease secreted 
by chief cells and the mucin is secreted by the 
goblet cells, plays a role in causing peptic ulcer. 
Pepsin is very strong protease, and can damage 
the mucosal lining.19 Mucosal fluid (mucin) is 
very important to protect the mucus layer.19 The 
composition of mucin is very complex. It contains 
various mucoproteins and ions, which can 
neutralize and trap HCl or trap the enzyme. This 
is on of mechanisms how mucosal fluid protect 
the mucosal layer. Composition of any mucosal 
fluid from various sources can vary according 
to condition. It is possible that the composition 
of gastric mucosal fluid in hypoxia condition is 
changed when compared to normal condition.

Overall, we have conclude that the proton pump 
mRNA responses also under hypoxic condition, 
however, it may not be translated into the protein. 
On the other hand, CA9 expression decreases in 
the hypoxia condition, but the total CA activity 
increases.
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ABSTRAK

Latar belakang: Hipoksia dapat menyebabkan peningkatan 
produksi H+. Ginjal berperan dalam menjaga keseimbangan 
asam-basa, yang melibatkan aktivitas enzim karbonat 
anhidrase (CA) dan glutaminase (GLS). Jaringan ginjal dikenal 
selalu dalam keadaan hipoksia relatif. Penelitian ini bertujuan 
untuk mengukur ekspresi dan aktivitas enzim CA9 dan GLS1 
serta kaitannya dengan ekspresi hypoxia-inducible factor-1α 
(HIF-1α), suatu protein faktor transkripsi yang merupakan 
penanda hipoksia.

Metode: Penelitian  ini merupakan studi eksperimental in 
vivo dengan desain paralel yang berpasangan. Sampel yang 
digunakan berupa 25 ekor tikus Sprague Dawley jantan, 
berat 150-200 g. Tikus dibagi menjadi 5 kelompok, yaitu 
kelompok kontrol (kondisi normoksia), kelompok perlakuan 
di dalam ruang hipoksia (10% O2: 90% N2) selama 1, 3, 5 dan 
7 hari. Setelah perlakuan, semua tikus dikorbankan dengan 
eutanasia dan jaringan ginjal diisolasi, dihomogenisasi dan 
dianalisis untuk pemeriksaan ekspresi gen dan aktivitas enzim 
CA9, GLS1 serta protein HIF-1α. Data dianalisis secara statistik 
dengan metode ANOVA dan sebagai alternatifnya digunakan 
Uji Mann-Whitney dan Kruskal-Wallis.

Hasil: Ekspresi mRNA HIF-1α meningkat selama hipoksia, 
tetapi tidak untuk protein HIF-1α. Tampaknya terjadi asidosis 
di jaringan ginjal, ditandai dengan peningkatan ekspresi mRNA 
CA9 dan GLS1 dan aktivitas spesifik CA total dan GLS1. Ekspresi 
mRNA CA9 dan GLS1 keduanya menunjukkan korelasi positif 
yang kuat dengan mRNA HIF-1α. 

Kesimpulan: Selama hipoksia sistemik kronis, ekspresi 
mRNA CA9 dan GLS1 meningkat sebagai respons terhadap 
peningkatan H+, dan terkait dengan ekspresi  mRNA HIF-1α.

ABSTRACT

Background: Hypoxia can cause acidosis. Kidney plays an 
essential role in maintaining acid-base balance, which involves 
the activities of carbonic anhydrase (CA) and glutaminase 
(GLS). This study is aimed to determine the expression and 
activities of the CA9 and GLS1 enzymes in relation to hypoxia 
inducible factor-1α (HIF-1α), a transcription factor protein 
which is a marker of hypoxia. 

Methods: This study was an in vivo experimental study with 
coupled paralel design. used 25 male Sprague-Dawley rats 
weighing 150-200 g. Rats were divided into 5 groups: the 
control group (normoxic condition) and 4 treatment groups. 
The latter were kept in a hypoxic chamber (10% O2: 90% N2) 
for 1, 3, 5 and 7 days. All rats were euthanized after treatment, 
kidneys excised, tissues homogenized and investigated for gene 
expression of CA9, GLS1 and HIF-1α. On protein level, total 
enzymatic activities of CA and GLS and protein of HIF-1α were 
also investigated. Data were analyzed statistically using ANOVA 
for significance, and as its alternative, used Mann-Whitney and 
Kruskal-Wallis test. 

Results: Results showed that HIF-1α mRNA increased 
during hypoxia, but not HIF-1α protein. It seemed that 
acidosis occurs in kidney tissue, indicated by increased CA9 
and GLS1 mRNA expression and specific activity of total CA 
and GLS1. Expression of CA9 and GLS1 mRNA both showed 
strong positive correlation with HIF-1α mRNA, but not with 
HIF-1α protein.

Conclusion: It is suggested that during chronic systemic 
hypoxia, gene expression of CA9 and GLS1 and their enzyme 
activities were increased as a response to acidosis and 
related with the expression of HIF-1α mRNA.
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Hypoxia occurs when an organism as a whole, or 
an organ, undergoes reduced oxygen supply due to 
whatever cause. Organs may respond differently 
to the same condition. However, regardless the 
type or pattern of response, organism and organ 
respond to stress such as hypoxia in order to 
survive. As to survive organism or organ need 
energy, and the goal of different response is how 
to secure sufficient energy in such short supply 
state. One type of response can be in the form 
of switching metabolism to relatively anaerobic 
at the price of increasing acid production. It 
is well known that kidney is one of the major 
organs which are essential to maintaining blood 
or body pH. To this end the organ is equipped 
with a specific, powerful enzyme, the carbonic-
anhydrase (CA). 

Carbonic-anhydrase was included in the family 
of metaloenzyme containing zinc, catalyze the 
reversible hydration of carbon dioxide (CO2). CA 
plays a role in several biological processes such 
as regulation of pH, CO2 and bicarbonic ion (HCO3

-

) transport, and production of body fluids. CA 
isoenzymes are expressed in different tissues, as 
well as in terms of the kinetics and mechanism 
of enzyme inhibition. CA9 is involved in the 
regulation of pH on hypoxia cell. The effect of 
pH adjustment of CA9 appears to be associated 
with catalytic activity in producing HCO3

- ions 
that enter into the cytoplasm, then neutralizing 
intracellular proton and helps to maintain the 
neutral intracellular pH. Second, CA9 then 
contribute to decrease the pH value of hypoxic 
cell environment.1-3

Glutaminase 1 (GLS1) and GLS2 encode 
several glutaminase isoenzymes. GLS1 encodes 
messenger ribonucleic acid (mRNA) transcript 
that is experiencing the type of splice which in 
turn translated into three isoenzymes human 
glutaminase: glutaminase-1 or kidney-type 
glutaminase (KGA), glutaminase C (GAC), 
glutaminase M (GAM). KGA expressed at most in 
the kidney and in the brain.4

Net result of CA work in kidney is to excrete H+ 
and thus, it maintains the blood pH. However, 
the lowest tolerable pH for urine is about 4.5. To 
keep the pH not lower than this value, the H+ has 
to be converted to another compound without 
decreasing the pH. The substance is ammonia 
(NH3) which combines with H+ to form NH4

+, 

which, on the contrary is slightly alkaline. The 
source of NH3 is glutamine, which undergoes 
deamination catalyzed by glutaminase. The aim 
of this study is to answer the question, how does 
kidney respond to high H+ production formed 
in hypoxic condition. As CA is essential for this 
purpose and must be aided by glutaminase, we 
proposed to approach the problem by measuring 
the gene expression and the enzymatic activities 
of CA and glutaminase. Another protein, hypoxia 
inducible factor-1 (HIF-1) is important in the cell’s 
response to hypoxia by controlling a number of 
genes which are needed to adequately respond 
to hypoxia. Therefore, we measured also the 
expression and the concentration of HIF-1. 

METHODS

The experiment was performed on young male 
Sprague-Dawley rats weighing 150-200 g. The 
animals obtained from Laboratory of Drug and 
Food Control Agency, Ministry of Health, Republic 
of Indonesia, were adapted to our animal house 
condition for two weeks. All protocols in this study 
were reviewed and approved by Research Ethical 
Committee of Faculty of Medicine Universitas 
Indonesia (No. 113/112.FI/ETIK/2013).

Hypoxia experiments
Sprague-Dawley rats were grouped into five and 
each consisted of five rats. The number in each 
group was determined according to Federer 
formula. One group was chosen randomly 
as a control normoxic group and placed in 
environment air condition (20% O2 partial 
pressure). The other four groups were placed in a 
closed hypoxic chamber sealed to have no access 
to environmental air and connected only to a gas 
mixture tube as oxygen source (O2 10%, N2 90% 
and one atmosphere pressure). All rats had access 
to standard food and water ad libitum. Rats were 
sacrificed at days one, three, five and seven of 
hypoxia. Blood was collected and stored at -20°C. 
Excised organs were stored at -80°C.

Assay of mRNAs
Expression at the level of mRNA was assessed 
on HIF-1α, GLS1, CA9, and 18s rRNA as 
housekeeping gene, using real-time quantitative 
polymerase chain reaction (RT-PCR) technique. 
Primers of these proteins were designed using 
accession numbers NC_005105.2; NM_012569.2; 
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NM_001107956.1, and NR_046237.1. From 
this survey we obtained the following primers: 
for HIF-1α 5’-ACA GTG GTA CTC ACA GTC GG-3’ 
(forward) and 5’-CCC TGC AGT AGG TTT CTG CT-
3’ (reverse); for CA9 5’-GCT AAG CAG CTC CAT 
ACG CT-3’ (forward) and 5’-GCC AAA CAC CAA 
GGC TAG GA-3’ (reverse); for GLS1 5’-GTT TGC 
TGCGTA CAC TGG AG-3’ (forward) and 5’-GTT 
ATT CCA CCT GTC CTT GGG-3’ (reverse), and for 
18s rRNA 5’-CGC GGT TCT ATT TTG TTG GT-3’ 
(forward) and 5’-AGT CGG CAT CGT TTA TGG TC-
3’ (reverse). 

The mRNA was isolated from kidney homogenate, 
which was prepared by placing 100 mg kidney 
tissue in a 1.5 mL microtube, followed by the 
addition of 0.5 mL tripure isolation reagent 
(Roche). Then RNA was isolated according to the 
procedure described in the kit’s manual. Relative 
expression of mRNA was accomplished using 
real time RT-PCR Mini Opticon (BIO-RAD) with 
software Bio-Rad CFX Manager. Each reaction 
mixture contains 1 mL RNA template (equivalent 
to 100 ng RNA), 0.2 mL forward primer, 0.2 mL 
reverse primer, 13.4 mL nuclease-free water, 0.2 
mL KAPA-RT (real-time) Mix and 5 mL KAPA 
SYBR® FAST master mix. 

The PCR reaction proceeds using KAPA SYBR 
FAST One-step quantitative real time-polymerase 
chain reaction (qRT-PCR) kit. According to the 
procedure, complementary deoxyribonucleic 
acid (cDNA) was synthesized at 42°C for five 
minutes, KAPA RT mix inactivation at 95°C, five 
minutes. PCR cycles and detection (39 cycles) for 
10 sec at 95°C, 30 sec at 56°C, and 30 sec at 72°C. 
For melting curve analysis, one minute at 95°C, 
one minute at 55°C and five sec at 55°C (80 cycles, 
the temperature increased 0.5°C each cycle). The 
reaction was performed in duplo for each sample. 
As negative control, we prepared another tube 
which was filled with nuclease-free water instead 
of template RNA.

Protein assays
The relevant proteins as gene products were 
studied in two ways. HIF-1α was assayed using 
HIF-1α ELISA Kit for Rat (Cusabio). As the two 
other proteins (CA and GLS) are enzymes, it is 
more convenient to assay them by means of their 
respective specific activity. Total tissue protein 
in all experiments was measured by Warburg-
Christian technique.5

Total CA specific activity was measured by using 
para-nitrophenyl acetate (pNPA) as a chromogenic 
substrate. In principle, CA will hydrolyze the ester 
bond and release para-nitrophenol (pNP) and 
acetic acid. The absorbance of the yellow color of 
the product pNP can be measured quantitatively 
at λ = 348 nm in equimolar amount with the 
substrate pNPA. One unit of specific activity is 
defined as the amount of enzyme needed for 
catalyzing the conversion of 1 mmol pNPA/
minute at room temperature (RT).6 The reaction 
mixture consists of 750 mL pNPA 0.03 mM, 50 
mL sample or organ homogenate and 700 mL tris 
sulfate buffer 0.1 M (pH = 7.4). The absorbance 
is read after 3 minutes of incubation at RT. For 
blank, 750 mL of pNPA is mixed with 750 mL tris 
buffer. 

The glutaminase activity is measured by 
counting the number of NH3 (in the form of NH4

+) 
released by the enzyme using Nessler reagent. 
The absorbance of the reaction product of NH4

+ 
and Nessler reagent is measured at 400 nm. 
The reaction mixture, containing 500 mL 1% of 
L-glutamine in 0.01 M phosphate-citrate buffer 
pH = 7 and 500 mL sample or homogenate, is 
incubated for 60 min at 37°C. At the end of this 
period, the enzymatic reaction is stopped by 
adding 250 mL of 1.5 M trichloroacetic acid (TCA) 
solution. The precipitated proteins are separated 
by a brief centrifugation at 5,000 rpm for five 
minutes, 5 mL of supernatant was added to 1,945 
mL distilled water, followed by adding 50 mL 
Nessler reagent.7,8

Statistical analysis
The results of each measurement were analyzed 
using ANOVA for significance, and as its 
alternative, we used Mann-Whitney test and 
Kruskal-Wallis if the data distribution was not 
normal. Pearson correlation test was performed 
for correlation analysis. All of the test was 
analyzed using SPSS 16.0 statistical programme. 
Statistical significance was set at p < 0.05.

RESULTS  

HIF-1α
Figure 1A shows the relative expression of HIF-1α 
at the mRNA level. 18s rRNA was used as control 
gene and quantification was made by using Livak 
method.9 All observations in the hypoxia group 
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were normalized to the control. It is seen that the 
expression was decreased to less than 50% of the 
control on first day and increased progressively, 
later. Though at the end of experiment (seven 
th day) there was a slight decrease, the level 
was still much higher than control (p < 0.05 in 
Kruskal-Wallis test). There was a significant 
difference between first day hypoxia group 
with fifth day hypoxia group (Mann Whitney, 
p = 0.005) and between first day and seven th 
day hypoxia group (Mann Whitney, p = 0.009), 
marked with (*) sign. However, the same pattern 
was not found in HIF-1α protein, which gives 
a relatively constant, with certain fluctuation, 
amount of this protein, as showed in figure 1B 
(ANOVA, p > 0.05). The other study with same 
model, using mice as research sample, by Prijanti  
found that the mRNA and protein of HIF-1α 
increased significantly with the corresponding 
pattern (strong correlation).10 

Carbonic anhydrase (CA)
At the level of mRNA, we measured the 

Figure 1. A) Relative expression of HIF-1α mRNA in kidney 
tissue of rats induced by systemic hypoxia (10% O2) for 1, 
3, 5, and 7 days; B) HIF-1α protein in kidney tissue of rat in-
duced by systemic hypoxia. *: p < 0.05 vs control group.

expression of a particular enzyme of CA family, 
the CA9. 18s rRNA was used as control gene 
and quantification was made by using Livak 
method.9  On the other hand, at the level of the 
protein’s enzymatic activity, we measured total 
specific CA activity, not only the activity of CA9. 
Figure 2A shows clearly the constant increase of 
CA9 mRNA to day-7, after a decrease in day-1 (p 
< 0.05 ANOVA-LSD test). There is a significant 
difference between the control group and day-
7 hypoxia group (LSD, p < 0.005), marked with 
(*) sign. Specific activity of total CA, which was 
measured as total enzymatic activities per mg 
of total homogenate protein (unit/mg protein), 
is presented in figure 2B. In a similar pattern 
as with CA9 mRNA, but not absolutely parallel, 
total CA enzyme activity increased after a slight 
decrease in day one. There were significant 
differences between the groups according 
to Kruskal Wallis (p < 0.05), and significant 
differences of controls with day-5 and day-7 in 
the hypoxia group (Mann-Whitney, in both cases 
p < 0.05), marked with (*) sign.  

Figure 2. A) Relative expression of CA9 mRNA in kidney tissue 
of rats induced by systemic hypoxia (10% O2) for 1, 3, 5, and 7 
days; B) Total enzymatic activities of CA in kidney tissue of rats 
induced by systemic hypoxia . *: p < 0.05 vs control group.
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Glutaminase (GLS)
Glutaminase-1 shows a decrease of mRNA 
expression on days one and three followed by a 
sharp increase on day five and a slight decrease 
from day five to day seven, as presented in figure 
3A. There are significant differences between 
control and hypoxia groups (p < 0.05 in Kruskal-
Wallis test) marked with (*) sign. 18s rRNA was 
used as control gene and quantification was 
made by using Livak method.9 Total enzymatic 
GLS activity, presented as unit/mg protein of 
kidney tissue, as shown in figure 3B indicates 
also an increase on days-3 and -5 (ANOVA, 
p < 0.05). There were significant differences 
between control group and first, fifth, and 
seventh day hypoxia group. 

DISCUSSION

HIF-1α is a subunit of HIF-1 and a constitutive 
protein, which means it is synthesized 

Figure 3. A) Relative expression of GLS1 mRNA in kidney tissue 
of rats induced with systemic hypoxia (10% O2) for 1, 3, 5, and 
7 days; B) Enzymatic activities of glutaminase in kidney tissue 
of rats induced by systemic hypoxia. * p < 0.05 vs Control group.

Figure 4. A) Comparison of HIF-1α and CA9 mRNA in kidney 
of rat under systemic chronic normobaric hypoxia (10 % O2); 
B) Correlation between HIF-1α and CA9 mRNA

continuously. However, it is immediately 
degraded if cellular oxygen is at sufficient level.11 
In normoxia condition, HIF-1α is hydoxylated 
at prolyl residues (Pro402 and Pro564) by a 
prolylhydroxilase (PHD). Once hydroxylated, HIF-
1α will be recognized and bound by von Hippel-
Lindau (VHL) protein, then ubiquitinylized and 
eventually degraded by proteasomes.12 This 
degradation cascade does not occur in hypoxia; 
the stabile HIF-1α is translocated into the nucleus 
and combines with HIF-1β, to form HIF-1 which 
binds to hypoxia response element (HRE) of the 
promoter of target genes. Further, a number of 
genes, which are essential for survival in lack of 
oxygen, are up-regulated in order to ensure the 
oxygen supply to the whole body,13 first proven for 
erythropoietin (EPO), subsequently for vascular 
endothelial growth factor (VEGF), and renin.14-17 

Eckardt, et al17 reported the phenomenon that 
kidney has a relatively high HIF-1α level. The 
anatomical structure of the vascular system 
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in the kidney is considered to be the cause of 
relative hypoxia. Some blood can diffuse from 
intrarenal arterioles to the small veins by-passing 
the capillaries.18 Consequently, a number of cells 
may undergo hypoxia. This may be the reason, 
why in our experiments, changes in HIF-1α 
are statistically not significant: even in normal 
external oxygen condition HIF-1α protein level 
is relatively high. This is not the result of de novo 
synthesis, because the level of mRNA expression 
is low. However, kidneys still respond to external 
hypoxia, as indicated clearly by the change in HIF-
1α mRNA during our experiments. Correlation of 
HIF-1α mRNA and HIF-1α protein is moderate, 
which means that there are other factors beside 
the genetic one, which play a role in maintaining 
a relatively high level of HIF-1α.

Kidneys are very important for the maintenance 
of acid-base balance and need the function of 
CA. CA9 is one of the main CA isoforms in kidney 
and also well known as indicator of hypoxia 
state in an organ. In this study, the CA9 response 
increased progressively in time course, mRNA as 
well as protein (enzymatic activities). There is a 
good correlation between HIF-1α mRNA and CA9 
mRNA (Figure 4, p < 0.05). 

CA9 facilitates the H+ excretion and acidifies 
urine. However, urine pH cannot decrease below 
4.5 which means that another mechanism is 
needed to prevent further pH decrease.19 For 
this purpose, kidney is equipped with GLS. 
This enzyme produces NH3 from glutamine by 
deamidation. NH3 binds H+ to produce NH4

+ which 
is excreted in the urine. In this way, kidney can 
maintain the acid-base balance by increasing H+ 
excretion without decreasing urine pH beyond 
the limit.20 We observed that mRNA level and 
enzymatic activities increased clearly. There is 
a good correlation between HIF-1α mRNA and 
glutaminase mRNA (R = 0.975, p < 0.05). However, 
strong correlation and statistical significance 
do not mean automatically that there is a causal 
relationship between both and any mRNA cannot 
directly regulate another mRNA. We can only 
claim that both parameters respond in the same 
way to the same situation.

Because hypoxia increases H+ concentration in 
blood, glutaminase mRNA is increased in response 
to this condition. However, it is not clear, whether 
mRNA expression responds to the hypoxic 

condition or to the decrease of pH, probably both 
conditions can regulate glutaminase expression. 

In general, it can be said that kidney, in constant 
relative hypoxia, is equipped with mechanisms 
which can respond to the increasing H+ production 
as a result of hypoxia, by up-regulating HIF-1α, CA9 
and glutaminase. Because both enzymes are very 
essential in kidney function, which can undergo 
various types of perturbation, the regulation of 
their expression could be under several factors. 
It has been reported that glutaminase is activated 
through phosphorylation when cells are activated 
by epidermal growth factor (EGF).21 On the other 
hand, EGF is under the control of HIF-1.22 It was 
also reported that kidney glutaminase is regulated 
at a post-transcriptional level.23 In other words, 
the enzyme could be in its phosphorylated form, 
as mentioned above, or in another form.

In conclusion, this study showed that during 
chronic systemic hypoxia, expression of CA9 
and GLS 1 mRNA was increased as a response to 
increased H+ levels and related to the expression 
of HIF-1α mRNA. 
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ABSTRAK

Latar belakang: Aktivitas dengan posisi berdiri dalam waktu 
yang lama merupakan salah satu penyebab kelainan pada 
tungkai bawah dan kaki. Penelitian ini bertujuan melihat 
pengaruh penyangga lengkung medial terhadap distribusi 
tekanan plantar dan kekuatan otot triceps surae saat berdiri 
dan berjalan setelah berdiri dalam waktu yang lama.

Metode: Penelitian ini merupakan penelitian eksperimental 
dengan desain pre dan pasca. Pengukuran distribusi tekanan 
plantar menggunakan alat Mat-scan dengan variabel 
yang diukur adalah daerah kontak dan puncak tekanan. 
Pengukuran dilakukan pada saat berdiri dan berjalan. 
Pengukuran kekuatan otot triceps surae menggunakan hand 
held dynamometer. Pengukuran dilakukan sebelum dan 
sesudah bekerja dalam posisi berdiri dalam waktu yang lama 
dengan menggunakan penyangga lengkung medial pada 
sepatu. Data hasil penelitian dianalisis menggunakan uji T 
berpasangan.

Hasil: Terdapat penurunan puncak tekanan antara berdiri (p 
= 0,041) dan berjalan (p = 0,001). Terdapat penurunan luas 
daerah kontak saat berdiri (104,12 ± 12,42 vs 99,08 ± 10,21; 
p = 0,023). Tidak terdapat perbedaan yang bermakna pada 
pengukuran kekuatan otot triceps surae sebelum dan sesudah 
berdiri lama. 

Kesimpulan: Terjadi penurunan puncak tekanan pada plantar 
ketika berdiri dan berjalan, penurunan luas daerah kontak 
ketika berdiri setelah mengunakan penyangga lengkung 
medial.

ABSTRACT

Background: The activity with prolonged standing position 
is one of the causes of abnormalities in the lower leg and 
foot. The aim of this study is to discover the effect of medial 
arch support over the distribution of plantar pressure when 
standing and walking. 

Methods: This was an experimental study with pre- and post-
design the strength of triceps surae muscle after prolonged 
standing, was also evaluated in an experimental study with pre- 
and post-design. Variables of plantar pressure measurement 
are the contact area and pressure peak were measured by using 
the Mat-scan tool. The measurement of the triceps surae muscle 
strength was done with a hand-held dynamometer, before 
and after using the medial arch support. Measurement was 
performed before and after working with prolonged standing 
position which took place about seven hours using the medial 
arch support inserted in the shoes. Data was analyzed using 
paired T-test.

Results: There was a significant difference of peak pressure 
between standing (p = 0.041) and walking (p = 0.001). 
Whereas the contact area showed a significant decrease in 
the width of the contact area when standing (104.12 ± 12.42 
vs 99.08 ± 10.21 p = 0.023). Whereas, the triceps surae 
muscle strength pre- and post-standing prolonged did not 
indicate a significant difference.

Conclusion: There was decrease in peak pressure when 
standing and walking and decrease in contact area when 
standing on plantar after used of the medial arch support 
after prolonged standing.
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Working in a standing position for a long time 
is one of the causes of abnormalities in the lower 
extremities especially in the legs and feet. Standing 
more than 50% of the time or more than four hours 
from our overall activities have caused complaints. 
Eleven million people in the United Kingdom suffer 
from health problems caused by this position. 
American Pediatric Association reported that 83% of 
its workers in United States experienced discomfort 
and pain caused by prolonged standing.1,2 Some 
disorders can be caused by prolonged standing,  
joint abnormalities, plantar fasciitis, the formation 
of callus that may cause the flattening of foot arch. 
The most common complaint revolves around the 
foot was mainly due to its functional abnormality.3 

The medial arch plays an important role in the 
foot stability. This arch serves as weight support 
and functions in foot locomotion. This arch is 
higher, more flexible, and more mobile than the 
others.4,5 There are changes in the structure of the 
medial arch while standing and walking. When 
standing, the arch will become depressed because 
it is supporting the weight from the upper body. 
Whereas, when walking the height and length of 
the arch will change according to the phases of 
walking.6-8 The muscle can function to absorb and 
produce energy during movement. Triceps surae 
muscle is one of the muscles of the lower legs that 
plays a dominant role when standing and walking 
and its strength affects the ability to walk.9 

Plantar pressure is a description of the pressure 
that occurs between the foot and the surface it 
touches that is sustained during daily activities 
both during weight supporting and walking.10 
The support of the medial arch is one of the foot 
orthosis that serves to redistribute the pattern for 
weight and maintain the foot in neutral position 
of the subtalar joint. It also serves to maintain the 
structure of the medial arch.11

The aim of this study was to evaluate the effect of 
medial arch support on the distribution of plantar 
pressure when standing and walking. In addition, 
the strength of the triceps surae muscle after 
prolonged standing was also evaluated. 

METHODS

This study used a pre- and post-experimental  
design. The subjects consisted of 16 security 

guards from Cipto Mangunkusumo Hospital, 
Jakarta. Who were selected according to the 
following inclusion criteria: male aged 25-50 
years, normal body mass index, working more 
than 50% of day time in standing or walking 
position (work duration ± seven hours), normal 
arch of the foot and does not have musculoskeletal 
disorders. Written informed consent was obtained 
from each subjects before enrollment in the study. 
The protocol of this study has been approved by 
the Ethical Commitee of the Faculty of Medicine 
Universitas Indonesia / Cipto Mangukusumo 
Hospital  (No.292/H2.F1/ETIK/2014).

The measurement of plantar pressure was done 
in standing and walking in the morning before 
the subject went to work and after they got home 
by using a Mat-scan, made by Tekscan USA. The 
measurement was performed in the fundamental 
standing position. Firstly, the Mat-scan was 
prepared and calibrated according to the weight of 
subject. After calibration, the subjects were asked 
to stand on the floor mat of the mat-scan and the 
image was recorded when the subject was walking. 
They were asked to walk as comfortable as possible 
in accordance to their own walking pattern with 
the trajectory of approximately seven meters. 

The measurement was taken when the foot is 
in contact with the Mat-scan at the mid stance 
phase. For the plantar pressure measurement, the 
parameters measured were peak pressure and 
contact area on the entire surface of the left and right 
foot. Muscle streghth was measured with hand-held 
dynamometer and performed over two days. The 
first day without using the medial arch support, 
while in the second day the measurement was done 
after using the medial arch support after prolonged 
standing. The subject was ordered to stand on his/
her left foot while placing their right knee on a 
stable surface.  Then, the subject was ordered to flex 
the right foot and the hand-held dynamometer tool 
restrained the foot while doing plantar flexion. After 
all the measurements were conducted, the subjects 
were asked to use the medial arch support that was 
inserted into the shoes. The medial arch support 
used was Universal III, “dr Kong” with the serial 
number 007050. The support was used during the 
subject’s working hours and it was not removed. 
After the subjects completed working, then the 
support was removed and the measurement of 
plantar pressure and triceps surae muscle strength 
were then performed. 
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Analysis of data was performed by using SPSS 13. 
Saphiro Wilk test was used to test the normality 
of data distribution. When the data were normally 
distributed, analysis was performed using the 
paired T-test. If the data were not normally 
distributed, the Wilxocon test was used. 

RESULTS

Out of 228 of security guards from Cipto 
Mangunkusumo Hospital, Jakarta, 16 subjects 
were selected, the mean age of subjects was 30.06 
± 5.5 years, body mass index 21.83 ± 2.2 kg/m2, 
and mean arch height was 0.24 ± 0.02 cm. 

During measurement of the plantar pressure at 
standing position it was found that nine of the 
16 subjects had a contact area of the right foot 
decrease, and the peak pressure was found to 
decrease in 10 of the right foot and in seven of 
the left foot. Data of mean and p-value plantar 
pressure on standing position are shown in 
table 1.

We found nine of the 16 subjects had a decrease 
in contact area of the right foot and 11 had a 
decrease in the left foot, after measuring the peak 
pressure it was found that there was a decrease 
in 12 of the subject’s right foot and in nine of 
the subject’s left foot. Data of mean and p-value 
plantar pressure on walking position are shown 
in table 2. 

During the measurement of triceps surae 
strength, from the 16 subjects we found no 
significant difference between pre- and post-
prolonged standing. Result of tricep surae muscle 

Parameter pre post p
Peak pressure 
(kPa)

152.50 ± 23.14 140.63 ± 19.51 0.041

Contact area 
(cm2)

104.12 ± 12.42 99.08 ± 10.21 0.023

Table 1. Plantar pressure on standing position (n=16)

Table 2. Plantar pressure of right and left foot while walking 
(n=16)

Parameter pre post p
Peak pressure 156.19 ± 34.58 135.75 ± 25.10 0.001
Contact area 110.56 ± 15.31 106.23 ± 14.28 0.075

strenght was mean 50.12 ± 3.10 vs 51.45 ± 4.15 
(p = 0.302).

DISCUSSION

The results of the study showed that the medial 
arch support showed a decrease of peak pressure 
and a decrease of the contact area when standing. 
This was consistent with the function of foot 
orthosis which is to redistribute weight with the 
main purpose of decreasing pressure on areas 
that are sensitive to pressure. Giving support to 
the medial arch aimed to redistribute weight, 
comfort and protection as well as sustaining the 
foot in a desired position (neutral position) of the 
subtalar joints. The specific objectives of using 
the foot arch pad were to reduce sensitive areas 
over pressure and to reduce pain by decreasing 
the amount of pressure area unit of the plantar 
surface. It was also aimed to reduce the friction 
force on the plantar surface, especially during 
weight-bearing. Reduction of the frictional 
force is very important because it often causes 
abnormalities towards the plantar surface of the 
foot that includes callus, ulcers formation, and 
bunion.11

The pads in arch medial support can increase 
pressure on areas that were tolerant on stress 
and decrease pressure on sensitive areas, so that 
there will be a change in the contact area when 
sustaining weight and width of the contact area of 
plantar surface which was sensitive to pressure, 
thereby reducing pain in the area which had bony 
prominences. The mechanism used was to reduce 
the amount of pressure per unit on the plantar 
surface area.11 

The measurement result of plantar pressure 
was not significant in this research and it 
was similar to a previous research that was 
conducted by Landsman, et al12 who studied 
the effect of the foot arch support by comparing 
when these various types of objects were and 
were not being used. However, these results 
only showed that there was no significant 
difference at the time of measurement when 
not using the support and using it either on the 
left or right foot.13

In some of the previous studies it was reported 
that several different results over the contact area 
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on the plantar pressure may also be seen due to 
the different types of samples and treatment in 
each study. In this study, samples were different 
form the previous research with the usage of 
the medial arch support by comparing before 
and after prolonged standing. During prolonged 
standing, the leg will sustain body weight for 
a length of time so that there will be a chance 
that structure of the arch will be flatter and the 
possibility of extensive area contact between the 
surface of the foot and the ground will become 
spread out. In addition, the medial arch support 
after prolonged standing will be supported by a 
foot arch support, therefore the contact area on 
the surface will be reduced or declined. However, 
there was no significant difference in the contact 
area of the left foot. 

The test result analysis over muscle strength 
showed no significant difference before and after 
prolonged standing position. The result of this 
analysis was unable to describe muscle strength 
after using the medial arch support due to a 
short usage of only ± seven hours and it could not 
compare strength among people with prolonged 
standing activity or not. In the previous study, 
it was found that application of the medial arch 
support could increase tension and length of the 
triceps surae muscles during stretching. 

Basically, prolonged standing can cause pain in 
the leg muscles due to continuous contraction of 
the muscles aimed at maintaining posture during 
standing.13 Standing static contractions also 
occurred, especially in the back and in legs that 
could reduce the work of the triceps surae muscles.

The results of this study show that medial arch 
support is useful for any worker who spends a 
large portion of their day in a prolonged standing 
position to reduce abnormalities in their foot.

In conclusion, there was decrease in peak pressure 
when standing and walking and decrease in 
contact area when standing on plantar after use of 
the medial arch support after prolonged standing.
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ABSTRAK

Latar belakang: Ulkus kornea merupakan salah satu 
penyebab utama gangguan penglihatan dan kebutaan di 
seluruh dunia. Penelitian ini bertujuan mengevaluasi faktor-
faktor yang mempengaruhi penyembuhan ulkus kornea 
bakteri, termasuk faktor predisposisi, organisme penyebab, 
sensitivitas antibiotik, dan hasil terapi.

Metode: Semua data diambil secara retrospektif berdasarkan 
rekam medis pasien ulkus selama 4 tahun (2008-2011) di 
Rumah Sakit Cipto Mangunkusumo, Jakarta. Dilakukan 
apusan kornea untuk pemeriksaan gram dan/atau kultur. 
Hasil terapi ulkus dianalisis menggunakan uji kai kuadrat dan 
one-way ANOVA, serta post-hoc analysis.

Hasil: Sebanyak 220 kasus ulkus kornea bakteri ditemukan 
berasal dari 216 pasien. Faktor risiko ulkus yang paling 
sering ditemukan adalah trauma okuler (45,8%). Kokus 
gram-positive ditemukan pada 65,7% kasus. Pseudomonas sp. 
(25,0%) dan Staphylococcus epidermidis (18,4%) merupakan 
spesies yang paling banyak ditemukan, dan sensitif terhadap 
hampir semua jenis antibiotik. Sekitar 83,0%  (106 kasus) 
membaik dengan pemberian antibiotik saja, sisanya tidak 
membaik dan memburuk. Rerata masa penyembuhan ulkus 
yang sempurna adalah 17,5 ±  8,9 hari dan ulkus ringan 
mengalami masa penyembuhan tercepat. Ulkus yang diterapi 
dengan tetes mata fluorokuinolon menyembuh lebih cepat 
dari regimen lain yaitu dalam waktu 14 hari. 

Kesimpulan: Trauma okuler merupakan faktor risiko 
ulkus kornea yang paling sering. Penyebab mikroorganisme 
tersering adalah Pseudomonas sp. Sebagian besar kasus 
membaik dengan pemberian antibiotik saja. Kasus yang 
diberikan fluorokuinolon menyembuh lebih cepat dibanding 
jenis lain. Rerata masa penyembuhan ulkus adalah sekitar 
17,5 hari.

ABSTRACT

Background: Corneal ulcer is one of the most common 
causes of visual acuity impairment and blindness all over the 
world. The aim of the study was to evaluate various factors 
affecting the bacterial corneal ulcers healing, including 
the predisposing factors, causative organisms, antibiotic 
sensitivity, as well as the treatment outcomes. 

Methods: All data were taken retrospectively from medical 
records of patients who underwent corneal scraping for 
Gram examination and/or culture over a-4-year period 
(2008-2011) at the Cipto Mangunkusumo Hospital Jakarta. 
Treatment outcome were analyzed using Chi-square test, 
one-way ANOVA, and post-hoc analysis. Mean time required 
for complete epithelial healing was also investigated.

Results: 220 cases of bacterial corneal ulcers in 216 patients 
were included. The most common risk factors were ocular 
trauma (45.8%). Gram-positive coccus were found in 65.7% 
cases other than other microbes. Pseudomonas sp. (25,0%) 
and Staphylococcus epidermidis (18.4%) were the most 
common isolates, sensitive to almost all kinds of antibiotics. 
About 83.0% (106 cases) were improved with antibiotics 
only, the rest were not improved and worsened. Mean time 
for complete epithelial healing was 17.5 ± 8.9 days with 
mild ulcer had the most rapid recovery. Eyes treated with 
fluoroquinolone eyedrops were healed in 14 days, faster 
than other regiments.

Conclusion: Ocular trauma was the most common risk 
factor for corneal ulcer, and the most commonly isolated 
organism was Pseudomonas sp. Most cases were improved 
with antibiotics, and fluoroquinolone showed faster healing. 
Complete epithelial healing occurred in about 17.5 days.
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Bacterial keratitis is now a world-wide leading 
cause of visual loss and blindness. Ulcerative 
keratitis (corneal ulcers) can be caused by 
bacteria, fungi, viruses, or parasites.1-4 The 
incidence or number of cases varies between 
western and developing countries due to 
different predisposing factors. For example, 
Cipto Mangunkusumo Hospital (CMH) Jakarta 
has recorded 88 cases of 202 new corneal 
ulcers (43.6%)5 and 132 cases of 262 new cases 
(50.38%)6 in different terms. These numbers 
slightly differ from Thailand7 and India.8,9 
The most leading causes of corneal ulcers are 
Streptococcus, Pseudomonas, and Staphylococcus. 
Study at CMH in last 20 years found Pseudomonas 
aeruginosa (49%) and Staphyloccus epidermidis 
(24%) as the causes.10 However, in last ten 
years, ulcer was dominated by Staphylococcus 
epidermidis.5,6,11

Predisposing factors of bacterial corneal ulcers 
are commonly ocular trauma, contact lens users, 
ocular surface diseases, and as well systemic factors 
like diabetes mellitus and immunocompromise. 
Corneal ulcers are emergency cases, sight-
threatening, and sometimes progressive, and 
also potentially resulting complications such 
as corneal perforation and endoftalmitis, that 
would need immediate surgery. Thus, this needs 
early diagnosis-including Gram examination and 
culture of corneal scraping-and agressive prompt 
treatment.1-4,12,13 

This study was aimed to periodically evaluate 
the predisposing factors, patient demographics, 
clinical characteristics, causative organisms, 
antibiotic sensitivity and resistance, as well as the 
treatment outcomes of bacterial corneal ulcers 
at CMH. This study would obtain the empirical 
evidences that would be the guidelines in treating 
bacterial corneal ulcer.

METHODS

A retrospective analysis of all patients with 
positive results of gram examination and/
or culture proven bacterial corneal ulcer of 
corneal scraping was performed. A total of 216 
patients (220 eyes) registered during period of 
November 2012 to January 2013 at CMH were 
analyzed. Ulcers caused by mixed infection or 
immunological type were excluded. 

We collected all data related to socio-
demographic features, duration of symptoms, 
predisposing factors (history of trauma, 
diabetes mellitus, steroid use), prior therapy 
received including traditional medicine, 
contact lens use, and ocular and systemic 
disease. Initial visual acuity at the time of 
presentation, laterality, and all clinical findings 
including ulcers size and depth, inflammation 
reaction in anterior chamber, hypopion, and 
corneal scraping results were also collected. 
Disease severity was graded to mild, moderate, 
and severe based on modified Jones criteria.14 
Antibiotics resistance and treatment outcomes 
including mean time required for of complete 
epithelial healing were also assessed. The data 
were analyzed using SPSS 16.0 and Microsoft 
Excel 2007. Chi-square test and one-way 
ANOVA were used to analyze the treatment 
outcome, which p-value less than 0.05 regards 
as statistically significant. All data taken from 
medical records of patients. Confidentiality of 
subjects identity were guaranteed.

RESULTS

Two hundred and sixteen cases (220 eyes) or 
32.9% of 656 new corneal ulcers cases were 
identified as bacterial ulcers during 1 January 
2008 – 31 December 2011 at CMH. Others were 
caused by fungi, virus, Achantamoeba, and 
noninfectious ulcers.

Demographics, predisposing factors, and 
clinical features
Out of 216 patients, 145 (67.1%) were males 
and 71 (32.9%) were females. Age of patients 
of over 40 years old (48.6%) dominated, with 
range between three months old to 83 years. 
Demographic and clinical features are described 
in table 1. 

Most patients did not have systemic predisposing 
factors (91.6%), but there were patients 
with diabetes mellitus, leukemia, and human 
immunodeficiency virus/acquired immune 
deficiency syndrome (HIV/AIDS).

Causative bacteria
Table 2 shows that microbial culture of corneal 
scraping were dominated by Gram-negative rods, 
Pseudomonas sp in 19 (24.7%) isolates and Gram-
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Variables Number of 
patients/eyes

Percentage 
(%)

Sex  (n=216 patients)
Male 145 67.1
Female 71 32.9

Age
< 18 years 27 12.5
19 – 40 years 84 38.9
> 40 years 105 48.6

Local predisposing factors 
(n=216 patients)

External
Surgical and non-
surgical trauma

99 45.8

Contact lens use 22 10.2
Eyelid and tears dysfunction 29 12.4
Abnormal cornea 3 1.3
Topical drugs 2 0.1
Unspecified (red eye, pain, 
etc)

10 4.6

No records 51 23.6
Systemic predisposing factors

Diabetes mellitus 10 4.6
HIV/AIDS 3 1.4
Immunological disorders 5 2.3
No influencing factors 198 91.67

Laterality (n=220 eyes)
RE (right eye) 111 51.4
OU (both eyes) 4 1.9
LE (left eye) 101 46.8

Ulcer location
Central 121 54.6
Paracentral 67 30.6
Peripheral 26 12.0
No records 6 2.8

Ulcer size
< 2 mm 45 20.4
2 – 6 mm 118 54.2
> 6 mm 43 19.4
No records 14 6.0
Mean (n=203 eyes) 4.1 mm 
± 0.2

Ulcer depth (stromal)
< 1/3 41 19.0
1/3  -  2/3 108 49.1
> 2/3 10 4.6
Perforation 43 19.9
No records 18 8.3

Table 1. Demographics, predisposing factors, and clinical 
features of bacterial corneal ulcers at CMH

positive coccus, Staphylococcus epidermidis, 14 
isolates (18.42%). Culture was not performed in 
eight patients because of small lesion and evidence 
of clinical improvement after given prior therapy. 

Pattern of bacterial resistance and sensitivity to 
some antibiotics are shown in table 3 below.

Treatment outcome
Topical antibiotic was given to all subjects in this 
study as the initial therapy. Treatment outcome of 
bacterial corneal ulcer is classified into improved, 
not improved (steady), and worsen. Clinical 
improvement was noted in 106 patients, in which 
62 of them followed the treatment until corneal 
ulcers healed. The remaining 44 patients were 
lost to follow up. No improvement and clinical 
worsening were experienced by four and 18 
patients, respectively, and they were further 
underwent surgery such as amniotic membrane 
transplantation (AMT) one patient, penetrating 
keratoplasty eight patients, periosteal graft three 
patients, and evisceration two patients (Table 4). 

Out of 62 patients who followed the treatment 
until formation of corneal scarring, mean days of 
epithelial healing or corneal scarring form could 

Bacteria Samples 
(n=76)

Percentage 
(%)

Gram-positive coccus
Staphylococcus epidermidis 14 18.42
Streptococcus anhaemolytic 2 0.26
Staphylococcus saprophyticus 2 0.26
Staphylococcus aureus 2 0.26
Streptococcus viridians 2 0.26
Methicillin-resistant Staphy-
lococcus epidermidis

1 0.13

Gram-positive rods
Bacilus sp 3 0.39

Gram-negative rods
Pseudomonas sp 19 24.7
Acinetobacter sp 7 0.92
Acinetobacter calcoaceticus 3 0.39
Escherichia coli 2 0.26
Klebsiella pneumonia 1 0.13
Proteus mirabilis 1 0.13
Enterobacter aerogenes 1 0.13

No microbial growth 16 20.8

Table 2. Microbial culture of corneal scrapping in 76 samples
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Culture results
Gentamycin Ciprofloxacin Ceftazidime Gatifloxacin Levofloxacin

S I R S I R S I R S I R S I R
Acinetobacter calcoaceticus 1 - 2 3 - - 3 - - 2 1 - 3 - -
Acinetobacter sp 7 - - 5 1 - 4 - - 5 1 1 5 - 1
Bacilus sp - - - - - - - - - - - - - - -
Enterobacter aerogenes - 1 - - 1 - - - 1 - - 1 - - 1
Escherichia coli 3 1 - 2 1 - 2 1 - 1 1 1
Klebsiella pneumonia - - - - - - - - - - - - - - -
MR Staphylococcus epidermidis - - - 1 - - - - 1 1 - 1 1 - -
Proteus mirabilis 1 - - 1 - - - - - 1 - - 1 - -
Pseudomonas sp 14 1 2 15 - 2 13 - 1 8 3 2 12 - 1
Staphylococcus aureus 1 - - 2 - - 1 - 1 2 - - 2 - -
Staphylococcus epidermidis - - 1 9 1 2 7 2 2 6 1 1 11 - 1
Staphylococcus saprophyticus - - - 2 - - 2 - - 2 - - 2 - -
Streptococcus anhaemolytic 1 - - 1 - 1 - - 1 - 1 - 1 1 -
Streptococcus viridians - - 2 - 1 1 1 - 1 1 - 1 1 - 1

Table 3. Culture pattern of bacteria with some antibiotics

S : Sensitive; I : Intermediate; R : Resistent

Ulcers Grading

Treatment Outcome

TotalImproved 
(%)

Not 
improved 

(%)

Worsen 
(%)

Mild 11 (100) 0 (0) 0 (0) 11
Moderate 59 (89) 2 (3) 5 (8) 66
Severe 36 (71) 2 (4) 13 (26) 51
Total 106 (83) 4 (3) 18 (14) 128
Antibiotics
Fluoroquinolone 73 (88) 2 (2) 8 (10) 83
Aminoglycoside 20 (69) 2 (7) 7 (24) 29
Cephalosporine 10 (100) 0 (0) 0 (0) 10
Combination 3 (50) 0 (0) 3 (50) 6

Table 4.  Treatment outcomes of corneal ulcer according to 
disease severity and types of antibiotics

Variable Patients 
(n=48)

Mean time 
(days)

Ulcer grading
Mild 5 7 (3-30)
Moderate 28 15.8 ± 8.4
Severe 15 21.9 ± 7.9

Total   48 17.5 ± 8.9
Antibiotics group

Fluoroquinolone 29 14 (3-30)
Aminoglycoside 11 19.2 ± 8.6
Cephalosporine 7 19.6 ± 1.08

Table 5. Mean time for epithelial healing based on ulcers 
grading and antibiotics group

be analyzed  in 48 patients (mild 25 pts, moderate 
28 pts, severe 15 pts) whose. Fourteen patients 
were excluded because they had predisposing 
factors that could inhibit healing process such 
as lagophtalmus and corneal exposure, diabetes 
mellitus, HIV/AIDS, persistent trichiasis, chemical 
injury, and immunocompromise in leukemic 
patients. 

Regardless of disease severity, it is shown that 
the fastest time for corneal healing was found 
in fluoroquinolone group (14 days), followed 

by aminoglycoside group (19.2 + 8.6 days), and 
cephalosporine group (19.6 ± 1.08 days, table 5).

DISCUSSION

Microbial corneal ulcers are the major cause of 
visual loss and blindness in Indonesia. The male 
versus female ratio in this study was 2:1. This 
was similar to other study conducted by Sirikul, 
et al7 in Thailand. This is probably men have more 
outdoor activities than women, so that the higher 
the risk to have ocular trauma and exposure of 
foreign body. This also explains that the most 
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common predisposing factor in our study was 
ocular trauma. However, our ratio was different 
from other study that conducted by Fong, et al15 

in Taiwan dan Marangon, et al16 in New York 
(1:1), Bharathi, et al8 in southern India (1.5:1), 
and Shalchi, et al17 (1:1.5). Corneal ulcer in our 
study affected mostly aged over 40 years of old 
and young adults. This study was quite similar 
to study performed by Srinivasan, et al9 (61.3%), 
and Narsani, et al18 in Pakistan. 

Ocular trauma was the leading predisposing 
factor for corneal ulcer in our study. This result 
was similar to study by Damayanti and Sitompul5, 
Bharathi, et al8, and Srinivasan, et al.9 However, 
our result was different from study by Fong, et al15 
and Keay, et al19 in Australia that found contact 
lens use (44.3%) as the most common factor, and 
trauma (23.8%), as well as by Mah-Sadorra, et al13 
and Bourcier, et al.20 

The causative bacterium found in our study was 
Pseudomonas sp. This finding was similar to study 
performed by Damayanti and Sitompul5 and 
Fong, et al.15 However, Narsani, et al18 in Pakistan 
found Staphylococcus aureus as the most common 
isolate, followed by Pseudomonas aeruginosa dan 
Streptococcus pneumoniae. On the other way, 
Chawla, et al21 found Staphylococcus epidermidis 
(77,0%) as the predominant isolate. Pseudomonas 
sp. as the most commonly found bacterium, 
mostly sensitive to gentamycin, ciprofloxacin, 
ceftazidime, gatifloxacin, dan levofloxacin. This 
result was different from study by Sitompul, et 
al10 in last decade that 27% Pseudomonas had 
already resistant to gentamycin. Staphylococcus 
epidermidis was also dominantly sensitive to 
vancomycin, levofloxacin, dan gatifloxacin except 
gentamycin. Resistance to fluoroquinolone 
group had been partly encountered, primarily to 
ciprofloxacin, levofloxacin, dan gatifloxacin. This 
supports similar result in study by Damayanti and 
Sitompul5, Shalchi, et al17, and Maske, et al.22

Our treatment outcome which gained up to 80% 
patients with clinical improvement was better 
than study conducted by Hussain, et al23 that 
reached 68.4% patients, and Damayanti and 
Sitompul5 during 2005-2007 that reached 74,0%. 
The most common used antibiotics in our study 
were topical fluoroquinolone and aminoglycoside 
eyedrops with proper concentration. Single used 
antibiotics (monotherapy) was given more than 

combined formula. The standard dose was also 
given more than fortified dose. Fluoroquinolone is 
used frequently because of its good sensitivity for 
all groups of bacteria, Gram-positive and Gram-
negative, including good ocular penetration and 
longer half-life. In our study, most patients treated 
with fluoroquionolone revealed better clinical 
improvement than treated by other groups. Type 
of antibiotics were commonly ofloxacin and 
levofloxacin, other than moxifloxacin as fourth 
generation quinolones. However, Shah, et al24 dan 
Kowalski, et al25 in their clinical trial found that 
moxifloxacin or gatifloxacin gave better potency 
in combating bacteria, even for resistent bacteria 
by second and third generation quinolones. 

Besides fluoroquinolones, some patients in 
our study were also given combined therapy 
of cefazolin 10% + tobramycin 1.5%. This 
therapy suits WHO guidelines for bacterial 
corneal ulcer in Southeast Asia region. Study 
by Khokhar, et al26 found that this combination 
compared to ofloxacin had no different clinical 
outcomes. Mean day for epithelial healing 
was approximately 15 days, as well as study 
by Panda, et al27 dan Constantinou, et al28. 
However, these two groups were not applicable 
to our study since only one patient included. 
Nevertheless, regarding the efficacy and safety, 
good availability and cost-effective, and issue 
of kitchen pharmacy, clinicians prefer to give 
fluoroquinolones as initial empirical therapy 
for bacterial corneal ulcers in last decades. The 
mean days of epithelial healing in our study, 
17.5 days, was better than results in study of  
Damayanti and Sitompul5 which was 19 days. 
Healing in moderate corneal ulcer was 15.8 days, 
which is also better than study of Damayanti and 
Sitompul5, 17 days. Our result was quite similar 
to study of Khokhar, et al26 and Panda, et al27 with 
the similar method.  

This study has some limitations including the 
design as retrospective study, in which not all 
medical records can be included, high rate of lost 
to follow-up (35.2%), and low rate of bacterial 
culture (< 50%).  

In conclusion, the most common risk factor for 
bacterial corneal ulcers in this study was trauma, 
and the most commonly isolated organism was 
Pseudomonas sp. Most cases were improved with 
antibiotic only, and fluoroquinolones showed 
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faster healing. Complete epithelial healing 
occurred in 17.5 days. These factors affected 
features of the corneal ulcers healing in this study. 
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ABSTRAK

Latar belakang: Komplikasi kronis diabetes meningkatkan 
morbiditas, mortalitas, disabilitas, dan biaya kesehatan 
pasien diabetes. Dalam setting rawat jalan, keberadaan data 
komplikasi kronis diabetes melitus tipe 2 bermanfaat dalam 
pencegahan, edukasi, dan terapi pasien. Tujuan studi ini adalah 
mendeskripsi dan menganalisis karakteristik komplikasi kronis 
diabetes pada pasien rawat jalan.

Metode: Studi potong lintang dilakukan terhadap 155 
pasien di Poliklinik Rawat Jalan Diabetes Rumah Sakit Cipto 
Mangunkusumo pada tahun 2010. Data sekunder berasal 
dari rekam medis pasien berdasarkan hasil anamnesis, 
pemeriksaan fisis, pemeriksaan kaki, laboratorium, 
pemeriksaan neurologi, kardiologi, oftalmologi, ankle 
brachial index, dan elektrokardiografi yang telah dilakukan 
pada pasien. Karakteristik subjek, komplikasi kronis, dan 
hubungannya dengan faktor-faktor risiko, seperti kontrol 
glikemik menggunakan HbA1c, glukosa darah puasa, durasi 
diabetes, dan kolesterol LDL dianalisis dengan uji kai kuadrat 
(chi square).

Hasil: Dari 155 subjek, sebagian besar perempuan (59%) dan 
berusia lanjut (46%). Prevalensi komplikasi kronis diabetes 
adalah 69%. Komplikasi kronis ini terdiri dari mikroangiopati 
56%, makroangiopati 7%, dan kombinasi keduanya 27%. 
Mikroangiopati mencakup nefropati diabetik (2%), retinopati 
diabetik (7%), neuropati diabetik (38%), serta campuran (53%). 
Makroangiopati mencakup penyakit jantung koroner (46%), 
penyakit arteri perifer (19%), stroke (18%), dan campuran 
(17%). Kami mendapatkan hubungan yang bermakna secara 
statistik antara durasi diabetes dan neuropati diabetik (nilai p 
= 0,003). 

Kesimpulan: Prevalensi komplikasi kronis diabetes di Poliklinik 
Rawat Jalan Diabetes di Rumah Sakit Cipto Mangunkusumo 
didominasi oleh komplikasi mikrovaskular mencakup nefropati 
diabetik, retinopati diabetik, neuropati diabetik dan campuran. 
Terdapat hubungan yang bermakna secara statistik antara 
durasi diabetes dan neuropati diabetik.

ABSTRACT

Background: Chronic complications of diabetes mellitus have 
a significant role in increasing morbidity, mortality, disability, 
and health cost. In the outpatient setting, the availability of 
data regarding to the chronic complications of type 2 diabetes 
is useful for evaluation of prevention, education, and patient’s 
treatment. This study aimed to describe the characteristic of 
type 2 diabetes chronic complications in outpatient diabetes 
clinic. 

Methods: A cross-sectional study was done using 155 patients 
in Outpatient Diabetes Clinic of Cipto Mangunkusumo Hospital 
(RSCM), Jakarta in 2010. Secondary data were used from 
medical record based on history taking, physical examination, 
diabetic foot assessment, laboratory, neurologic, cardiology, 
opthalmology, ankle brachial index, and electrography of the 
patients. Characteristic profiles of the subjects, prevalence of 
the chronic complications, and its association with diabetes 
risk factors, such as glycemic control using HbA1c, fasting 
blood glucose, duration of diabetes, and LDL cholesterol were 
analyzed using chi square test. 

Results: Among 155 subjects participated in the study, most of 
them were women (59%) and elderly (46%). The prevalence 
of diabetes chronic complications was 69% from all subjects. 
These chronic complications included microangiopathy, 
macroangiopathy and mixed complications, with prevalence 
of 56%, 7% and 27% respectively. Microangiopathy included 
nephropathy (2%), retinopathy (7%), neuropathy (38%) 
and mixed complications (53%). Macroangiopathy included 
coronary heart disease (46%), peripheral arterial disease 
(19%), stroke (18%), and mixed complication (17%). From 
the analysis, we found significant association between 
duration of diabetes and diabetic neuropathy (p = 0.003).

Conclusion: Prevalence of diabetes chronic complications in 
Outpatient Diabetes Clinic of Cipto Mangunkusumo Hospital, 
mainly dominated by microvascular-related complications 
including nephropathy, retinopathy, neuropathy and mixed 
complications. There was statistical significance between 
diabetes duration and diabetic neuropathy.
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Type 2 diabetes chronic complications have 
increased morbidity and mortality around the 
world.1-3 Previous studies showed that diabetes 
patients are high risk to suffer from complications 
in the form of microvascular and macrovascular 
disorders. Multicentre studies in China and 
Micronesia which gathered data from outpatients, 
found that diabetes chronic complications 
prevalence rate is exceedingly high.2 At least one 
chronic complication was diagnosed in 52% of 
the study subjects which consisted of 33.4% 
presented with macrovascular complications 
and 34.7% presented with microvascular 
complications.2 This is related to poor glycemic 
control and failure to reach treatment goals, 
especially in outpatients setting.2,3

Patients in outpatient settings are prone to 
have low compliance of therapies, not adequate 
monitoring, and bias or unreliable laboratory 
results.2 Type 2 diabetes patients with chronic 
complications have higher risk to be hospitalized. 
This trend may be caused by a higher need of 
hospital care to manage the chronic complications, 
such as acute stroke, acute heart attack, severe 
kidney failure, and diabetic foot problems. 
Approximately 60% of medical costs have been 
spent for various problems of diabetes chronic 
complications.1

Classification of chronic complications is 
divided into macrovascular and microvascular 
complications. Macrovascular complications 
consist of coronary heart disease (CHD), peripheral 
artery disease (PAD), and cerebrovascular disease 
(CVD) or stroke. Microvascular complications 
consist of diabetic nephropathy, diabetic 
retinopathy, diabetic neuropathy.2 The most 
common chronic complications are coronary 
heart disease and stroke which constitute about 
65% of mortality.1,4 Meanwhile, complications 
such as retinopathy, stroke, and diabetic foot are 
the main causes of disability related to diabetes.4 
In Indonesia, stroke remains the most frequent 
cause of death.5 In short, complications increase 
mortality, morbidity, disability, and cost.6,7

Prevalence, demographic profiles, and clinical 
status of type 2 diabetes mellitus patients with 
chronic complications in outpatient setting in 
Indonesia have not been much studied. This 
study aimed to know the prevalence and explore 
characteristics of type 2 diabetes patients with 

chronic complications in Outpatient Diabetes 
Clinic of Cipto Mangunkusumo Hospital.

METHODS

This study was a cross-sectional study held in 
Outpatient Diabetes Clinic, Department of Internal 
Medicine, Cipto Mangunkusumo Hospital, Jakarta 
which is the top referral diabetes outpatient 
clinic in Indonesia. We used secondary data from 
medical records of patients attended the clinic at 
2010 with following inclusion criteria: (1) having 
type 2 diabetes mellitus based on Indonesian 
Society of Endocrinology (Perkumpulan 
Endokrinologi Indonesia - PERKENI) Guideline, 
and (2) being treated with standard therapy 
for type 2 diabetes mellitus based on PERKENI 
Guideline for the last one year by endocrinologist 
(consultant), internist – fellow endocrinologist, or 
resident training in endocrinology department. 
The exclusion criteria in our study were not 
underwent nor completed all examination for 
chronic complications assessment in the last one 
year. 

From 2,358 diabetes patients who attended 
our clinic from January to December 2010, we 
found 155 patients completed all examination to 
assess chronic complications which consisted of 
history taking for demographic characteristics, 
comorbidities (hypertension), risk factors 
(duration of diabetes, smoking habit), and history 
of medication, physical examination including 
complete diabetic foot examination, laboratory 
(HbA1c, lipid profiles, microalbuminuria, fasting 
blood glucose), neurology (neurosensory 
and neuromotoric examination), cardiology 
(electrocardiography), ophtalmology (retinal 
screening), and ankle brachial index (ABI) 
for examination of coronary artery disease, 
nephropathy, neuropathy, peripheral artery 
disease, and retinopathy complications. 
Association analysis between chronic 
complications and its risk factors (glycemic 
control using HbA1c, fasting blood glucose, 
duration of diabetes, and LDL cholesterol) were 
accomplished using chi square test.

Diabetic nephropathy was diagnosed when 
subject had microalbuminuria (urine protein 
upper than 30 mg/L or incipient diabetic 
nephropathy). Diabetic retinopathy was 
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diagnosed from retinal examination (non-
proliferative diabetic retinopathy or proliferative 
diabetic retinopathy). Neuropathy was diagnosed 
from history taking and foot examination, while 
peripheral arterial disease (PAD) was diagnosed 
when ankle brachial index examination was less 
than 0.8. LDL cholesterol was categorized less 
than 70 mg/dL (optimal), 70-100 mg/dL, 100-130 
mg/dL, and more than 130 mg/dL, while category 
for glycemic control used HbA1c level which was 
divided into upper and lower than 7% according to 
Indonesian Society for Endocrinology (PERKENI) 
Guidelines. Duration of diabetes was defined as 
length time since the first medical contact which 
give diagnosis and medication for the patients, it 
can be in Cipto Mangunkusumo Hospital or from 
primary health care or private practice. 

This study used the latest examination of the 
subjects from the last one year. If subjects visited 
our clinic more than one time in the following 
year, we used the latest examination data for 
analysis. The study used secondary data from 
medical records, therefore, did not require ethical 
approval from Health Research Ethics Committee. 
Confidentiality of subject identity was guaranteed. 

RESULTS

From 2,358 patients in 2010, 155 subjects met the 
inclusion criteria and completed all examination 
needed in the study. From 155 subjects, most were 
female (59%), elderly (46%), and unemployed 
(75%). The ethnicity and education background 
scattered with the Javanese (27%) and high 
school graduates (39%) as majority (Table 1).  

Some important factors which lead to complication 
of type 2 diabetes are duration of the diabetes, 
hypertension, dyslipidemia, and HbA1c level. These 
factors may indicate the higher risk of chronic 
complications. Most of the subjects who came to 
the clinic had experienced type 2 diabetes for more 
than five years and only 5% of them had been 
diagnosed type 2 diabetes since less than a year ago. 
More than a half of the subjects had hypertension 
and high HbA1c level, while one-third of them had 
dyslipidemia with LDL cholesterol level more than 
130 mg/dL (Table 2).

This study revealed that combination of oral anti-
diabetic agents was the chosen therapy. Use of 

alpha-glucosidase inhibitors as oral anti-diabetic 
agents was still limited while sulfonylurea and 
biguanide were used on more than a half of the 
subjects. Glibenclamide, a cheap and widely 
accessed sulfonylurea, was largely used as a type 
of sulfonylurea (Table 3).

The prevalence of chronic complications was high 
(69%). This finding corresponds with the poor 
clinical parameters. Microangiopathy was the most 
frequent complication, followed by combination 
of macroangiopathy and microangiopathy (37%), 
while macroangiopathy was the lowest (7%). 
Microangiopathy leads to organ disorders of which 
multiple organ disorders are the most common 
findings (53%), followed by single organ disorders 

Characteristics Frequency %
Sex

Male 64 41
Female 91 59

Age
≤ 30 year 2 1
31-40 year 9 6
41-50 year 28 18
51-60 year 45 29
> 60 year 71 46

Ethnicity
Javanese 42 27
Sundanese 28 18
Betawinese 28 18
Minangnese 12 8
Bataknese 12 8
Others 9 6
Unknown 24 15

Occupation
Government employees 11 7
Private sector employees 23 15
Unemployed 116 75
Others 5 3

Education
Uneducated 12 8
Elementary school graduates 26 17
Junior high school graduates 17 11
Senior high school graduates 60 39
College graduates 22 14
Postgraduate 2 1
Others 16 10

Table 1. Demographic characteristics of the subjects
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including diabetic neuropathy, diabetic retinopathy, 
and diabetic nephropathy. The most common 
complication of macroangiopathy is coronary artery 
disease, while the most common complications 
from microangiopathy are mixed disorders (53%). 
Table 3-6 showed relationships between chronic 
complications and associated variables, such as 
HbA1c, LDL cholesterol, fasting blood glucose (FBG) 
and duration of diabetes (Table 4).

While in some studies, glycemic control, duration of 
type 2 diabetes, and lipid profile are related to some 
complications, this study did not show any statistical 
significant for several associations. There was no 
significant association between some characteristics 
of the patients to some complications, except the 
duration of type 2 diabetes to the occurrence of 
neuropathy (Table 5).

DISCUSSION

Characteristics of outpatient diabetes clinic 
are different from inpatient diabetes patients 
(hospitalized patients).8-12 Patients in outpatient 
clinics are able to care at home and control 
their disease by themselves. The glycemic level 

Characteristics Frequency %
Duration of type 2 diabetes

< 1 year 8 5
1-3 years 19 12
3-5 years 16 10
> 5 years 112 73

Smoking habit
Smokers 22 14
Non-Smokers 122 79
Ex-Smokers 11 7

Hypertension
Yes 95 61
No 60 39

LDL cholesterol
< 70 mg/dL 23 15
70-100 mg/dL 33 21
100-130 mg/dL 48 31
> 130 mg/dL 51 33

HbA1c level
≤ 7% 45 29
>7% 110 71

Table 2. Characteristics of type 2 diabetes

Characteristics Frequency %
Therapy

Oral antidiabetic agents 73 47
Insulin 47 30
Combination therapy 35 23

Oral antidiabetic agents (n=108)
Sulfonylurea 29 27
Alpha glucosidase inhibitors 3 3
Biguanide 30 28
Combination 46 42

Sulfonylurea (n=75)
Glibenclamide 38 50
Gliclazid 5 6
Gliquidone 28 38
Glimepiride 1 2
Combination 3 4

Table 3. The diabetes therapy of the subjects

Complications Frequency %
Type of complication (n=155)

Macroangiopathy 11 7
Microangiopathy 87 56
Combination (both) 57 37

Microangiopathy-related 
complications (n=144)

Retinopathy 10 7
Nephropathy 3 2
Neuropathy 55 38
Mixed 76 53

Macroangiopathy-related 
complications (n=68)

Coronary artery disease 31 46
Stroke 12 18
Peripheral artery disease (PAD) 13 19
Mixed 12 17

Table 4. Chronic complications of diabetes

indicates the quality of home care, adherence and 
compliance to medications, and the successful of 
self monitoring blood glucose (SMBG). The poor 
glycemic control tends to some complications, 
either acute or chronic complications. Compared 
to hospitalized cases, data from outpatient clinics 
revealed more accurate and reliable glycemic 
control of the patients. In the outpatient clinics, 
we can predict some complication related to type 
2 diabetes through the assessment of the glycemic 
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Complications Retinopathy Nephropathy Neuropathy CAD Stroke PAD
HbA1c (≤ 7% versus >7%) 0.343 0.376 0.269 0.411 0.081 0.533
LDL cholesterol (<70, 70-100, 100-130, > 130) 0.324 0.348 0.136 1.000* 0.424 0.350*
Duration of diabetes (<1 year, 1-3 years, 
3-5 years, >5 years)

0.475 0.661 0.003* 0.869 0.536 0.708*

Fasting blood glucose (normal versus high) 0.311 0.434 0.116* 0.346 0.257 0.599

Table 5. Association (p value) between related factors (categorized) and several organ-related chronic complications

Fisher-exact test was applied to analyze the association; *Chi-square test; CAD = coronary arterial disease; PAD = peripheral 
arterial disease

control, indicated by HbA1c level and FBG level, 
as well as duration of diabetes and lipid profiles.

Chronic complications occurred in more than 
a half of type 2 diabetes patients. Even though 
there are some differences with some studies 
in number and type of complications, this 
study showed that the prevalence of chronic 
complication is more than half of the subjects. 
Cardiac and neuropathy complications are the 
most dominant complications as many studies 
showed in outpatient settings. As mentioned in 
some studies, elderly patients whose age above 
60 years old and poor glycemic control had 
significant risk to develop chronic complications, 
either microvascular or macrovascular. The 
chronic complications may be affected by the 
city of residence, increasing age, duration of type 
2 diabetes, and strongly by glycemic control.2,3 

Among them, glycemic control seems to play the 
most important part.13

This study assessed some risk factors including 
HbA1c level, duration of diabetes, FBG level, and 
LDL cholesterol which is related to several organ-
related diabetic chronic complications. HbA1c 
had long been used as an accurate parameter 
of glycemic control since it produces a relative 
constant results within two to three months.14 

Beside a strong correlation to diabetic neuropathy, 
HbA1c level may indicate more accurate than FBG 
level in the developing of retinopathy. Based on 
the finding of Cheng YJ, et al strong suspicion of 
retinopathy occurs when the HbA1c level achieve 
more than 5.5%.15 The high level of HbA1c 
also indicates cardiovascular disorders and 
microalbuminuria,16 as well as nephropathy and 
microalbuminuria.17-19

High level of HbA1c and LDL cholesterol link to 
the coronary disease-related complications.20,21 
Lowering plasma LDL cholesterol level to less 

than 70 mg/dL and HbA1c to below 6.5% has 
been suggested to lower the risk of occurrence 
of coronary disease-related complications.20 

In addition to the coronary disease-related 
complications, HbA1c level, LDL cholesterol 
level, and duration of type 2 diabetes also have 
significant impact to develop diabetic foot ulcers. 
Study of diabetic foot ulcers in Dr. Moewardi 
Hospital, Solo raised the issue of diabetic 
ulcers risk factors including long duration of 
type 2 diabetes of more than 10 years, high 
plasma LDL cholesterol level, low plasma HDL 
cholesterol level, and poor adherence to diabetes 
medication.22

Fasting blood glucose level also correlated with 
occurrence of diabetic nephropathy. From study 
of Cheng, et al FBG level above 104.4 mg/dL 
may increase the risk of diabetic nephropathy.15 

Despite its weakness, FBG is a good predictor 
for complications, cheaper, and more practical 
in daily practice. Both FBG and HbA1c levels had 
been good diagnostic value and suggested to be 
used as parameters to predict diabetes and its 
complications. To obtain a proper cut-off point 
for Asian population, we require further studies 
on risk level of FBG and HbA1c.

Beside HbA1c and FBG levels, duration of diabetes 
is other risk factor for complication that has much 
been studied recently. The duration of diabetes 
is related to the formation of fibroatheroma 
which forms the origin of coronary heart disease 
spectrum, the risk of plaque rupture, and coronary 
attack events.23 Other risk factors which were not 
assessed in this study are age and homocystein 
level, while these two variables are correlated 
with peripheral arterial disease in type 2 diabetes 
patients.24

These findings have controlled several important 
variables like clinical characteristics and 
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diabetes therapy. The duration is also related 
to the coronary disease risk and its increased 
mortality rate.25 The coronary artery disease 
risk increases by 1.38 fold, while coronary 
disease-related mortality risk increases by 1.86 
fold within 10 years in addition to duration of 
disease. Duration of diabetes theoretically is 
related with all diabetic microvascular and 
macrovascular complications.23,25 Nevertheless, 
since there are some limitations on the number 
of subjects in this study, we only acquire a 
statistically significant result in the relation of 
diabetes duration and development of diabetic 
neuropathy (p = 0.003).

Since there is not much study which assessed 
diabetes chronic complications in outpatient 
setting in Indonesia, and no data published from 
other diabetes centres, this study hopefully can 
provide database for prevalence of macro- and 
microvascular complications and its association 
with risk factors in type 2 diabetes patients in 
Indonesia. The limitation of the study is the 
risk for selection bias since there are only 155 
patients out from 2,358 patients who are being 
included in the study caused by completeness of 
the chronic complication examinations needed 
in the study. 

In general, this study portrays a current view of 
diabetic chronic complications occurrence in 
Cipto Mangunkusumo Hospital. The association 
between related factors (HbA1c level, FBG, 
diabetes duration, and LDL cholesterol level) with 
various chronic complications that statistically in-
significant were probably caused by limitations 
in subjects number in the study. In the future, 
some strategies are developed in order to acquire 
a better statistic results, i.e., (1) involving other 
centres to achieve bigger target population, 
e.g., other big cities in Indonesia (multicentre 
study); (2) lengthening the observation period 
(patients visit more than one year observation); 
(3) endorsing complete examination of chronic 
complications for every patients who attend the 
outpatient clinic as the standard therapy of all 
diabetes patients who come to national referral 
hospital in Indonesia. Moreover, additional 
analysis of the relationship between other risk 
factors, such as blood pressure and age are 
required as well, since both are theoretically- 
and clinically-linked with the risk of having 
complications.

This study revealed that some factors need to be 
improved and studied which are (1) early detection 
for chronic complications by using checklist 
methods so we can give early and aggresive 
intervention for patients who are at risk and who 
have been developed early stage of diabetes chronic 
complications; (2) increase the time of education 
and the role of diabetes educators for all diabetes 
mellitus patients, (3) close monitoring of standard 
therapy given in outpatient diabetes clinic. These 
strategies are hopefully can be solutions to 
decrease the prevalence of chronic complications 
of diabetes patients in outpatient setting. 

In conclusion, our study found the prevalence 
of diabetes chronic complications in Outpatient 
Diabetes Clinic of Cipto Mangunkusumo Hospital 
was 69%, mainly dominated by microvascular-
related complications (56%) including 
nephropathy (2%), retinopathy (7%), neuropathy 
(38%) and mixed complications (53%). There is 
statistical significancy between diabetes duration 
and diabetic neuropathy. In the purpose to 
prevent the complications, glycemic control plays 
a pivotal role. The duration of type 2 diabetes and 
poor lipid profile may increase the risk. However, 
we require further studies with larger number of 
subjects with larger scope (multicentre study) to 
describe chronic complications in type 2 diabetes 
patients in Indonesia.
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ABSTRAK

Latar belakang: Ceramic-on-ceramic (CoC) total hip 
replacement (THR) telah dikembangkan untuk mengurangi 
debris dan reaksi osteolisis pascaoperasi. Permasalahan utama 
dari penggunaan CoC adalah kerapuhannya. Studi ini bertujuan 
untuk mengevaluasi hasil jangka pendek terapi THR dengan 
menggunakan CoC pada pasien dewasa muda.

Metode: 11 pasien dengan total 13 prosedur operasi THR 
diikuti selama enam bulan pascaoperasi. Seluruh pasien 
dievaluasi dengan menggunakan Harris hip score (HHS), 
visual analog scale (VAS), keluhan pasien, and short form-
36 (SF-36), acetabular dan femoral component angles. Data 
dianalisis dengan uji Wilcoxon signed rank, uji-t berpasangan, 
dan uji Spearman.

Hasil: Rerata pasien berumur 33,6 tahun dan didominasi 
perempuan (55%). Systemic lupus erythematosus (SLE) 
adalah penyakit utama yang mendasari dilakukannya operasi 
THR. Skor VAS sesudah operasi menurun dibandingkan 
sebelum operasi (5 ke 1). Rerata HHS dan SF-36 meningkat 
secara bermakna sebelum dan sesudah operasi; (25 ke 92) 
dan (21 ke 54). Insidens bunyi squeaking 2 pasien. Tidak 
terdapat hubungan bermakna antara acetabular dan femoral 
component dengan insidens bunyi squeaking. 

Kesimpulan: CoC THR telah menunjukkan hasil yang baik 
untuk pasien dewasa muda. Jika dikombinasi sesuai indikasi 
yang tepat, dapat diyakini bahwa CoC THR menghasilkan 
luaran yang baik dan waktu bertahan yang menjanjikan.

ABSTRACT

Background: Ceramic-on-ceramic (CoC) total hip 
replacement (THR) was developed to minimize debris and 
osteolytic reaction. The major concern is its brittleness. The 
aim of this study was to evaluate the short-term outcome of 
CoC THR in young adult patients. 

Methods: 11 patients, 13 THR procedures, were followed 
up until six months after surgery in Cipto Mangunkusumo 
Hospital. Evaluation included Harris hip score (HHS), visual 
analog scale (VAS), patients’ complaint, short form-36 (SF-
36), and acetabular and femoral component angles. Data were 
analyzed using Wilcoxon signed rank test, paired t-test, and 
Spearman test. 

Results: The average age of the patients was 33.6 years 
old and 55% of them were female. Systemic lupus 
erythematosus was the main causative disease for THR. 
The VAS average decreased before surgery and after six 
months of surgery (5 to 1). Pre- and post-operative HHS and 
SF-36 increased significantly by (25 to 92) and (21 to 54) 
respectively. Squeaking sound was reported by two patients. 
No correlation was found between acetabular and femoral 
component and squeaking incidence.

Conclusion: CoC THR showed excellent short term outcome 
for young adult patients. With proper indications, CoC 
THR ensures excellent clinical outcomes and promising 
survivorship.
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Total hip replacement (THR) is among the most 
successful orthopaedic surgical procedures and 
has regained popularity during the last decade. 
The rapidly developing operating techniques 
and excellent quality of the implants minimize 
the complexity of procedure and provides rapid 
recovery of patients.1 All of these have provided 
this procedure as a treatment of choice, even in 
young adult patients. In the United States, THR is 
carried out closer to a million in a year (population 
308 millions). In Australia, over 30,000 metal-
on-metal (MoM) hip replacements were carried 
out between 1999 and 2010 (population 21.5 
millions).2

Metal-on-polyethylene (MoP) is the most 
commonly implanted articulation nowadays, 
while MoM and ceramic-on-ceramic (CoC) are less 
frequently used. MoP couplings is proven to be 
associated with debris particles that can induce 
preprosthetic inflammation and osteolysis, all 
of these reactions lead to implant failure. Then, 
MoM couplings had also proven to elevate serum 
level of metal ion in the body. This may lead to 
renal toxicity or chromosomal aberrations. There 
has been no reported increase in the risk of 
cancer after THR with conventional MoP or first 
generation MoM implants.1-3

Nowadays, CoC articulations are increasingly 
applied in THR with satisfactory long-term 
outcome. Its special features include the high 
resistant to scratch, high wettability, inert, and 
smooth surface. All of these minimize the risk 
of wear and periprosthetic osteolysis. We can 
predict more applications of CoC articulation in 
THR.3,4

Yet, the major concern is its brittleness. Ceramic 
materials able to minimally withstand the 
plastic deformation. The loads will induce 
micro-fracture that potentially leads to implant 
failure.5-8 In addition, there is a consideration 
of transient squeaking sound. This problem 
was elusive and likely to be multifactorial in 
nature. Hannouche, et al3 found that there was 
no association between squeaking sound and 
the implant component. Synder, et al1 stated 
that 12-years survival for the whole prosthesis 
with CoC articulation is 86.36%. Yeung, et al4 
observed that the overall survival rate of the 
implants was 98% at 10 years with average HHS 
of 94 points.3,5,9,10

The aim of this study was to evaluate the 
short-term outcome, incidence of squeaking 
complication, and its relation to implant 
component in young adults underwent THR 
with CoC couplings.

METHODS

This descriptive-analytical study included young 
adult patients who had undergone THR with 
CoC couplings at Department of Orthopaedic and 
Traumatology Cipto Mangunkusumo Hospital, 
Jakarta, Indonesia in 2013. We investigated 13 THR 
with CoC performed in 11 patients with a minimum 
of six months follow up. All of THR were performed 
by a single experienced orthopaedic surgeon. The 
implants were supplied by one health instrument 
providers (Deputy Johnson and Johnson). The 
entire data were taken from the medical records and 
confidentiality of subject identity was guaranteed.

We assessed the clinical signs and symptoms using 
SF-36, VAS, HHS, and radiologic evaluations in 
preoperative  as well as six months after surgery. 
HHS score of 90 points or more was categorized 
as an excellent outcome; 80-89 points, a good 
outcome; 70-79 points, a fair outcome; less than 
70 points, a poor outcome. The patients were 
interviewed using SF-36 preoperatively and at six 
months follow up. Average score > 50 was defined 
as the the lowest point of being average in each of 
physical health category and mental category.

VAS scoring were performed by asking the patients 
to point out on the pain scale, to which was most 
suitable to describe the level of pain. The acetabular 
component was assessed by measuring the lateral 
inclination angle and anteversion angle from post-
operatiove radiographs. Femoral anteversion 
angle was obtained from the post-operation hip 
axial radiographs. In addition, the acetabular 
and femoral components would be compared to 
incidence of squeaking as a complication of THR. 
All the data were collected and analyzed using 
Wilcoxon signed rank test, paired t-test, and 
Spearman test using SPSS v. 22.0.

RESULTS

 
Thirteen hips in 11 patients were available for 
six months follow-up of clinical examination at 
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Orthopaedic and Traumatology Department, 
Universitas Indonesia, Cipto Mangunkusumo 
Hospital, Jakarta, Indonesia. The average age of 
patients underwent CoC THR was 34 ± 11.7 years 
old. Six out of 11 of the patients were female. 
Radiological examinations were taken before and 
after surgery. 

Pre-surgery 6 months post-surgery p

Harris hip scale (HHS) 25 (2-49) 86 (43-97) 0.003*

SF-36 physical status 23 (16-43) 53.81 (50-59) 0.003*

SF-36 mentalstatus 39(39± 5.3) 56.63 (57 ± 2) 0.000 #

Visual analog scale (VAS) 5 (4-6) 1 (0-2) 0.003*

Table 1.  The HHS, SF-36 physical status, SF-36 mental status, and VAS in patients undergoing CoC THR before and six months 
after surgery

*Wilcoxon Signed Rank Test; #paired t- test

Spearman 
correlation 

with squeaking 
incidence (R)

Acetabular 
lateral 
inclination

37° ± 6.74° 0.341

Acetabular 
anteversion

15° (10°- 40°) 0.442

Femoral 
anteversion

19.5° (10°-27°) 0.116

Table 2.  Lateral inclination, acetabular cup and femoral 
anteversion in patients undergoing CoC THR

 

 
Figure 1. CoC THR in young adult patient with rheumatoid arthritis. A) pelvic radiograph before surgery; B and C) post- CoC THR 
radiography

 

 

 

Five patients (45%) underwent CoC THR 
because of systemic lupus erythematosus (SLE) 
as underlying disease. One patient (9%) had 
ankylosing spondilitis, two patients (18%) had 
osteoarthritis, one patient (9%) had rheumatoid 
arthritis, and two patients (18%) had tuberculosis 
of the bone. 

Figure 2. (A,B) Clinical examination of a female patient after 
CoC total hip replacement. The patient had no difficulty to 
perform hip extention and abduction

a b
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DISCUSSION

In our study, we found that CoC THR was 
performed in patients with the average age of 34 
year old because of avascular necrosis (AVN) with 
SLE and tuberculosis. This finding was similar to 
studies conducted by Synder, et al1 and So, et al6. 
Synder, et al1 stated  that 70% THR surgery was 
performed in under 50 year old patients. It was 
related to the high survival rates free of revision 
of 90.8 - 97.4% at 10 years.

In Cipto Mangunkusumo Hospital, there were 
more females who underwent THR. It was similar 
to the study of Synder, et al1 (101 female and 87 
male) and So, et al6 (78 female and 14 male). 
Our patients mostly had AVN of hip with SLE as 
the underlying cause, while So, et al6 reported 
secondary osteoarthritis due to developmental 
dysplasia of the hip as the most common 
underlying disease, while osteoarthritis and 
rheumatoid arthritis of the hip were found as 
the second most underlying disease at his study. 
Synder, et al1 also found that the most underlying 
disease was dysplastic hip in childhood. We got 
different results from them. It seems that the 
small sample size in our study and low screening 
rate for congenital dislocation of the hip as well as 
high usage of long term steroid for SLE treatment, 
were the cause of these different findings. 
Ortiguera, et al11 found that the dislocation rate 
is significantly higher in AVN than in OA patients, 
due to the less stiffness in AVN patients resulting 
in larger range of motion and thus, prone to 
dislocation. Berry, et al12 studied that AVN cases 
had more than two fold greater cumulative risk for 
dislocation than osteoarthritis cases. Millar, et al13 
stated that eventhough non-cemented CoC THR 
was applied, osteoarthritis patients had better 
clinical outcome than osteonecrosis patients.

The VAS decreased significantly while the 
inversed was observed for the HHS. It is similar 
to  Yeung, et al4 which showed that the average 
HHS was 94 points in 301 THR alumina-on-
alumina ceramic bearings. We also found 
81.8% patients had excellent or good results as 
also reported by Yeung, et al4 that 95% of the 
patients have excellent of good results. Synder, 
et al1 found that 83.1% patients had excellent 
and good results by having CoC THR. Solarino, 
et al7 found that HHS was 90.7 ± 5.8 points and 

96.7% had excellent and good results. The SF-
36, both physical and mental status were found 
significantly increased at six months follow-up. 
HHS was assessed objectively by the physician 
by interviewing and providing some motion 
to the patient’s hip while SF-36 was assessed 
subjectively by the patients by answering the 
questions. These two tools provided both clinical 
assessment from the physician and patient side. 
This significant increase was thought due to the 
low friction, high wear resistance and low rate 
of osteolysis.

Periprosthetic osteolysis  was related to systemic 
reaction against the prosthesis, releasing 
micro-components which induced systemic 
inflammation. Metalloproteinases and osteoclast 
were attracted to enhance the osteolytic 
process.1-3 Affatato, et al14 stated that the rate of 
polyethylene wear is 0.01-0.3 mm/year, hence the 
wear for ceramic is just 0.13-78 μm. Less micro-
components also induced less osteolytic reaction 
in periprosthetic implant and finally extend the 
life span of prosthesis. 

Squeaking was reported by two patients 
(15%). McDonnell, et al5 found that 13% of 
patients had reproducible squeaking after THR. 
Squeaking had multifactorial reason without any 
conclusion. Taylor, et al9 showed that squeaking 
was occurred when femoral head subluxates 
across the edge. Walter, et al15 suggested that 
squeaking could be the resonance of any metal 
component during edge loading. We found that 
the incidence of squeaking was not associated 
with the acetabular cup anterversion and lateral 
inclination neither with the femoral anteversion. 
Similar results were also reported by Restrepo, 
et al16 and Hannouche, et al3 that the implant 
position was equal between the squeaking and 
the non-squeaking. Despite the surprisingly high 
incidence of squeaking, all patients remained 
satisfied with their hip replacement.

In conclusion, six months follow-up of total 
hip replacement using ceramic on ceramic 
couplings are fairly encouraging. The HHS and 
SF-36 increased significantly while VAS markedly 
decreased. Squeaking was found in two patients 
and was not associated with acetabular lateral 
inclination and anterversion nor with femoral 
anteversion. Combined with proper indications, 
CoC THR ensures good clinical outcomes. 
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ABSTRAK

Latar belakang: Keuntungan suplementasi multi mikronutrien 
semakin mendapat perhatian melihat banyaknya ibu hamil 
dengan status nutrisi yang suboptimal, namun rendahnya 
kepatuhan mengurangi efektivitas dari program suplementasi 
besi-asam folat yang dicanangkan pemerintah. Tujuan studi 
ini adalah untuk menilai efektivitas suplementasi multi-
mikronutrien dan protein pada status besi dan mikronutrien 
wanita hamil.

Metode: Studi eksploratif dilakukan pada 100 wanita hamil 
selama ≤ 12 minggu yang melakukan asuhan antenatal di 
Rumah Sakit Budi Kemuliaan, Jakarta. Susu formula yang 
mengandung multi-mikronutrien dan protein diberikan setiap 
bulan hingga persalinan. Pemeriksaan antropometri, darah 
maternal dan tali pusat, ultrasonografi (USG), dan dietary 
recall merupakan variabel yang dinilai. Data dianalisis 
menggunakan uji korelasi. Korelasi antar variabel diuji 
menggunakan uji Pearson atau Spearman.

Hasil: Kadar hemoglobin mengalami penurunan secara 
signifikan (p < 0,001), dengan kadar terendah pada trimester 
2. Kadar pada tiap trimester secara berurut adalah 12,16 ± 
1,03 g/dL; 12 menderita anemia, dan 17 memiliki kadar feritin 
yang rendah, 10,85 ± 0,95 g/dL; 58 menderita anemia, dan 69 
memiliki kadar feritin yang rendah,  dan 11,02 ± 0,35 g/dL; 50 
menderita anemia dan 51 memiliki kadar feritin yang rendah. 
Kadar feritin dan besi serum juga turun pada trimester satu 
dan dua (p < 0,001). Kadar seng dan vitamin D juga mengalami 
penurunan. Anemia tidak mempengaruhi luaran kehamilan 
seperti persalinan preterm, preeklamsia, atau berat badan 
lahir rendah. 

Kesimpulan: Kadar hemoglobin, feritin, besi, seng, dan vitamin 
D maternal selama kehamilan tidak dapat dipertahankan atau 
ditingkatkan dengan suplementasi multi-mikronutrien dan 
protein.

ABSTRACT

Background: Potential benefits of multiple micronutrient 
supplements has become an increasing interest seeing as the 
high rate of pregnant women with suboptimal nutritional 
status, but low compliance often reduces effectiveness of 
large-scale iron and folic acid supplementation program. 
The aim of this study was to investigate the efficacy of multi-
micronutrient and protein supplementation on iron and 
micronutrients status in pregnant women. 

Methods: An exploratory study was conducted to 100 
pregnant women ≤ 12 weeks, who underwent antenatal care 
in Budi Kemuliaan Hospital, Jakarta. The subjects received 
formulated powder milk containing multi-micronutrient and 
protein supplement monthly until delivery. Anthropometric 
measurement, maternal and cord blood exam, ultrasound and 
dietary recall were done. The data was analyzed by correlation 
test. Correlation between variables was tested using Pearson or 
Spearman correlation test.

Results: The mean maternal hemoglobin level significantly 
decreased during study (p < 0.001), being the lowest in 
second trimester. The levels on the first, second, and third 
trimester respectively was 12.16 ± 1.03 g/d; 12 anemic 
subjects and 17 had low ferritin level, 10.85 ± 0.95 g/dL; 
58 anemic subjects and 69 had low ferritin level, and 11.02 
± 0.35 g/dL; 50 anemic subjects and 51 had low level of 
ferritin). Ferritin and serum iron levels were decreased at 
trimester one and two (p < 0.001), also the zinc and vitamin 
D level declined. Anemia did not correlate with pregnancy 
outcomes such as preterm delivery, preeclampsia, or low 
birth weight.

Conclusion: The levels of maternal hemoglobin, ferritin, 
iron, zinc, and vitamin D during pregnancy could not be 
maintained or increased by multi-micronutrient and protein 
supplementation.
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Many women have suboptimal nutritional 
status and insufficient intake during pregnancy, 
which leads to an increased risk to develop 
anemia and micronutrients deficiency. The 
World Health Organization (WHO) estimates 
from 35-75% of pregnant women in developing 
countries, including 37.1% in Indonesia, are 
anemic.1-4 Current knowledge indicates that 
iron deficiency anemia and micronutrients 
deficiency in pregnancy are risk factors for 
miscarriage, congenital anomaly, preeclampsia, 
gestational diabetes, preterm delivery and 
subsequent intrauterine growth restriction or 
low birth weight, and possibly correlated with 
neonatal health with its long-term outcome.4-6 
There has been an increasing interest in the 
potential benefits of multiple micronutrient 
supplements. Low compliance often reduces 
the effectiveness of large-scale iron and folic 
acid supplementation program. Milk powder 
consists of multi-micronutrient and protein 
supplementation is expected to give better 
compliance hence, will be more effective. 
The aim of this study was to investigate the 
efficacy of multi-micronutrient and protein 
supplementation on iron and micronutrients 
status in pregnant women.

METHODS

This is an exploratory study with open single 
group. The study was conducted at Budi 
Kemuliaan Hospital, Jakarta, to 100 pregnant 
women ≤ 12 weeks pregnancy who underwent 
antenatal care. The inclusion criteria were 
women with ≤ 12 weeks of pregnancy and no 
congenital anomaly (confirmed by ultrasound 
examination), willing to participate, not on 
other pregnancy milk/multi-micronutrient 
supplementation, and was not enrolled in 
any other interventional study. The exclusion 
criteria were subjects with hyperemesis 
gravidarum, women with intrauterine fetal 
death, abortion, or did not consume the product 
within a week.

This study was conducted between February 
2012 until April 2013. The protocol used in this 
study was approved by the Ethical Committee 
For Research In Human from the Faculty of 
Medicine, Universitas Indonesia (No. 480/PT02.
FK/ETIK/2012).

Subjects were asked to fill out a questionnaire 
to obtain data on their general and family 
characteristics, current illnesses, and dietary 
intake upon their first visit. Anthropometric 
measurement, ultrasound examination, and blood 
exam were done. Products were given to subjects 
monthly, and the compliance was monitored 
by trained field assistants randomly by phone. 
The product used in this study was formulated 
powder milk, adapted to the additional need of 
Indonesian pregnant women. It was packed in 
150 g alufoil in a folding box. Spoon was provided 
in each pack/box to ensure accurate dilution of 
the product. Its ingredients per 200 ml serving 
were folic acid 471 mg, Fe 15.9 mg, Ca 360 mg, P 
186 mg, Mg 36 mg, Na 78 mg, K 240 mg, Cl 139.5 
mg, Zn 4.1 mg, vitamin A 1545 IU, vitamin D 105 
IU, Vitamin E 1.8 IU, thiamin 750 mg, riboflavin 
750 IU, pyridoxine 1650 mg, cobalamin 1.56 
mg, vitamin C 48 mg, biotin 5.7 mg, niacinamide 
2.4 mg, pantothenic acid 1.05 mg, choline 26.7 
mg and docosahexaenoic acid (DHA) 15 mg. 
Study parameters were anthropometric status, 
maternal hemoglobin, erythrocyte, hematocrit, 
mean corpuscular volume (MCV), serum iron, 
ferritin, high sensitivity c-reative protein 
(hsCRP), vitamin D, A, B12, E, zinc, folic acid, 
and albumin level, dietary intake, pregnancy 
complication (preterm and preeclampsia), 
babies’ birth weight, and appearance, pulse, 
grimace, activity and respiration (APGAR) score, 
and iron, micronutrients and status of the cord 
blood.

Blood test and ultrasound examination data 
were collected three times; at baseline, three 
months after supplementation and before 
delivery. Immediately after birth, the cord blood 
was collected. The dietary recall was recorded 
twice; at baseline and three months after 
supplementation using 24-hours food recall by 
trained nutritionists. 

The data was analyzed by SPSS version 20 
program. Each dependent variable was tested 
for homogeneity variance using the Kolmogorov-
Smirnov test. Baseline data were described 
and summarized either by means and standard 
deviations for the normally distributed variables, 
and medians or interquartile ranges for the 
non-normally distributed variables. Correlation 
between variables was tested using Pearson or 
Spearman correlation test.
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RESULTS

A total of 100 of 124 subjects completed the study. 
Of those who dropped out, 14 subjects refused to 
complete the study, 10 subjects did not consume 
the product within a week consecutively. There 
were 89, 84, and 72 subjects who consumed the 
products once daily in trimesters one, two, and 
three, respectively. As many as five, seven and 21 
subjects did not consume the products less than 
three times in trimesters one, two, and three. The 
subjects who did not consume the products 3-7 
times/week were six, nine and seven subjects in 
trimesters one, two and three.

The characteristics of the subjects and pregnancy 
outcomes are shown in tables 1 and 2. The mean 
age of the subjects was 29 year old. Sixty percent 
of subjects had normal body mass index, and 81% 
had mid-upper arm circumference ≤ 23.5 cm. 
Normal weight gain during pregnancy was found 
in 46% subjects.

Most of subjects delivered their babies in ≤ 37 
weeks (98%), 95% with birth weight ≤ 2,500 g 
(95%), and APGAR score ≤ 7 (98%). Only one 
subject had gestational hypertension. 

Maternal anemia, iron, micronutrient and 
vitamin status 
The mean maternal hemoglobin level in the first 
trimester was 12.16 ± 1.03 g/dL, 12 subjects had 
anemia, and 17 subjects had low ferritin level (<20 
g/dL). In the second trimester, the mean maternal 
hemoglobin level was 10.85 ± 0.95 g/dL. Fifty-
eight subjects had anemia and 69 subjects had 
low ferritin level. We found maternal hemoglobin 
level in the third trimester was 11.02 ± 0.35 g/dL, 
50 subjects had anemia and 51 subjects had low 
level of ferritin. Subjects who were anemic and/
or had low ferritin level, were given additional 
ferrous fumarate 360 mg supplementation. The 
number of subjects who consumed additional 
iron supplementation was 19, 79, and 93 subjects 
in trimesters one, two and three. Respectively the 
maternal iron, micronutrient and vitamin status 
are shown in tables 3 and 4. 

Significant correlation was found between 
hemoglobin and vitamin B12 level in trimester 
two (r = 0.157; p = 0.042). However, no correlation 
was found between hemoglobin level with folic 

Characteristics of the subjects n (%)
Education

Elementary school 4
Junior high school 7
Senior high school 59
Diploma 18
University 12

Occupation
Housewives 42
Working 58

Body mass index (kg/m2)
Underweight (<18.5) 12
Normal (18.5-24.9) 60
Overweight (25-29.9) 25
Obese (≥30) 3

Maternal weight gain during pregnancy

Low 36

Normal 46
Over 18

Gravida
Primi 38
Multi 62

Table 1. Characteristics of the subjects (n=100)

Table 2. Pregnancy outcome

Pregnancy outcome Number of 
subjects

Gestational age at delivery (weeks)
< 37 2
≥ 37 98

Gestational hypertension/preeclampsia
No 99
Yes (third trimester) 1

Mode of delivery
Spontaneous delivery 48
Vacuum extraction 6
Caesarean section 46

Birth weight (grams)
< 2500 5
≥ 2500 95

APGAR Score (minute-1)
< 7 2
≥ 7 98

acid, vitamin B12, and zinc in trimesters one and 
three, as well as folic acid and zinc in trimester 
two (p > 0.05). 
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Iron Status
Trimester 1 Trimester 2 Trimester 3

Mean ± SD/ Median
(min-max) % Mean ± SD/ Median

(min-max) % Mean ± SD/ Median
(min-max) %

Hemoglobin (g/dL) 12.2 ± 1.0 10.9 ± 1 11.0 ± 0.4
Anemia 12 58 50

Normal 88 42 50

Ferritin(μg/L) 65.2 (4-410.4) 12.5 (3.9-216) 16.1(4-312)
Deficiency 17 69 51
Insufficiency 15 14 30
Normal 68 17 19

MCV(fL) 85.2 (65.1-94.4) 88.6 (69.7-98.2) 85.8 (61.9-93.2)
Low 13 6 15
Normal 87 94 85

Erythrocyte (x106/μL) 4.3 (± 0.4) 3.73 (± 0.3) 4.01 (± 0.4)
Low 7 61 32
Normal 93 39 68

Serum iron (μg/L) 167.2 (39-3772) 137.5 (22-2231) 222.0 (21-3042)
Low 53 55 56
Normal 37 42 40
High 10 3 4

Table 3. Maternal iron status

Table 4. Maternal micronutrient and vitamin status

Maternal micronutrients
Trimester 1 Trimester 2 Trimester 3

Mean± SD/ Median 
(min-max) % Mean± SD/ Median 

(min-max) % Mean± SD/ Median 
(min-max) %

Zinc (μg/L) 51.5 (± 13.0) 42.9 (± 9.9) 42.3 (± 10.2)
Low 75 97 97
Normal 25 3 3

Folic acid (ng/mL) 21.2 (10.9-40) 22.2 (10.2-33.9) 20.3 (9.2-40)
Normal 15 10 13
High 85 90 87

Vitamin D (ng/mL) 12.8 (± 5) 14.1 (± 5.5) 13.6 (± 5.4)
Low 99 99 100
Normal 1 1 0

Vitamin B12 (pg/mL) 386 (145-848) 287 (122-816) 248 (125-1285)
Low 4 21 30
Normal 96 79 69
High 0 0 1

Vitamin A (μg/L) 0.44 (0.2-7.3) 0.4 (0.2-1.7) 0.4 (0.1-3.1)
Low 3 4 3
Normal 91 88 95

High 6 8 2

Vitamin E (mg/L) 11.9 (5.1-24.4) 14.1 (3-27.1) 15.8 (3.6-27.9)
Low 0 1 0
Normal 69 49 37
High 31 50 63
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Nutrition intake and albumin level 
Food frequency questionnaire (FFQ) showed many 
subjects had low nutrition intake including energy, 
protein, calcium, iron, and zinc intake. There was 
negative correlation between iron serum in second 
trimester with iron intake in first trimester (p = 
0.353), and hemoglobin level in third trimester 
with iron intake in second trimester (p = 0.067; r = 

Table 5. Maternal nutrient intake during the study Table 6. Cord blood iron status

-0.151). Maternal nutrients intake during study are 
shown in table 5. 

The mean albumin levels were 3.90 ± 0.27; 3.43 ± 
0.24, and 3.37 ± 0.28 g/dL, in trimesters one, two, 
and three. Respectively the total number of subjects 
who had low albumin level was significantly 
increased during study. The subjects number 3, 
46, and 62 had low albumin levels in trimesters 
one, two, and three. Significant correlation was 
found between hemoglobin and albumin level in 
trimester two (r = 0.259; p = 0.007) and trimester 
three (r = 0.240; p = 0.011), but no significant 
correlation was found between hemoglobin and 
albumin level in trimester one.

Cord blood iron status and maternal iron 
status
The mean cord blood hemoglobin level was 13.24 
± 1.93 g/dL  and 56% had low hemoglobin level. 
No correlation was found between cord blood 
hemoglobin level and maternal hemoglobin level 
in trimesters one, two, and three (p > 0.05). 

No correlation was found between cord blood 
and maternal hemoglobin level in first trimester 

Nutrient intake

Trimester Trimester 2

Mean± SD/ 
Median

(min-max)
%

Mean± SD/ 
Median

(min-max)
%

Energy (Kcal) 1256.8 
(653-3864)

1559 
(± 319.1)

Low 86 69
Normal 10 23

High 4 8

Protein (mg) 47.1 
(21-146)

56.11 
(± 15.1)

Low 73 59
Normal 23 36
High 4 5

Calcium (mg) 497.2 
(57-3458)

874 
(84-4159)

Low 85 68
Normal 13 31

High 2 1

Iron (mg) 18.5 
(3-186)

23.4 
(3-250)

Low 70 51
Normal 19 33
High 11 16

Zinc (mg) 5.4
(2-19)

9.6
(± 2.6)

Low 96 87
Normal 4 13
High 0 0

Folic Acid (μg) 8.3 
(0.6-465)

10.8 
(1-247)

Low 43 32
Normal 22 37
High 35 31

Vitamin A (μg) 2521 
(185-13129)

4406 
(1023-16734)

Low 4 0
Normal 4 0
High 92 100

Cord Blood Mean(± SD)/ 
Median (min-max) %

Hemoglobin (g/dL) 13.24 ± 1.93
Anemia 56
Normal 44

Hematocrit (%) 36 (16.7-52.5)
Low 76
Normal 24

Ferritin (μg/L) 153.45 (40-1050)
Deficiency 0
Insufficiency 0
Normal 100

Erythrocyte (x106/μL)
Low 3.89 (1.89-4.75) 51
Normal 49

MCV (fL) 99.65 (69-118.2)
Low 28
Normal 72

Serum Iron (ug/L) 523 (32-32714)
Low 14
Normal 31
High 35
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(p = 0.862), second trimester (p = 0.304), and 
third trimester (p = 0.204).

DISCUSSION

Anemia and multi-micronutrients deficiency is 
a worldwide problem particularly in developing 
countries including Indonesia. WHO estimates 
35% to 75% (56% on average) of pregnant women 
in developing countries, and 18% of women from 
industrialized countries are anemic.1,2 On 2013, 
37% Indonesian pregnant women were found 
to be anemic.3 Criteria of anemia, based on WHO 
criteria, which is hemoglobin level < 11 g/dL 
during pregnancy, was used to diagnose anemia 
in this study.2  

From our study we found hemoglobin level was 
significantly decreased, during pregnancy being 
the lowest in second trimester. Ferritin and serum 
iron levels were also decreased during trimesters 
one and two.
 
Decrease of hemoglobin, ferritin and serum iron 
levels can be caused by many factors.  One of the 
factors is the physiologic changes during pregnancy. 
Plasma volume increases (40%) disproportionately 
to the increase in red blood cell mass (20-30%). 
Physiologic hemodilution and anemia occur, 
especially in the middle of the third trimester.7 

The lowest hemoglobin and ferritin level were 
found in second trimester, even though there were 
no significant changes between second and third 
trimester. The level was slightly increased in the 
third trimester. It might be because of additional 
iron therapy, Fe fumarate 360 mg twice daily, were 
given for anemic subjects or low ferritin level from 
first and second trimester. 

The increase of iron requirements in pregnancy may 
also cause the decreased levels. Iron requirements 
increase approximately to 1,000 mg during 
pregnancy for iron loss, expansion of red blood cell 
mass, fetal, placenta and blood loss at delivery.1,7 
When available iron stores are insufficient to meet 
the demand during pregnancy, iron deficiency will 
occur. These mechanisms may explain the decrease 
of hemoglobin and ferritin levels in second and third 
trimesters, as shown in current study. 

Low iron intake could also effect the decrease in 
the levels. Seventy subjects on first study intake, 

Micronutrient status (normal range) Mean(± SD)/
Median (min-max)

Folic acid (7-14.9 ng/mL) 27.5 (0-40.0)
Vitamin B12 (211-911pg/mL) 405 (±131.63)
Vitamin D (30-100 ng/mL) 15.5 (6.70-41.30)
Vitamin A (0.2-0.8 ug/L) 0.39 (±0.184)
Vitamin E (3-14 mg/L) 11.23 (0.82-35.6)
Zinc (60-130 ug/L) 54.8(26.4-3321)

Table 7. Cord blood micronutrient status

and 51 subjects in second trimester had low 
iron intake, and most of the subjects consumed 
vegetables as source of iron, which has low 
absorption. FFQ most of the subjects also had low 
dietary intake for other micronutrients, except 
vitamin A. The amount of elemental iron in the 
products may have been insufficient to maintain 
iron status on each individual. Each glass of the 
product only contained 15.9 mg, whereas the 
daily recommendation of iron supplementation 
for pregnant women is 27-30 mg. Additional oral 
iron supplementation (ferrous fumarate 360 
mg~105 mg elemental iron) was given to subjects 
who had anemia or low ferritin level (< 20 g/dL). 
Those combinations could maintain the levels of 
hemoglobin, ferritin and serum iron during third 
trimester, but no significant changes were found 
on the particular subjects, and also the increment 
of the hemoglobin and ferritin level. Factors 
influencing iron absorption were not assessed in 
this study, such as coffee, tea, milk, and calcium. 
The product consumed only contains 50 mg of 
vitamin C, which can increase iron absorption; 
and 360 mg calcium, which can decrease iron 
absorption.8 

Nutritional status might also contribute to the 
result. Twelve subjects were found underweight 
and 19 subjects had mid upper arm circumference 
(MUAC) ≤ 23.5 cm which represents low protein 
and energy, but 36 subjects also had low maternal 
weight gain during their pregnancy based on 
their body mass index (BMI). Recommendation 
from Institute of Medicine for maternal weight 
gain during pregnancy based on BMI before 
pregnancy is 12.5-18 kg for underweight, 11.5-
16 kg and 7-11.5 kg for normal and overweight 
respectively, whereas the maximum weight gain 
for obese pregnant women is 6 kg.9 Low energy 
and protein intake were observed in 86 and 73 
subjects on first trimester; 69 and 59 subjects on 
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second trimester. Our findings showed significant 
correlation between hemoglobin and albumin 
levels in second trimester and third trimester. 
Our findings support the previous study showing 
iron deficiency anemia to be related to low energy 
and iron intake.9 In addition to iron, protein, 
vitamin B6, B12, folic acid and zinc are needed for 
hemoglobin synthesis.10 Low vitamin B12 level 
was found in 4, 21, and 30 subjects in first, second, 
and third trimester. Significant correlation was 
found between hemoglobin and vitamin B12 level 
in second trimester. 

Previous clinical trial showed iron supplementation 
did not increase maternal serum ferritin or 
hemoglobin, reduce risk of maternal anemia, or 
reduce any other measures of maternal iron status, 
but the proportions of women with absent iron 
stores and iron deficiency anemia at 28 weeks of 
gestation were significantly lower. The gestation 
duration was also significantly longer, and there was 
an increase of infant birth weight.11

Anemia during pregnancy may lead to several 
conditions, such as reduced immunity, increase 
the risk of preeclampsia, postpartum hemorrhage, 
preterm delivery, low APGAR score, and low birth 
weight or intrauterine growth restriction.1,12,13 

In our study, 69 and 50 subjects had anemia in 
second and third trimester, but only two subjects 
had preterm delivery and five subjects had infant 
birth weight < 2,500 g, and another subject had 
gestational hypertension. There is a substantial 
amount of evidence showing that low birth weight 
and preterm delivery are consequences of maternal 
iron deficiency anemia in early and second 
trimester pregnancy, but not in third trimester. Iron 
supplementation and therapy could also minimize 
adverse pregnancy outcome in our study.1

Cord blood iron status was also measured in 
our study. Fifty six percent had low hemoglobin 
level, but all subjects had normal ferritin level. 
No correlation was found between maternal 
hemoglobin first, second, and third trimester 
with cord blood hemoglobin level (p > 0.05). 
However, the levels of iron, vitamin A, vitamin 
B12, vitamin D, and folic acid are higher in 
cord blood than in third trimester maternal 
serum. Our findings differ with previous studies, 
showing anemia and low ferritin level during 
pregnancy were related to low cord blood 

ferritin level, but not low hemoglobin level. In 
addition to an iron stores reflection, ferritin is 
also an acute-phase reactant that is elevated in 
the setting of inflammation. The normal cord 
blood ferritin level could be a result of high iron 
stores or inflammatory state.10,14 

The strength of our study is that the 
measurements were not only from maternal 
status every trimester during pregnancy, but also 
from parameters in the cord blood. The weakness 
of the study is that there is no control group to 
compare our findings.

In conclusion, the levels of hemoglobin, iron, 
zinc, and vitamin D maternal during pregnancy 
could not be maintained or increased by multi-
micronutrient and protein supplementation. One 
of the factors that can aggravate these findings 
was maternal low nutritional intake during the 
study. 
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ABSTRAK

Latar belakang: Posterior capsule opacification (PCO) 
merupakan konsekuensi yang paling sering dijumpai pasca- 
operasi katarak, yang dapat menyebabkan penurunan 
tajam penglihatan. Insidens PCO di Indonesia belum pernah 
dilaporkan sebelumnya. Penelitian ini bertujuan untuk menilai 
insidens kumulatif PCO dan faktor-faktor yang berhubungan 
dengan insidens PCO di Rumah Sakit Cipto Mangunkusumo, 
Jakarta.

Metode: Penelitian ini merupakan penelitian deskriptif 
retrospektif pada pasien yang menjalani operasi katarak 
senilis selama tahun 2010. Data dikumpulkan dari rekam 
medis pada tahun 2013, meliputi karakteristik demografis, 
jenis operasi, karakteristik lensa intra-okular (LIO) yaitu 
materi, optic edge design, dan diameter. Dilakukan pencatatan 
waktu diagnosis PCO pertama kali (dalam bulan), dan tajam 
penglihatan terbaik dengan koreksi (TPDK) sebelum operasi, 
saat diagnosis PCO ditegakkan dan dua minggu setelah 
tindakan laser Neodymium-doped yttrium aluminium garnet 
(Nd:YAG) (dalam desimal).

Hasil: Penelitian ini melakukan observasi rekam medis pada 
578  mata (485 pasien) katarak senilis. Insidens kumulatif 
PCO dalam tiga tahun sebesar 8,82% (51 mata). Tindakan 
fakoemulsifikasi dilakukan pada 496 (85,8%) mata. Median 
waktu saat diagnosis PCO ditegakkan adalah 21 bulan (rentang 
1-34 bulan), dengan rerata TPDK 0,50 ± 0,26. Umur (<65 dan 
>65 tahun) tidak berhubungan dengan insidens PCO. Proporsi 
PCO yang lebih tinggi ditemukan pada jenis LIO akrilik hidrofilik 
(10,7%) dibandingkan LIO akrilik hidrofobik (6,2%). Setelah 
tindakan pasca-laser Nd:YAG TPDK meningkat menjadi 1,00. 

Kesimpulan: Insidens kumulatif  PCO selama tiga tahun adalah 
8,82% (51 mata); tidak terdapat faktor yang berhubungan 
dengan terbentuknya PCO, namun persentase PCO yang lebih 
tinggi ditemukan pada LIO akrilik hidrofilik dibandingkan LIO 
akrilik hidrofobik.

ABSTRACT

Background: Posterior capsule opacification (PCO) is the 
most common postoperative consequence of cataract surgery 
which may cause visual acuity reduction, yet the incidence 
in Indonesia has not been reported. The objectives of this 
study were to evaluate three years cumulative incidence 
of PCO and factors associated with PCO formation at Cipto 
Mangunkusumo Hospital, Jakarta. 

Methods: This was a retrospective descriptive study on 
patients with uneventful senile cataract surgery during year 
2010. All related data were retrieved from medical records 
in year 2013, which included patient demographics, type 
of surgery, intraocular lens (IOL) characteristics (material, 
optic edge design and diameter). Moreover, time to first PCO 
diagnosis (month), and best corrected visual acuity (BCVA) pre-
operatively, at time PCO was diagnosed and two weeks after 
Neodymium-doped yttrium aluminum garnet (Nd:YAG) laser 
were noted (decimal).

Results: A total of 578 eyes (485 patients) were involved 
in this study. Three years cumulative incidence of the PCO 
was 8.82% (51 eyes).  Phacoemulsification surgery was 
performed in 496 (85.8%) eyes. The median time to PCO 
diagnosis was 21 months (range 1 to 34 months), mean 
of BCVA was 0.50 ± 0.26. Age (<65 and >65 years old) was 
not associated to PCO. Higher incidence of PCO was found 
in patients using hydrophilic acrylic IOL (10.7%) than 
in hydrophobic acrylic (6.2%). After Nd:YAG laser was 
performed, BCVA was improved to 1.00.

Conclusion: Three years cumulative incidence of PCO 
was 8.82% and there was no defined factor related to PCO 
formation, but higher percentage of PCO occured in patients 
using hydrophilic acrylic IOL than in hydrophobic acrylic.
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Posterior capsule opacification (PCO) is the most 
common postoperative consequence of cataract 
surgery.1 A cohort study by Fong, et al2 reported that 
three years cumulative incidence of PCO was 38.5% 
(95% CI = 36.1-40.9) among 1,495 patients. 

Posterior capsule opacification causes a reduction in 
visual acuity and contrast sensitivity, as well as glare 
and monocular diplopia1,3,4 which might reduce the 
patient’s quality of life and become an economic 
burden to the healthcare system.5 Factors related 
to PCO formation mostly were the type of cataract 
surgery, intraocular lens (IOL) design and patients 
with systemic diseases. Opening a blocked visual axis 
with Neodymium-doped yttrium aluminum garnet 
(Nd:YAG) laser posterior capsulotomy  will improve 
the visual acuity. However, in Indonesia, such 
procedure requires a referral to a tertiary hospital, 
which further increases the cost. Laser procedure 
itself has an inherited risk of complications such 
as IOL damage, increase of intraocular pressure, 
cystic macular edema, anterior vitreous surface 
disruption, and retinal detachment.1,6 

Eventually, Department of Ophthalmology, Cipto 
Mangunkusumo Hospital (CMH) Jakarta had 
done a retrospective study by Anggraini and 
Hutauruk7 and found that the incidence of PCO 
was 9.2% (47 of 513 eyes) in 2003 (unpublished 
data). Using modern cataract phacoemulsification 
machine, phacoemulsification has been performed 
increasingly with a better result regarding to visual 
acuity, small corneal incision, rapid wound healing 
and less complications. Also various better IOL 
material and design had been used in our hospital. 
However, there was no report of PCO incidence 
since then. The objective of this study was to 
evaluate three years cumulative incidence of PCO 
and factors associated with PCO formation. 

METHODS

This was a retrospective descriptive study 
conducted in 2013. All data were retrieved from 
medical records period of January to December 
2010. The inclusion criteria were all patients 
who had uneventful senile cataract surgery in 
2010 at Department of Ophthalmology, Cipto 
Mangunkusumo Hospital (CMH), Jakarta, 
Indonesia. The exclusion criteria were patients 
with abnormalities other than PCO, which 
influence visual acuity, incomplete medical 

record data and post-operative follow-up of less 
than one month. A total sampling method was 
used in selection of the subjects. This study has 
been reported to CMH and confidentiality of 
subjects was guaranteed. 

Collected data were focused on patient 
demographics, type of surgery (extra capsular 
cataract extraction [ECCE], phacoemulsification 
and small incision cataract surgery [SICS]), IOL 
characteristics (material, optic edge design 
and diameter), time to PCO diagnosis (duration 
between cataract surgery and diagnosis of PCO, 
in months). Best corrected visual acuity (BCVA) in 
decimal was noted at one month post-operatively, 
at time when PCO was diagnosed, and two 
weeks after Nd:YAG laser posterior capsulotomy. 
BCVA was classified based on the International 
Classification of Diseases-10 Clinical Modification 
(ICD-10 CM) revision.

Analysis was performed using SPSS 11.0 and 
Microsoft Excel 2011. We analyzed the proportions 
of PCO and compared it within phacoemulsification 
groups using Chi-square test. 

RESULTS

There were 1,665 cataract surgeries performed 
during January–December 2010 in CMH. Ninety 
percent (1,498 cases) had a complete medical 
record, but only 1,104 cases (73.7%) could be 
accessed. Finally, 852 eyes met the inclusion 
criteria. Two hundred and seventy four cases (274) 
or 32.2% were excluded due to abnormalities 
other than PCO (138 cases) and 136 cases had 
incomplete required data. A total of 485 patients 
or 578 eyes (67.8%) were analyzed in this study. 
Demographic data of the patients can be seen in 
Table 1.

Pre-operative BCVA, one month post-operative 
BCVA and type of surgery performed can be seen 
in Table 2.     

Cumulative incidence of PCO and clinical 
characteristics of PCO patients
PCO is the most common consequence after 
cataract surgery. Among 578 eyes, only 51 eyes 
had PCO. Cumulative incidence of PCO  was 14 
(2.42%) eyes at first year, 34 (5.88%) eyes in 
second year and 51 (8.82%) eyes in the third year. 
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Variable n (%)
Laterality 

Unilateral 392 (80.8%)
Bilateral 93 (19.2%)

Sex
Male 242 (49.9%)
Female 243 (50.1%)

Age (median;range) 65 (42 - 87) years

Table 1. Patient demographics and clinical characteristics of 
pseudophakic patients {n=485 patients (578 eyes)}

Table 3. Clinical characteristics of PCO eyes (n=51)

Table 2. Clinical characteristics of pseudophakic eyes 
(n=578)

Variable Variables
Pre-op BCVA (in decimal) 0.07 (0.00-0.90)

No visual impairment (> 0.5) 127 (22.0%)
Mild visual impairment 
(≥ 0.3 – ≤ 0.5)

48 (8.3%)

Moderate visual impairment 
(≥ 0.1 – < 0.3)

102 (17.6%)

Severe visual impairment 
(≥ 0.05 – < 0.1)

39 (6.7%)

Blind category 3 (< 0.05 – ≤0.02) 129 (22.3%)
Blind, category 4 
(< 0.02 – light perception)

133 (23.0%)

Post-op BCVA at 1 month (in decimal) 1.00 (0.30-1.20)
No visual impairment (> 0.5) 577 (99.8%)
Mild visual impairment 
(≥ 0.3 – ≤0.5)

1 (0.2%)

Type of surgery 
Phacoemulsification 496 (85.8%)
ECCE 77 (13.3%)
SICS 5   (0.9%)

*BCVA = best corrected visual acuity
*ECCE = extracapsular cataract extraction
*SICS = small incision cataract surgery

*Nd:YAG = Neodymium-doped yttrium aluminium garnet
*BCVA = best corrected visual acuity
*PCO = posterior capsule opacification

The mean age of PCO patients was 63.57 ± 8.20 
year old, younger than other pseudophakic 
patients. Formation of PCO was most common in 
SICS eyes, but the number of SICS was only five 
compared to the most common surgical technique, 
which was phacoemulsification (in 496 eyes). 
The most common symptom of PCO was blurred 
vision, and median time to PCO diagnosis was 21 
months or 1.75 years with a range of one to 34 
months (Table 4).

Nd:YAG laser posterior capsulotomy is needed to 
improve the visual acuity by opening the visual 
axis. Table 5 shows that Nd:YAG laser posterior 
capsulotomy was only performed in 72.5% of eyes. 
After Nd:YAG laser posterior capsulotomy was 
performed, the BCVA showed better result with 
a range of 0.70-1.00 (Table 5). No complications 
were found on two-weeks follow-up. 

Variable
Age 63.57 ± 8.20 years old
Surgical technique

Phacoemulsification 49 /496 (9.9%)
ECCE 1/ 77 (1.3%)
SICS 1/ 5 (20.0%)

BCVA at PCO diagnosis ( in decimal) 0.50 ± 0.26
No visual impairment (> 0.5) 34 (66.7%)
Mild visual impairment 
( ≥ 0.3 – ≤ 0.5)

6 (11.7%)

Moderate visual impairment 
( ≥ 0.1–< 0.3)

8 (15.7%)

Severe visual impairment 
( ≥ 0.05 – < 0.1)

3 (5.9%)

Symptoms of PCO  
Blurred vision 39 (76.5%)
Blurred vision and diplopia 2   (3.9%)
Foggy view 2   (2.0%)
Blurred vision and glare 1   (3.9%)
No symptoms 7 (13.7%)

Time of PCO diagnosis 21 (1 - 34) months

*PCO = posterior capsule opacification
*ECCE = extracapsular cataract extraction
*SICS = small incision cataract surgery
*BCVA = best corrected visual acuity

Variable
Nd:YAG performed 37 (72.5%)
Nd:YAG not performed 14 (27.5%)
BCVA at PCO diagnosis
(Nd:YAG  performed, n=37)  

0.43 ± 0.24

BCVA at PCO diagnosis
(Nd:YAG not performed, n=14)

0.66 ± 0.24

BCVA at two weeks post Nd:YAG 1.00 (0.70 - 1.00)

Table 4. Nd:YAG laser posterior capsulotomy
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Intraocular lens characteristics 
Many efforts had been done to minimize PCO 
formation, so that studies on the possible cause 
are very important. Several types of IOL material 
and design may be related to PCO formation1.  
This study found hydrophilic acrylic IOL was the 
most used. The foldable design of this material 
is appropriate with the width of incision in 
phacoemulsification. In 2010, hydrophobic acrylic 
was still minimally being used due to the more 
expensive price. This material type of IOL was 
mainly used in patients who had certain health 
insurance in our hospital. Square optic edge was 
the majority of the optic edge design and all eyes 
used one piece IOL (Table 5).

Phacoemulsification was the most common type 
of surgery performed in this series. To minimize 
bias from different types of surgery, cross 
tabulation of IOL characteristics was made only 
in phacoemulsification group. However, p-value 
was not tested due to unequal sample between 
groups. No significant difference was found in the 
percentage of PCO between age groups. Higher 
percentage of PCO was found in hydrophilic 
acrylic than in hydrophobic acrylic. Percentage 
of PCO among type of IOL on optic diameter and 
optic edge were almost the same (Table 6).

DISCUSSION

Our study revealed that modern cataract 
surgeries with a better IOL design and material 
may decrease the incidence of PCO formation 
from 9.2% in our previous unpublished data in 
year 2003, to 8.82% in year 2010. The use of 
cutting-edge technology in cataract surgery has 
resulted in a less complication rate in long-term 
follow-up for pseudophakic eyes. Following 
the excellent results, phacoemulsification has 
become the standard of care for cataract surgery 
in our hospital. This study also showed that most 
of our cataract patients’ condition was in blind 
category four and they were relatively young. 
Shah, et al8 in collaboration with World Health 
Organization (WHO) analyzed 11,408 patients 
who have had cataract surgery from 50 countries 
in 2008 also found that the median age was 65 
years, majority had severe visual impairment, 
which was mostly related to senile degenerative 
cataract and strong correlation into ultraviolet 
exposure.

Variable Frequency(%)
IOL material

Polymethylmethacrylate (PMMA) 204 (35.3%)
Acrylic

Hydrophilic acrylic 309 (53.5%)
Hydrophobic acrylic 65 (11.2%)

IOL design
1-piece 578 (100.0%)
3-pieces 0     (0.0%)

Optic edge design
Square 378 (65.4%)
Round 200 (34.6%)

Table 5. IOL characteristics in pseudophakic eyes (n=578)

*IOL = intraocular lens

*Chi Square test. NT: not tested for p value
*IOL = intraocular lens
*PCO = posterior capsule opacification

Variable
PCO No PCO p

n % n %
Age

< 65 years 25 10.7 208 89.3 0.704*
≥ 65 years 24 9.1 239 90.9

IOL characteristics
Acrylic-PMMA

Acrylic 37 9.9 337 90.1 NT
PMMA 12 9.8 110 90.2

Acrylic
Hydrophilic 33 10.7 276 89.3 NT
Hydrophobic 4 6.2 61 93.8

Optic diameter
5.25-5.50 mm 11 9.2 108 90.8 NT
6.00-6.50 mm 38 10.1 339 89.9

Optic edge
Square 37 9.8 339 90.2 NT
Round 12 10 108 90

Table 6. Cross-tabulation of age and IOL characteristics with 
PCO incidence in phacoemulsification group (n=496)

Phacoemulsification was the most common 
surgical technique performed in this study 
(85.8%) and our result resembles the result 
of Gollogly, et al9 study, which reported that 
99.5% out of 8,012 cataract eyes underwent 
phacoemulsification from 2005 to 2011 in 
Minnesota, USA. That type of surgery has several 
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advantages such as faster achievement of good 
visual acuity and wound healing, closed system  
surgery and a safe surgical technique.10 It was 
showed in this study that post-operative BCVA 
achieved optimal target visual rehabilitation. A 
regular follow-up post-operatively is important 
to evaluate surgical success and to observe the 
possibility of further complication and PCO is the 
most common.

Three-year cumulative incidence of PCO reported 
by Fong, et al2 was 38.5% (95% CI = 36.1-40.9) 
among 1,495 patients, and was higher than the 
result of our study. This difference may be caused 
by larger sample size, different study design, and 
a long and equal follow-up time in their study. 
Variability in the follow-up period may result in 
a bias in determining the PCO incidence in our 
study. We assumed that patients with only one 
month duration of follow-up will not have any 
visual problem. This condition might also reflect 
a lower incidence in our study.
 
We found that PCO formation was found mostly 
in younger patients among all our pseudophakic 
patients. Age is an important factor to PCO 
formation according to Wormstone, et al11 study. 
They had concluded that younger age had a 
potency of faster epithelial lens growth.11 Epithelial 
lens migration and proliferation from equator to 
central may block visual axis and causes reduction 
in visual acuity.1 Most of our PCO patients 
experienced blurred vision. Their visual acuity 
was reduced to 0.5±0.26, but still in the category 
of mild visual impairment. It was comparable with 
Van Bree, et al3 study (0.20  ± 0.23 logMAR or 0.64 ± 
0.60) and Anggraini and Hutauruk7 reported (0.47 
± 0.46). Decreasing BCVA to 0.5 will significantly 
cause visual impairment to the patient. In this 
study, duration to PCO diagnosis was 21 months or 
1.75 years, which was comparable to Khan, et al12 
and Khanzada, et al13  which reported a duration of 
23 months (two until 24 months) and 2.06 years, 
respectively. 

Treatment with Nd:YAG laser posterior 
capsulotomy in PCO is needed to clear the visual 
axis. In this study, not all patients underwent 
Nd:YAG laser,  not only because of weakness 
in our management protocol, but also due to 
patients’ refusal of having a laser treatment due 
to accepted BCVA or financial problem. During 
a posterior capsulotomy, by amplification and 

focusing of 1,064 nanometers (nm) infrared light, 
which electrons are ripped away from nuclei, 
forming energy plasma and corresponding shock 
wave. The plasma formation is known as optical 
breakdown and cut the target. When pressure 
wave created on the anterior vitreous side of the 
capsule, the laser breaks the posterior capsule.14 
In this study, after the opening of visual axis, the 
BCVA achieved 1.00, which was the same as BCVA 
on one month post-operative. This result was 
similar to Van Bree, et al3 (0.001 ± 0.12 logMAR 
or 1.0) and Khanzada, et al13 studies (74.4% cases 
achieved 6/9 to 6/6). 

Several studies related to risk factors of the 
formation of PCO had been done and some 
studies had concluded that age and IOL 
material and design might be associated with 
PCO formation.1,13,15 In 2003, Anggraini and 
Hutauruk7 reported that majority of patients used 
polymethylmethacrylate (PMMA) IOL (97%) and 
only 2.7% used acrylic IOL, at CMH Jakarta. In 
2010, a transition into acrylic IOL had occurred. 
Acrylic IOL was used in the majority of cases i.e. 
374 (64.7%), whereas PMMA IOL in 204 of cases 
(35.3%).

Other studies reported that surgical technique, 
including cortical cleaving hydrodissection and 
rotation, cortical clean up, in-the-bag fixation of 
IOL, and smaller capsulorhexis size than optic 
diameter of IOL seem to correlate with PCO 
formation. Those procedures’ factors could be 
minimized by doing phacoemulsification.5,16 In 
this study, the cross tabulation evaluated IOL 
factors in phacoemulsification group only. It 
was considered to minimize bias due to surgical 
technique difference. P-value was not analyzed 
because of the unequal sample size between 
groups of IOL characteristics. Acrylic material 
particularly hydrophobic has been identified as 
a preventing factor in PCO formation. Linnola, 
et al17 found that acrylic had stronger adhesion 
with fibronectin and laminin compared to PMMA 
and silicone. It caused stronger adhesion of IOL 
and posterior capsule, therefore it would inhibit 
epithelial lens migration and proliferation. 
Hydrophobic acrylic has better capsular 
biocompatibility than hydrophilic acrylic. In 
this study, a higher proportion of PCO was 
found in hydrophilic acrylic than hydrophobic 
acrylic. Several studies also reported higher 
proportion of PCO in hydrophilic acrylic (42.0%-
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64.4%) compared to hydrophobic acrylic (8.9%-
34.4%).2,18,19 

Optic diameter is still a mater of debate in the 
prevention of PCO formation. In this study, 
percentage of PCO in a small and a large diameter 
seems to be the same. Meacock, et al20 reported 
that optic diameter of 6 mm (1.5%) had lower 
proportion of PCO than 5 mm (6.9%). In contrast, 
Nishi and Nishi21 reported that larger optic 
diameter inhibit IOL adhesion to posterior 
capsule and capsular bend formation. 

Capsular bend formation is identified as an 
important factor in prevention of PCO. Square 
optic edge IOL may form a good capsular bend, 
which therefore inhibit epithelial lens migration 
to posterior capsule. In this study, a higher 
percentage of PCO was found in round optic edge 
IOL, but the difference was very small. It was 
similar with the percentage of PCO in PMMA and 
acrylic. Most of PMMA had round optic edge while 
most of acrylic had square optic edge. Several 
studies also reported higher percentage of PCO 
in round optic edge (13.0%-38.7%) than square 
optic edge (1.4%-3.4%).22-24 

In conclusion, three years cumulative incidence 
of PCO in Cipto Mangunkusumo Hospital, Jakarta 
was 8.82%, with median time to PCO diagnosis 
of 21 months (1.75 years). There was no defined 
related factor to PCO reformation, but higher 
incidence of PCO was found in hydrophilic acrylic 
IOL than in hydrophobic acrylic IOL. Nd:YAG 
laser posterior capsulotomy was performed in 
72.5% of eyes and showed good results.
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ABSTRAK

Latar belakang: Preeklampsia berimplikasi besar pada 
luaran neonatus. Skor appearance, pulse, grimace, activity, 
respiration (APGAR) 1 atau 5 menit adalah salah satu indikator 
kematangan fisiologis anak. Oleh karena itu, penelitian ini 
bertujuan mencari hubungan skor APGAR pada persalinan 
dengan preeklampsia.

Metode: Penelitian ini menggunakan design kohort 
retrospektif. Data didapatkan pada bulan Januari sampai 
Desember 2013 dari seluruh wanita preeklamsia yang 
melahirkan bayi tunggal di Rumah Sakit Cipto Mangunkusumo, 
Jakarta. Hasil luaran salah satunya berupa skor APGAR. 
Analisis multivariat dengan menggunakan binari logistik 
digunakan untuk mencari korelasi antara skor APGAR dengan 
faktor-faktor resiko pada preeklampsia, hasil penelitian diuji 
dengan uji kai kuadrat.

Hasil: Sebanyak 446 memenuhi kriteria inklusi dari 450 
wanita dengan preeklampsia, 4 diantaranya tereksklusi karena 
data yang tidak lengkap. Skor APGAR 1 dan 5 menit berhasil 
dikumpulkan pada 19% (86/446) dan 5,4% (24/446) dari 
neonatus. Onset awal preeklampsia (OR adj = 4,577; 95% CI 
= 2,147 – 9,757), leukosit darah ≥ 15.000/μL (OR adj = 3,315; 
95% CI = 1,738 – 6,324), sindrom HELLP (OR adj = 2,00; 95% 
CI = 1,38–2,91) merupakan faktor risiko independen pada skor 
APGAR rendah 1 menit pertama. Sementara itu, tidak terdapat 
faktor risiko yang signifkan antara determinan dengan skor 
APGAR 5 menit pertama. 

Kesimpulan: Leukositosis, onset awal preeklampsia, lahir 
preterm, trombositopenia, derajat preeklampsia, dan sindrom 
HELLP adalah faktor risiko independen skor APGAR rendah 
dalam satu menit pada anak yang lahir dari ibu  dengan   
preeklampsia.

ABSTRACT

Background: Preeclampsia has great implication on adverse 
neonatal outcome. Appearance, pulse, grimace, activity, 
respiration (APGAR) score at 1 or 5 minutes is one of the 
indicators of physiologic maturity of the infant. Therefore, the 
aim of this study was to know the correlation of APGAR score 
in preeclamptic deliveries with its risk factors. 

Methods: This study was a retrospective cohort. Data were 
collected from January to December 2013 including all 
preeclamptic women with singleton live pregnancies who 
delivered their babies in Cipto Mangunkusumo Hospital, 
Jakarta. The primary outcome was APGAR score. There were 
some determinants conducted in this study. Binary logistic 
was used as multivariate analysis to analyze the correlation 
between APGAR score and risk factors of preeclampsia, data 
were analyzed using chi square test. 

Results: Out of 450 preeclamptic women, 446 of them met 
the inclusion criteria. Low APGAR scores at 1 and 5 minutes 
were found in 19% (86/446) and 5.4% (24/446) of neonates 
respectively. Early onset of preeclampsia (adjusted OR = 
4.577; 95% CI = 2.147 - 9.757), white blood cell ≥ 15,000/
μL (adjusted OR = 3.315; 95% CI = 1.738 – 6.324), HELLP 
syndrome (adjusted OR = 2.00; 95% CI = 1.38 – 2.91) were 
independent risk factors for having infant with low APGAR 
score at 1 minute. Meanwhile, there was no significant risk 
factors at 5 minutes APGAR score after adjustment.

Conclusion: Leukocytosis, early onset preeclampsia, preterm 
birth, and thrombocytopenia, severity of preeclampsia, and 
HELLP syndrome are independent risks of having infant 
born with low APGAR score at 1 minute in preeclamptic 
deliveries.
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Preeclampsia is one of the common conditions 
of unknown etiology which increase the risk of 
maternal and perinatal morbidity and mortality.1 
The exact etiology of preeclampsia remains 
unknown. Factors that are currently more 
accepted include abnormal trophoblast invasion 
of uterine blood vessels, increased vasopressor 
response and vasospasm, immunological 
intolerance to the fetus and genetic abnormalities.2 
Preeclampsia affects three to five percents of 
pregnancies, it is an important factor in fetal 
growth restriction as it is commonly associated 
with placental insufficiency.3 Preeclampsia is 
a complex, pregnancy – specific hypertensive 
syndrome of reduced organ perfusion related 
to vasospasm and activation of the coagulation 
cascade affecting multiple systems. The major 
risk to the fetus results from decreased placental 
perfusion leading to decreased blood supply of 
oxygen and nutrients necessary for fetal growth 
and wellbeing.1,3 

The various complication seen are low 
appearance, pulse, grimace, activity, respiration 
(APGAR) score, intra-uterine growth restriction 
(IUGR), low birth weight, and increased need 
for admission to neonatal intensive care unit 
(NICU).4,5

The APGAR score, devised in 1952 by Dr. Virginia 
Apgar, is a quick method of assessing the clinical 
status of the newborn infant.6, The APGAR 
score comprises of five components: heart rate, 
respiratory effort, muscle tone, reflex irritability, 
and color, each of which is given a score of zero, one, 
or two.6 It is important to recognize that elements 
of the APGAR score are partially dependent on the 
physiologic maturity of the infant. Low APGAR 
scores may be indicative of a number of maternal 
and infant factors.6 Identification of possible 
intrauterine causes of low APGAR score may be 
important for the prevention of conditions that 
have been linked to low APGAR score at birth.7,8

Some studies found that preeclamptic women 
tend to have infant with low APGAR score than 
healthy women.9,10 Proteinuria and increased 
blood pressure in preeclampsia are associated 
with a lower fetal birth weight and a lower 
APGAR score and an increased risk of adverse 
perinatal outcome.11-13 Gawde, et al found that in 
severe cases of preeclampsia, the APGAR score 
at one minute is two-fold worse than in mild 

preeclampsia.1 Five minutes APGAR score also 
associated with several obstetric risk factors and 
used to predict the effectiveness of resuscitation. 

Preeclampsia is frequently seen in Indonesian 
population. The intended use of APGAR score has 
always been the same: to evaluate a newborn’s 
condition at birth. This study was conducted 
to correlate preeclampsia with APGAR score to 
asses the condition of newborn infant. 

METHODS

This retrospective cohort study was performed 
between January to December 2013. The inclusion 
criteria were preeclamptic women with singleton 
live pregnancy who delivered their babies in Cipto 
Mangunkusumo Hospital, Jakarta. The exclusion 
criteria were patients with incomplete data. The 
study population consisted of 450 preeclamptic 
women, four out of them were excluded for not 
having a complete data. Primary outcome measure 
was morbidity of the infant as in APGAR score at 
first and fifth minutes which were determined by 
perinatology residents. We divided group of low 
APGAR score (< 7) and normal APGAR score (≥ 
7). We obtained data from the database based on 
medical record, which included age of gestation, 
maternal age, IUGR, eclampsia, anemia, low birth 
weight, mean arterial pressure (MAP), early or 
late preeclampsia, parity, white blood cell, platelet, 
frequency of antenatal care (ANC), and severity 
of preeclampsia which we used as independent 
variables. 

Gestational age was calculated as the best 
obstetrical estimate according to the last 
menstrual period, or if it is not available, we used 
ultrasonography. IUGR was diagnosed based on 
ultrasonography when the fetal weight is less 
than the tenth percentile for the gestational age, 
or at least two standard deviations below the 
mean weight for the gestational age. Diagnosis for 
mild preeclampsia was based on systolic blood 
pressure ≥ 140 mmHg or diastolic blood pressure 
≥ 90 mmHg on two occasions, proteinuria ≥ 300 
mg per 24 hours or positive (+) using dipstick 
test but without evidence of end organ damage 
in the patient; severe pre-eclampsia if the systolic 
blood pressure ≥ 160 mmHg or diastolic blood 
pressure ≥ 110 mmHg measured at least twice 
in several minutes, proteinuria > 5 g per 24 
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hours collection or ≥++ dipstick test on two 
random urine samples or symptoms, and or 
biochemical and or hematological impairment, 
and any organ involvement. Hemolysis, elevated 
liver enzyme levels, low platelet levels (HELLP) 
syndrome was defined as preeclampsia with 
platelet count persistently <100,000/mm3, 
serum transaminases twice than normal. 
Superimposed pre-eclampsia was women with 
chronic hypertension and de novo proteinuria 
after 20 weeks of pregnancy. Early or late 
preeclampsia were defined as mothers who 
diagnosed preeclampsia either at <34 weeks or 
≥34 weeks of gestational age. 

Binary logistic was used as multivariate analysis to 
analyze the correlation between age of gestation, 
maternal age, IUGR, eclampsia, anemia, low birth 
weight, MAP, early or late preeclampsia, parity, 
leukocyte, platelet, frequency of ANC, and severity 
of preeclampsia and APGAR score. P <0.05 was 
taken as the limit of statistical significance. 

RESULTS

There were 2,143 deliveries registered in our 
database over a year period. Out of 450 women 
who were diagnosed as pre-eclampsia, 446 
of them met the inclusion criteria and had a 
complete data. The distribution of characteristics 
and the risk factors of low APGAR score among 
the subjects are shown in table 1.

Table 2 shows the comparison of low APGAR 
score and normal score in one minute with risk 
factors of preeclampsia. We found that weeks of 
gestational age (WGA), platelet, hematocrit, white 
blood cell, onset of preeclampsia, IUGR, and MAP 
are statistically significant in this study. Maternal 
age, anemia, frequent ANC were not associated with 
preeclamptic women having infant with low APGAR 
score. We determined the cut off value of hematocrit 
count using receiver operating characteristics (ROC) 
curve. The cut-off levels for hematocrit was 38.95 %.

Table 3 shows the comparison of low APGAR 
score and normal score in five minutes with 
confounding factors of preeclampsia. We 
found that WGA, platelet, onset and severity of 
preeclampsia were statistically significant in 
this study. Maternal age, anemia, white blood 
cell, hematocrit, frequent ANC, and MAP were 

Variables Values

Maternal age (year), n (%)
Low risk (< 35) 288 (64.7%)
High tisk (≥ 35) 157 (35.3%)

Parity, n (%)
Nullipara 183 (41%)
Multipara 263 (59%)

WGA (weeks), median (min – max) 37 (25 – 42)
Aterm, n (%) 268 (60.1%)
Preterm,n (%) 178 (39.9%)

Birth weight (grams), mean ± SD 2560 ± 781.04
Systolic BP (mmHg), median (min – 
max)

160 (90-270)

Diastolic BP (mmHg), median (min 
– max)

100 (100-170)

Mean arterial pressure (mmHg) 
(mean + SD)

126.67 (106-160)

Platelet count (x103/μL), median 
(min – max)

248 (19.9-69.7)

Hemoglobin level (g/dL), median 
(min – max)

13 (8-17)

Leukocyte level (x103/μL), median 
(min – max)  

13.55 (7.22-31.80)

Hematocrit (%), mean ± SD 37.40 ± 14.98
APGAR score 1 minute, n (%)

Low 86 (19.3%)
Normal 360 (80.7%)

APGAR score 5 minute, n (%)
Low 24 (5.4%)
Normal 422 (94.6%)

ANC >3 times, n (%)
Yes 361 (80.9%)
No 85 (19.1%)

Severity, n (%)
Mild pre-eclampsia 48 (10.8%)
Severe pre-eclampsia 345 (77.4%)
Superimposed pre-eclampsia 15 (3.4%)
HELLP syndrome 38 (8.5%)
Eclampsia 31 (7%)

Onset, n (%)
Early onset 99 (22.2%)
Late onset 347 (77.8%)

Anemia (Hb < 11 g/dl), n (%) 58 (13.6%)
IUGR, n (%) 29 (6.5%)

Table 1. Clinical characteristics and delivery outcomes of 
preeclamptic women in the study

WGA = weeks of gestational age; APGAR = appearance, pulse, 
grimace, activity, respiration; ANC = antenatal care; HELLP = 
hemolysis, elevated liver enzyme levels, low platelet levels;  
IUGR = intra-uterine growth restriction 
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not associated with preeclamptic women having 
infant with low APGAR score. 

We adjusted leukocyte ≥15×103/μL, early or 
late onset preeclampsia, preterm birth, platelet 
≥ 151x103/μL, MAP ≥135 mmHg, hematocrit 
≥38.95 % with APGAR score at one minute 
outcome and found leukocyte ≥15×103/μL (adj 
usted OR = 3.63; 95% CI = 1.93 – 6.86), early or 

Variables Low APGAR score n (%) Normal APGAR score n (%) p OR (CI = 95%)
Maternal Age

Productive 59 (68.6%) 229 (63.8%) 0.401 1.24 (0.75-2.05)
Non-productive 27 (31.4%) 131 (36.2%)

Week of gestation
Aterm (>34 weeks) 17 (19.8%) 251 (69.7%) < 0.001* 0.11 (0.06 – 0.19)
Preterm (28 – 34 weeks) 69 (80.2%) 109 (30.3%)

Platelet
≥151x103/μL 65 (75.6%) 342 (95%) < 0.001* 6.14 (3.10 – 12.15)
<151x103/μL 21 (24.4%) 18 (5%)

Anemia
No 70 (81.4%) 282 (78.3%) 0.532 1.21 (0.67 – 2.20)
Yes 16 (18.6%) 78 (21.7%)

Hematocrit
≥38.9 40 (46.5%) 111 (30.8%) 0.006* 1.95 (1.20 – 3.15)
<38.9 46 (53.5%) 249 (69.2%)

Leukocyte
≥15 × 103/μL 49 (57%) 125 (34.7%) < 0.001* 0.40 (0.25 – 0.65)
<15 × 103/μL 37 (43%) 235 (65.3%)

Antenatal care (ANC)
Yes 68 (79.1%) 293 (81.4%) 0.623 0.86 (0.48 – 1.55)
No 18 (20.9%) 67 (18.6%)

Onset
Early-onset 55 (64%) 44 (12.2%) < 0.001* 12.7 (7.41 – 21.90)
Late-onset 31 (36%) 316 (87.8%)

Intra-uterine growth restriction 
Yes 12 (14%) 17 (4.7%) 0.002* 3.27 (1.50 – 7.14)
No 74 (86%) 343 (95.3%)

Mean arterial pressure (mmHg)
<135 59 (68.6%) 300 (83.3%) 0.002* 0.44 (0.26 – 0.75)
≥135 27 (31.4%) 60 (16.7%)

Severity
Mild pre-eclampsiaa 4 (4.7%) 44 (12.2%) < 0.001* 2.00 (1.38 – 2.91)
Severe pre-eclampsia 54 (62.8%) 291 (80.8%)
Superimposed 6 (7%) 9 (2.5%)
HELLP Syndrome 22 (25.6%) 16 (4.4%)

Table 2. Comparison between low and normal APGAR score at 1 minute group based on obstetrical characteristics

*Chi-Square, ap < 0.05 severity of preeclampsia are fused in analyses; HELLP = hemolysis, elevated liver enzyme levels, low 
platelet levels

late preeclampsia (adj usted OR = 0.20; 95% CI = 
0.09 – 0.42), preterm birth (adj usted OR = 0.32; 
95% CI = 0.14 – 0.70), and platelet level (adj usted 
OR = 0.38; 95% CI = 0.17 – 0.86) as independent 
risk factors for having infant with low APGAR 
score at one minute. Using binary logistic, we 
found that mothers with MAP ≥135 (adj usted OR 
= 1.00; 95% CI = 0.51 – 2.0) hematocrit ≥38.95% 
(adj usted OR = 0.75; 95% CI = 0.42 – 1.34) were 
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not at increased risk for having infant born with 
low APGAR score.

We adjusted early onset preeclampsia, preterm 
birth, platelet ≥ 151x103/μL, and IUGR with APGAR 
score at five minutes outcome and found that early 
or late preeclampsia (adj usted OR = 0.205; 95% CI 
= 0.06 – 0.76), preterm birth (adj usted OR = 0478; 
95% CI = 0.10 – 2.22), platelet (adj usted OR = 0.402; 

Variables Low APGAR score n (%) Normal APGAR score n (%) P OR (CI = 95%)
Maternal age

 Low risk 16 (66.7%) 273 (64.6%) 0.837 1.10 (0.46 – 2.62)
 High risk 8 (33.3%) 149 (35.4%)

Week of gestation
 Aterm 4 (16.7%) 264 (62.6%) <0.001* 0.12 (0.04 – 0.36)
 Preterm 20 (83.3%) 158 (37.4%)

Platelet
 ≥ 15 x 103/μL 16 (66.7%) 391 (92.7%) <0.001* 6.31 (2.50 – 15.89)
 < 15 x 103/μL 8 (33.3%) 31 (7.3%)

Anemia
 No 20 (87%) 347 (86.3%) 0.931 0.95 (0.27 – 3.29)
 Yes 3 (13%) 55 (13.7%)

Hematocrit
 ≥38.95 10 (41.7%) 141 (33.4%) 0.406 1.42 (0.62 – 3.29)
 <38.95 14 (58.3%) 281 (66.6%)

Leukocyte
 ≥15 x 103/μL 13 (54.2%) 161 (38.2%) 0.118 0.52 (0.23 – 1.19)
 <15 x 103/μL 11 (45.8%) 261 (61.8%)

Antenatal care (ANC)
 Yes 20 (83.3%) 341 (80.8%) 0.759 1.19 (0.40 – 3.57)
 No 4 (16.7%) 81 (19.2%)

Onset
Early-onset 17 (70.8%) 82 (19.4%) <0.001* 0.10 (0.04 – 0.25)
Late-onset 7 (29.2%) 340 (80.6%)

Intra-uterine growth restriction
Yes 5 (20.8%) 24 (5.7%) 0.003* 4.36 (1.50 – 12.70)
No 19 (79.2%) 398 (94.3%)

Mean arterial pressure
 <135 18 (75%) 341 (80.8%) 0.485 0.71 (0.27 – 1.85)
 ≥135 6 (25%) 81 (19.2%)

Severity
Mild pre-eclampsiaa 0 (%) 48 (11.4%) <0.001* 1.26 (1.06 – 1.51)
Severe pre-eclampsiab 14 (58.3%) 331 (78.4%)
Superimposedc 1 (4.2%) 14 (3.3%)
HELLP syndrome 9 (37.5%) 29 (6.9%)

Table 3. Comparison between low and normal APGAR score at 5 minutes group based on obstetrical characteristics

*Chi-Square, ap <0.05, severity of preeclampsia are combined in analyses (a,b,c); HELLP = hemolysis, elevated liver enzyme levels, 
low platelet levels

95% CI = 0.15 – 1.11), and IUGR (adj usted OR = 
0.05; 95% CI = 0.93 – 1.00) were not significant risk 
factor for infant born with low APGAR score.

DISCUSSION

In women with preeclampsia, we often see that 
there is an insufficient placental circulation. 

Medical Journal of Indonesia



188 Med J Indones, Vol. 24, No. 3
September 2015

The association between abnormal placentation 
and preeclampsia is well known and is thought 
to involve in trophoblast invasion of maternal 
spiral arteries.14 Abnormal placentation results 
in inadequate uteroplacental blood flow that can 
lead to unsuccessful pregnancy outcomes. It is 
well known that low APGAR score most commonly 
results from uteroplacental insufficiency 
which is a later clinical manifestation of poor 
placentation and placental ischemia as may 
caused by preeclampsia. This may lead to the 
high risk of perinatal morbidity and mortality.14 
In women with preeclampsia, we tend to see 
some of abnormality findings in physical and 
laboratory examinations due to the changes of 
blood circulation which is related to severity of 
preeclampsia. The major finding in this study was 
to conclude which covariates increase the risk 
of preeclampsia resulting a low APGAR score in 
neonates. Surprisingly, mean arterial pressure 
(MAP) was not a significant factor for preeclamptic 
women having infant born with low APGAR score 
after adjusting with other significant factors 
(platelet ≥151x109/μL, early onset preeclampsia, 
preterm birth, leucocyte ≥15×103/μL) this result 
is contradictive to Aabidha, et al13 who stated that 
hypertensive disorders of pregnancy increase 
the risk of low APGAR score for infant compared 
to control. Frequent ANC (visit ≥3) was also not 
associated with increased risk for preeclamptic 
mothers having baby with low APGAR score 
which is contradictive to Saito, et al2 study which 
showed that expert obstetric management can 
prevent these problems in most off-springs of 
those women, provided they receive antenatal 
care and give obstetricians time to act. This was 
probably due to lack of management on antenatal 
care that was given to mothers when they were 
pregnant. Although there were several often 

Variable
Low APGAR score 1 minute Low APGAR score 5 minutes

p adjOR 95% CI p adjOR 95% CI
Leukocyte ≥15 x 03/μL <0.001 3.63 1.93 – 6.86 - - -
Early onset preeclampsia <0.001 0.20 0.09 – 0.42 0.17 0.205 0.06 – 0.76
Preterm birth 0.004 0.32 0.14 – 0.70 0.346 0.478 0.10 – 2.22
Platelet ≥15 x 103/μL 0.002 0.38 0.17 – 0.86 0.079 0.402 0.15 – 1.11
Mean arterial pressure  ≥135 mmHg 0.98 1.00 0.51 – 2.00 - - -
Hematocrit ≥38.95% 0.33 0.75 0.42 – 1.34 - - -
Intra-uterine growth restriction 0.25 0.59 0.24 – 1.45 0.05 0.305 0.93 – 1.00

Table 4. Multivariate analysis of low APGAR score (1 minute), low APGAR score (5 minutes) and its risk factors

general concordance between our findings and 
those of others, discrepancies might be explained 
by factors that were neither evaluated nor 
controlled in our study. 

Weeks of gestation is a strong risk factor of adverse 
respiratory outcome that was part of scoring in 
APGAR, it was obviously documented in several 
studies10 which concluded prematurity as an 
independent risk factor for perinatal adverse 
outcomes (OR = 43.9; p = 0.001).10 In this study, 
we found that preterm birth associated with 
increased risk of low APGAR score at one minute 
but not in five minutes. White blood cell counts 
and low APGAR score could possibly be explained 
by fetal inflammatory response syndrome (FIRS) 
because maternal white blood cell count is one 
of the indicators of intrauterine infection and 
development of FIRS. Aabidha, et al13 found 
that white blood cell level of 15,750/mm3 was 
a significant mean level correlated with intra-
amniotic infection. It was shown that the risk 
was three fold higher for having infant born with 
low APGAR score.13 Hematocrit level was found 
statistically significant in increasing risk of infant 
born with low APGAR score by using multivariate 
analyses. Hematocrit was not significant compared 
to other confounding factors (p >0.05). In this study, 
low platelet count was significantly associated 
with one minute low APGAR score in neonates. 
This finding of worsening thrombocytopenia 
may represent inflammatory process that could 
possibly associated in neonatal outcomes, in this 
case, low APGAR score in infant born. Surprisingly, 
after using multivariate analyses, there were no 
significant factors correlated with low APGAR 
score at five minutes of infant born, this may be 
caused by good resuscitation performed by the 
residents who helped survival of the infants. 
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Our study offers several strengths, the high 
number of preeclamptic women allowed us 
to study the association between obstetric 
parameters with neonatal outcome. However, our 
study has also weakness due to its retrospective 
design because it has potential of missing data. 
As we directly reported the data after delivery, 
we attempted to minimize bias. It was managed 
by well-trained obstetric residents on duty and 
rechecked by the consultants.

In conclusion, our study found that some of 
abnormal laboratory findings, severity of 
preeclampsia and preterm birth lead to low 
APGAR score in neonates. Early management 
of preeclampsia is needed to improve the 
survival of neonates born. Patients need to be 
educated in recognizing the warning symptoms 
of preeclampsia before it develops and causes 
complications. 
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ABSTRAK

Karsinoma sel merkel merupakan tumor kulit yang jarang. 
Sejauh ini, hanya sedikit laporan kasus mengenai penyakit ini. 
Kami melaporkan kasus seorang laki-laki berusia 87 tahun 
dengan tumor berbentuk ulkus yang bersifat proliferatif, 
tidak nyeri, berukuran 6x6 cm pada bokong kanan, diketahui 
stadium IIB (TNM, T3cNoMo). Pasien menerima kemoterapi 
neoadjuvan; karboplatin injeksi 420 mg (hari 1) dan etoposide 
140 mg (hari 1-3) setiap tiga minggu sebanyak tiga siklus 
dilanjutkan dengan radioterapi eksternal menggunakan 
Cobalt 60. Tiga bulan setelah terapi, tidak ada sisa maupun 
rekurensi yang dilaporkan. Tujuan laporan kasus ini adalah 
menekankan pada sifat kasus yang jarang, asimtomatik 
sehingga bisa terlambat di diagnosis, serta diagnosis definitif 
untuk tujuan terapi yang terbaik.

ABSTRACT

Merkel cell carcinoma is a rare primary cutaneous tumor. So 
far, few cases have been reported.  Herewith we report a case 
of an 87-years-old male with painless, ulceroproliferative 
growth measuring 6x6 cm, over right upper outer quadrant 
of buttock; stage IIB (TNM, T3cNoMo). Patient received neo-
adjuvant chemotherapy, injection of carboplatin 420 mg 
(day one) and etoposide 140 mg (day one to three) three 
weekly for three cycles followed external beam radiotherapy 
by Cobalt 60. At three months post-treatment follow-up, 
clinically no evidence of residual disease or recurrences 
noted. The purpose of reporting this case was to emphasize 
to its rarity, early asymptomatic clinical course leading to 
possibility of delayed diagnosis and paramount importance 
of high index of clinical suspicion in definitive diagnosis for 
better treatment result.
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Merkel cell carcinoma (MCC) is a rare, 
aggressive cutaneous tumor. Due to its rarity no 
appropriate treatment protocol is made so far. 
Here we report a case treated with neoadjuvant 
chemotherapy followed by radiation therapy 
in an old debilitated patient. At three months 
follow-up, clinically no residual and recurrence 
of disease is noted. 

Merkel cell carcinoma was first described by 
Toker.1 This rare skin tumor is also known 
by various names such as primary small cell 
carcinoma of skin, primary neuroendocrine 
carcinoma of skin, primary undifferentiated 
carcinoma of skin, anaplastic carcinoma of skin, 
trabecular carcinoma of skin, and cutaneous 
amine precursor uptake and decarboxylation 
tumor APUDoma.2 The tumor arises from 
neurocrest derivative merkel cell of epidermis 
situated in the basal layer which contains 
neuro-secretory granules. The early lesion 
is often asymptomatic and may present as 
firm glossy, non-tender, bluish-red or bluish-
purple, rapidly growing nodule at the time of 
presentation.2,3 There are a few reported cases 
of merkel cell carcinoma so far and to the best 
of our knowledge this case report is the first in 
North-East India.

Case Illustration
A 87 year-old male was admitted to hospital with 
complaint of a painless ulcer measuring 6 x 6 cm 
located over skin of right upper outer quadrant 
of buttock.  Unlike decubitous ulcer, the ulcer 
was rapidly proliferative, with reddish thickened, 
everted margin, violaceous hue around the ulcer 
for the last two months. The patient has no history 
of smoking, alcohol consumption, and chewing 
tobacco. On general physical and systemic 
examinations revealed no abnormality. 

All routine investigation such as complete 
haemogram, kidney and liver function test, 
random blood sugar level was within normal 
limit, his chest X-ray, ultrasonography (USG) 
whole abdomen and screening bilateral inguinal 
lymphnodes showed no lymphadenopathy. 
His performance status was 40% (Karnofsky 
scale). In view of clinically suspicious 
malignant ulcer, biopsy was done and 
reported small cell carcinoma with numerous 
mitotic figures and suggesting MCC. Further, 
immunohistochemical status of cytokeratin 

(CK)7 and CK20 were investigated and found 
CK20 positive and CK7 negative. On the basis 
of clinical, imaging, histopathologic and tissue 
immunohistochemistry findings, the case 
was diagnosed as MCC; stage IIB tumor, node, 
metastasis (TNM) staging, T3cNoMo. Patient 
was explained of about different treatment 
modalities with their pros and cons and patient 
opted chemotherapy and radiation therapy. 

Patient received neo-adjuvant chemotherapy 
(NACT) injection carboplatin 420 mg (day one) 
and etoposide 140 mg (day one to three), three 
weekly for three cycles followed conventional 
fractionation external beam radiotherapy giving 
up to a total dose of 60 Gy, 200cGy/fraction over 
six weeks by medial and lateral tangential fields 
with Cobalt 60 machine. One month following 
treatment, there was no residual disease clinically 
and patient was kept under follow-up. He was 
disease-free at his last check-up three months 
after completion of treatment.  

 

 
Figure 1. Ulcero-proliferative growth

Figure 2. Biopsy report showing small round cells with 
numerous mitosis (MMG 40X)
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Figure 3. Immunohistochemical staining showing CK20 positive and CK7 negative

 

 

 

 

DISCUSSION

Merkel cell carcinoma is an uncommon, highly 
malignant neuroendocrine cutaneous tumor 
with overall unfavorable prognosis.4 The tumor 
is generally seen in sun exposed areas such as 
head and neck (50%), extremities (35-40%), and 
upper body but less than 10% cases appear in the 
trunk of fair elderly men.5 A rare site like pharynx, 
an oral or nasal mucosa, vulva, and penile may 
also be involved.6  

Although the exact etiology is not fully 
understood, there are several risk factors that 
contribute to its pathogenesis such as ultraviolet 
(UV) light, sun exposure related skin malignancy, 
and treatment with methoxsalen. Elderly and 
immunocompromised patients prone to develop 
MCC. Polyoma virus is incriminated as one of the 
causative agents.4-8

Clinically MCC may present as a non-tender, 
firm, painless nodule, sometimes with ulcerated 
skin lesion with a reddish or violaceous hue 
less than 2 cm at presentation.8-10 Because 
of the low incidence rate and asymptomatic 
in its early clinical course, diagnosis is often 
delayed, or even missed.  Around 70-80% of 
MCC present as localized disease, 9-26% as 
invasion of regional lymph nodes and 1-4% 
extra-nodal distant metastasis. Histologically, 
MCC looks small round blue cells, with scanty 
cytoplasm, hyperchromatic nuclei, multiple 
nucleoli, delicately granular chromatin, 
abundant mitoses, and numerous apoptotic 
figures.5

Diagnosis of MCC is usually confirmed by clinical, 
histopathologic, and immunohistochemistry 

reports of the tissue biopsy. The differential 
diagnosis to be made between MCC from other 
tumors is small cell lung cancer, cutaneous 
lymphoma, amelanotic melanoma, and other 
primitive neuroendocrine tumor (PNET) 
category.11 MCC is CK20 positive and expressed 
characteristic paranuclear dot pattern. MCC 
is neuron specific enolase positive, S-100 
(soluble-100, protein) weak positive and stain for 
cluster of differentiation CD117.

4 

Merkel cell carcinoma is a rapidly growing tumor. 
Nearly one-third of patients die within three 
years from the time of diagnosis.12 Unfavorable 
prognostic factors include male gender, age 
more than 65 years with co-morbid diseases, 
distant metastatic disease, tumor of head and 
neck region, tumor size more than 2 cm in 
diameter, tumor with more than 10 mitoses per 
high-power field, evidence of vascular invasion, 
absence of an inflammatory reaction, and high 
expression of  Kiel (Ki)-67 (proliferation index 
marker).4,13 Lymph node involvement decreases 
survival from 88% to 50% and it shows within 
two years in 50% to 70% of all patients. MCC is 
a rapidly progressive fatal disease. Considering 
the high local recurrence 27-60%, regional 
involvement 45-91% or distant metastasis 
18%-52% patients should be closely followed 
up after definitive treatment.5, 14

The rareness of the disease and the lack of 
prospective clinical studies evaluating the 
efficacy of therapeutic options, caused limited set 
of treatment guidelines.5

Surgery is the mainstay of treatment and remains 
the gold standard for localized disease. Surgery 
alone has very high local recurrence rates for 
this disease.12,13 Wide surgical resection taking 
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3 cm margin and 2.5 cm dept is sufficient, but 
some authors advocate less than 2-3 cm in case 
of 1.5-2 cm tumor without high local recurrence. 
An alternative to wide local resection is Mohs 
micrographic surgery.15

    
Surgical dissection of all lymph nodes is 
controversial, many authors advocate complete 
lymph node dissection in case of positive lymph 
node at presentation.5 One study recommended 
prophylactic lymphadenectomy only if the 
lesion is more than six weeks and tumor more 
than 1.5 cm in size prior to seeking medical 
advice and sentinel lymph node biopsy in case 
of negative node.16 On the contrary, prophylactic 
lymphadenectomy is neither recommended as 
a standard management scheme nor in sentinel 
lymph node (SLN)-negative biopsies; however, 
it is recommended in MCC with increased 
risk of potential recurrence and aggressive 
metastasis.17

Merkel cell carcinoma is predominantly a radio-
sensitive malignancy. Surgery alone has very 
high local recurrence rates for this disease. Post-
operative radiotherapy increases survival than 
surgery alone. Radiotherapy plays an important 
role in case of large primary tumor or un-
attainable free surgical margin due to cosmetic 
or surgical difficulties and increases overall 
survival.12,13,18

In case of metastatic disease, treatment 
option consists of palliative radiotherapy and 
chemotherapy. MCC is also a chemo-sensitive 
tumor. Tumur regression and remission rates 
can be as high as 70% with chemotherapy, 
however without significant prolonged survival 
benefit.11 Multiple agents have been used 
with different response rates.14 Those include 
cyclophosphamide, doxorubicin, etoposide, cis-
platin, vincristine, methotrexate, fluorouracil 
(FU), carboplatin, etc.5,12 Biologic agents like 
anti-tumor necrosis factor and imatinib mesylate 
promises better result on local or systemic 
control of MCC.6 Radiotherapy can be used in 
case of cutaneous deposits or bone and brain 
metastasis.5

In conclusion, MCC is a very rare skin cancer. The 
incidence of MCC may be increasing in future in 
modern society due to increase life span. Thus, 
there is paramount importance of awareness 

among clinicians about the possibility of 
MCC in elderly patients. There is high need 
for routine skin biopsy for any painless, non-
tender, proliferative, with reddish thickening 
margin, violaceous hue around the ulcer, and 
rapidly growing skin nodule to rule out MCC 
prior to any treatment is being suggested in 
this disease.
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