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AbstrACt
Objectives To examine the association between 
postpartum urinary tract infection and intended mode of 
delivery as well as actual mode of delivery.
Design Retrospective cohort study.
setting and participants All live births in Denmark 
between 2004 and 2010 (n=450 856). Births were 
classified by intended caesarean delivery (n=45 053) or 
intended vaginal delivery (n=405 803), and by actual mode 
of delivery: spontaneous vaginal delivery, operative vaginal 
delivery, emergency or planned caesarean delivery in 
labour or prelabour.
Primary and secondary outcome measures The 
primary outcome measure was postpartum urinary tract 
infection (n=16 295) within 30 days post partum, defined 
as either a diagnosis of urinary tract infection in the 
National Patient Registry or redemption of urinary tract 
infection-specific antibiotics recorded in the Register of 
Medicinal Product Statistics.
results We found that 4.6% of women with intended 
caesarean delivery and 3.5% of women with intended 
vaginal delivery were treated for postpartum urinary 
tract infection. Women with intended caesarean delivery 
had a significantly increased risk of postpartum urinary 
tract infection compared with women with intended 
vaginal delivery (OR 1.33, 95% CI 1.27 to 1.40), after 
adjustment for age at delivery, smoking, body mass index, 
educational level, gestational diabetes mellitus, infection 
during pregnancy, birth weight, preterm delivery, preterm 
prelabour rupture of membranes, pre-eclampsia, parity 
and previous caesarean delivery (adjusted OR 1.24, 
95% CI 1.17 to 1.46). Using actual mode of delivery as 
exposure, all types of operative delivery had an equally 
increased risk of postpartum urinary tract infection 
compared with spontaneous vaginal delivery.
Conclusions Compared with intended vaginal delivery, 
intended caesarean delivery was significantly associated 
with a higher risk of postpartum urinary tract infection. 
Future studies should focus on reducing routine 
catheterisation prior to operative vaginal delivery as well 
as improving procedures related to catheterisation.

IntrODuCtIOn 
Urinary tract infection (UTI) is a common 
postpartum infection occurring in 2%–4% 
of all deliveries.1–3 Although postpartum UTI 
is usually a mild infection, it is associated 

with discomfort, prolonged hospital stay 
and readmission and has been associated 
with an increased risk of discontinued 
breast feeding.1 4 In Denmark and many 
other countries, most women deliver in 
hospitals and are discharged a few hours after 
giving birth,1 5 6 and 79% of all postpartum 
UTIs in Denmark will occur after discharge 
and are diagnosed and treated by a general 
practitioner.3 6 

Especially, when counselling women aiming 
for caesarean delivery, on maternal request 
without obstetric indications, it is essential to 
provide information regarding both major 
and minor complications. In several studies, 
the risk of postpartum UTI and other puer-
peral infections has been found to be increased 
after caesarean delivery as compared with 
vaginal delivery.5–7 However, there is a paucity 
of data evaluating the risk of postpartum UTI 
by intended mode of delivery. This infor-
mation is useful in the clinical setting when 
counselling the pregnant woman prior to 
delivery about the perceived risks attributed 
to the various modes of delivery.8 As the prev-
alence of emergency caesarean delivery or 
operative vaginal delivery among women with 
intended vaginal delivery varies in different 
populations, information regarding risks 
attributed to the actual mode of delivery is 
also important when using data from other 
populations.

strengths and limitations of this study

 ► Large nationwide study including data from the 
Danish birth cohort (n=450 856).

 ► High-quality data where prospective collection limits 
the risk of selection and information bias.

 ► Evaluates the risk of urinary tract infection (UTI) by 
intended as well as actual mode of delivery.

 ► The diagnosis of postpartum UTI was not confirmed 
by urinary cultures.

 ► Cohort study without the ability to assess causality.
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We examined the risk of postpartum UTI by intended 
and actual mode of delivery in a Danish national birth 
cohort.

MAterIAls AnD MethODs
This study is a nationwide, register-based cohort study 
of all live births in Denmark from 1 January 2004 to 
31 December 2010 (n=450 856).

A database was established based on four popula-
tion-based Danish registers: the Medical Birth Registry,9 
the Fertility Database,10 the National Patient Registry,11 
the Register of Medicinal Product Statistics12 and addi-
tional data from Statistics Denmark.13

No international review board approval was needed for 
this cohort study in accordance with Danish regulations. 
By use of the civil registration number, which is a unique 
personal identification number, linkage between registers 
was possible.13 After linkage, data were de-identified to 
ensure data safety.

The Medical Birth Registry provided data on date 
of birth, vital status at birth, mode of delivery, parity, 
multiple gestation, maternal smoking status, body mass 
index (BMI), previous caesarean delivery, birth weight 
and gestational age at birth. The Fertility Database linked 
children to their mothers and provided date of birth for 
the mother. The National Patient Registry contributed 
with hospital admission dates, discharge diagnoses for 
complications during pregnancy and codes for surgical 
procedures related to delivery. The Register of Medicinal 
Product Statistics provided data on individual redemp-
tion of prescriptions for antibiotics, all of which require 
a prescription. When a prescription is redeemed, the 
buyer’s civil registration number and the Anatomical 
Therapeutic Chemical code of the drug prescribed 
are automatically linked to the specific date. Statistics 
Denmark provided information on maternal educational 
status.

Variable definitions
Outcome
The primary outcome was defined as a hospital discharge 
diagnosis of lower or upper UTI or redemption of a 
prescription for a UTI-specific antibiotic within 30 days 
post partum or both. UTI-specific antibiotics were defined 
as antibiotics used almost exclusively to treat UTI in mono-
therapy, in accordance with regional and national guide-
lines (sulfamethizole (J01EB02), mecillinam (J01CA11), 
nitrofurantoin (J01XE01), trimethoprim (J01EE01), 
amoxicillin (J01CA04), pivampicillin (J01CA02), ampi-
cillin (J01CA01) and no concurrent treatment with 
metronidazole (P01AB01)).14 15 To prevent inclusion of 
women, treated for other infections than UTI, women 
who simultaneously redeemed a UTI-specific antibiotic 
and a metronidazole prescription were considered as 
having endometritis and they were therefore classified 
as not having a postpartum UTI (online supplementary 
appendix). For sensitivity analyses, we applied a more 

restrictive definition of UTI. UTI was defined by a hospital 
discharge diagnosis of lower or upper UTI or redemption 
of a prescription for a UTI-specific antibiotic within 30 
days post partum, however, women who at any timepoint 
within the first 30 days post partum redeemed a prescrip-
tion for dicloxacillin, benzylpenicillin or metronidazole 
(antibiotics not used for UTI treatment) were classified 
as not having UTI, as we considered that they had been 
treated for another kind of infection, that erroneously 
had been diagnosed as a UTI (online  supplementary 
appendix).

Exposure
Codes from the Nordic Medico-Statistical Committee 
classification of surgical procedures16 were used to 
define mode of delivery as: planned caesarean delivery 
prelabour, planned caesarean delivery in labour, 
emergency caesarean delivery prelabour, emergency 
caesarean delivery in labour and operative vaginal 
delivery. According to Danish guidelines, a caesarean 
delivery is classified as planned if the decision to deliver 
by caesarean delivery is made more than 8 hours before 
delivery.

The primary exposure was intended mode of delivery. 
Planned caesarean delivery prelabour and planned 
caesarean delivery in labour were merged to define 
intended caesarean delivery. Intended vaginal delivery 
included spontaneous or operative vaginal delivery and 
emergency caesarean delivery (prelabour or in labour). 
Spontaneous vaginal delivery was defined as delivery 
with no code recorded for an operative procedure at 
birth (online  supplementary appendix). Secondary 
exposure was actual mode of delivery.

Other covariates
Covariates were selected based on theory and knowledge 
from previous studies.1 6 17 Maternal covariates were 
age at delivery (continuous, years), smoking (current 
smoker, yes or no), pregestational BMI (≥25 or <25 kg/
m2), educational level (measured as highest completed 
education at childbirth: elementary school/high 
school, short education/skilled worker, medium/long 
education) and previous caesarean delivery (yes or no). 
Perinatal covariates were gestational diabetes mellitus 
(GDM, yes or no), infection during pregnancy (infec-
tion-related diagnosis codes in pregnancy, yes or no), 
preterm birth (<37 weeks gestation, yes or no), preterm 
prelabour rupture of membranes (PPROM, yes or no), 
pre-eclampsia (yes or no), parity (parous or primipa-
rous), multiple gestation (yes or no) and child-related 
covariates were low birth weight (2500 g, yes or no) 
(online  supplementary appendix).

statistical analysis
Background characteristics according to mode of delivery 
were calculated and compared using a χ2 test or Student’s 
t-test, where appropriate. Logistic regression analyses 
were performed to evaluate the risk of postpartum UTI by 
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mode of delivery and reported as crude ORs and adjusted 
ORs (aORs) with 95% CIs. Missing values were handled 
by complete case analyses.

We defined two adjusted models for the analyses. In 
the first model, we adjusted for age at delivery, smoking, 
BMI, educational level, GDM, infection during preg-
nancy, low birth weight, preterm birth, PPROM, pre-ec-
lampsia, parity and previous caesarean delivery. In the 
second model, we additionally included an interaction 
term between previous caesarean delivery and mode 
of delivery. When a significant interaction term was 
found, the effect was evaluated by stratified analyses. 
To evaluate the effect of previous caesarean delivery on 
the risk of postpartum UTI, stratified analyses among 
women with and without previous caesarean delivery 
were performed.

We further repeated the main analyses with a 14-day 
and a 45-day postpartum follow-up to examine whether 
mode of delivery affected the timing of postpartum UTI. 
Sensitivity analyses were performed on hospital admis-
sions and redemption for antibiotic prescriptions sepa-
rately and using the restrictive definition of postpartum 
UTI.

Statistical analyses were performed using Rstudio 
V.3.2.3. P<0.05 was considered statistically significant.

results
We included all live births (n=450 856) from 1 January 
2004 to 31 December 2010, 45 053 (10%) of which were 
intended caesarean deliveries, 53 583 (11.9%) were emer-
gency caesarean deliveries and 33 792 (7.5%) operative 
vaginal deliveries. Most demographic and delivery charac-
teristics differed by intended mode of delivery (table 1). 
Background characteristics by actual mode of delivery are 
shown in online supplementary table 1.

risk of postpartum utI by intended mode of delivery
Among women with intended caesarean delivery, 4.6% 
had a postpartum UTI, 0.2 percentage points of which 
had a hospital admission with postpartum UTI and 
4.5% redeemed a prescription for UTI-specific antibi-
otics. In women with intended vaginal delivery, 3.5% 
were diagnosed with postpartum UTI, 0.1% of which 
were treated in hospital and 3.4% redeemed a prescrip-
tion for UTI-specific antibiotics within 30 days after 
delivery (figure 1). In crude analysis, the risk of post-
partum UTI was significantly increased in women with 
intended caesarean delivery compared with intended 
vaginal delivery (OR 1.33, 95% CI 1.27 to 1.40), and 
the risk persisted increased after adjustment for all 
covariates (aOR 1.36, 95% CI 1.27 to 1.46) (table 2). 

Table 1 Maternal and perinatal characteristics in deliveries including live-born children in 2004–2010 by intended mode of 
delivery 

Characteristics N Total population Intended CD* Intended VD*

Deliveries, % (n) 100 (450 856) 10 (45 053) 90 (405 803)

Maternal covariates

Age at childbirth 450 856 30.8±4.9 32.5±4.7 30.6±4.8

Smoking 429 008 12.6 (53 905) 11.8 (4832) 12.6 (49 073)

Pregestational BMI ≥25 418 674 26.5 (111 012) 32.1 (13 715) 25.9 (97 297)

Educational level 428 151

  Elementary school/high school 55.3 (249 451) 52.0 (23 447) 55.7 (226 004)

  Short education/skilled worker 6.1 (27 285) 5.6 (2524) 6.1 (24 761)

  Medium/long education 33.6 (151 415) 34.1 (15 383) 33.5 (136 032)

Previous CD 441 165 11.9 (52 475) 49.4 (21 741) 7.7 (30 734)

Perinatal covariates

GDM* 440 855 2.3 (10 238) 3.7 (1679) 2.1 (8559)

Infection during pregnancy* 450 855 5.5 (24 908) 5.0 (2255) 5.6 (22 653)

Delivery <37 weeks gestation 450 856 6.6 (29 850) 9.2 (4155) 6.3 (25 695)

PPROM* 450 856 6.1 (27 470) 2.4 (1080) 6.5 (25 390)

Pre-eclampsia* 450 856 4.4 (17 037) 3.9 (1747) 3.8 (15 290)

Parous 444 405 54.8 (247 314) 67.5 (30 421) 53.4 (216 893)

Multiple gestation 450 856 4.3 (19 487) 12.5 (5621) 3.4 (13 866)

Birth weight <2500 g 450 856 5.2 (23 267) 8.3 (3747) 4.9 (19 520)

For continuous variables, values are reported as mean ±2 SD or as median, 25th and 75th percentile if not normally distributed. For grouped 
variables values are reported as % (n).
*See online supplementary appendix.
BMI, body mass index, CD, caesarean delivery; GDM, gestational diabetes mellitus; PPROM, preterm prelabour rupture of membranes; VD, 
vaginal delivery.
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Figure 1 Measures of urinary tract infection (UTI) within 30 days post partum, by mode of delivery. Each bar represents a 
mode of delivery group, with number of women given as % (n). Each bar consists of UTI based on admission to hospital (dark 
grey) and antibiotic prescription redemption (light grey). The total percentage of postpartum UTI of each group is listed above 
each bar. For definition of mode of delivery, see online supplementary appendix. CD, caesarean delivery; VD, vaginal delivery. 

Table 2 Risk of postpartum urinary tract infection within the first 30 days by intended mode of delivery 

Crude Adjusted 1* Adjusted 2†

OR (95% CI)
Adjusted OR (aOR) 
(95% CI) aOR (95% CI)

No of deliveries 450 856 379 755 379 755

No of observed events 16 294 13 828 13 828

Intended mode of delivery

  Intended VD‡ 1.0 (reference) 1.0 (reference) 1.0 (reference)

  Intended CD‡ 1.33 (1.27 to 1.40) 1.24 (1.17 to 1.32) 1.36 (1.27 to 1.46)

Covariates

  Age at delivery – 1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00)

  Smoking – 1.01 (0.96 to 1.06) 1.01 (0.96 to 1.06)

  BMI ≥25 – 1.15 (1.10 to 1.19) 1.15 (1.10 to 1.19)

    Educational level –

    Elementary school/high school – Reference Reference

    Short education/skilled worker – 1.01 (0.94 to 1.08) 1.01 (0.94 to 1.08)

    Medium/long education – 1.00 (0.97 to 1.04) 1.00 (0.97 to 1.04)

  GDM‡ – 1.06 (0.94 to 1.18) 1.06 (0.95 to 1.18)

  Infection during pregnancy‡ – 2.18 (2.06 to 2.31) 2.18 (2.06 to 2.30)

  Birth weight <2500 g – 0.83 (0.74 to 0.93) 0.82 (0.74 to 0.92)

  Birth <37 weeks gestation – 0.84 (0.76 to 0.92) 0.84 (0.76 to 0.92)

  PPROM‡ – 1.09 (1.01 to 1.17) 1.09 (1.01 to 1.17)

  Pre-eclampsia‡ – 1.36 (1.26 to 1.47) 1.36 (1.26 to 1.47)

  Parous – 0.68 (0.65 to 0.71) 0.68 (0.66 to 0.71)

  Previous CD – 1.53 (1.44 to 1.62) 1.64 (1.53 to 1.75)

  Interaction of previous CD and 
intended mode of delivery

– – 0.79 (0.70 to 0.88)

*Adjusted for age at delivery, smoking, BMI, education level, GDM, infection during pregnancy, low birth weight, preterm birth, PPROM, pre-
eclampsia, parity and previous CD.
†Adjusted for the variables above and the interaction between previous CD and mode of delivery.
‡See online  supplementary appendix.
BMI, body mass index; CD, caesarean delivery; GDM, gestational diabetes mellitus; PPROM, preterm prelabour rupture of membranes; VD, 
vaginal delivery.
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The covariates showed that infection during preg-
nancy, PPROM and pre-eclampsia were associated with 
a significantly higher risk of postpartum UTI, whereas 
birth weight below 2500 g, preterm delivery and parity 
were associated with a decreased risk of postpartum 
UTI.

risk of postpartum utI by actual mode of delivery
Considering actual mode of delivery, women with 
an emergency caesarean delivery during labour 
had the highest rate of postpartum UTI (5.4%) and 
women with spontaneous vaginal delivery the lowest 
(3.1%) (figure 1). Crude as well as adjusted logistic 
regression analyses showed a significantly increased risk 
of postpartum UTI after operative vaginal delivery (aOR 
1.47, 95% CI 1.38 to 1.56), planned caesarean delivery 
prelabour (aOR 1.50, 95% CI 1.39 to 1.62), planned 
caesarean delivery in labour (aOR 1.73, 95% CI 1.44 to 
2.08), emergency caesarean delivery prelabour (aOR 
1.41, 95% CI 1.26 to 1.58) and emergency caesarean 
delivery during labour (aOR 1.61, 95% CI 1.52 to 
1.72) compared with spontaneous vaginal delivery 
(online supplementary table 2).

the effect of previous caesarean delivery on the risk of 
postpartum utI
As previous caesarean delivery interacted with the asso-
ciation between mode of delivery and postpartum UTI 
(table 2 and online supplementary table 2, adjusted 
model 2), data were analysed in stratified analyses 
(table 3).

Among women without previous caesarean delivery, 
the risk of postpartum UTI was increased in women with 
intended caesarean delivery compared with intended 
vaginal delivery (aOR 1.36, 95% CI 1.26 to 1.46), as well 

as in women giving birth by operative vaginal delivery 
or caesarean delivery when compared with spontaneous 
vaginal delivery (table 3), and risk estimates did not differ 
substantially from those in the total population (table 2 
and online supplementary table 2).

Among women with a previous caesarean delivery, 
intended caesarean delivery was not associated with 
increased risk of postpartum UTI (aOR 1.08, 95% CI 
0.98 to 1.18), and increased risk of postpartum UTI was 
only seen in women after operative vaginal delivery and 
planned caesarean delivery prelabour (table 3).

timing of postpartum utI
The timing of the postpartum UTI diagnosis did not 
vary by mode of delivery because 75% of the postpartum 
UTIs occurred within 15 days post partum, irrespective of 
mode of delivery (figure 2).

When defining the postpartum period as a 14-day period 
or as a 45-day period, we found an equally increased risk 
of postpartum UTI among intended caesarean delivery 
compared with intended vaginal delivery in the adjusted 
analyses (aOR 1.35, 95% CI 1.26 to 1.45 and aOR 1.45, 
95% CI 1.28 to 1.65, respectively).

sensitivity analyses
In sensitivity analyses in which we excluded UTI in 
women who had redeemed a prescription for diclox-
acillin, benzylpenicillin or metronidazole at any time 
within the first 30 days post partum, we found that 4.2% 
of women with intended caesarean delivery and 3.2% of 
women with intended vaginal delivery had a postpartum 
UTI. Also with this definition of UTI, intended caesarean 
delivery was associated with a significantly higher risk of 
postpartum UTI than intended vaginal delivery (aOR 
1.42, 95% CI 1.23 to 1.62).

Table 3 Stratified analyses, showing the risk of postpartum urinary tract infection (UTI) within the first 30 days post partum for 
women without or with a previous CD, by intended or actual mode of delivery 

Variables Women without previous CD Women with previous CD

Mode of delivery
Prevalence of 
postpartum UTI, % (n)

Adjusted 1* aOR 
(95% CI)

Prevalence of 
postpartum UTI, % (n)

Adjusted 1* aOR 
(95% CI)

Intended mode of delivery†

  Intended VD 3.4 (12 520) Reference 4.6 (1403) Reference

  Intended CD 4.6 (1014) 1.36 (1.26 to 1.46) 4.7 (1017) 1.08 (0.98 to 1.18)

Actual mode of delivery†

  Spontaneous VD† 3.0 (8919) Reference 4.3 (688) Reference

  Operative VD† 4.9 (1524) 1.46 (1.37 to 1.55) 6.7 (163) 1.50 (1.24 to 1.81)

  Planned CD prelabour† 4.5 (863) 1.49 (1.38 to 1.61) 4.7 (935) 1.14 (1.02 to 1.28)

  Planned CD in labour† 5.1 (151) 1.72 (1.43 to 2.06) 4.8 (82) 1.13 (0.83 to 1.54)

  Emergency CD prelabour† 4.3 (433) 1.40 (1.25 to 1.57) 3.9 (183) 1.04 (0.84 to 1.27)

  Emergency CD in labour† 5.5 (1644) 1.60 (1.51 to 1.70) 4.8 (369) 1.06 (0.91 to 1.23)

*Adjusted for age at delivery, smoking, body mass index, educational level, gestational diabetes mellitus, infection during pregnancy, low birth 
weight, preterm birth, preterm prelabour rupture of membranes, pre-eclampsia and parity.
†See online supplementary appendix.
aOR, adjusted OR; CD, caesarean delivery; VD, vaginal delivery.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018479 on 14 M

arch 2018. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2017-018479
https://dx.doi.org/10.1136/bmjopen-2017-018479
https://dx.doi.org/10.1136/bmjopen-2017-018479
https://dx.doi.org/10.1136/bmjopen-2017-018479
http://bmjopen.bmj.com/


6 Gundersen TD, et al. BMJ Open 2018;8:e018479. doi:10.1136/bmjopen-2017-018479

Open Access 

DIsCussIOn
We found that intended caesarean delivery was asso-
ciated with a 36% increased risk of postpartum UTI as 
compared with intended vaginal delivery. Using actual 
mode of delivery as exposure, operative vaginal delivery, 
emergency and planned caesarean delivery carried an 
equally increased risk of UTI compared with spontaneous 
vaginal delivery. Intended caesarean delivery was not asso-
ciated with increased risk of postpartum UTI in women 
with a previous caesarean section.

strengths and limitations
This study is the first on postpartum UTI to mimic an 
intention-to-treat analyses and to include operative 
vaginal delivery as a category of actual mode of delivery. 
The positive association between mode of delivery 
and postpartum UTI may be attributed to pregnancy, 
general health or lifestyle differences, making residual or 
unknown confounding possible. We did, however, adjust 
for a number of known confounding factors.

This cohort study was population based. It is a strength 
that the Danish registries provide nationwide, almost 
complete data with high validity, and the prospective 
collection limits the risk of selection and information 
bias.13 More than 99% of Danish women deliver in hospi-
tals,18 and health service in Denmark is free of charge. 
We demonstrated that very few postpartum UTIs require 
hospital admission, indicating that most postpartum UTIs 
are mild. A limitation of our study was that the diagnosis 
of postpartum UTI was not confirmed by information 
regarding urinary cultures. Nevertheless, we found an 
incidence of postpartum UTI in accordance with that 

of other studies,1 17 also those including information on 
urine cultures.3 6 Danish recommendations discourage 
treatment of UTI with antibiotics before a biochemical 
test confirms the diagnosis, and most general practitioners 
use dipsticks, microscopic examination and/or cultures to 
confirm the diagnoses, but these data are not reported to 
the Danish registers. Treatment initiation before the final 
test results would introduce an increased prevalence of 
postpartum UTI in our data. However, we do not suspect 
this approach to differ between delivery groups because 
the timing of postpartum UTI was similar in all groups.

Endometritis and wound infection could be mistaken 
for a UTI in the early postpartum phase. As these infec-
tions occur more often among women having had 
emergency caesarean delivery,3 19 who in our study were 
included in the reference group, it would favour rejection 
of the null hypothesis. Using a more restrictive definition 
of postpartum UTI in our sensitivity analyses did not 
essentially change the estimates, which indicates a high 
robustness of the results. Finally, postpartum discomfort 
after caesarean delivery could be mistaken for a UTI,20 21 
but, as mentioned above, we found no indication that the 
timing of postpartum UTI was affected by actual mode of 
delivery.

In this study, we found that low birth weight, preterm 
delivery and parity were associated with a decreased risk 
of postpartum UTI. These deliveries are more likely to 
proceed faster, with less risk of operative intervention 
and potentially altered hormonal influences, which 
could explain the lower risk of UTI associated with these 
deliveries.

Figure 2 Cumulated incidence of urinary tract infection (UTI) by days post partum. Each line represents a mode of delivery 
group. The cumulated incidence is shown as the percentage of all UTIs per mode of delivery. For definition of mode of delivery, 
see online supplementary appendix. CD, caesarean delivery; VD, vaginal delivery. 
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Other studies
We found that 3.6% of all women were treated for post-
partum UTI, which is in accordance with other Scandi-
navian studies reporting incidences of postpartum UTI 
of 2%–3%.1 6 17 There are no studies on intended mode 
of delivery for comparison. In studies using actual mode 
of delivery as exposure, caesarean delivery was associated 
with an increased risk of postpartum UTI compared with 
vaginal delivery.5–7 One small study found an increased 
risk of postpartum UTI after emergency caesarean 
delivery compared with planned caesarean delivery.22 This 
is in accordance with the crude estimates in our study, 
as the authors did not adjust for confounders. Other 
studies found no difference in the risk of postpartum 
UTI between planned and emergency caesarean delivery 
after adjusting for relevant confounders,6 19 23 which our 
findings further support. Previous caesarean delivery has 
been related to an increased risk of postpartum compli-
cations,24 25 but no prior study has evaluated the influ-
ence of previous caesarean delivery on postpartum UTI. 
We found an interaction between previous caesarean 
delivery and mode of delivery with regard to the risk 
of postpartum UTI, as intended caesarean delivery was 
not associated with increased risk of postpartum UTI in 
women with a previous caesarean delivery. This could be 
explained by a higher prevalence of emergency caesarean 
section and a higher prevalence of postpartum UTI after 
vaginal delivery in the group (table 3).

In this study all women with operative delivery, whether 
caesarean or operative vaginal delivery, had an increased 
risk of postpartum UTI. A possible explanation could 
be that national and international guidelines recom-
mend sterile urinary bladder catheterisation of women 
before caesarean delivery and operative vaginal delivery 
either by intermittent catheterisation or as a catheter a 
demeure.26 27 The purpose of bladder catheterisation is 
to prevent surgical damage to a distended bladder during 
the procedure and to prevent postpartum haemorrhage 
as well as urinary retention due to lack of bladder func-
tion caused by the spinal anaesthesia. To decrease the risk 
of UTI, it is standard procedure to remove the catheter 
as soon as the woman is mobilised. Emptying the bladder 
prior to operative vaginal delivery is thought to facilitate 
the descent of the fetal head into the maternal pelvis, 
however, previous studies suggest that indwelling cathe-
terisation during caesarean delivery increases the risk of 
postpartum UTI compared with non-use.28 29 The cath-
eterisation procedure itself and not the delivery mode 
could explain the risk of postpartum UTI: a hypothesis 
that is further supported by the similar risk of postpartum 
UTI across all our operative delivery groups. Therefore, 
the risk of postpartum UTI must be counterbalanced 
by the potential benefits associated with catheterisation 
prior to caesarean delivery and operative vaginal delivery.

This study provides relevant risk estimates to clini-
cians, when guiding pregnant women in determining 
mode of delivery. UTI is a minor complication, and 
though the risk is increased in women having caesarean 

delivery compared with women giving birth vaginally 
the absolute risk in both groups is rather small. There-
fore, the increased risk of UTI potentially caused by 
urine bladder catheterisation seems to be justified by 
the potential prevention of more serious complications. 
However, regarding women aiming for caesarean on 
maternal request, both major and minor complications 
should be taken into consideration, in order to reduce 
the rate of caesarean deliveries without medical indi-
cation. Regarding routine use of urine bladder cathe-
terisation prior to operative vaginal delivery, studies to 
evaluate bladder catheterisation procedures as well as 
other procedures, like bedside ultrasound, to measure 
urine bladder volume prior to catheterisation should be 
encouraged.

In conclusion, intended caesarean delivery was associ-
ated with a small increase in the risk of postpartum UTI 
as compared with intended vaginal delivery, and all types 
of operative delivery were associated with an equally 
increased risk of postpartum UTI compared with spon-
taneous vaginal delivery. The frequent use of urinary 
bladder catheterisation prior to surgical procedures 
could explain this association. The minor risk of UTI asso-
ciated with operative delivery should be held against the 
potential prevention of more serious complications like 
bladder lesions and postpartum haemorrhage. Future 
studies should focus on reducing routine catheterisation 
prior to operative vaginal delivery as well as improving 
procedures related to catheterisation prior to operative 
delivery.
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