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ABSTRACT

Introduction: This article aims to determine the role of plasma fibrinogen level as a prognostic factor for hepatocellular carcinoma patients. 
Method: A structured literature review will be conducted through PubMed, Google Scholar, and ScienceDirect, according to the selected clinical 
questions. Literature selection was based on inclusion and exclusion criteria. The three selected literature were then critically appraised using 
criteria that included validity, importance, and applicability. Discussion: The three kinds of literature in this article all state that high plasma 
fibrinogen levels correlate with poor overall survival in hepatocellular carcinoma patients. Conclusion: Plasma fibrinogen levels may act as a 
prognostic factor for overall survival in hepatocellular carcinoma patients.
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ABSTRAK

Pendahuluan: Artikel ini bertujuan untuk mengetahui peran kadar fibrinogen plasma sebagai salah satu faktor prognostik penderita karsinoma 
hepatoseluler. Metode: Pencarian literatur terstruktur melalui PubMed, Google Scholar, dan ScienceDirect sesuai pertanyaan klinis. Pemilihan 
artikel berdasarkan kriteria inklusi dan eksklusi. Tiga literatur yang terpilih menjalani penilaian kritis berdasarkan kriteria validitas, importance, 
dan applicability. Pembahasan: Tiga literatur yang ditelaah menyatakan bahwa kadar fibrinogen plasma tinggi berkorelasi dengan buruknya 
overall survival penderita karsinoma hepatoseluler. Simpulan: Kadar fibrinogen plasma dapat berperan sebagai faktor prognostik overall survival 
penderita karsinoma hepatoseluler. Abdul Jafar Sidik, Wandy Ridayanto. Kadar Plasma Fibrinogen sebagai Faktor Prognostik Karsinoma 
Hepatoseluler.

Kata Kunci: Fibrinogen, karsinoma hepatoseluler, prognosis.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the 
most common malignancies in the world. 
Globally, the incidence reaches one million 
cases, with a male-to-female patient ratio of 
4:1. HCC generally affects patients aged 50-60 
years. New incidences of HCC are almost the 
same as the mortality rate, which indicates 
high mortality once patients are diagnosed. 
HCC can present with abdominal pain, 
anemia, weight loss, weakness, cold sweat, 
itching, gastrointestinal bleeding, jaundice, 
etc. The risks of HCC include hepatitis B 
infection, hepatitis C infection, alcoholic 
cirrhosis, non-alcoholic steatohepatitis, alpha-
antitrypsin deficiency, obstructive cirrhosis, 
and autoimmune hepatitis.1

Similar to malignancies in general, HCC 
arises due to activation of cellular oncogene 

pathways accompanied by a decrease in 
tumor suppressor pathways. Chronic liver 
damage from viruses, alcohol, metabolism, or 
autoimmune causes repeated cycles of liver 
cell death, accompanied by regeneration and 
repair. The cycle causes a progressive decrease 
in telomere area on chromosomes which 
causes genetic instability. This situation causes 
cells to become susceptible to mutations 
and epigenetic changes, resulting in a cancer 
phenotype in the form of uncontrolled 
proliferation, resistance to apoptosis, cellular 
invasion, and activation of angiogenesis.2

Approximately 80%-90% of HCC occur in 
liver cirrhosis, so early diagnosis of HCC 
can be achieved by monitoring cirrhotic 
patients with ultrasound. The diagnostic 
modality that can be used to diagnose HCC 
is radiology with contrast to obtain a washout 

image.2 Patients diagnosed with HCC can be 
planned for hepatectomy (resection), local 
ablation (thermal, radio-frequency ablation, 
or microwave ablation), liver transplantation, 
radiation, or chemotherapy.1

Cancer in general can cause a prothrombotic 
state or a hypercoagulable state. This can 
occur due to disruption of the coagulation 
and fibrinolytic systems, which can be related 
to long-term prognosis and treatment. The 
hypercoagulable state indicates the activation 
of hemostasis components. Tumor cells can 
activate the coagulation cascade through 
the production of coagulation factors or by 
stimulating prothrombotic components such 
as fibrinogen.3

Fibrinogen is a glycoprotein synthesized by 
hepatocytes and is an important protein in the 
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ABSTRACT

Background: Syphilis infection during pregnancy can cause congenital syphilis. Syphilis in pregnant women is treated with penicillin to prevent 
fetal infection and congenital syphilis. A systematic literature review is conducted to determine the efficacy of penicillin G by reviewing outcome 
parameters. Methods: A systematic literature review following the preferred reporting items for systematic reviews and meta-analysis (PRISMA) 
guidelines. Results: Through searches on PubMed, Science Direct, and Cochrane using keywords ‘Antibiotics’, ‘Pregnancy’, ‘Syphilis’, and ‘Treatment’, 
230 articles were found. Twenty-five articles were duplicates, 135 articles did not meet the inclusion criteria, 75 articles were literature reviews, 
and 58 articles were not related to pregnant women, resulting in 6 journals that met the inclusion criteria. Conclusion: Penicillin G benzathine is 
the most common antibiotic used to treat syphilis in pregnancy. A total of 1,190 cases (26.26%) of congenital syphilis were found among 4,531 
pregnant women infected with syphilis and receiving penicillin G benzathine therapy. The incidence of congenital syphilis was 2.4% in pregnant 
women who received therapy since the first trimester. The incidence of congenital syphilis increased 12 times if therapy was given in the second 
trimester and 33 times if given in the third trimester.

Keywords: Congenital syphilis, penicillin G, syphilis infection during pregnancy, syphilis treatment.

ABSTRAK

Latar belakang: Infeksi sifilis pada kehamilan dapat menyebabkan sifilis kongenital. Terapi penicillin bertujuan untuk mengatasi infeksi sifilis pada 
ibu hamil, agar janin tidak tertular dan tidak terjadi sifilis kongenital. Dilakukan tinjauan literatur sistematis untuk mengetahui khasiat penicillin 
G dengan meninjau parameter hasil. Metode: Tinjauan literatur sistematis mengikuti pedoman preferred reporting items for systematic reviews 
and meta-analysis (PRISMA). Hasil: Melalui pencarian data di PubMed, Science Direct, dan Cochrane menggunakan kata kunci ‘Antibiotik’ ‘Hamil’ 
‘Kehamilan’ ‘Sifilis’ dan ‘Tata laksana’, didapatkan 230 artikel. Saat seleksi, terdapat 25 artikel duplikat, 135 artikel tidak memenuhi kriteria inklusi, 
tinjauan literatur 75 artikel, populasi bukan wanita hamil 58 artikel, sehingga didapatkan 6 jurnal yang memenuhi kriteria iklusi. Simpulan: 
Penicillin G benzathine adalah antibiotik yang paling umum digunakan untuk mengobati sifilis pada kehamilan. Sebanyak 1.190 kasus (26,26%) 
sifilis kongenital ditemukan di antara 4.531 wanita hamil yang terinfeksi sifilis dan menerima terapi penicillin G benzathine. Insiden sifilis kongenital 
didapatkan 2,4% pada ibu hamil yang mendapat terapi sejak trimester pertama. Kejadian sifilis kongenital meningkat 12 kali jika terapi diberikan 
pada trimester kedua dan 33 kali jika diberikan pada trimester ketiga. Tigor Peniel Simanjuntak, Joshua Nathaniel Kuncoro. Luaran Janin pada 
Kehamilam Terinfeksi Si�lis yang Diterapi dengan Penicillin G: Tinjauan Sistematik.

Kata Kunci: Kongenital sifilis, penicillin G, infeksi sifilis pada kehamilan, tata laksana sifilis.

INTRODUCTION
Congenital syphilis occurs when an untreated 
pregnant woman passes the infection to her 
unborn child, resulting in a significant global 
burden with approximately 6 million new 
cases annually.1 In the United States, there 
was a notable 261% increase of congenital 
syphilis cases from 2013 to 2018.2 Pregnant 
women have particular risks for syphilis 
transmission, including factors such as 
young age, unprotected sexual activity with 
multiple partners, low socioeconomic and 

educational status, substance abuse, and 
a history of previous sexually transmitted 
infections (STIs).3 Syphilis is caused by 
Treponema pallidum and transmitted through 
sexual contact, creates a high risk to pregnant 
women. A not-appropriately-treated syphilis 
in pregnant woman has an up to 80% chance 
of transmitting the infection to the fetus.4 T. 
pallidum can easily pass through the placenta, 
leading to fetal infection at any stage of 
pregnancy and causing congenital syphilis. 
The effects of congenital syphilis vary based 

on gestational age, the stage of maternal 
syphilis, and the effectiveness of treatment. 
Infants infected with congenital syphilis may 
experience severe complications such as 
cerebral palsy, hydrocephalus, sensorineural 
hearing loss, and musculoskeletal 
deformities.4,5

Combination of syphilis testing with timely 
penicillin treatment for Treponema pallidum-
infected pregnant women have demonstrated 
efficacy in decreasing negative pregnancy 
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
 Fleksibel dan nyaman untuk perawatan 
darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
kemasan

Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering
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coagulation pathway, which involves platelet 
aggregation, plug formation, and wound 
healing and plays a role in the final stages of 
the coagulation cascade.4 In this article, the 
authors examine the potential of fibrinogen 
as a prognostic factor in hepatocellular 
carcinoma patients.

Method
A literature search was conducted on 17 May 
2024 on three online scientific databases, 
PubMed, Google Scholar, and Science 
Direct. The keywords used in this search are 
“hepatocellular carcinoma”, “fibrinogen”, and 
“prognosis”. The inclusion criteria used in this 
literature were cohort research and studies 
within ten years. The exclusion criteria are 
research that uses animal subjects.

Literature was identified in an electronic 
database search. Literature screening was 
based on the suitability of the title and abstract 
and eliminating all duplicate literatures. 
Nine literatures passed the screening, five 
from PubMed, three from Google Scholar, 
and one from Science Direct. Four screened 
literature are purchased versions; they could 
not be opened in full text. The final five full-
text literatures were read for critical appraisal 
and eligibility. The flowchart of the literature 
selection can be seen in Scheme .

The literature was critically appraised in terms 
of validity, importance, and applicability, 
based on the Centre for Evidence-Based 
Medicine (CEBM), the University of Oxford 
2010 guidance.5

Based on the results of this critical appraisal, 
three pieces of literature are valid, clinically 
important, and can be applied to patients 
with a diagnosis of HCC. These three kinds of 
literature analyze the relationship between 
plasma fibrinogen and the outcome in the 
form of overall survival, and the authors took 
data in the form of HR/hazard ratio.   

Discussion
Several studies have recently found a 
relationship between hypercoagulation and 
the stage of cancer. Fibrinogen is a 340-kDa 
glycoprotein that is synthesized by the liver 
and converted into fibrin by active thrombin.6 
Fibrinogen is known to be associated with 
tumor stage and poor prognosis in several 
types of cancer, such as lung cancer,7 breast 

cancer,8 gastric cancer,9 and biliary tract 
cancer.10

Hepatocellular carcinoma (HCC) is one of 
the cancers with the highest prevalence in 
the world.11 Patients with HCC have a life 
expectancy of 6-20 years. HCC is the third 
largest cause of mortality.12 Several prognostic 
factors available in HCC include the presence 
of portal vein thrombosis, advanced cirrhosis, 
and the Child-Pugh score.13 In this article, 
plasma fibrinogen levels are examined in 
relation to patient prognosis in the form of 
mortality through three kinds of literature 
selected through a structured literature 
search.

The first literature by Kinoshita, et al, presented 
data regarding a retrospective cohort study 
of 113 HCC patients. The sample was patients 
diagnosed with HCC at Jikei University 
Daisan Hospital with the exclusion criteria of 
incomplete data, infectious conditions, and 
thromboembolic disease. This study sought 
the relationship between plasma fibrinogen 
levels, clinicopathological parameters, and 
overall survival. In this study, the mean plasma 
fibrinogen in HCC patients was 279 mg/
dL. An increase in plasma fibrinogen levels 
is associated with increasing tumor size, 

tumor vascular invasion, and an increase in 
the Cancer of the Liver Italian Program (CLIP) 
score. The CLIP score is a prognostic system 
for HCC that describes both liver function 
and tumor characteristics and is calculated 
by assigning a score (0, 1, or 2) to each of four 
clinical factors: a) Child-Pugh stage; b) number 
of tumor nodules and whether the tumor 
extends through ≤ 50% or > 50% of the liver; c) 
AFP level; and d) portal vein thrombosis.2 This 
study also showed that plasma fibrinogen was 
associated with overall survival with a hazard 
ratio of 1.236 (p=0.046, CI 95%).6

The second literature by Liu, et al, was a 
retrospective cohort study on 252 samples; 192 
were diagnosed with HCC. The characteristics 
of the subjects in this study were patients 
with HCC who were diagnosed histologically 
with exclusion criteria of a history of arterial 
thromboembolism in the last 3 months, 
continuous use of anticoagulants, a history 
of stroke/thrombosis in the last 6 months, or 
a history of congenital coagulation disorders. 
This study analyzed the prognostic value and 
clinical involvement of plasma fibrinogen 
levels in HCC patients. The mean plasma 
fibrinogen in this study was 307 mg/dL. This 
study shows that increased fibrinogen is 
associated with tumor size and stage. Elevated 

Scheme. Flowchart of literature selection.
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outcomes. This intervention has also been 
deemed highly cost-efficient, even in regions 
with moderate or low rates of syphilis 
among expectant mothers.6 According to 
WHO guidelines, the recommended first-
line treatment is penicillin G benzathine at a 
dosage of 2.4 million units.7,8

Insufficient treatment and treatment 
commenced late in pregnancy continued 
to pose risks for stillbirth, preterm birth, low 
birth weight, and neonatal congenital syphilis. 
Each week of delayed treatment is correlated 
with a 2.82-fold rise in the likelihood of 
adverse pregnancy outcomes.9 In cases of 
penicillin allergy, the recommended approach 
is penicillin desensitization, followed by 
treatment with penicillin G benzathine. As 
an alternative therapy, WHO recommends 
procaine penicillin at 1.2 million units or 
erythromycin at 500 mg four times a day.10,11 
Penicillin is the current first line of syphilis 
treatment.12 This systematic review is on the 
side effects and the incidence of congenital 
syphilis after penicillin G treatment in 
pregnant women.

Search Strategy
The process described outlines a systematic 
approach to conducting a literature review 
on the topic of Fetal Outcome in Pregnancy 
Infected Syphilis Treated with Penicillin 
G, using three electronic search engines: 
PubMed, Science Direct, and Cochrane. The 
search strategy involved using a combination 
of keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis.” These 
keywords were combined in different strings 
depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Search Strategy
A literature review was conducted on 
three electronic search engines: PubMed, 
Science Direct, and Cochrane. The search 
strategy involved using a combination of 
keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis”. These 
keywords were combined in different strings 

depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Study Selection
Articles were identified using “Antibiotic”, 
“Pregnancy”, “Congenital Syphilis”, “Syphilis”, 
“Treatment” as keywords on three electronic 
search engine; PubMed, Science Direct, and 
Cochrane.

The study selection process follows the criteria 
for inclusion and exclusion. The inclusion 
criteria were observational study, including 
case reports, case control studies, case series, 
and both prospective and retrospective 
cohort studies describing the type of 
antibiotic, dosage, and duration of treatment 
in pregnant women with syphilis, the time 
of diagnosis and the fetal outcome. Editorial 
articles, reviews, correspondences, and 
clinical opinions were excluded; dissertations, 
management guidelines, and in vitro studies 
were also excluded. Studies involving animal 
subjects were not considered for inclusion. 

Duplicates were removed using Zotero 
software.

Retrieved articles underwent initial screening 
based on their titles and abstracts to assess 
their relevance to the inclusion and exclusion 
criteria. The screening process was conducted 
by an investigator and supervised by a second 
investigator to ensure consistency and 
accuracy. Selected articles underwent a full-
text assessment to confirm their suitability 
for this study; the same investigators who 
conducted the initial screening also performed 
the assessment of full texts and extraction of 
outcome and independent variables.

Data Extraction
An ad hoc electronic form of a Remote 
Desktop Protocol (RDP) file was prepared to 
collect qualitative variables from selected 
articles related to antibiotic treatment for 
pregnant women with syphilis. Since the data 
were retrieved from the results sections of the 
articles and did not involve direct interaction 
with human participants, local ethical approval 
is not necessary. The following variables 
related to the study were collected: 1) The 
first author; 2) Publication date; 3) The age of 
the mother; 4) Gestational age; 5) Severity of 

Scheme. Algorithm of summarizing literature articles and selection process for reviewing of 
antibiotics therapy for pregnant women with syphilis infection.
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
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darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
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Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering
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fibrinogen was also associated with systemic 
inflammation, increased tumor recurrence 
within 3 years, and decreased survival rate 
with a hazard ratio of 5.19 (p=0.001, CI 95%).14

The third literature by Zhang, et al, was a 
retrospective cohort study of 308 HCC patients. 
Subjects were patients diagnosed with 
HCC at the Hospital of Chongqing Medical 
University who were ≥18 years old, had 
complete follow-up, had plasma fibrinogen 
data at diagnosis, and were not diagnosed 
with cholangiohepatic carcinoma or liver 
metastases. The mean plasma fibrinogen in 
this study was 343 mg/dL. It was found that 
increased fibrinogen was associated with 
advanced-stage HCC, portal vein invasion, 
and increased tumor size. Increased plasma 
fibrinogen was also associated with overall 
survival with a hazard ratio of 1.61 (P=0.001, 
CI 95%).15

These three kinds of literature state that 
increased fibrinogen is associated with 
clinicopathological parameters and overall 
survival of HCC patients with statistically 
significant results. These three literatures are 

also in line with research on other cancers 
such as lung, breast, gastric, and biliary tract 
cancers, where high fibrinogen levels are 
associated with the patient’s tumor stage and 
poor prognosis.16

Fibrinogen is a multifunctional protein that 
influences various cellular processes during 
tumorigenesis and metastasis. Fibrinogen is 
one of the extracellular matrix components 
that is often found and is associated with 
tumor cells. Fibrinogen produces proliferative 
signals to support the binding of growth 
factors such as FGF-2 (fibroblast growth 
factor-2) and VEGF (vascular endothelial 
growth factor). The binding of these growth 
factors causes the promotion of cellular 
adhesion, proliferation, and migration during 
angiogenesis and tumor cell growth.17,18 In 
addition, fibrinogen deposition around the 
tumor can increase the interaction between 
tumor cells and platelets, which then form 
thrombin. The fibrinogen layer also protects 
tumor cells against the cytotoxicity of natural 
killer cells with thrombin.19 Inflammatory 
proteins such as interleukin-6 and C-reactive 
protein (CRP) also increase fibrinogen 

secretion. Elevated interleukin-6 and CRP in 
serum are also associated with malnutrition 
and poor performance.16

Conclusion
Cancer is generally associated with the 
patient’s hypercoagulable state which is a 
higher plasma fibrinogen level. Based on the 
review, increasing plasma fibrinogen levels are 
correlated with increasing tumor size, tumor 
stage, presence of tumor vascular invasion, 
and recurrence of tumor; all affect the overall 
survival in hepatocellular carcinoma patients. 
Therefore, plasma fibrinogen level may act 
as a prognostic factor for overall survival in 
hepatocellular carcinoma patients.

Suggestion
The author recommends that plasma 
fibrinogen level examination be performed 
in hepatocellular carcinoma patients. This is 
useful for determining how aggressive the 
management will be applied. A meta-analysis 
is suggested to obtain a pooled harm ratio for 
increasing fibrinogen levels.
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Table. Characteristics of studies and results.

No Author Sample Methodology Fibrinogen Predictive Factors Statistic 
Results

1 Kinoshita, et al, 2013.6 113 HCC Retrospective cohort Mean
279 mg/dL

Tumor size
Vascular invasion
Liver cancer score
Overall survival

HR=1.236
p=0.046
CI 95%

2 Liu, et al, 2017.14 252 (192 HCC) Retrospective cohort Mean
307 mg/dL

Tumor size and stage
Systemic inflammation
Recurrence within 3 years
Survival rate

HR=5.19
p=0.001
CI 95%

3 Zhang, et al, 2017.15 308 HCC Retrospective cohort Mean
343 mg/dL

Tumor size and stage
Portal vein invasion
Overall survival

HR=1.61
p=0.001
CI 95%
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ABSTRACT

Background: Syphilis infection during pregnancy can cause congenital syphilis. Syphilis in pregnant women is treated with penicillin to prevent 
fetal infection and congenital syphilis. A systematic literature review is conducted to determine the efficacy of penicillin G by reviewing outcome 
parameters. Methods: A systematic literature review following the preferred reporting items for systematic reviews and meta-analysis (PRISMA) 
guidelines. Results: Through searches on PubMed, Science Direct, and Cochrane using keywords ‘Antibiotics’, ‘Pregnancy’, ‘Syphilis’, and ‘Treatment’, 
230 articles were found. Twenty-five articles were duplicates, 135 articles did not meet the inclusion criteria, 75 articles were literature reviews, 
and 58 articles were not related to pregnant women, resulting in 6 journals that met the inclusion criteria. Conclusion: Penicillin G benzathine is 
the most common antibiotic used to treat syphilis in pregnancy. A total of 1,190 cases (26.26%) of congenital syphilis were found among 4,531 
pregnant women infected with syphilis and receiving penicillin G benzathine therapy. The incidence of congenital syphilis was 2.4% in pregnant 
women who received therapy since the first trimester. The incidence of congenital syphilis increased 12 times if therapy was given in the second 
trimester and 33 times if given in the third trimester.

Keywords: Congenital syphilis, penicillin G, syphilis infection during pregnancy, syphilis treatment.

ABSTRAK

Latar belakang: Infeksi sifilis pada kehamilan dapat menyebabkan sifilis kongenital. Terapi penicillin bertujuan untuk mengatasi infeksi sifilis pada 
ibu hamil, agar janin tidak tertular dan tidak terjadi sifilis kongenital. Dilakukan tinjauan literatur sistematis untuk mengetahui khasiat penicillin 
G dengan meninjau parameter hasil. Metode: Tinjauan literatur sistematis mengikuti pedoman preferred reporting items for systematic reviews 
and meta-analysis (PRISMA). Hasil: Melalui pencarian data di PubMed, Science Direct, dan Cochrane menggunakan kata kunci ‘Antibiotik’ ‘Hamil’ 
‘Kehamilan’ ‘Sifilis’ dan ‘Tata laksana’, didapatkan 230 artikel. Saat seleksi, terdapat 25 artikel duplikat, 135 artikel tidak memenuhi kriteria inklusi, 
tinjauan literatur 75 artikel, populasi bukan wanita hamil 58 artikel, sehingga didapatkan 6 jurnal yang memenuhi kriteria iklusi. Simpulan: 
Penicillin G benzathine adalah antibiotik yang paling umum digunakan untuk mengobati sifilis pada kehamilan. Sebanyak 1.190 kasus (26,26%) 
sifilis kongenital ditemukan di antara 4.531 wanita hamil yang terinfeksi sifilis dan menerima terapi penicillin G benzathine. Insiden sifilis kongenital 
didapatkan 2,4% pada ibu hamil yang mendapat terapi sejak trimester pertama. Kejadian sifilis kongenital meningkat 12 kali jika terapi diberikan 
pada trimester kedua dan 33 kali jika diberikan pada trimester ketiga. Tigor Peniel Simanjuntak, Joshua Nathaniel Kuncoro. Luaran Janin pada 
Kehamilam Terinfeksi Si�lis yang Diterapi dengan Penicillin G: Tinjauan Sistematik.

Kata Kunci: Kongenital sifilis, penicillin G, infeksi sifilis pada kehamilan, tata laksana sifilis.

INTRODUCTION
Congenital syphilis occurs when an untreated 
pregnant woman passes the infection to her 
unborn child, resulting in a significant global 
burden with approximately 6 million new 
cases annually.1 In the United States, there 
was a notable 261% increase of congenital 
syphilis cases from 2013 to 2018.2 Pregnant 
women have particular risks for syphilis 
transmission, including factors such as 
young age, unprotected sexual activity with 
multiple partners, low socioeconomic and 

educational status, substance abuse, and 
a history of previous sexually transmitted 
infections (STIs).3 Syphilis is caused by 
Treponema pallidum and transmitted through 
sexual contact, creates a high risk to pregnant 
women. A not-appropriately-treated syphilis 
in pregnant woman has an up to 80% chance 
of transmitting the infection to the fetus.4 T. 
pallidum can easily pass through the placenta, 
leading to fetal infection at any stage of 
pregnancy and causing congenital syphilis. 
The effects of congenital syphilis vary based 

on gestational age, the stage of maternal 
syphilis, and the effectiveness of treatment. 
Infants infected with congenital syphilis may 
experience severe complications such as 
cerebral palsy, hydrocephalus, sensorineural 
hearing loss, and musculoskeletal 
deformities.4,5

Combination of syphilis testing with timely 
penicillin treatment for Treponema pallidum-
infected pregnant women have demonstrated 
efficacy in decreasing negative pregnancy 
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
 Fleksibel dan nyaman untuk perawatan 
darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
kemasan

Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering
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outcomes. This intervention has also been 
deemed highly cost-efficient, even in regions 
with moderate or low rates of syphilis 
among expectant mothers.6 According to 
WHO guidelines, the recommended first-
line treatment is penicillin G benzathine at a 
dosage of 2.4 million units.7,8

Insufficient treatment and treatment 
commenced late in pregnancy continued 
to pose risks for stillbirth, preterm birth, low 
birth weight, and neonatal congenital syphilis. 
Each week of delayed treatment is correlated 
with a 2.82-fold rise in the likelihood of 
adverse pregnancy outcomes.9 In cases of 
penicillin allergy, the recommended approach 
is penicillin desensitization, followed by 
treatment with penicillin G benzathine. As 
an alternative therapy, WHO recommends 
procaine penicillin at 1.2 million units or 
erythromycin at 500 mg four times a day.10,11 
Penicillin is the current first line of syphilis 
treatment.12 This systematic review is on the 
side effects and the incidence of congenital 
syphilis after penicillin G treatment in 
pregnant women.

Search Strategy
The process described outlines a systematic 
approach to conducting a literature review 
on the topic of Fetal Outcome in Pregnancy 
Infected Syphilis Treated with Penicillin 
G, using three electronic search engines: 
PubMed, Science Direct, and Cochrane. The 
search strategy involved using a combination 
of keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis.” These 
keywords were combined in different strings 
depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Search Strategy
A literature review was conducted on 
three electronic search engines: PubMed, 
Science Direct, and Cochrane. The search 
strategy involved using a combination of 
keywords related to the topic of interest, 
including “Antibiotic”, “Treatment”, “Congenital 
Syphilis”, “Pregnancy”, and “Syphilis”. These 
keywords were combined in different strings 

depending on the specific requirements of 
each electronic database. The search was 
limited to manuscripts written in the English 
language, and articles with unavailable full-
text or irrelevant topics were omitted. This 
helps ensure that only relevant and accessible 
literature is included in the review.

Study Selection
Articles were identified using “Antibiotic”, 
“Pregnancy”, “Congenital Syphilis”, “Syphilis”, 
“Treatment” as keywords on three electronic 
search engine; PubMed, Science Direct, and 
Cochrane.

The study selection process follows the criteria 
for inclusion and exclusion. The inclusion 
criteria were observational study, including 
case reports, case control studies, case series, 
and both prospective and retrospective 
cohort studies describing the type of 
antibiotic, dosage, and duration of treatment 
in pregnant women with syphilis, the time 
of diagnosis and the fetal outcome. Editorial 
articles, reviews, correspondences, and 
clinical opinions were excluded; dissertations, 
management guidelines, and in vitro studies 
were also excluded. Studies involving animal 
subjects were not considered for inclusion. 

Duplicates were removed using Zotero 
software.

Retrieved articles underwent initial screening 
based on their titles and abstracts to assess 
their relevance to the inclusion and exclusion 
criteria. The screening process was conducted 
by an investigator and supervised by a second 
investigator to ensure consistency and 
accuracy. Selected articles underwent a full-
text assessment to confirm their suitability 
for this study; the same investigators who 
conducted the initial screening also performed 
the assessment of full texts and extraction of 
outcome and independent variables.

Data Extraction
An ad hoc electronic form of a Remote 
Desktop Protocol (RDP) file was prepared to 
collect qualitative variables from selected 
articles related to antibiotic treatment for 
pregnant women with syphilis. Since the data 
were retrieved from the results sections of the 
articles and did not involve direct interaction 
with human participants, local ethical approval 
is not necessary. The following variables 
related to the study were collected: 1) The 
first author; 2) Publication date; 3) The age of 
the mother; 4) Gestational age; 5) Severity of 

Scheme. Algorithm of summarizing literature articles and selection process for reviewing of 
antibiotics therapy for pregnant women with syphilis infection.
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 Dapat digunakan untuk memberikan 
kombinasi obat dengan dosis besar
 Fleksibel dan nyaman untuk perawatan 
darurat sebelum ke rumah sakit dan setelah 
dari rumah sakit
 Cocok untuk semua usia, termasuk anak-
anak, lanjut usia, pasien dengan ventilasi 
mekanik, dengan gangguan kognitif, atau 
tidak dapat menggunakan perangkat inhalasi 
lainnya

PRINSIP DASAR TERAPI NEBULISASI DALAM 
PERAWATAN KEDARURATAN.4

Meskipun efektif, terapi nebulisasi hanya dapat 
diberikan jika keselamatan pasien sudah 
dipastikan terlebih dahulu. Jika pasien dalam 
keadaan atau menunjukkan tanda tidak sadar 
atau koma, atau stupor dengan pernapasan 
dangkal, tidak ada denyut aorta, henti napas, 
atau pernapasannya abnormal, sianosis, 
refleks sensasi nyeri buruk atau kurang, refleks 
muntah atau refleks batuk kurang, tanda-tanda 
vitalnya harus distabilkan terlebih dahulu 
dengan tindakan life support seperti resusitasi 
kardiopulmoner, intubasi endotrakeal, dan 
ventilasi mekanis. Terapi nebulisasi dapat 
dipertimbangkan setelah tanda-tanda vital 
distabilkan; namun, jika dianggap perlu, dapat 
diberikan bersamaan dengan stabilisasi tanda-
tanda vital. Efikasi dan efek samping harus 
dievaluasi dan diobati segera selama dan setelah 
terapi nebulisasi, dan protokol terapi juga harus 
disesuaikan.

Faktor-faktor yang mempengaruhi efisiensi 
nebulisasi:4

 Partikel Nebulisasi yang Efektif 
Partikel nebulisasi yang efektif mengacu pada 
partikel nebulisasi dengan nilai terapeutik, yaitu 
yang dapat dideposit di saluran pernapasan 
dan paru; biasanya partikel dengan diameter 
3,0-5,0 μm. Partikel dengan diameter 5-10 μm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
μm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 μm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 μm 
diekskresikan bersama dengan embusan napas.
 Volume Keluaran per Satuan Waktu dari  
Nebulizer
Keluaran volume yang lebih tinggi dikorelasikan 
dengan inhalasi dan dosis yang lebih tinggi 
serta efikasi terapi yang lebih kuat. Namun, dosis 
yang lebih tinggi dalam waktu singkat juga 
meningkatkan risiko efek samping, sehingga 

diperlukan penilaian yang komprehensif.
 Ukuran dan Bentuk Partikel Obat
Ukuran dan bentuk partikel obat juga dapat 
memengaruhi bentuk aerosol obat yang 
dihasilkan. Sebagai contoh, suspensi budesonide 
memiliki partikel berbentuk bulat kecil dengan 
diameter 2,0-3,0 μm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 μm. 
Studi in vitro menggunakan berbagai merek 
nebulizer menunjukkan bahwa keluaran aerosol 
efektif budesonide lebih tinggi dibandingkan 
beclomethasone.

Tabel 1. Perbedaan nebulizer dengan inhaler.5,6

Karakteristik Nebulizer Inhaler (DPI dan MDI)

Ketersediaan Obat dan alat dijual terpisah Obat dan alat dijual dalam satu 
kemasan

Keakuratan penghantaran obat 
untuk penggunaan optimal

Sedang Baik

Lamanya inhalasi Lama (beberapa menit) Singkat (beberapa detik)

Kebutuhan pemeliharaan alat 
secara khusus

Setiap setelah digunakan Tidak perlu

Berat alat Bervariasi, lebih berat dibanding 
inhaler

Ringan (beberapa gram)

Dimensi alat Bervariasi, lebih besar dibanding 
inhaler

Kecil (pocket size)

Kooperasi pemakai untuk 
penggunaan yang optimal

Tidak perlu Perlu

Metode pengoperasian Memerlukan sumber energi 
eksternal

Tidak tergantung sumber energi 
eksternal

 

Gambar 2. Perangkat inhalasi. (Sumber: www.freepik.com)

Tabel 2. Jenis-jenis nebulizer dan perbandingannya.4

Nebulizer Kelebihan Kekurangan

Jet nebulizer with 
corrugated tubing

 � Murah
 � Mudah digunakan
 � Efektif untuk menghantarkan obat 
yang tidak bisa dihantarkan dengan 
DPI dan pMDI

 � Tidak efisien
 � Sulit dibersihkan
 � Memerlukan gas terkompresi dan pipa 
tambahan

 � Bising

Ultrasonic 
nebulizer

 � Mudah digunakan
 � Lebih efisien dibanding jet nebulizer
 � Tidak bising

 � Volume residu besar
 � Tidak mampu mengubah larutan kental 
menjadi aerosol

 � Mendegradasi bahan yang sensitif 
panas

Mesh nebulizer  � Portable
 � Mudah digunakan
 � Tidak bising
 � Memiliki sumber daya sendiri
 � Mengoptimalkan ukuran partikel untuk 
obat spesifik

 � Lebih efisien dibanding nebulizer lain

 � Lebih mahal
 � Sulit dibersihkan
 � Memerlukan penyesuaian dosis obat 
jika beralih dari jet nebulizer

 � Tidak kompatibel untuk larutan kental 
atau yang mengkristal saat kering
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