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Abstract

OBJECTIVE: To analyze trends in unindicated antibiotic use during vaginal delivery 

hospitalization.

METHODS: This study used an administrative database to analyze antibiotic use during delivery 

hospitalizations from January 2006 to March 2015. Women were classified by mode of delivery 

and whether they had an evidence based indication for antibiotics. Indications for antibiotics 

included preterm premature rupture of membranes, cesarean delivery, group B streptococcus 

colonization, chorioamnionitis, endometritis, urinary tract infections, and other infections. The 

Cochran-Armitage test was used to assess trends of antibiotic administration. Unadjusted and 

adjusted analyses for antibiotic receipt including demographic, hospital, and obstetric and medical 

factors with unadjusted and adjusted risk ratios (RR, aRR respectively) with 95% confidence 

intervals (CI) as measures of association were performed.

RESULTS: 5,536,756 delivery hospitalizations including 2,872,286 vaginal deliveries with use of 

antibiotics without indication were analyzed. The most common indication for antibiotics was 

cesarean delivery (33.6% of the entire cohort), followed by GBS colonization (15.8%), 

chorioamnionitis (1.7%), PPROM (1.6%), endometritis (1.2%), urinary tract infections (0.6%), 

and other infections (total <0.5%). The proportion of women receiving unindicated antibiotics 

decreased 44.4% from 38.1% in 2006 to 21.2% in 2015. Adjusted risk for receipt of unindicated 

antibiotics was lower in 2015 compared to 2006 (aRR 0.56, 95% CI 0.55, 0.57).

CONCLUSION: Use of antibiotics during vaginal delivery hospitalizations without an indication 

for antibiotic use declined significantly based on an analysis of a large administrative dataset.
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Analysis of an administrative database suggests that antibiotic use has decreased among women 

undergoing vaginal delivery who don’t have an evidence-based rationale for antibiotic 

administration

INTRODUCTION

In recent decades, indications for use of antibiotics during delivery hospitalizations have 

become increasingly specific, well defined, and supported by evidence.1–3 Benefits of 

antibiotic administration include both reduction of maternal infection morbidity as well as 

improvement of neonatal outcomes. Guideline-based administration of antibiotics to prevent 

perinatal group B streptococcal (GBS) disease has been associated with reduced adverse 

outcomes from this cause.3–6 Reduction of infection risk after cesarean with routine 

antibiotic prophylaxis has been established.7 Administration of antibiotics in the setting of 

preterm premature rupture of membranes (PPROM) is associated with reduced neonatal 

morbidity and prolonged latency between presentation and delivery.1,8

While appropriate antibiotic use may result in significant maternal and neonatal benefits, 

inappropriate use of these medications may result in unnecessary maternal and neonatal 

risks and contribute to antibiotic resistance.10–14 Risk for early-onset neonatal sepsis with 

ampicillin-resistant non-GBS organisms may be associated with broad use of antenatal 

ampicillin.15 Antibiotic exposure in utero may be associated with increased risk for pediatric 

allergic disease;16–18 antibiotics may alter the neonatal microbiome, which in turn may have 

consequences for long-term health outcomes.17

Currently trends in use of antibiotics during delivery hospitalizations in the United States are 

not well characterized. Characterizing use of antibiotic use in specific obstetric scenarios is 

of importance in determining whether evidence based recommendations are being adopted.
19 Given this knowledge gap, the purpose of this study was to evaluate antibiotic trends 

during delivery hospitalizations in the US.

METHODS

The Premier Perspective database was used for this serial cross sectional analysis. It is an 

administrative inpatient database which reports on 100% of hospitalizations for 600 

individual hospitals and ambulatory surgery centers across the United States and includes 

approximately 15% of hospitalizations nationally. It includes information on patient 

demographics, hospital characteristics, medications and devices received during 

hospitalizations as well as other information. Complete patient billing, hospital cost, and 

coding histories from are contained in the database. The Perspective database is 

commercially available and is commonly used across medical specialties for research that 

evaluates inpatient medication use.20–25 The Perspective database is maintained by Premier 

Incorporated (Charlotte, NC). Upon receiving data from participating hospitals, Premier 

undertakes an extensive 7-part data validation and correction process that includes more than 

95 quality assurance checks prior to being used for research.26 After validations are 

complete, the data are moved to the Perspective data warehouse to populate and maintain the 

databases for health services research.27 This database includes data from hospitals in 
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diverse geographic regions in the United States, both from teaching and non-teaching 

Institutions. The Columbia University Institutional Review Board deemed the study exempt 

given the data were de-identified.

For this analysis all women 18 to 54 years of age who underwent a delivery hospitalization 

from January 2006 through March 2015 were included. Delivery hospitalizations were 

identified based on International Classification of Diseases, 9th Revision, Clinical 

Modification (ICD-9-CM) billing codes using an approach that ascertains more than 95% of 

deliveries (ICD-9-CM codes 650 and V27.x)28. The primary objective of this study was to 

estimate temporal trends in antibiotic administration without indication during vaginal 

delivery hospitalizations. The primary outcome was receipt of antibiotics during these 

hospitalizations. Evidence-based indications for antibiotic administration during vaginal 

deliveries included (i) PPROM, (ii) endometritis, (iii) chorioamnionitis, (iv) GBS 

colonization, and (v) other infectious complications such urinary tract infections, 

pneumonia, sepsis, and other major infections (Appendix 1). These indications were 

identified by ICD-9-CM diagnosis codes. For a diagnosis of PPROM, diagnoses of both 

PROM and preterm delivery were required. Because the development of research evidence 

and guidelines related to antibiotic prophylaxis for third and fourth degree vaginal 

lacerations, uterine tamponade, and manual extraction of the placenta developed coincident 

to the study period,19,29,30 women with these conditions but not another indication for 

antibiotics were excluded from the analysis. Because antibiotics in the setting of PPROM 

and GBS colonization are administered for neonatal benefit, patients with these diagnoses 

were excluded if a fetal demise was present and there was no other maternal indication for 

antibiotics. Cesarean delivery was classified based on ICD-9-CM procedure and diagnosis 

codes. As secondary outcomes, we evaluated temporal trends in antibiotic administration for 

(i) all cesarean deliveries, and (ii) vaginal deliveries with an evidence-based indication for 

antibiotic administration. Temporal trends were analyzed with the Cochran-Armitage test.

Perspective was queried for antibiotics that are commonly used during delivery 

hospitalizations. Use of penicillins, first through fourth generation cephalosporins, 

aminoglycosides, carbapenems, macrolides, fluoroquinolones, tetracyclines, as well as other 

drug classes was ascertained (Appendix 2). Both generic and trade names were queried. 

Hospital, patients, obstetric, and medical characteristics associated with receipt of antibiotics 

during (i) cesarean delivery, (ii) vaginal delivery with an evidence-based indication for 

antibiotic administration, and (iii) vaginal delivery without an evidence-based indication for 

antibiotic administration were determined (Table 1). Univariable associations are presented 

as unadjusted risk ratios (RR) with 95% confidence intervals (CI) as measures of 

association.

We fit multivariable log-linear regression models with Poisson distribution and log link 

based on generalized estimating equations including demographic, hospital, and medical and 

obstetric factors accounting for hospital to determine which characteristics were associated 

with antibiotic administration for each of the three delivery scenarios. Multiple deliveries 

occurring to the same woman can be captured in Perspective if they occur at the same 

hospital; these models accounted for multiple deliveries to the same patient. Results are 
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reported as adjusted risk ratios (aRR) with 95% confidence intervals (CI) as measures of 

association.

Three sensitivity analyses were performed for this study. First, hospitals are included in the 

Perspective database for varying durations of time. To account for confounding secondary to 

this changing sampling frame, we performed a sensitivity analysis restricting the population 

to only hospitals that contributed data from January 2006 to December 2014. The first 

quarter of 2015 was not included in this sensitivity analysis because of smaller sample sizes 

and less precise estimates.

Second, erythromycin is rarely indicated as a first-line medication for inpatient obstetric 

scenarios other than for PPROM and for women with penicillin and cephalosporin allergies. 

Erythromycin eye ointment is routinely administered shortly after birth, a practice supported 

by the United States Preventive Services Task Force.1 Given that there is a possibility for 

misclassification of erythromycin administration appearing in maternal as opposed to 

neonatal drug files when administered to newborns, we performed a sensitivity analysis 

evaluating temporal trends in antibiotics excluding erythromycin. For this sensitivity 

analysis, we excluded women with penicillin allergy (ICD-9-CM V14.0), which, aside from 

PPROM, is the most likely maternal indication of erythromycin. For the third sensitivity 

analysis, we repeated the second sensitivity analysis additionally excluding scenarios where 

women may have received antibiotics because their GBS status was unknown: (i) preterm 

labor, (ii) preterm delivery, (iii) PROM, and (iv) delayed or prolonged labor. All analyses 

were performed with SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

Of 5,657,523 delivery hospitalizations, 120,727 (2.1%) were excluded based on the above 

criteria leaving 5,536,756 delivery hospitalizations from 2006 through the first quarter of 

2015 included in the analysis. This total included 2,872,286 vaginal deliveries without 

indication for antibiotics, 765,096 vaginal deliveries with an evidence-based indication for 

antibiotic administration, and 1,899,374 cesarean deliveries. The most common indication 

for antibiotics was cesarean delivery (33.6% of the entire cohort), followed by GBS 

colonization (15.8%), chorioamnionitis (1.7%), PPROM (1.6%), endometritis (1.2%), 

urinary tract infections (0.6%), and other infections (total <0.5%). Comparing patients 

undergoing vaginal delivery with an indication for antibiotics to those without, the former 

group were significantly more likely be age 35 or older, to be single, and to be black (p<0.01 

for all) (Table 1).

For the primary outcome, 30.6% of women with a vaginal delivery and no indication for 

antibiotic administration received an antibiotic during the study period. In comparison 

88.9% of women undergoing cesarean delivery and 80.6% of women with a vaginal delivery 

and an evidence-based indication for antibiotic administration received an antibiotic. Over 

the study period, the proportion of women receiving antibiotics with a vaginal delivery 

without indication decreased 44.4% from 38.1% in 2006 to 21.2% in 2015 (Figure 1A). 

Over this period, the proportion of women receiving antibiotics with a vaginal delivery and 

evidence-based indication for antibiotic administration decreased 9.1% from 84.0% to 
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76.4% (Figure 1B) and increased for cesarean delivery by 2.5% from 87.3% to 89.5% 

(Figure 1C). Trends for all three delivery categories were significant with the Cochran-

Armitage test (p<0.01).

For vaginal deliveries with no indication for antibiotics, the most commonly administered 

antibiotic was erythromycin (16.3% of patients), followed by ampicillin (7.8%), and 

penicillin (5.0%) (Appendix 3). For cesarean delivery hospitalizations the most common 

antibiotic administered was cefazolin (68.9% of patients), followed by erythromycin 

(14.9%), and ampicillin (9.3%). For vaginal delivery hospitalizations with an indication for 

antibiotics, the most commonly administered antibiotics included penicillin (35.0%), 

ampicillin (32.2%), and erythromycin (17.4%).

Temporal trends for the primary outcome were similar in the adjusted compared to the 

unadjusted analysis. Adjusted risk for receipt of antibiotics during vaginal delivery 

hospitalizations without an indication for antibiotics was lower in 2015 compared to 2006 

(aRR 0.56, 95% CI 0.55, 0.57) (Table 2). Factors associated with increased antibiotic receipt 

during vaginal delivery hospitalizations in both unadjusted and adjusted models included 

black compared to white race (aRR 1.26 95% CI 1.25-1.27, respectively), urban compared to 

rural hospitals (aRR 1.36 95% CI 1.35-1.38, respectively), hospitals in the South compared 

to the Northeast (aRR 1.42 95% CI 1.41-1.43, respectively), multiple gestation (aRR 1.47 

95% CI 1.44-1.51, respectively), and postpartum hemorrhage (aRR 1.33 95% 1.31-1.34, 

respectively).

In the adjusted model for receipt of antibiotics during vaginal delivery hospitalizations with 

an indication for antibiotics, risk was lower in 2015 compared to 2006 (aRR 0.92 95% 

0.91-0.92), similar to the unadjusted models (Appendix 4). For this outcome, Midwest 

compared to Northeast hospital location was associated with increased antibiotic receipt in 

both unadjusted and adjusted models (RR 1.24 95% CI 1.23-1.24, aRR 1.21 95% 1.21-1.22, 

respectively); other factors were not major predictors of antibiotic receipt. For the adjusted 

model for receipt of antibiotics during cesarean delivery hospitalizations, Northeast region 

was associated with decreased antibiotic administration in adjusted and unadjusted models; 

other factors were nor major predictors of antibiotic receipt (Appendix 5).

Results of the three sensitivity analyses aligned with those of the primary outcome analysis. 

When the analysis was limited hospitals that contributed data throughout the entire January 

2006 to March 2015 study period similar trends in antibiotic administration were similar: 

antibiotic use during vaginal delivery hospitalizations without an indication for antibiotic 

administration decreased from 37.7% to 19.4% from 2005 to 2014, decreased from 81.6% to 

75.8% for vaginal delivery hospitalizations with an indication for antibiotics, and decreased 

from 87.7% to 87.6% for cesarean deliveries (Appendixes 6–8). In the second sensitivity 

analysis restricted to women without a penicillin allergy undergoing vaginal delivery without 

an indication for antibiotic administration, the proportionate decrease in antibiotic 

administration was larger than in the primary analysis. Excluding erythromycin and women 

with a penicillin allergy, 20.2% of women undergoing vaginal delivery without an indication 

for antibiotics received antibiotics in 2006 compared to 15.1% in 2015, a 25.2% decrease 

(Figure 2). Additionally excluding women with premature rupture of membranes, preterm 
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delivery, preterm labor, and delayed or prolonged labor to account for antibiotic 

administration to women with unknown GBS status, use of inappopriate antibiotics 

decreased from 17.5% in 2006 to 13.1% in 2015, a 25.4% decrease (Appendix 9).

DISCUSSION

Our study demonstrated that for women undergoing vaginal delivery without an indication 

for antibiotic receipt, use of antibiotics decreased more than 40% with sensitivity analysis 

demonstrating significantly decreased rates of antibiotic use. These findings support that 

evidence based rationales for antibiotic use are becoming increasing adopted into clinical 

practice. This change in clinical practice may be beneficial in reducing antibiotic resistance, 

reducing risk for adverse for adverse reactions to unnecessary medications, and may have 

important downstream health effects.

According to the Centers for Disease Control and Prevention, 20% to 50% of all antibiotics 

prescribed during acute care hospitalizations in the United States are unnecessary or 

inappropriate;2 this antibiotic use has led to increased antibiotic resistance. Evidence based 

guidelines have been established to characterize specific indications, timing, duration and 

type of antibiotic use in labor and delivery.31 Child birth represents one of the most common 

indications for acute care hospitalizations and less frequent use of inappropriate antibiotics 

would represent an important public health achievement. Further research regarding care 

quality related to antibiotic management is indicated based upon these findings. Specifically, 

informatics data from hospital-system electronic medical records may be able to 

demonstrate more granular detail in demonstrating appropriate and timely administration of 

antibiotics based on individual diagnoses. While the overall trends in our analysis 

demonstrated improvements in indication-based antibiotic indication, it is possible that there 

may be important variation in care in specific obstetric scenarios.

Our study has several strengths. First, it includes a large sample size including over 5 million 

delivery hospitalizations and it is reflective of the practice patterns of a large proportion of 

deliveries within the United States. The database provides information on a wide range of 

demographics and different hospital settings and is representative of a geographically and 

clinically diverse sample. Our analysis was strengthened by a sensitivity analysis restricted 

to hospitals contributing data over the entire period, demonstrating that trends were not a 

result of the changing sampling frame of hospitals in the database.

In interpreting study results there are several important limitations. First, with administrative 

data, which is used mainly for billing purposes, there is concern for misclassification and 

under-ascertainment of both medications and diagnoses. Specifically, in our analysis there 

was a larger than anticipated proportion of women receiving erythromycin. We thus 

performed a sensitivity analysis excluding erythromycin among women undergoing vaginal 

delivery with no other indication for antibiotics; this analysis found that excluding 

erythromycin the decrease in the proportion of women receiving antibiotics without an 

indication was attenuated. While the high rate of erythromycin use is likely due to neonatal 

administration assigned to the maternal drug file, we are not able to evaluate more granular, 

chart-level data to validate actual medication receipt. It is possible that because of 
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erythromycin misclassification the true decreased likelihood of unindicated antibiotic use 

may be of lesser magnitude than in the primary analysis.

Second, a significant proportion of women undergoing cesarean or vaginal delivery with an 

indication for antibiotics did not receive an antibiotic; further research with more granular 

data is indicated to determine to what degree our findings may be due to suboptimal care 

versus under-ascertainment of diagnoses in administrative data. To some degree trends noted 

could have been due to improved ascertainment and documentation over the study period 

with indications being more commonly captured in administrative data; likewise, some 

women who received antibiotics may have had an indication for receipt not captured in 

coding. However, that there was a relatively large decrease in unindicated antibiotic 

administration over the study period supports that these findings are in fact representative of 

change in clinical practice.

A third limitation is that our results reflect practices up to 2015; there could have been 

subsequent improvement of obstetric antibiotic administration since that time which is not 

examined in our study. Last, given that the data derives from an administrative database, we 

could not perform chart review to analyze the causes for non-compliance with antibiotic 

guidelines. Finally, we are not able to evaluate a number of important characteristics related 

to appropriate use of antibiotics including timing of administration relative to diagnosis of 

individual conditions, whether the antibiotics were administered antepartum, intrapartum or 

postpartum, whether individual drug dosages and duration of therapy were appropriate, and 

whether medications were continued on an outpatient basis when indicated

Over the study period, use of antibiotics during vaginal delivery hospitalizations without an 

indication for antibiotic use declined significantly. This trend represents a meaningful 

improvement in obstetric care. Hospital-system level clinical studies further characterizing 

antibiotic use with granular informatics data are indicated to further characterize care quality 

and optimization with regards to use of antibiotics.
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Figure 1: 
The proportion of women each year receiving antibiotics based on vaginal compared with 

cesarean delivery, and if vaginal delivery occurred whether there was an evidence-based 

diagnosis for administering antibiotics including preterm premature rupture of membranes, 

endometritis, chorioamnionitis, group B streptococcal colonization, and other infectious 

complications. Vaginal delivery without an indicated for antibiotics (A), vaginal delivery 

with an indication for antibiotics (B), and cesarean delivery (C).
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Figure 2. 
The proportion of women each year receiving antibiotics excluding erythromycin who 

underwent vaginal delivery without an evidence-based diagnosis for administering 

antibiotics. Women with penicillin allergy are excluded from this sensitivity analysis.

Andrikopoulou et al. Page 11

Obstet Gynecol. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Andrikopoulou et al. Page 12

Ta
b

le
 1

.

D
em

og
ra

ph
ic

s

M
od

e 
of

 d
el

iv
er

y
V

ag
in

al
 d

el
iv

er
y 

(n
o 

in
di

ca
ti

on
 fo

r 
an

ti
bi

ot
ic

s)
V

ag
in

al
 d

el
iv

er
y 

(i
nd

ic
at

io
n 

fo
r 

an
ti

bi
ot

ic
s)

C
es

ar
ea

n 
de

liv
er

y

A
nt

ib
io

ti
cs

Y
es

, n
 (

%
)

N
o,

 n
 (

%
)

Y
es

, n
 (

%
)

N
o,

 n
 (

%
)

Y
es

, n
 (

%
)

N
o,

 n
 (

%
)

A
ll 

pa
ti

en
ts

87
9,

67
3 

(1
00

)
1,

99
2,

61
3 

(1
00

)
61

6,
58

9 
(1

00
)

14
8,

50
7 

(1
00

)
1,

68
8,

04
6 

(1
00

)
21

1,
32

8 
(1

00
)

Y
ea

r

 
20

06
10

5,
78

7 
(1

2.
0)

17
2,

07
2 

(8
.6

)
62

,0
19

 (
10

.1
)

11
,8

41
 (

8.
0)

15
5,

49
5 

(9
.2

)
22

,6
78

 (
10

.7
)

 
20

07
10

4,
83

4 
(1

1.
9)

18
2,

23
4 

(9
.1

)
60

,9
21

 (
9.

9)
12

,4
66

 (
8.

4)
16

3,
15

9 
(9

.7
)

24
,5

44
 (

11
.6

)

 
20

08
96

,6
73

 (
11

.0
)

18
0,

40
3 

(9
.1

)
57

,4
07

 (
9.

3)
13

,2
07

 (
8.

9)
15

9,
10

4 
(9

.4
)

25
,0

37
 (

11
.8

)

 
20

09
92

,8
90

 (
10

.6
)

18
8,

61
7 

(9
.5

)
61

,2
05

 (
9.

9)
13

,8
26

 (
9.

3)
16

9,
16

7 
(1

0.
0)

24
,0

98
 (

11
.4

)

 
20

10
93

,6
05

 (
10

.6
)

20
1,

30
7 

(1
0.

1)
63

,5
22

 (
10

.3
)

15
,4

61
 (

10
.4

)
17

9,
14

6 
(1

0.
6)

20
,7

08
 (

9.
8)

 
20

11
99

,5
54

 (
11

.3
)

23
6,

28
2 

(1
1.

9)
72

,7
64

 (
11

.8
)

17
,6

79
 (

11
.9

)
20

1,
29

3 
(1

1.
9)

22
,1

57
 (

10
.5

)

 
20

12
10

3,
46

9 
(1

1.
8)

26
1,

37
6 

(1
3.

1)
77

,4
53

 (
12

.6
)

19
,3

73
 (

13
.0

)
21

8,
17

9 
(1

2.
9)

23
,2

75
 (

11
.0

)

 
20

13
94

,0
29

 (
10

.7
)

26
6,

80
3 

(1
3.

4)
75

,8
05

 (
12

.3
)

19
,2

21
 (

12
.9

)
21

3,
57

3 
(1

2.
7)

22
,7

25
 (

10
.8

)

 
20

14
74

,6
15

 (
8.

5)
25

0,
69

9 
(1

2.
6)

69
,9

72
 (

11
.3

)
20

,6
36

 (
13

.9
)

19
0,

55
7 

(1
1.

3)
21

,6
03

 (
10

.2
)

 
20

15
 1

st
 q

ua
rt

er
14

,2
17

 (
1.

6)
52

,8
20

 (
2.

7)
15

,5
21

 (
2.

5)
4,

79
7 

(3
.2

)
38

,3
73

 (
2.

3)
4,

50
3 

(2
.1

)

A
ge

 in
 y

ea
rs

 
18

-2
4

33
7,

82
3 

(3
8.

4)
68

0,
19

1 
(3

4.
1)

22
4,

45
1 

(3
6.

4)
48

,3
48

 (
32

.6
)

44
6,

02
0 

(2
6.

4)
42

,7
03

 (
20

.2
)

 
25

-3
4

43
8,

11
6 

(4
9.

8)
10

65
90

1 
(5

3.
5)

31
6,

76
1 

(5
1.

4)
79

,4
61

 (
53

.5
)

91
8,

30
4 

(5
4.

4)
11

7,
49

9 
(5

5.
6)

 
35

-3
9

85
,9

77
 (

9.
8)

20
5,

27
7 

(1
0.

3)
62

,3
57

 (
10

.1
)

17
,1

35
 (

11
.5

)
25

5,
13

1 
(1

5.
1)

39
,7

50
 (

18
.8

)

 
≥ 

40
17

,7
57

 (
2.

0)
41

,2
44

 (
2.

1)
13

,0
20

 (
2.

1)
3,

56
3 

(2
.4

)
68

,5
91

 (
4.

1)
11

,3
76

 (
5.

4)

M
ar

ita
l S

ta
tu

s

 
M

ar
ri

ed
37

9,
36

0 
(4

3.
1)

99
0,

64
7 

(4
9.

7)
28

1,
39

5 
(4

5.
6)

72
,5

72
 (

48
.9

)
86

0,
63

6 
(5

1.
0)

11
3,

18
0 

(5
3.

6)

 
Si

ng
le

36
5,

09
0 

(4
1.

5)
77

2,
16

1 
(3

8.
8)

26
3,

51
1 

(4
2.

7)
58

,2
53

 (
39

.2
)

62
4,

85
1 

(3
7.

0)
66

,3
79

 (
31

.4
)

 
O

th
er

/U
nk

no
w

n
13

5,
22

3 
(1

5.
4)

22
9,

80
5 

(1
1.

5)
71

,6
83

 (
11

.6
)

17
,6

82
 (

11
.9

)
20

2,
55

9 
(1

2.
0)

31
,7

69
 (

15
.0

)

R
ac

e

 
W

hi
te

43
1,

16
8 

(4
9.

0)
11

09
57

9 
(5

5.
7)

31
8,

72
7 

(5
1.

7)
75

,9
26

 (
51

.1
)

91
8,

98
8 

(5
4.

4)
10

3,
59

0 
(4

9.
0)

 
B

la
ck

14
5,

18
1 

(1
6.

5)
21

5,
68

2 
(1

0.
8)

11
2,

59
4 

(1
8.

3)
25

,0
33

 (
16

.9
)

25
2,

00
2 

(1
4.

9)
25

,5
12

 (
12

.1
)

 
O

th
er

30
3,

05
4 

(3
4.

5)
66

6,
10

1 
(3

3.
4)

18
4,

93
9 

(3
0.

0)
47

,4
47

 (
31

.9
)

51
6,

27
1 

(3
0.

6)
82

,1
71

 (
38

.9
)

 
U

nk
no

w
n

27
0 

(0
.0

)
1,

25
1 

(0
.1

)
32

9 
(0

.1
)

10
1 

(0
.1

)
78

5 
(0

.0
)

55
 (

0.
0)

Pa
ye

r

Obstet Gynecol. Author manuscript; available in PMC 2020 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Andrikopoulou et al. Page 13

M
od

e 
of

 d
el

iv
er

y
V

ag
in

al
 d

el
iv

er
y 

(n
o 

in
di

ca
ti

on
 fo

r 
an

ti
bi

ot
ic

s)
V

ag
in

al
 d

el
iv

er
y 

(i
nd

ic
at

io
n 

fo
r 

an
ti

bi
ot

ic
s)

C
es

ar
ea

n 
de

liv
er

y

A
nt

ib
io

ti
cs

Y
es

, n
 (

%
)

N
o,

 n
 (

%
)

Y
es

, n
 (

%
)

N
o,

 n
 (

%
)

Y
es

, n
 (

%
)

N
o,

 n
 (

%
)

 
M

ed
ic

ar
e

6,
81

2 
(0

.8
)

12
,6

03
 (

0.
6)

4,
82

9 
(0

.8
)

1,
10

1 
(0

.7
)

14
,9

91
 (

0.
9)

1,
72

5 
(0

.8
)

 
M

ed
ic

ai
d

42
2,

83
6 

(4
8.

1)
85

4,
92

8 
(4

2.
9)

27
0,

91
2 

(4
3.

9)
61

,8
30

 (
41

.6
)

68
2,

63
1 

(4
0.

4)
70

,4
92

 (
33

.4
)

 
C

om
m

er
ci

al
39

3,
62

3 
(4

4.
7)

10
03

95
4 

(5
0.

4)
30

7,
29

0 
(4

9.
8)

76
,2

50
 (

51
.3

)
89

8,
89

5 
(5

3.
3)

12
8,

06
7 

(6
0.

6)

 
U

ni
ns

ur
ed

27
,3

25
 (

3.
1)

52
,3

62
 (

2.
6)

13
,2

06
 (

2.
1)

3,
73

5 
(2

.5
)

36
,6

18
 (

2.
2)

4,
08

2 
(1

.9
)

 
U

nk
no

w
n

29
,0

77
 (

3.
3)

68
,7

66
 (

3.
5)

20
,3

52
 (

3.
3)

5,
59

1 
(3

.8
)

54
,9

11
 (

3.
3)

6,
96

2 
(3

.3
)

O
bs

te
tr

ic
 c

om
or

bi
di

ty
 in

de
x 

sc
or

e

 
0

82
8,

89
1 

(9
4.

2)
19

00
20

7 
(9

5.
4)

57
6,

13
0 

(9
3.

4)
13

9,
62

4 
(9

4.
0)

15
00

04
5 

(8
8.

9)
18

6,
98

0 
(8

8.
5)

 
1

30
,1

96
 (

3.
4)

64
,1

54
 (

3.
2)

27
,1

11
 (

4.
4)

5,
93

1 
(4

.0
)

92
,2

19
 (

5.
5)

11
,7

03
 (

5.
5)

 
2

15
,7

06
 (

1.
8)

22
,0

32
 (

1.
1)

10
,3

56
 (

1.
7)

2,
33

6 
(1

.6
)

70
,1

80
 (

4.
2)

9,
48

8 
(4

.5
)

 
≥2

4,
88

0 
(0

.6
)

6,
22

0 
(0

.3
)

2,
99

2 
(0

.5
)

61
6 

(0
.4

)
25

,6
02

 (
1.

5)
3,

15
7 

(1
.5

)

R
ur

al
ity

 
U

rb
an

81
3,

23
5 

(9
2.

4)
17

67
22

6 
(8

8.
7)

56
4,

39
1 

(9
1.

5)
13

2,
41

5 
(8

9.
2)

15
25

19
7 

(9
0.

4)
19

6,
49

5 
(9

3.
0)

 
R

ur
al

66
,4

38
 (

7.
6)

22
5,

38
7 

(1
1.

3)
52

,1
98

 (
8.

5)
16

,0
92

 (
10

.8
)

16
2,

84
9 

(9
.6

)
14

,8
33

 (
7.

0)

H
os

pi
ta

l T
ea

ch
in

g

 
N

o
53

6,
70

8 
(6

1.
0)

12
21

45
3 

(6
1.

3)
35

0,
02

8 
(5

6.
8)

68
,1

26
 (

45
.9

)
10

47
70

6 
(6

2.
1)

91
,7

71
 (

43
.4

)

 
Y

es
34

2,
96

5 
(3

9.
0)

77
1,

16
0 

(3
8.

7)
26

6,
56

1 
(4

3.
2)

80
,3

81
 (

54
.1

)
64

0,
34

0 
(3

7.
9)

11
9,

55
7 

(5
6.

6)

H
os

pi
ta

l B
ed

 S
iz

e

 
<

40
0

47
5,

76
8 

(5
4.

1)
11

52
02

5 
(5

7.
8)

33
2,

43
8 

(5
3.

9)
75

,2
80

 (
50

.7
)

94
4,

29
2 

(5
5.

9)
91

,9
57

 (
43

.5
)

 
40

0-
60

0
22

0,
86

4 
(2

5.
1)

52
1,

84
1 

(2
6.

2)
16

8,
79

2 
(2

7.
4)

39
,5

71
 (

26
.6

)
42

1,
48

4 
(2

5.
0)

63
,3

92
 (

30
.0

)

 
>

60
0

18
3,

04
1 

(2
0.

8)
31

8,
74

7 
(1

6.
0)

11
5,

35
9 

(1
8.

7)
33

,6
56

 (
22

.7
)

32
2,

27
0 

(1
9.

1)
55

,9
79

 (
26

.5
)

R
eg

io
n 

of
 H

os
pi

ta
l

 
N

or
th

ea
st

er
n

11
2,

07
1 

(1
2.

7)
32

9,
13

4 
(1

6.
5)

94
,8

27
 (

15
.4

)
37

,1
76

 (
25

.0
)

22
4,

76
9 

(1
3.

3)
87

,6
32

 (
41

.5
)

 
M

id
w

es
t

15
2,

70
4 

(1
7.

4)
37

7,
85

7 
(1

9.
0)

12
9,

95
4 

(2
1.

1)
16

,3
92

 (
11

.0
)

26
8,

58
0 

(1
5.

9)
20

,1
66

 (
9.

5)

 
So

ut
h

45
6,

26
4 

(5
1.

9)
80

9,
63

5 
(4

0.
6)

26
4,

17
8 

(4
2.

8)
63

,9
68

 (
43

.1
)

87
5,

17
4 

(5
1.

8)
62

,7
82

 (
29

.7
)

 
W

es
t

15
8,

63
4 

(1
8.

0)
47

5,
98

7 
(2

3.
9)

12
7,

63
0 

(2
0.

7)
30

,9
71

 (
20

.9
)

31
9,

52
3 

(1
8.

9)
40

,7
48

 (
19

.3
)

PP
H

28
,4

24
 (

3.
2)

41
,9

10
 (

2.
1)

22
,3

94
 (

3.
6)

4,
14

7 
(2

.8
)

33
,6

16
 (

2.
0)

3,
41

9 
(1

.6
)

Pr
ee

cl
am

ps
ia

31
,1

53
 (

3.
5)

47
,0

46
 (

2.
4)

18
,7

63
 (

3.
0)

3,
90

0 
(2

.6
)

12
2,

88
9 

(7
.3

)
14

,6
35

 (
6.

9)

G
es

ta
tio

na
l d

ia
be

te
s

40
,3

34
 (

4.
6)

91
,9

79
 (

4.
6)

32
,2

65
 (

5.
2)

7,
58

8 
(5

.1
)

13
6,

30
6 

(8
.1

)
17

,5
53

 (
8.

3)

D
ia

be
te

s
4,

96
4 

(0
.6

)
7,

87
5 

(0
.4

)
4,

33
5 

(0
.7

)
87

8 
(0

.6
)

30
,9

84
 (

1.
8)

3,
28

2 
(1

.6
)

M
ul

tip
le

 g
es

ta
tio

n
8,

11
3 

(0
.9

)
9,

65
1 

(0
.5

)
5,

39
2 

(0
.9

)
1,

24
5 

(0
.8

)
71

,7
81

 (
4.

3)
9,

95
3 

(4
.7

)

Obstet Gynecol. Author manuscript; available in PMC 2020 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Andrikopoulou et al. Page 14
PP

H
, p

os
tp

ar
tu

m
 h

em
or

rh
ag

e.
 P

at
ie

nt
s 

w
er

e 
ca

te
go

ri
ze

d 
ba

se
d 

va
gi

na
l v

er
su

s 
ce

sa
re

an
 d

el
iv

er
y,

 a
nd

 if
 v

ag
in

al
 d

el
iv

er
y 

oc
cu

rr
ed

, w
he

th
er

 th
er

e 
w

as
 a

n 
ev

id
en

ce
-b

as
ed

 d
ia

gn
os

is
 f

or
 a

dm
in

is
te

ri
ng

 a
nt

ib
io

tic
s 

in
cl

ud
in

g 
pr

et
er

m
 p

re
m

at
ur

e 
ru

pt
ur

e 
of

 m
em

br
an

es
, e

nd
om

et
ri

tis
, c

ho
ri

oa
m

ni
on

iti
s,

 G
B

S 
co

lo
ni

za
tio

n,
 a

nd
 o

th
er

 in
fe

ct
io

us
 c

om
pl

ic
at

io
ns

.

Obstet Gynecol. Author manuscript; available in PMC 2020 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Andrikopoulou et al. Page 15

Ta
b

le
 2

.

A
dj

us
te

d 
an

d 
un

ad
ju

st
ed

 m
od

el
s 

fo
r 

an
tib

io
tic

 a
dm

in
is

tr
at

io
n 

du
ri

ng
 v

ag
in

al
 d

el
iv

er
y 

ho
sp

ita
liz

at
io

ns
 w

ith
ou

t a
n 

in
di

ca
tio

n 
fo

r 
an

tib
io

tic
s

U
na

dj
us

te
d 

m
od

el
 r

is
k 

ra
ti

o 
(9

5%
 C

I)
A

dj
us

te
d 

m
od

el
 a

dj
us

te
d 

ri
sk

 r
at

io
 (

95
%

 C
I)

Y
ea

r

 
20

06
R

ef
er

en
t

R
ef

er
en

t

 
20

07
0.

96
 (

0.
95

, 0
.9

7)
**

0.
96

 (
0.

95
, 0

.9
7)

**

 
20

08
0.

92
 (

0.
91

, 0
.9

2)
**

0.
92

 (
0.

91
, 0

.9
3)

**

 
20

09
0.

87
 (

0.
86

, 0
.8

7)
**

0.
87

 (
0.

86
, 0

.8
8)

**

 
20

10
0.

83
 (

0.
83

, 0
.8

4)
**

0.
83

 (
0.

82
, 0

.8
4)

**

 
20

11
0.

78
 (

0.
77

, 0
.7

9)
**

0.
79

 (
0.

78
, 0

.7
9)

**

 
20

12
0.

74
 (

0.
74

, 0
.7

5)
**

0.
75

 (
0.

75
, 0

.7
6)

**

 
20

13
0.

68
 (

0.
68

, 0
.6

9)
**

0.
68

 (
0.

68
, 0

.6
9)

**

 
20

14
0.

60
 (

0.
60

, 0
.6

1)
**

0.
60

 (
0.

59
, 0

.6
0)

**

 
20

15
 1

st
 q

ua
rt

er
0.

56
 (

0.
55

, 0
.5

7)
**

0.
56

 (
0.

55
, 0

.5
7)

**

A
ge

 in
 y

ea
rs

 
18

-2
4

R
ef

er
en

t
R

ef
er

en
t

 
25

-3
4

0.
88

 (
0.

87
, 0

.8
8)

**
0.

96
 (

0.
96

, 0
.9

7)
**

 
35

-3
9

0.
89

 (
0.

88
, 0

.9
0)

**
1.

00
 (

0.
99

, 1
.0

1)

 
≥ 

40
0.

91
 (

0.
89

, 0
.9

2)
**

1.
02

 (
1.

00
, 1

.0
3)

*

M
ar

ita
l S

ta
tu

s

 
M

ar
ri

ed
R

ef
er

en
t

R
ef

er
en

t

 
Si

ng
le

1.
16

 (
1.

15
, 1

.1
6)

**
1.

06
 (

1.
06

, 1
.0

7)
**

 
O

th
er

/U
nk

no
w

n
1.

34
 (

1.
33

, 1
.3

5)
**

1.
23

 (
1.

22
, 1

.2
3)

**

R
ac

e

 
W

hi
te

R
ef

er
en

t
R

ef
er

en
t

 
B

la
ck

1.
44

 (
1.

43
, 1

.4
5)

**
1.

26
 (

1.
25

, 1
.2

7)
**

 
O

th
er

1.
12

 (
1.

11
, 1

.1
2)

**
1.

07
 (

1.
06

, 1
.0

7)
**

 
U

nk
no

w
n

0.
63

 (
0.

56
, 0

.7
1)

**
0.

80
 (

0.
71

, 0
.9

0)
*

Obstet Gynecol. Author manuscript; available in PMC 2020 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Andrikopoulou et al. Page 16

U
na

dj
us

te
d 

m
od

el
 r

is
k 

ra
ti

o 
(9

5%
 C

I)
A

dj
us

te
d 

m
od

el
 a

dj
us

te
d 

ri
sk

 r
at

io
 (

95
%

 C
I)

Pa
ye

r

 
M

ed
ic

ar
e

1.
25

 (
1.

22
, 1

.2
8)

**
1.

27
 (

1.
24

, 1
.3

0)
**

 
M

ed
ic

ai
d

1.
17

 (
1.

17
, 1

.1
8)

**
1.

09
 (

1.
08

, 1
.0

9)
**

 
C

om
m

er
ci

al
R

ef
er

en
t

R
ef

er
en

t

 
U

ni
ns

ur
ed

1.
22

 (
1.

20
, 1

.2
3)

**
1.

09
 (

1.
08

, 1
.1

0)
**

 
U

nk
no

w
n

1.
06

 (
1.

04
, 1

.0
7)

**
1.

01
 (

0.
99

, 1
.0

2)

R
ur

al
ity

 
U

rb
an

1.
38

 (
1.

37
, 1

.4
0)

**
1.

36
 (

1.
35

, 1
.3

8)
**

 
R

ur
al

R
ef

er
en

t
R

ef
er

en
t

H
os

pi
ta

l T
ea

ch
in

g

 
N

o
R

ef
er

en
t

R
ef

er
en

t

 
Y

es
1.

01
 (

1.
00

, 1
.0

1)
*

0.
97

 (
0.

97
, 0

.9
8)

**

H
os

pi
ta

l B
ed

 S
iz

e

 
<

40
0

R
ef

er
en

t
R

ef
er

en
t

 
40

0-
60

0
1.

02
 (

1.
01

, 1
.0

2)
**

0.
99

 (
0.

99
, 1

.0
0)

*

 
>

60
0

1.
25

 (
1.

24
, 1

.2
5)

**
1.

14
 (

1.
13

, 1
.1

4)
**

R
eg

io
n 

of
 H

os
pi

ta
l

 
N

or
th

ea
st

er
n

R
ef

er
en

t
R

ef
er

en
t

 
M

id
w

es
t

1.
13

 (
1.

12
, 1

.1
4)

**
1.

18
 (

1.
17

, 1
.1

9)
**

 
So

ut
h

1.
42

 (
1.

41
, 1

.4
3)

**
1.

42
 (

1.
41

, 1
.4

3)
**

 
W

es
t

0.
98

 (
0.

98
, 0

.9
9)

**
1.

01
 (

1.
00

, 1
.0

2)
*

Po
st

pa
rt

um
 h

em
or

rh
ag

e
1.

33
 (

1.
31

, 1
.3

5)
**

1.
33

 (
1.

31
, 1

.3
4)

**

Pr
ee

cl
am

ps
ia

1.
31

 (
1.

30
, 1

.3
3)

**
1.

26
 (

1.
24

, 1
.2

7)
**

G
es

ta
tio

na
l d

ia
be

te
s

1.
00

 (
0.

99
, 1

.0
1)

1.
03

 (
1.

02
, 1

.0
4)

**

Pr
eg

es
ta

tio
na

l d
ia

be
te

s
1.

26
 (

1.
23

, 1
.3

0)
**

1.
21

 (
1.

18
, 1

.2
5)

**

M
ul

tip
le

 g
es

ta
tio

n
1.

50
 (

1.
46

, 1
.5

3)
**

1.
47

 (
1.

44
, 1

.5
1)

**

A
dj

us
te

d 
m

od
el

 in
cl

ud
es

 a
ll 

of
 th

e 
fa

ct
or

s 
in

 th
e 

ta
bl

e 
as

 w
el

l a
s 

ad
ju

st
m

en
t f

or
 h

os
pi

ta
l-

le
ve

l c
lu

st
er

in
g.

 C
I, 

co
nf

id
en

ce
 in

te
rv

al
.

* p<
0.

05

Obstet Gynecol. Author manuscript; available in PMC 2020 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Andrikopoulou et al. Page 17
**

p<
0.

01
.

E
vi

de
nc

e-
ba

se
d 

di
ag

no
se

s 
fo

r 
ad

m
in

is
tr

at
io

n 
of

 a
nt

ib
io

tic
s 

in
cl

ud
es

 p
re

te
rm

 p
re

m
at

ur
e 

ru
pt

ur
e 

of
 m

em
br

an
es

, e
nd

om
et

ri
tis

, c
ho

ri
oa

m
ni

on
iti

s,
 G

B
S 

co
lo

ni
za

tio
n,

 a
nd

 o
th

er
 in

fe
ct

io
us

 c
om

pl
ic

at
io

ns
. G

iv
en

 
th

e 
la

rg
e 

sa
m

pl
e 

an
d 

m
ul

tip
le

 c
om

pa
ri

so
ns

, i
nt

er
pr

et
at

io
n 

of
 r

es
ul

ts
 a

t p
<

0.
01

 m
ay

 b
e 

m
or

e 
ap

pr
op

ri
at

e.

Obstet Gynecol. Author manuscript; available in PMC 2020 October 01.


	Abstract
	Precis:
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	References
	Figure 1:
	Figure 2.
	Table 1.
	Table 2.

