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Abstract
Objective: To evaluate the pattern of antibiotic use in 
cesarean section `by obstetricians in Surabaya, Indonesia.

Methods: This was a descriptive observational study with 
a cross-sectional method. Study data were obtained from 
online interviews using electronic forms. This study used 
a total sampling method taken from obstetricians and 
gynecologists in Surabaya, Indonesia. The primary outcome 
of this study was a pattern of antibiotic use, including 
prophylactic use, selection of antibiotics, the timing of 
administration, additional antibiotics during and after 
surgery, and consideration of choice. 

Results: The majority of antibiotics used in CS are in line 
with the guidelines. The types of prophylactic antibiotics 
(iv) used are varied; the majority were cefazoline (74.5%), 
ceftriaxone (14.5%), and cefotaxime (11.6%). Most antibiotics 
were administered <30 minutes before surgery. 2.5% of 
obstetricians routinely added antibiotics during a cesarean, 
while 33% were based on a particular condition such as 
prolonged surgery, massive bleeding, or risk of infections. 
The selection of antibiotics by obstetricians was based on 
protocols followed in the hospital (44.5%).

Conclusion: This study demonstrates that most obstetricians 
utilized antibiotic prophylaxis appropriately and followed 
guidelines for Cesarean Section.

Keywords: antibiotic, cesarean section, maternal health, 
obstetricians.

Abstrak
Tujuan: Untuk mengevaluasi pola penggunaan antibiotik 
pada seksio sesarea oleh dokter kandungan di Surabaya, 
Indonesia.

Metode: Ini merupakan studi deskriptif observasional 
dengan metode pengambilan data potong lintang. Data 
studi diperoleh dari wawancara online dengan menggunakan 
formulir elektronik. Studi ini menggunakan total sampling 
dari dokter obstetri dan ginekologi di Surabaya, Indonesia. 
Hasil utama dari penelitian ini adalah pola penggunaan 
antibiotik, termasuk penggunaan profi laksis, pemilihan 
antibiotik, waktu pemberian, antibiotik tambahan selama 
dan setelah operasi, dan pertimbangan pilihan antibiotik 
tersebut. 

Hasil: Mayoritas antibiotik yang digunakan pada seksio 
sesarea sesuai dengan pedoman. Jenis antibiotik profi laksis 
(iv) yang digunakan bervariasi, mayoritas adalah cefazoline 
(74,5%), ceftriaxone (14,5%), dan cefotaxime (11,6%). 
Sebagian besar antibiotik diberikan <30 menit sebelum 
operasi. 2,5% dokter kandungan rutin menambahkan 
antibiotik saat operasi sesar, sedangkan 33% didasarkan 
pada kondisi tertentu seperti operasi yang berkepanjangan, 
perdarahan masif, atau risiko infeksi. Pemilihan antibiotik 
oleh dokter kandungan berdasarkan protokol yang diikuti 
di rumah sakit (44,5%).

Kesimpulan: Studi ini menunjukkan bahwa sebagian besar 
dokter kandungan menggunakan profi laksis antibiotik 
dengan tepat dan mengikuti pedoman untuk operasi seksio 
sesaria.

Kata kunci: antibiotik, dokter kandungan, kesehatan ibu, 
operasi sesar.
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INTRODUCTION

Cesarean section (CS) is the most frequently 
performed surgery in obstetrics and gynecology, 
and the trend is increasing annually. The World 
Health Organization (WHO) has released that 
the number of caesarean sections performed 
worldwide has increased and now accounts for 
more than 1 in 5 (21%) deliveries. According to 
the study, this number is expected to rise over 
the next ten years, with nearly a third (29%) 
of all newborns projected to be delivered via 
cesarean section by 20301. The incidence of SC 
is much higher in private hospitals than in public 
hospitals. In Indonesia, a demographic health 
study involving 56,462 pregnant women showed 
that the CS prevalence rate had increased rapidly 
from 4% in 1998 to 18.5% in 2017. These fi gures 
in urban areas (22.9%) were double those in rural 
areas (11.8%).2

Prophylactic antibiotics are highly 
recommended for CS.3–6 Antibiotic prophylaxis 
has been shown to reduce maternal morbidity, 
healthcare costs, and antibiotic overuse.7,8 
Prophylactic antibiotics can also reduce the 
risk of postoperative and surgical wound 
infections.5–7,9,10 According to the Scottish 
Intercollegiate Guidelines Network’s guidelines 
on antibiotic prophylaxis in surgeries, surgical 
antibiotic prophylaxis must be used appropriately 
thus, they must be supported by evidence of their 
effi cacy and the effect of these antibiotics on the 
patient's normal bacterial fl ora and the patient's 
immune system must be minimized.

The inappropriate use of antibiotics can cause 
severe health problems, including antibiotic 
resistance.11–16 Bacteria, viruses, fungi, and 
parasites can develop immunity to antibiotics, 
reducing the effectiveness of antibiotics.14,15,17 
According to the Centers for Disease Control and 
Prevention, approximately 2.8 million people in 
the US exhibit antibiotic resistance, and more 
than 35,000 people die yearly16. Antibiotic 
resistance develops when bacteria and fungi 
develop the ability to resist medications initially 
intended to eradicate them. Due to the otherwise 
surviving and growing bacteria, physicians 
must be cautious about this phenomenon.18 
Inappropriate antibiotic use, in terms of drug 
selection and administration timing, dose, and 
duration, is a critical factor in the emergence of 
antibiotic resistance.

Although recommendations for the use 
of antibiotics have been advised, in practice, 

antibiotic use in CS varies according to the 
attending obstetricians' judgment. Apart from 
following the guidelines, personal experience 
infl uences how obstetricians provide antibiotics 
during cesarean section. The purpose of this 
study was to describe the pattern of antibiotics 
use by obstetricians in Surabaya, including 
prophylactic use, selection of antibiotics, the 
timing of administration, additional antibiotics 
during and after surgery, and consideration of 
choice.

METHODS

This descriptive study was conducted in 
Surabaya, Indonesia, from July to August 2021. 
The ethical clearance was approved by the Ethical 
Committee of Universitas Airlangga Hospital 
(No. 138/KEP/2021), Surabaya, Indonesia. The 
research sample comprised obstetricians working 
in all hospitals in Surabaya. All obstetricians 
in Surabaya were included in this study based 
on the inclusion and exclusion criteria (total 
sampling size). Obstetricians who are practicing 
and performing cesarean sections actively mostly 
meet the inclusion requirements. The exclusion 
criterion was a participant who did not fully 
complete the questionnaire. 

The trial's primary outcome was the pattern 
of antibiotic use in CS in cases of infection 
and non-infectious. The defi nition of infection 
cases was any type of infection in the mother 
that occurred during childbirth, both systemic 
infections and those localized to the uterus 
(e.g., chorioamnionitis and endometritis). The 
primary outcome of this study was the pattern 
of antibiotic use, including prophylactic use of 
antibiotics, selection of prophylactic antibiotics, 
the timing of antibiotic administration, the 
addition of antibiotics during and after surgery, 
and consideration of antibiotics. The clinical 
characteristics of the respondents were assessed 
based on age, work experience, and workplace. 
The healthcare center is divided into primary, 
secondary, and tertiary hospitals and exceptional 
hospitals for mothers and children. The type 
of hospital is distinguished based on the 
completeness of the type of health services that 
can be provided and the number of beds and 
health personnel available.

The research data were obtained from online 
electronic forms (Google Forms) interviews. We 
provided a questionnaire of 27 questions related 
to general characteristics and the use of antibiotics 
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in cesarean section. The research team contacted 
prospective study participants, provided 
information regarding the study, and obtained 
informed consent from participants. The study 
participants then completed the questionnaire, 
and the researcher collected the data. The data 
were displayed as descriptive statistics as some 
participants were affected and percentages 
from total participants. The data collected from 
the questionnaire is then cleaned to separate 
biased data. For easier reading results, the data is 
visualized as a table containing the amount and 
percentage of each question variable. Then, the 
data were analyzed descriptively by interpreting 
the percentage of respondents’ answers. 

RESULTS

Two hundred obstetricians agreed to 
participate (50% response rate) in this study. 
The remaining obstetricians (211 people) did not 
respond due to the pandemic. Most participants 
(93.5%) were between the ages of 30 and 60 and 
had less than ten years of work experience (53.5%). 
Participants worked in various hospital settings, 
with the majority (39%) working in secondary and 
primary hospitals (33%). Classifi cation “others” on 
hospital type refers to the obstetrician’s practice 
outside the hospital, such as in the inpatient clinic 
(Table 1).

prophylactic (iv) antibiotics used varied from 
500 to 3000 mg, and most were administered 
<30 min before the surgery (79.5%). Of the 
participants, 2.5% administered additional 
antibiotics routinely during surgery. The other 
33% were administered additional antibiotics 
during surgery based on prolonged surgery, 
bleeding > 1.5 liters, and a risk of infection. Of 
the participants, 28.5% continued IV antibiotics 
after CS for 1 to 7 days, although there was no 
sign of infection. Some participants continued 
to give oral antibiotics after surgery (32.8%). 
The most common oral antibiotics administered 
postoperatively were cefadroxil and amoxicillin 
for 3–7 days (Table 2).

The pattern of antibiotics used in non-infected 
CS by an obstetrician is shown in Table 2. In non-
infectious CS, all obstetricians used prophylactic 
antibiotics. The types of antibiotics (iv) varied; 
the majority were cefazoline (74.5%), ceftriaxone 
(14.5%), and cefotaxime (11.6%). The doses of 
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Table 1.  Background Characteristics

Table 2. Antibiotics Used in Cesarean Section

Cesarean Section on Non-infected Cases

Ages (years old)
30 – 39 
40 – 49
50 – 59
60 – 69
70 - 79
Working Experience (years)
>20 
10 – 20
< 10 
Hospital Type
Tertiary care hospital
Secondary care hospital
Primary care hospital 
Mother and Child hospital
Others

Antibiotics Prophylactic used
Yes
No
Type of Prophylactic Antibiotics Used (iv)
Cefazoline
Ceftriaxone
Cefotaxime
Cefoperazone
Amoxicillin Clavulanic Acid 
Cefuroxime
Ampicillin Sulbactam
Gentamycin
Erythromycin
Phosphomycin
Timing of antibiotics administration
>30 minutes before CS
<30 minutes before CS
After abdominal incision
After cord clamping
Addition of antibiotics during surgery
Yes
No
If necessary, based on the clinical judgment 
during surgery
What condition necessitates the addition 
of antibiotics? 
Prolong surgery
Bleeding > 1.5 L
Infection risk
Others
Antibiotics (IV) continued after cesarean
Yes
No
Duration of antibiotics (IV) continued 
after cesarean (days)
1 
2
3
5
7

67 (33.5)
65 (32.5)
55 (27.5)
11 (5.5)

2 (1)

14 (7)
79 (39.5)
107 (53.5)

30 (15)
78 (39)
66 (33)
4 (12)
2 (1)

200 (100)
0

149 (74.5)
29 (14.5)
23 (11.6)

2 (1)
2 (1)

5 (2.5)
4 (2)

1 (0.5)
1 (0.5)
1 (0.5)

35 (17.5)
159 (79.5)

5 (2.5)
1 (0.5)

5 (2.5)
129 (64.5)

66 (33)

52 (78.7)
29 (43.9)
11 (16.6)
15 (22.7)

57 (28.5)
143 (71.5)

29 (50.8)
8 (14.0)
14 (24.5)
5 (8.7)
1 (1.7)

Characteristics

Antibiotics Used

N (%)

N (%)



Antibiotics oral continued after cesarean 
without infection risk or complications
Yes
No 
Type of oral antibiotics given after cesarean
Cefadroxil
Amoxicillin
Ciprofl oxacin
Amoxicillin Clavulanic Acid
Cefi xime
Levofl oxacin
Duration of oral antibiotics continued 
after cesarean (days)
3
4
5
6
7

65 (32.8)
133 (67.17)

38 (58.4)
14 (21.5)
6 (9.2)
1 (1.53)
4 (6.1)
1 (1.5)

18 (27.6)
1 (1.5)
39 (60)
1 (1.5)
6 (9.2)

In cases of CS with infection, all participants 
were administered antibiotics during surgery. The 
most common types of antibiotics administered 
during cesarean delivery in cases of infection 
were ceftriaxone, metronidazole, cefazolin, and 
cefotaxime by an IV line. These antibiotics can 
be administered alone or in combination with 
several antibiotics. Postoperative oral antibiotics 
were continued in 96% of participants, the most 
common being ceftriaxone, metronidazole, 
cefotaxime, and amoxicillin-clavulanate for 1–7 
days (Table 3).

The selection of antibiotics by obstetricians 
was based on protocols followed in the hospital 
(44.5%), the latest scientifi c evidence (20%), 
followed by specialist doctor education (16%), 
recently attended scientifi c seminars (10%), and 
other reasons (9.5%).

DISCUSSION

This study showed that all obstetricians 
administered prophylactic antibiotics before 
CS. Cochrane studies have shown that using 
prophylactic antibiotics in a CS can reduce 
superfi cial perineal wound infection, deep 
perineal wound infection, and probably 
wound breakdown.19 However, the choice of 
prophylactic antibiotic administered is still highly 
varied. Most obstetricians used cefazoline (1st 
generation cephalosporin) as an intravenous 
prophylactic antibiotic at a dose of 2 g (93.2%); 
the remaining used 1–2 g. The rest use various 
antibiotics, including 2nd and 3rd generation 
cephalosporins. The pattern of prophylactic usage 
of broad-spectrum antibiotics is predominantly 
prevalent in Asian countries. Most obstetricians 
administered prophylactic antibiotics either 
less or more than 30 min before CS. Only fi ve 
obstetricians gave antibiotics after the abdominal 
incision, and one received antibiotics after cord 
clamping. The WHO recommends administering 
prophylactic antibiotics for CS using a single dose 
of 1st generation cephalosporin between 30 and 
60 minutes before surgery.5 Using a single dose 
of CS prophylactic antibiotics can reduce costs, 
potential toxicity, and the risk of colonization 
by resistant microorganisms. The American 
College of Obstetricians and Gynecologists 
also recommends using a fi rst-generation 
cephalosporin as the antibiotic of choice for SC 
prophylaxis.4 The guidelines from the American 
Society of Health-System Pharmacists and the 
Society of Obstetricians and Gynecologists of 

Table 3. Antibiotics Use in Infected Cases Caesarean Section

Cesarean Section on Infected Cases
Type of Antibiotics (iv) administrated
Ceftriaxone
Cefotaxime
Cefazoline
Ampicillin Sulbactam
Amoxicillin Clavulanic Acid
Gentamicin
Metronidazole
Cefuroxime
Meropenem
Amikacin
Amoxicillin 
Antibiotics continued after cesarean 
Yes
No
Type of Antibiotics administrated
after cesarean
Ceftriaxone
Cefotaxime
Cefazoline
Ampicillin Sulbactam
Amoxicillin Clavulanic acid
Gentamycin
Metronidazole

Cefuroxime
Cefi xime
Cefadroxil
Amikacin
Duration of Antibiotics administrated
after cesarean (days)
1
2
3
4
5
7

93 (46.5)
36 (18)

43 (21.5)
12 (6)
7 (3.5)
15 (7.5)
51 (25.5)

2 (1)
1 (0.5)
2 (1)

1 (0.5)

192 (96)
8 (4)

88 (45.8)
33 (17.1)
7 (3.6)
15 (7.8)
25 (13.1)
17 (8.8)
69 (35.9)
1 (0.5)

1 (0.5)
3 (1.5)
2 (1.0)

1 (8.3)
19 (9.8)
91 (47.3)
1 (0.5)
57 (29)
8 (4.1)

Antibiotics Used N (%)
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Canada also recommend using a single dose of 
a fi rst-generation cephalosporin 15–60 minutes 
before incision.20 A meta-analysis involving 16,328 
pregnant women who underwent CS showed 
that cefazolin prophylaxis might reduce the risk 
of post-SC surgical site infection (SSI).21 Two 
obstetricians still used amoxicillin-clavulanate 
as prophylactic antibiotics, contrary to the WHO 
recommendations, which prohibit amoxicillin-
clavulanate as a prophylactic antibiotic because 
it increases the risk of necrotizing enterocolitis, 
particularly in preterm infants.5 Most obstetricians 
used cefazolin as a prophylactic antibiotic at 
2 g intravenously. The ACOG recommends 
determining the dose of prophylactic antibiotics 
based on maternal weight. Pregnant women 
with weights < 80 kg can be administered 1 g 
of cefazolin, while women with weights > 80 
kg can be administered 2 g intravenously.4 

However, in Indonesia, The Indonesian Society 
of Obstetricians and Gynecologists (POGI) 
recommends the prophylactic use of cefazolin at 
a 2 g for all CS. The Indonesian Ministry of Health 
and the WHO's Indonesian wing have issued the 
latest guidelines on antimicrobial stewardship, 
aiming to regulate the use of antibiotics at the 
hospital.22

Regarding the timing of antibiotics, it was 
found that 3% of obstetricians administered 
antibiotics after abdominal incisions. The 
WHO recommends administering prophylactic 
antibiotics 30–60 minutes before surgery, while 
the ACOG recommends it within 60 minutes.4,5 
A systematic study showed that administering 
antibiotics within 60 minutes before an incision 
can reduce the risk of postpartum endometritis 
(43%), surgical wound infection (38%), and 
morbidity due to infection (28%) without 
interfering the neonatal outcomes, compared to 
mothers who were administered antibiotics after 
cord clamping.23 

This study found that fi ve obstetricians 
routinely administered additional antibiotics 
during CS. Meanwhile, 33% administered 
additional antibiotics only in special conditions 
(bleeding, prolonged surgery, or cases of high 
risk of infection), following the applicable 
recommendations. The WHO recommends 
special conditions that may increase the risk of 
postoperative infection (high body mass index 
(BMI)) prolonged labor, prolonged operative 
time, profuse bleeding, or extensive surgical 
manipulation). Antibiotics can be adjusted 
at higher or additional doses.5 In one study, 

the administration of an additional antibiotic 
at the time of CS surgery (azithromycin 500 
mg IV for 1 h) signifi cantly reduced the risk of 
endometritis, surgical site infection, and other 
postoperative infections (relative risk (RR) 0.51, 
p<0.001).24 However, this has not been offi cially 
recommended in international guidelines3–5

The present study found that some 
obstetricians continued routinely administering 
antibiotics after CS, either IV (28%) or orally 
(32.8%). The type of IV antibiotics used is the 
same as the prophylactic antibiotics; only the 
duration is extended postoperatively; the majority 
are between 1–3 days. Furthermore, some 
obstetricians and gynecologists also administer 
routine oral antibiotics post-SC, although there is 
no risk of infection. Cefadroxil and amoxicillin are 
the main types of oral antibiotics administered, 
lasting 3–5 days. To date, there is no substantial 
evidence supporting this routine protocol. A 
study involving 301 patients who underwent 
elective CS showed that prolonging IV antibiotics 
after CS for 72 h does not reduce the SSI risk.25 
The routine use of oral antibiotics after CS 
may not be appropriate because they are not 
prophylactic or therapeutic and are not based on 
the presence or absence of infection. Prolonging 
prophylactic antibiotic use can also trigger the 
emergence of antibiotic-resistant bacteria. The 
main rationale for antibiotic use is the shortest 
possible time to minimize side effects, develop 
bacterial resistance, and reduce hospital costs.26 

The use of antibiotics after CS may be considered 
under special conditions, such as obesity. This 
is supported by a randomized controlled trial 
involving 402 obese women who received 
additional antibiotics, metronidazole 500 mg 
and cephalexin 500 mg, for 48 h after CS. The 
intervention group had a lower risk of surgical 
wound infection than the control group (RR, 0.41; 
95% CI: 0.22-0.77; p=0.01).27

We also evaluated the administration of 
antibiotics in CS surgery in cases of infection. All 
obstetricians provided therapeutic antibiotics 
during surgery with various choices, mainly 
by IV ceftriaxone, metronidazole, cefazoline, 
and cefotaxime. Similar oral antibiotics were 
administered postoperatively for 1–7 days. 
Antibiotics are only administered empirically 
before bacterial culture and antibiotic sensitivity 
tests are available. After surgery, generally, 
only the initially administered antibiotics are 
continued because the examination of bacterial 
cultures is complex in Indonesia. Not all health 
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facilities can perform bacterial cultures; some 
have to refer samples to a higher health center 
or external laboratory for cultures. Moreover, 
antibiotics were continued post-surgery based 
on the results of the germ culture.

This study shows that most antibiotic 
selections by obstetricians do not follow the 
hospital protocol (<50%). This may be attributed 
to the prevailing health system in Indonesia, 
where most obstetricians are not permanent 
employees of the hospital where they work; as a 
result, obstetricians' involvement and compliance 
with hospital service protocols are typically lower. 
In many countries, compliance with hospital 
protocols, specifi cally with the administration of 
antibiotics, remains a challenge.26,28 In Indonesia, 
most obstetricians practice in more than one 
hospital (including private practice/clinic), 
lowering their adherence to the service protocol. 
This research refl ects the mindset of obstetricians 
providing services at three hospitals.

Physician awareness and compliance with 
antibiotic use protocols in hospitals must be 
strengthened, as well as education, supervision, 
and hospital law enforcement. Additionally, 
professional organizations (POGI, IDI) should 
promptly develop standards for the use of 
antibiotics in obstetrics and gynecology; as a 
result, all obstetricians, regardless of the location, 
can practice uniformly.  

One of the study's limitations was the study 
design. The data collection methods used were 
interviewing or conducting an online survey on 
daily practice, which are subjective and vulnerable 
to bias. Additionally, the details of cases were 
not analyzed, which may affect the antibiotics 
chosen by obstetricians. Additional trials using a 
prospective cohort design should be conducted 
to verify the fi ndings of this preliminary study. 
This study also just included obstetricians in one 
big city in Indonesia.

CONCLUSIONS

This study showed that most obstetricians in 
Surabaya had used antibiotic prophylaxis for 
CS surgery appropriately and according to the 
guidelines. However, postoperative antibiotics 
should be corrected as it was not under the 
guidelines. Physician knowledge and compliance 
with antibiotic protocol in hospitals and 
professional organization (POGI, IDI) guidelines, 
education, supervision, and hospital law 
enforcement, must all be increased.

REFERENCES

1. World Health Organization (WHO). Caesarean section 
rates continue to rise, amid growing inequalities. 
2021 https://www.who.int/news/item/16-06-2021-
caesarean-section-rates-continue-to-rise-amid-
growing-inequalities-in-access

2. Wyatt S, Silitonga PII, Febriani E, Long Q. Socioeconomic, 
geographic and health system factors associated with 
rising C-section rate in Indonesia: a cross-sectional study 
using the Indonesian demographic and health surveys 
from 1998 to 2017. BMJ Open  2021;11(5):e045592. 
https://bmjopen.bmj.com/lookup/doi/10.1136/
bmjopen-2020-045592

3. The Royal Australian and New Zealand College 
of Obstetricians and Gynaecologists (RANZCOG). 
P rophy lac t i c -ant ib io t i c s - in -OBGYN-Rev iew-
March-2021. 2021. 

4. Coleman J, Murtha A, Silverman NS. ACOG Practice 
Bulletin No. 199: Use of Prophylactic Antibiotics in 
Labor and Delivery. Obstet Gynecol. 2018;132(3):E103–
19. https://pubmed.ncbi.nlm.nih.gov/30134425/

5. World Health Organization. Prophylactic antibiotics 
for women undergoing cesarean section. 
2021. https://apps.who.int/iris/bitstream/hand
le/10665/341865/9789240028012-eng.pdf

6. Berriós-Torres SI, Umscheid CA, Bratzler DW, Leas B, 
Stone EC, Kelz RR, et al. Centers for Disease Control 
and Prevention Guideline for the Prevention of Surgical 
Site Infection, 2017. JAMA Surg. 2017;152(8):784–91. 
https://jamanetwork.com/journals/jamasurgery/
fullarticle/2623725

7. Antibiotic prophylaxis cost saving in elective cesarean 
section. Pharmaco Economics Outcomes News. 
2019;819(1):6. https://doi.org/10.1007/s40274-019-
5545-y

8. Jansson MH, Cao Y, Nilsson K, Larsson PG, Hagberg L. 
Cost-effectiveness of antibiotic prophylaxis in elective 
cesarean section 11 Medical and Health Sciences 1117 
Public Health and Health Services 11 Medical and 
Health Sciences 1103 Clinical Sciences. Cost Eff Resour 
Alloc. 2018;16(1):1–8. https://doi.org/10.1186/s12962-
018-0168-x

9. Zeitlinger M, Berger A. Prophylactic antibiotics in 
prevention of infection after operative vaginal or 
caesarean delivery. Clin Microbiol Infect. 2020;26(4):404–
5. https://pubmed.ncbi.nlm.nih.gov/31899332/

10. Kawakita T, Huang CC, Landy HJ. Choice of prophylactic 
antibiotics and surgical site infections after cesarean 
delivery. Obstet Gynecol. 2018;132(4):948–55. 

11. Ferri M, Ranucci E, Romagnoli P, Giaccone V. 
Antimicrobial resistance: A global emerging threat 
to public health systems. Crit Rev Food Sci Nutr. 
2017;57(13):2857–76. https://doi.org/10.1080/1040839
8.2015.1077192

12. Morrison L, Zembower TR. Antimicrobial Resistance. 
Gastrointest Endosc Clin N Am. 2020 ;30(4):619–
35. https://linkinghub.elsevier.com/retrieve/pii/
S1052515720300659

13. Tan X, Liu S, Song L, Sun A. Effects of antibiotics on 
prevention of infection, white blood cell counts, and 
C-reactive protein levels at different times in the 
perioperative period of cesarean section. Int J Clin 
Pharmacol Ther. 2020;58:310–5. https://www.ncbi.nlm.
nih.gov/pubmed/32301701

Vol 11. No 2. April 2023 Antibiotic Use in Cesarean Section 85



14. Gil-Gil T, Laborda P, Sanz-García F, Hernando-Amado 
S, Blanco P, Martínez JL. Antimicrobial resistance: A 
multifaceted problem with multipronged solutions. 
Microbiol open. 2019 ;8(11):1–4. https://onlinelibrary.
wiley.com/doi/10.1002/mbo3.945

15. Brinkac L, Voorhies A, Gomez A, Nelson KE. The Threat 
of Antimicrobial Resistance on the Human Microbiome. 
Microbiol Ecol. 2017;74(4):1001–8. https://doi.
org/10.1007/s00248-017-0985-z

16. Center for Disease Center and Control (CDC). Antibiotic/
Antimicrobial Resistance (AR/AMR). 2019. https://www.
cdc.gov/drugresistance/about.html

17. Arzanlou M, Chai WC, Venter H. Intrinsic, adaptive and 
acquired antimicrobial resistance in Gram-negative 
bacteria. Venter H, editor. Essays Biochem. 2017;61(1):49–
59. https://doi.org/10.1042/EBC20160063

18. Center for Disease Center Control and Prevention 
(CDC). Antibiotic/Antimicrobial Resistance (AR/AMR). 
2020. https://www.cdc.gov/drugresistance/about.html

19. Liabsuetrakul T, Choobun T, Peeyananjarassri K, Islam 
QM. Antibiotic prophylaxis for operative vaginal delivery. 
Cochrane Database Syst Rev. 2020;2020(3).  https://
www.cochranelibrary.com/cdsr/doi/10.1002/14651858.
CD004455.pub5/full

20. Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter 
PG, Bolon MK, et al. Clinical Practice Guidelines for 
Antimicrobial Prophylaxis in Surgery. Surg Infect 
(Larchmt). 2013;14(1):73–156. https://www.liebertpub.
com/doi/10.1089/sur.2013.9999.

21. Li M, Shi B, Ma J, Peng X, Shi J. Comparing prophylactic 
use of cefazolin for SSI in cesarean section: a systematic 
review and meta-analysis. Arch Gynecol Obstet. 
2021;303(2):313–20. https://doi.org/10.1007/s00404-
020-05873-z

22. Ministry of Health Indonesia, WHO Indonesia. 
Guidelines Antimicrobial Stewardship in Hospital. 1st 
ed. Paraton H, Kuntaman, Kolopaking EP, Widodo D, 
Satari HI SM, editor. Jakarta. Indonesia. 2021. 

23. Bollig C, Nothacker M, Lehane C, Motschall E, Lang B, 
Meerpohl JJ, et al. Prophylactic antibiotics before cord 
clamping in cesarean delivery: a systematic review. Acta 
Obstet Gynecol Scand. 2018 ;97(5):521–35. https://
onlinelibrary.wiley.com/doi/10.1111/aogs.13276

24. Tita ATN, Szychowski JM, Boggess K, Saade G, Longo S, 
Clark E, et al. Adjunctive Azithromycin Prophylaxis for 
Cesarean Delivery. N Engl J Med . 2016;375(13):1231–
41. http://www.nejm.org/doi/10.1056/NEJMoa1602044

25. Nitrushwa D, Ghebre R, Unyuzimana MA, Magriples 
U, Small M, Rulisa S. Single vs. extended antibiotic for 
prevention of surgical infection in emergent cesarean 
delivery. Int J Preg Child Birth. 2021;7(2):51–6. http://
medcraveonline.com/IPCB/single-vs-extended-
antibiotic-for-prevention-of-surgical-infection-in-
emergent-cesarean-delivery.html

26. E. Abbas T, Adam I, M. Elhassan E, M. Tag Eldin IE, Abdel 
Rahman M. Overuse of prophylactic antibiotics for 
elective caesarean delivery in Medani Hospital, Sudan. 
F1000Research. 2017  ;6:1225. https://f1000research.
com/articles/6-1225/v1.

27. Valent AM, DeArmond C, Houston JM, Reddy S, Masters 
HR, Gold A, et al. Effect of Post–Cesarean Delivery Oral 
Cephalexin and Metronidazole on Surgical Site Infection 
among Obese Women: A Randomized Clinical Trial. 
JAMA.2017;318(11):1026–34. https://doi.org/10.1001/
jama.2017.10567

28. Romero Viamonte K, Salvent Tames A, Sepúlveda Correa 
R, Rojo Manteca MV, Martín-Suárez A. Compliance 
with antibiotic prophylaxis guidelines in caesarean 
delivery: a retrospective, drug utilization study 
(indication-prescription type) at an Ecuadorian hospital. 
Antimicrobiol Resist Infect Control . 2021;10(1):1–8. 
https://doi.org/10.1186/s13756-020-00843-1

86 Tjokroprawiro, Akbar, Yuliati et al
Indones J

Obstet Gynecol


