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ABSTRACT

Dyslipidemia is a significant global public health concern, particularly in Indonesia. Current dyslipidemia guidelines stated the management 
should be done with a combination of lifestyle and pharmacological interventions. Treatment with lipid lowering agents should be initiated early 
for better prognostic benefit. ACS Europath IV project emphasizes the importance of early intensification of lipid-lowering therapy to reduce the 
risk of recurrent cardiovascular events and improve patient outcomes. This literature review the current state of dyslipidemia management in 
Indonesia and discussing the potential role of ACS Europath strategies in improving patient outcomes.
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ABSTRAK

Dislipidemia adalah masalah kesehatan masyarakat yang signifikan secara global, khususnya di Indonesia. Pedoman dislipidemia saat ini 
menyatakan bahwa tata laksana harus dilakukan dengan menggabungkan intervensi gaya hidup dan pengobatan farmakologi. Pengobatan 
dengan agen penurun lipid harus dimulai lebih awal untuk manfaat prognostik yang lebih baik. Proyek ACS Europath IV menekankan pentingnya 
intensifikasi dini terapi penurun lipid untuk mengurangi risiko kejadian kardiovaskular berulang dan meningkatkan hasil terapi. Tinjauan literatur 
ini bertujuan untuk mengeksplorasi tata laksana dislipidemia saat ini di Indonesia dan membahas peran potensial strategi ACS Europath untuk 
meningkatkan kualitas hidup pasien. Akhtar Fajar Muzakkir, Richard Antonius. Menjembatani Kesenjangan Tata Laksana Dislipidemia di 
Indonesia dengan Strategi ACS Europath.

Kata Kunci: Sindrom koroner akut, dislipidemia, LDL, terapi penurun lipid.

Introduction
Dyslipidemia is a significant public health 
concern globally, particularly in Indonesia 
where it is associated with a high prevalence 
of cardiovascular disease. The prevalence 
of dyslipidemia in Indonesia is 9.3% for age 
group 25-34 years old and increasing to 15.5% 
at the age group of 55-64 years old.1 The 
management of dyslipidemia in Indonesia 
faces several challenges, including limited 
awareness among healthcare providers and 
patients, limited treatment options, and lack 
of standardized guideline.1,2 This literature 
review aims to address these challenges 
by examining the current landscape of 
dyslipidemia management in Indonesia and 
discussing how ACS EuroPath strategies may 
improve patient outcomes.

Discussion
Dyslipidemia is a condition characterized by 

abnormal levels of low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein 
(HDL) cholesterol, or triglycerides in the blood. 
It is a major risk factor for atherosclerotic 
cardiovascular disease (ASCVD), which is the 
leading cause of mortality and morbidity in 
Indonesia.2,3 Data from the 2022 ACS Registry 
in South Sulawesi revealed that among 323 
individuals hospitalized for Acute Coronary 
Syndrome (ACS), more than 50% (173 person) 
had high LDL-C level (Data from POKJA ACC, 
not published). Additionally, up to 80%-90% 
individuals with type 2 diabetes in Indonesia 
suffer from dyslipidemia.2 Limited access 
to healthcare services, particularly in rural 
areas, and a lack of standardized treatment 
guidelines further complicate dyslipidemia 
management in Indonesia.4,5 Despite the 
latest revision of the dyslipidemia guidelines 
in 2022 from the Indonesia Heart Association 
(IHA),6 which suggests that lower LDL-C levels 

correspond to a lower risk of cardiovascular 
disease, challenges persist in implementing 
these guidelines due to various factors, 
including patient compliance with statin 
therapy, medication availability, potential 
complications, and health insurance support.6

Current management practices for 
dyslipidemia in Indonesia are often 
inadequate, with many patients not receiving 
appropriate treatment or monitoring.5,6 This 
is partly due to limited awareness among 
healthcare providers about the importance of 
dyslipidemia management and the availability 
of effective treatment options. Additionally, 
in our opinion, the lack of standardized 
guidelines for treatment and the limited 
availability of healthcare services in rural areas 
contribute to the inadequate management of 
dyslipidemia.

akhtar.cdk@gmail.com

40CDK-336/ vol. 52 no. 1 th. 2025

Alamat Korespondensi email: 

Fetal Outcome in Pregnancy Infected Syphilis Treated 
with Penicillin G: A Systematic Review

Tigor Peniel Simanjuntak, Joshua Nathaniel Kuncoro
Department of Obstetrics and Gynecology, Faculty of Medicine, Universitas Kristen Indonesia, Jakarta, Indonesia

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 Sifilis 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 

jnathaniel2000@gmail.com

rmin Dunia Kedokteran is licensed under a Creative Commons Attribution-NonCommercial 4.0 International LicensCe e.

ANALISIS

107

ANALISIS

106 CDK-313/ vol. 50 no. 2 th. 2023

 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 Pm. Partikel dengan diameter 5-10 Pm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
Pm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 Pm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 Pm 
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 Pm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 Pm. 
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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The current guidelines for managing 
dyslipidemia in Indonesia are based on the 
recommendations of the Indonesia Heart 
Association (IHA) and the Indonesian Society 
for Endocrinology (ISE).2,6 These guidelines 
emphasize the importance of early detection 
and treatment of dyslipidemia, particularly in 
individuals with type 2 diabetes, to reduce the 
risk of cardiovascular disease. Dyslipidemia 
should be managed according to the current 
dyslipidemia guidelines, with a combination 
of lifestyle and pharmacological interventions. 
Trials have consistently demonstrated that 
lower LDL-C levels after ACS are associated 
with lower CV event rates.2,6 The current 
treatment goal for secondary prevention is 
to lower LDL-C to <1.4 mmol/L (<55 mg/dL) 
and to achieve a ≥50% LDL-C reduction from 
baseline.6,7

The Indonesian guidelines are similar 
to international guidelines in that they 
recommend a combination of lifestyle 
modifications and pharmacological 
interventions to manage dyslipidemia.5,6 
Lifestyle modifications include dietary 
changes, physical activity, and weight 
management. Pharmacological interventions 
include the use of statins, ezetimibe, fibrate, 
and other lipid-lowering medications. The 
newest LDL lowering agent shows that 
bempedoic acid also helps to lower the LDL-C 
level.6

Indonesian guidelines also have some unique 
features that reflect the country’s specific 
healthcare context. Guidelines are customized 
to address local healthcare requirements 
and limits, such as socioeconomic issues 
and infrastructure constraints. A few 
obstacles prevented Indonesian healthcare 
providers from effectively implementing 
the recommendation. Despite the 
recommendations from the guidelines, health 
insurance also had its requirements for the 
patient to receive regular lipid-lowering 
medication. Additionally, in our experience, 
most of our patients did not regularly visit their 
doctors for lipid management evaluation.

The Indonesian Heart Association guidelines 
(IHA) also emphasize the importance of early 
intensification of lipid-lowering therapy using 
a combination of medications, which is similar 
to the ‘Fire to Target’ strategy proposed by the 
ACS EuroPath IV project. This strategy involves 

early intensification of the LLT using statins, 
ezetimibe, bempedoic acid, and proprotein 
convertase subtilisin/kexin type-9 (PCSK9) 
inhibitors and is presented as algorithm for 
routine application.6,8

After an ACS event, lipid-lowering treatment 
should be initiated as early as possible, 
both for prognostic benefit and to increase 
patient adherence after discharge.6,10 It is 
recommended that a high-intensity statin (e.g. 
atorvastatin or rosuvastatin) is initiated as early 
as possible after hospital admission, preferably 
before planned percutaneous coronary 
intervention (PCI), and prescribed up to the 
highest tolerated dose to reach the LDL-C 
goals.9 Treatment with ezetimibe was shown 
to be safe and provided long-term benefits 
for CV outcomes.10 As such, if patients are on 
a maximally tolerated statin dose, have no 
prior statin treatment, and have LDL-C levels 
that indicate it is unlikely that targets will be 
reached with statin therapy alone, initiating 
ezetimibe in addition to a statin (or statin plus 
ezetimibe combination treatment) may be 
considered during the ACS hospitalization.6,9,10

In addition to these guidelines, the European 
ACS EuroPath IV project offers a framework 
for optimizing lipid management in ACS 
patients.11 This project emphasizes the 
importance of early intensification of lipid-
lowering therapy using a combination of 
medications, such as statins, ezetimibe, 
bempedoic acid, and proprotein convertase 
subtilisin/kexin type-9 inhibitors, to reduce 
the risk of recurrent cardiovascular events and 
improve patient outcomes.

Several challenges hinder the effective 
management of dyslipidemia in Indonesia. 
These include limited access to healthcare 
services, particularly in rural areas, and 
a lack of standardized guidelines for 
treatment. Additionally, the high prevalence 
of dyslipidemia in Indonesia, particularly 
among individuals with type 2 diabetes, 
poses significant challenges for healthcare 
providers.4,12 Patients educational background, 
distance from healthcare services, traditional 
paradigm, and patient obedience to consume 
medicine still become the wall that our 
practitioners struggle to faced. Therefore, it is 
still difficult for healthcare providers to achieve 
the expected results for the better future of 
lowering risk of cardiovascular diseases.

To bridge the gaps in dyslipidemia 
management in Indonesia, several strategies 
can be employed. One such strategy is 
the implementation of ACS EuroPath 
strategies, which involve the use of evidence-
based guidelines for the management of 
dyslipidemia especially in post-ACS patients. 
These guidelines provide healthcare providers 
with a framework for identifying and managing 
patients with dyslipidemia, as well as for 
monitoring patient outcomes.2,6,13 In all cases, 
lipid levels should be re-evaluated 4–6 weeks 
after each treatment or dose adjustment to 
determine whether treatment goals have 
been achieved and to check for any safety 
issues; the therapeutic regimen can then be 
adapted accordingly. If the LDL-C goals are not 
achieved with the maximum tolerated dose of 
a statin alone after 4–6 weeks following ACS, 
adding ezetimibe is recommended. Initiation 
of PCSK9 inhibitor treatment is recommended 
in patients who do not reach their LDL-C 
goal despite maximum tolerated statin and 
ezetimibe therapy.14-16 Other strategies also 
include giving combination pills to make 
patient more compliance to consume the 
medicine and to lower the cost burden for 
health insurance. Early combination therapy 
in ACS patients may benefit in achieving 
target LDL-C to enhance better cardiovascular 
outcomes. It also includes the use of a 
treatment algorithm for the acute phase, a 
standardized discharge letter, an assessment 
tool for lipid-lowering therapy (LLT) efficacy 
at follow-up, an education plan for healthcare 
providers and patients, and a patient 
engagement discharge kit.11

The ACS EuroPath IV project is a quality control 
initiative aimed at improving lipid-lowering 
therapy (LLT) in patients with ACS. The project 
was conducted in 2022 and involved 530 
European cardiologists who provided data for 
up to 5 patients from their center, for both the 
acute and follow-up phases of ACS.13,14

The project focused on assessing clinical 
practice in terms of LLT in post-ACS patients, 
to improve the quality of lipid management 
and prevention, both during the acute phase 
and during the first year of follow-up. The 
survey included specific questions about the 
details of LLT prescription, notably the type 
and intensity of LLT prescribed, the time of 
prescription, LDL-C levels at baseline and 
during follow-up (up to 12 months), and 
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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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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 Pm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 Pm. 
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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the time frame to achieve the two quality 
indicators (QIs) related to lipid-lowering 
treatment.13,14

The ACS EuroPath IV project detected 10 
potential changes in prescription that 
could enhance attainment of two QIs: (i) 
Prescription of high-intensity statins (or 
equipotent treatment) before discharge, and 
(ii) Proportion with LDL- C <55 mg/dL (1.4 
mmol/L) during follow-up. The overall strategy 
proposed is ‘Fire to Target’, which involves 
early intensification of the LLT using statins, 
ezetimibe, bempedoic acid, and proprotein 
convertase subtilisin/kexin type-9 inhibitors 
and is presented as an algorithm for routine 
application.14

In the context of dyslipidemia management 
in Indonesia, the ACS EuroPath IV project 
can serve as a model for optimizing lipid 
management in patients with ACS. The 
project’s focus on quality control and 
the identification of potential changes in 
prescription can help healthcare providers 
in Indonesia improve the quality of lipid 
management and prevention in their patients. 
Additionally, the project’s emphasis on early 
intensification of LLT using a combination 
of medications can help reduce the risk of 
recurrent cardiovascular events and improve 
patient outcomes in Indonesia, where 
cardiovascular disease is a significant public 
health concern.14

However, it is essential to note that the ACS 
EuroPath IV project was conducted in Europe 
and may not directly apply to the specific 
healthcare context in Indonesia. Nevertheless, 
the project’s findings and strategies can 
be adapted and tailored to the Indonesian 
healthcare system to improve dyslipidemia 
management in patients with ACS.15

Implementing ACS EuroPath strategies in 
dyslipidemia management in Indonesia can 
have several benefits. These strategies are 
based on evidence-based guidelines and are 
designed to optimize lipid management in 
patients with ACS. Some of the benefits that 
can be expected from implementing these 
strategies:
1. Improved lipid goal attainment: The 

ACS EuroPath project has shown that 
implementing these strategies can lead 
to improved attainment of lipid goals, 

particularly in terms of LDL-C levels. This 
is crucial for reducing the risk of recurrent 
cardiovascular events in patients with 
ACS.15

2. Enhanced patient care: The strategies 
are designed to improve patient care 
by providing healthcare providers with 
tools and resources to optimize lipid 
management. This includes the use of 
self-assessment tools to identify gaps in 
clinical practice and the development of 
country-specific pathway models to guide 
treatment decisions.

3. Increased awareness and education: The 
ACS EuroPath project has highlighted 
the importance of raising awareness 
about dyslipidemia and its management 
among healthcare providers and patients. 
This increased awareness can lead to 
better patient outcomes and improved 
healthcare practices.

4. Standardization of guidelines: The 
ACS EuroPath strategies are based on 
evidence-based guidelines, which can 
help standardize the management of 
dyslipidemia across different healthcare 
settings in Indonesia. This standardization 
can improve the consistency and quality 
of care provided to patients.15

5. Improved patient outcomes: By 
optimizing lipid management, the ACS 
EuroPath strategies can help reduce the 
risk of recurrent cardiovascular events 
and improve patient outcomes. This is 
particularly important in Indonesia, where 
cardiovascular disease is a significant 
public health concern.14

6. Cost-effective: Implementing the ACS 
EuroPath strategies can be cost-effective 
in the long run by reducing the risk of 
recurrent cardiovascular events and 
improving patient outcomes. This can also 
help reduce healthcare costs associated 
with managing cardiovascular disease.14

7. Enhanced collaboration: The ACS EuroPath 
project has brought together experts 
from across Europe to share knowledge 
and best practices in lipid management. 
This collaboration can be replicated in 
Indonesia to enhance the exchange of 
ideas and expertise among healthcare 
providers.

8. Improved patient adherence: The 
strategies are designed to improve patient 
adherence to treatment regimens by 
providing patients with better education 

and support. This can lead to improved 
patient outcomes and reduced healthcare 
costs.

9. Increased accessibility: The ACS EuroPath 
strategies can help increase accessibility 
to lipid management services, particularly 
in rural areas where healthcare resources 
may be limited. This can help bridge the 
gap in healthcare services and improve 
patient outcomes.

10. Improved healthcare system: 
Implementing the ACS EuroPath strategies 
can help improve the overall healthcare 
system in Indonesia by promoting 
evidence-based medicine, standardizing 
guidelines, and enhancing patient care. 
This can lead to improved healthcare 
outcomes and reduced healthcare costs 
in the long run.15

Conclusion
The management of dyslipidemia in 
Indonesia faces several challenges, including 
limited access to healthcare services, a lack 
of standardized guidelines for treatment, 
and a high prevalence of dyslipidemia and 
CVD risk factors. To bridge these gaps, the 
implementation of ACS EuroPath strategies 
can be employed. These strategies involve 
the use of evidence-based guidelines for 
the management of dyslipidemia and can 
help to improved lipid goal attainment, 
enhanced patient care, increased awareness 
and education, standardization of guidelines, 
improved patient outcomes, and ensure cost-
effectiveness. Additionally, these strategies 
can foster enhanced collaboration among 
healthcare providers, improve patient 
adherence to treatment regimens, increase 
accessibility to lipid management services, 
and improve the overall healthcare system 
in Indonesia. By adopting and tailoring the 
ACS EuroPath strategies to the Indonesian 
healthcare context, significant improvements 
can be made in the management of 
dyslipidemia, ultimately reducing the burden 
of cardiovascular disease in the country.
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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 Sifilis 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 Pm. Partikel dengan diameter 5-10 Pm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
Pm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 Pm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 Pm 
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 Pm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 Pm. 
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 Pm. Partikel dengan diameter 5-10 Pm 
terutama dideposit di saluran pernapasan besar 
dan orofaring. Partikel dengan diameter 1-5 
Pm terutama dideposit di saluran pernapasan 
kecil. Sekitar 40%-48% partikel dengan diameter 
kurang dari 3 Pm dideposit di alveoli, dan 
partikel dengan diameter kurang dari 0,5 Pm 
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 Pm, sedangkan suspensi 

beclomethasone propionate memiliki partikel 
mirip jarum dengan panjang sekitar 10,0 Pm. 
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

ANALISIS


