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ABSTRACT

Background

Pyelonepbhritis is a type of urinary tract infection (UTI) that affects the upper urinary tract and kidneys, and is one of the most common
conditions for hospitalisation among pregnant women, aside from delivery. Samples of urine and blood are obtained and used for cultures
as part of the diagnosis and management of the condition. Acute pyelonephritis requires hospitalisation with intravenous administration
of antimicrobial agents. Several studies have questioned the necessity of obtaining blood cultures in addition to urine cultures, citing
cost and questioning whether blood testing is superfluous. Pregnant women with bacteraemia require a change in the initial empirical
treatment based on the blood culture. However, these cases are not common, and represent approximately 15% to 20% of cases. It is
unclear whether blood cultures are essential for the effective management of the condition.

Objectives

To assess the effectiveness of routine blood cultures to improve health outcomes in the management of pyelonephritis in pregnant women.

Search methods

We searched the Cochrane Pregnancy and Childbirth Group's Trials Register without language or date restrictions (31 December 2014).

Selection criteria

Randomised controlled trials and quasi-randomised trials comparing outcomes among pregnant women with pyelonephritis who received
initial management with or without blood cultures. Cluster-randomised trials were eligible for inclusion in this review but none were
identified. Clinical trials using a cross-over design were not eligible for inclusion.

Data collection and analysis
Two review authors independently assessed one trial report for inclusion.
Main results

We identified one trial report but this was excluded. No clinical trials met the inclusion criteria for this review.
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Authors' conclusions

There are no large-scale randomised controlled trials to assess outcomes in the management of pyelonephritis in pregnancy with or
without blood cultures. Randomised controlled trials are needed to evaluate the effectiveness of managing pyelonephritis in pregnant
women with or without blood cultures, and to assess any adverse outcomes as well as the cost-effectiveness of excluding blood cultures
from treatment.

PLAIN LANGUAGE SUMMARY

The effectiveness of blood testing in the management of pyelonephritis in pregnancy for improving outcomes

Urinary tract infections (UTIs) are a common infection among women, with most women having developed a UTI at least once in their
lifetime. Pyelonephritis, a UTI which affects the upper urinary tract and kidneys, is one of the most prevalent conditions that require
hospitalisation among pregnant women. In general, both urine and blood samples are taken for diagnosis and to tailor the necessary
antibiotic therapy to the needs of the patient. Some severe cases of pyelonephritis require hospitalisation and intravenous administration
of antibiotics. Several previous studies have reported that excluding blood testing or 'blood culture' samples and using only urine samples
in managing the condition could be as safe and effective as the current approach, in which both urine and blood samples are analysed.
Previous research has also suggested that urine samples render blood samples superfluous, as blood samples offer no additional clinical
value for the management of pyelonephritis. Testing only urine samples could also be significantly cost-saving.

This review aims to evaluate the effectiveness of routine blood cultures in the management of pyelonephritis in pregnancy. However, we
did not identify any data from randomised controlled trials in order to examine the efficacy of routine blood cultures in the management
of the condition among pregnant women. Further research is required to assess the effectiveness of managing pyelonephritis in pregnant
women with or without blood culture samples, as well as to address possible adverse outcomes and the potential cost-effectiveness of
excluding blood cultures from treatment.

Routine blood cultures in the management of pyelonephritis in pregnancy for improving outcomes (Review) 2
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

BACKGROUND

Description of the condition
Pyelonephritis in pregnancy

Urinary tract infections (UTIs) are more common in women during
pregnancy (Cunningham 2009; Nicolle 2005). The two main types
of UTI are cystitis (a bladder infection in the lower urinary tract)
and pyelonephritis (a kidney infection in the upper urinary tract).
In pregnancy, anatomical and physiological changes occur in the
urinary tract, such as dilation of the renal pelvis and ureter,
displacement of the bladder, and mechanical compression of
the ureters by the uterus, which increase the risk of developing
a UTI (Shanarr 2008). A reversed flow of urine into the upper
urinary tract can lead to acute pyelonephritis, which affects
the renal pelvis, calyces, and parenchyma. Symptoms include
fever, nausea, vomiting, or flank pain with or without the
cystitis symptoms of painful, frequent or urgent urination. Acute
pyelonephritis is diagnosed by clinical findings of fever, flank pain,
and costovertebral angle tenderness, and by laboratory findings
of either bacteriuria or pyuria. This condition also causes some
of the most serious complications among UTIs in pregnancy,
including anaemia, septic shock and preterm labour and delivery
(Cunningham 2009).

Incidence and risks of pyelonephritis in pregnancy

Acute pyelonephritis occurs in 1% to 2% of pregnancies
(Cunningham 1973; Hill 2005) and the condition is the second most
common reason for hospitalisation during pregnancy that is not
related to delivery (Scott 1997). In addition, pyelonephritis is the
leading cause of septic shock during pregnancy (Mabie 1997).

The incidence of asymptomatic bacteriuria varies from 2% to 7%
in non-pregnant women and during pregnancy (Nicolle 2005).
Asymptomatic bacteriuria increases the risk of developing acute
pyelonephritis by 20- to 30-fold in pregnant women, compared
to women without bacteriuria (Nicolle 2005). If asymptomatic
bacteriuria is left untreated, approximately 25% of infected
pregnant women will develop symptomatic UTIs including
pyelonephritis (Cunningham 2009).

Among pregnant women with pyelonephritis, approximately 10%
to 20% were found to have concurrent bacteraemia. In recent
studies, 15% (21 of 137 cases) (MacMillan 1991), 9% (35 of 388
cases) (Wing 2000), and 17% (30 of 172 cases) (Hill 2005) were
reported to have positive blood cultures with acute pyelonephritis
in pregnancy.

Adverse maternal and fetal outcomes of UTIs during
pregnancy

It has been reported that pregnant women with acute
pyelonephritis are more likely to have premature delivery and a low
birthweight infant (Lang 1996; Millar 2003; Wing 2014). However,
pregnant women with asymptomatic bacteriuria seemed to be
more likely to have premature delivery and a low birthweight
infant. Recommendations have been made to treat all pregnant
women with asymptomatic bacteriuria (Nicolle 2005; Smaill 2007),
although in recent years the relationship between asymptomatic
bacteriuriaand preterm deliveryis not clear (Wing 2014). Jacobsson
2002 has indicated that urosepsis may be related to an increased
incidence of cerebral palsy among preterm infants.

Description of the intervention

The general approach to treating pregnant women with acute
pyelonephritis includes hospitalisation, obtaining urine and blood
samples for cultures and the administration of intravenous
antimicrobial agents (Cunningham 2009; MacMillan 1991). Previous
randomised studies have shown that ampicillin, gentamicin,
cefazolin, or ceftriaxone were effective as empirical therapy
for this condition (Sanchez-Ramos 1995; Wing 2000). If women
are unresponsive to initial antimicrobial therapy, appropriate
alternative therapies are designed based on the susceptibility
testing results of urine and blood cultures. Recent studies, however,
have reported limited usefulness of urine and blood cultures.
MacMillan 1991 and Wing 2000 demonstrated that the management
of pyelonephritis in pregnancy by using only pretreatment urine
cultures without blood cultures may be safe and effective
without compromising women's care. It was argued that since
organisms isolated from blood cultures seldom varied from the
urine isolates (5/388, 1.29%), these discrepancies were caused
by contamination from skin flora (Wing 2000). Blood samples do
not offer any additional information to change the management
of the condition. In these studies, most changes in antimicrobial
therapy were made on the basis of clinical response rather than
susceptibility test results. Only a few cases required a change in
therapy after blood culture results were confirmed.

From a practical standpoint, there are three different strategies
to manage pyelonephritis during pregnancy (Wing 2000). The first
approach is to base treatment on both urine and blood cultures.
The second is to treat patients based on urine cultures only, and the
third option is to perform both urine and blood cultures for low-risk
patients only if a clinical response is not observed within 48 hours.

From an economic point of view, Wing 2000 estimated that in 1999,
If the cost of a blood culture with aerobic and anaerobic sensitivity
tests changed to approximately $150, a total saving of $15 million
would be made annually in the United States if only urine cultures,
not blood cultures, were obtained from pregnant women with
pyelonephritis. Further, in general, urine cultures are cheaper than
blood cultures. If only one type of specimen is required to identify
causative organisms and susceptibility, urine testing would be the
most cost-effective choice.

How the intervention might work

Blood cultures determine the presence of bacteraemia and are
particularly useful in patients with risk factors for endocarditis
(MacMillan 1991) and complicated pyelonephritis, such as
diabetes, immunosuppression, urolithiasis, urologic, anatomic or
functional abnormalities, and renal diseases. They may optimise
antimicrobial therapy with appropriate selection of agents and
duration of therapy, as well as improve outcomes among pregnant
women with pyelonephritis. Blood cultures may also provide
a more cost-effective approach for managing the condition by
guiding antimicrobial therapy and detecting serious complications
due to bacteraemia, compared with urine samples alone.

Why it is important to do this review

Medical costs overall have increased in most countries. If
blood cultures are excluded from the routine management of
pyelonephritis in pregnant women, the potential financial savings
would be enormous. Itis also useful to determine the factors which
lead to performing blood cultures in addition to urine cultures
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from pregnant women with pyelonephritis. Moreover, there are
many resource-limited countries where routine blood cultures may
not be available to pregnant women (Islam 2009; Kongnyuy 2009).
Increasing antimicrobial resistance among Enterobacteriaceae,
such as Escherichia coli, is also of growing global concern (Al-Hasan
2009; Al-Hasan 2010; EARSS 2008; Hsueh 2010; Masinde 2009). It is
therefore important to compare the outcomes among patients with
pyelonephritis in pregnancy who are treated with or without blood
cultures in addition to urine cultures. It also makes a significant
impact on daily clinical practice to optimise therapy for pregnant
women with pyelonephritis by using the most safe, effective and
cost-conscious approach.

OBJECTIVES

To assess the effectiveness of routine blood cultures for improving
health outcomes in the management of pyelonephritis in pregnant
women.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (including those using a cluster-
randomised design and quasi-randomised trials) comparing
outcomes among pregnant women with pyelonephritis who
received initial management with or without blood cultures. Trials
using a cross-over design were not eligible for inclusion.

Types of participants

Pregnant women who develop pyelonephritis during the
antepartum period.

Types of interventions

Management of pyelonephritis among pregnant women with or
without routine blood cultures in addition to urine cultures.

Types of outcome measures
Primary outcomes

« Maternal sepsis

« Perinatal or neonatal mortality
Secondary outcomes

Maternal outcomes

« Maternal mortality
« Preterm delivery

o Clinical and microbiological cure defined as resolution of
symptoms and elimination of bacteriuria

Neonatal outcomes

« Incidence of low birthweight

Treatment failure

We considered the following secondary outcomes in this area.
If the included studies already featured predefined categories,
we planned to use these. Otherwise we developed the following
categories.

« Delay of improving symptoms (fever, flank pain, costophrenic
angle tenderness) within 48 hours
« Persistent positive urine culture after 48 hours of treatment

« Recurrent pyelonephritis; early recurrence defined as
pyelonephritis due to the same strain or different strain within
two weeks after treatment, and late recurrence defined as
pyelonephritis due to the same strain or different strain after two
weeks of treatment

« Asymptomatic bacteriuria during pregnancy at any point after
treatment

« Progression to renal dysfunction during or after treatment

Health service indicators

« Cutting costs in managing the condition by performing only
urine cultures, instead of performing both urine cultures and
blood cultures.

Search methods for identification of studies

The following methods section of this review is based on a standard
template used by the Cochrane Pregnancy and Childbirth Group.

Electronic searches

We searched the Cochrane Pregnancy and Childbirth Group’s Trials
Register by contacting the Trials Search Co-ordinator (31 December
2014).

The Cochrane Pregnancy and Childbirth Group’s Trials Register is
maintained by the Trials Search Co-ordinator and contains trials
identified from:

1. monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL);

2. weekly searches of MEDLINE (Ovid);
3. weekly searches of Embase (Ovid);

4. handsearches of 30 journals and the proceedings of major
conferences;

5. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.

Details of the search strategies for CENTRAL, MEDLINE and Embase,
the list of handsearched journals and conference proceedings, and
the list of journals reviewed via the current awareness service can
be found in the ‘Specialized Register’ section within the editorial
information about the Cochrane Pregnancy and Childbirth Group.

We did not apply any language or date restrictions.

Data collection and analysis
Selection of studies

Two review authors, H Gomi and Y Goto, independently assessed
for inclusion the one potential study we identified as a result
of the search strategy. We resolved any disagreements through
discussion.

There are no included studies in this review. Full methods of data
collection and analysis to be used in future data updates of this
review are provided in Appendix 1.
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RESULTS

Description of studies
Results of the search

The search of the Cochrane Pregnancy and Childbirth Group's
Trials Register retrieved one trial report (Dozier 1997), which we
subsequently excluded. See Figure 1.

Figure 1. Study flow diagram.

One report Mo additional
identified through recards identified
database through other
searching SOUrCES
L)
One full-text One full-text
article assessed article excluded,
far eligibility with reasons
L)
Mo studies
included in
qualitative
synthesis
L)
Mo studies
included in
quantitative
synthesis
(meta-analysis)
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Excluded studies

We excluded one trial (Dozier 1997) reported in abstract form. We
contacted the authors for further detailed information, but did not
receive a reply.

Risk of bias in included studies

There are no included studies for this review.

Effects of interventions

There are no included studies for this review.
DISCUSSION

At present, there is no supporting evidence from randomised
controlled trials to evaluate whether routine blood cultures
improve outcomes in the management of pyelonephritis in
pregnancy.

Previous research has questioned the utility of blood cultures in
the management of pyelonephritisin pregnant women highlighting
that most women have been treated successfully without the
need for culture reports and susceptibility testing (Nicolle 2005).
For example, only two women's blood culture isolates (1.3%)
differed from their corresponding urine culture isolates (Wing
2000), and only five pregnant women with acute pyelonephritis
(1.3%), had blood cultures with pathogens that differed from those
found in the urine (Chen 2006). Treatment decisions to change
initial antibiotic regimens were more affected by clinical course
than by culture resultsThe exclusion of blood cultures has also
been considered in clinical practice in the management of other
conditions such as pneumonia (Benenson 2007; Cham 2009) or
intra-abdominal infections (Solomkin 2010). In addition, the use
of more rapid identification methods that incorporate molecular
technologies, such as polymerase chain reaction testing, have
been performed in the emergency treatment of patients with
bacteraemia (Stoneking 2013). This retrospective study indicated
that the rapid molecular method was significantly more useful in
providing accurate antimicrobial therapy than were guidelines or
protocols by academic associations such as the Infectious Diseases
Society of America.

The most common pathogen among women with pyelonephritis in
pregnancy is E. coli. In general, gram-negative Enterobacteriaceae
are less likely to cause infective endocarditis than gram-positive
cocci, which is one of the most significant complications of
bacteraemia (Chen 2006). In future it is important to re-assess the
value of obtaining blood cultures and documenting the existence
of bloodstream infections in clinical practice.

A blood culture is relatively easy and less invasive than other
diagnostic procedures such as tissue biopsy to perform and has
the capability to determine causative organisms. On the one hand,
when blood cultures are performed, the organisms from blood
— which is sterile — are in general the targets for antimicrobial

treatment, and are not usually considered as 'contaminants'. On
the other hand, when other specimens such as urine, sputum, or
pus are available, and depending on which organisms are being
sought, there may be no additional clinical value in obtaining blood
cultures. It is also argued that urine cultures provide sufficient
information with which to adjust antimicrobial therapy when
required (Nicolle 2005).

If blood cultures can be excluded without compromising the
quality of women's care in conditions such as uncomplicated
pyelonephritis in pregnancy, significant cost savings could be
made. This implies more practical and affordable management for
resource-limited areas where blood cultures may not always be
available, and a reduction in the high costs associated with blood
cultures for developed countries where overall medical costs are on
therise.

AUTHORS' CONCLUSIONS

Implications for practice

There are norandomised controlled trials to assess outcomesin the
management of pyelonephritis in pregnancy with or without blood
cultures. If management of the condition using both blood and
urine cultures does not change the outcomes of pyelonephritis in
pregnancy, blood cultures could be safely excluded. This approach
could save considerable costs and streamline management of the
condition.

Implications for research

Randomised controlled trials are needed to evaluate outcomes
of managing pyelonephritis in pregnant women with or without
blood cultures. It is important to investigate outcomes related to
treatment or hospital duration, and to assess whether additional
blood cultures provide additional information which helps to
shorten antibiotic treatment or admission duration. It is also
important to assess any compromises made or adverse outcomes
in managing the condition without blood cultures, the frequency
of such adverse outcomes, and the overall cost-effectiveness of
excluding blood cultures from treatment. Further randomised
controlled trials are justified. Since only a few women with acute
pyelonephritis require a prompt change in the initial antibiotic
treatment based on the blood culture, the indication for taking
blood cultures is for those women with suspected bacteraemia and
sepsis. There is no need to take blood cultures routinely.
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Study Reason for exclusion

Dozier 1997

This study was reported as an abstract only and no further detailed information was available. We

attempted to contact the study authors, but we did not receive a reply.

APPENDICES

Appendix 1. Full methods of data collection and analysis for future use

Data extraction and management

We will design a form to extract data. For eligible studies, two review authors will extract the data using the agreed form. We will resolve
discrepancies through discussion or, if required, we will consult an additional review author. We will enter data into Review Manager
software (RevMan 2014) and will check for accuracy.

When information regarding any of the above is unclear, we will attempt to contact authors of the original reports to provide further details.

Assessment of risk of bias in included studies

Two review authors will independently assess risk of bias for the study identified using the criteria outlined in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). We will resolve any disagreement by discussion or by involving an additional assessor.
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(1) Sequence generation (checking for possible selection bias)

We will describe for each included study the method used to generate the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.

We will assess the method as:

« low risk (any truly random process, e.g. random number table; computer random number generator);
« high risk (any non-random process, e.g. odd or even date of birth; hospital or clinic record number);
« unclear.

(2) Allocation concealment (checking for possible selection bias)

We will describe for each included study the method used to conceal the allocation sequence and determine whether intervention
allocation could have been foreseen in advance of or during recruitment, or changed after assignment.

We will assess the methods as:

« low risk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);
« high risk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth);
o unclear.

(3.1) Blinding of participants and personnel (checking for possible performance bias)

We will describe for each included study the methods used, if any, to blind study participants and personnel from knowledge of which
intervention a participant received. We will consider that studies are at low risk of bias if they were blinded, or if we judge that the lack of
blinding would be unlikely to affect results. We will assess blinding separately for different outcomes or classes of outcomes.

We will assess the methods as:

« low, high or unclear risk of bias for participants;
« low, high or unclear risk of bias for personnel.

(3.2) Blinding of outcome assessment (checking for possible detection bias)

We will describe for each included study the methods used, if any, to blind outcome assessors from knowledge of which intervention a
participant received. We will assess blinding separately for different outcomes or classes of outcomes.

We will assess methods used to blind outcome assessment as:
« low, high or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations)

We will describe for each included study, and for each outcome or class of outcomes, the completeness of data including attrition and
exclusions from the analysis. We will state whether attrition and exclusions are reported, the numbers included in the analysis at each
stage (compared with the total randomised participants), reasons for attrition or exclusion where reported, and whether missing data are
balanced across groups or are related to outcomes. Where sufficient information is reported, or could have been supplied by the trial
authors, we will re-include missing data in the analyses which we will undertake. We will assess methods as:

o low risk; loss to follow-up less than 10%;
« highrisk; loss to follow-up 10% or more;
o unclear.

We will consider the data from a trial adequate if missing data constitute less than or equal to 20% of the trial data. We will resolve
discrepancies by discussion.

(5) Selective reporting bias

We will describe for each included study how we investigate the possibility of selective outcome reporting bias and what we find.
We will assess the methods as:

« adequate (whereitis clear that all of the study's pre-specified outcomes and all expected outcomes of interest to the review have been
reported);
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« inadequate (where not all the study's pre-specified outcomes have been reported; one or more reported primary outcomes are not pre-
specified; outcomes of interest are reported incompletely and so cannot be used; study fails to include results of a key outcome that
would be expected to be reported);

« unclear.

(6) Other sources of bias

We will describe for each included study any important concerns we have about other possible sources of bias.
We will assess whether each study is free of other problems that could put it at risk of bias:

* Yyes;
« NO;
« unclear.

(7) Overall risk of bias

We will make explicit judgements about whether studies are at high risk of bias, according to the criteria given in the Handbook (Higgins
2011). With reference to (1) to (6) above, we will assess the likely magnitude and direction of the bias and whether we will consider it is
likely to impact on the findings. We will explore the impact of the high risk of bias through undertaking sensitivity analyses - see Sensitivity
analysis.

Measures of treatment effect
Dichotomous data

For dichotomous data, such as maternal mortality, we will present results as summary risk ratio with 95% confidence intervals.

Continuous data

For continuous data, such as length of hospital stay, we will use the mean difference if outcomes are measured in the same way between
trials. We will use the standardised mean difference to combine trials that measure the same outcome, but use different methods.

Unit of analysis issues
Cluster-randomised trials

We willinclude cluster-randomised trials (CRTs) in the analyses along with individually-randomised trials. If we have unadjusted treatment
effect of the CRT, we will adjust the standard error of the treatment effect as suggested in the Handbook (Higgins 2011) using an estimate
of the intracluster correlation co-efficient (ICC) derived from the information available in the trial (if possible), from a similar trial or from
a study of a similar population. If we use ICCs from other sources, we will report this and conduct sensitivity analyses to investigate the
effect of variation in the ICC. If we identify both cluster-randomised trials and individually-randomised trials, we will synthesise the relevant
information. We will consider it reasonable to combine the results from both if there is little heterogeneity between the study designs and
the interaction between the effect of intervention and the choice of randomisation unit is considered to be unlikely.

We will also acknowledge heterogeneity in the randomisation unit and we will perform a sensitivity analysis to investigate the effects of
the randomisation unit.

Dealing with missing data

For included studies, we will note levels of attrition. We will explore the impact of including studies with high levels of missing data in the
overall assessment of treatment effect by using sensitivity analysis.

For all outcomes, we will carry out analyses, as far as possible, on an intention-to-treat basis, i.e. we will attempt to include all participants
randomised to each group in the analyses, and analyse all participants in the group to which they have been allocated, regardless of
whether or not they received the allocated intervention. The denominator for each outcome in each trial will be the number randomised
minus any participants whose outcomes are known to be missing.

Assessment of heterogeneity

We will assess statistical heterogeneity in each meta-analysis using the T2, I* and Chi? statistics. We will regard heterogeneity as substantial
if an 12 is greater than 30% and either a T2 is greater than zero, or there is a low P value (less than 0.10) in the Chi? test for heterogeneity.

Assessment of reporting biases

If there are 10 or more studies in the meta-analysis, we will investigate reporting biases (such as publication bias) using funnel plots. We
will assess funnel plot asymmetry visually. If asymmetry is suggested by a visual assessment, we will perform exploratory analyses to
investigate it.
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Data synthesis

We will carry out statistical analysis using the Review Manager software (RevMan 2014). We will use fixed-effect meta-analysis for combining
data where it is reasonable to assume that studies are estimating the same underlying treatment effect: i.e. where trials are examining the
same intervention, and the trials’ populations and methods are judged sufficiently similar. If there is clinical heterogeneity sufficient to
expect that the underlying treatment effects differ between trials, or if substantial statistical heterogeneity is detected, we will use random-
effects meta-analysis to produce an overall summary if an average treatment effect across trials is considered clinically meaningful. We
will treat the random-effects summary as the average range of possible treatment effects and we will discuss the clinical implications of
treatment effects differing between trials. If the average treatment effect is not clinically meaningful, we will not combine trials.

If we use random-effects analyses, we will present the results as the average treatment effect with its 95% confidence interval, and the
estimates of T and I%.

Subgroup analysis and investigation of heterogeneity

If we identify substantial heterogeneity, we will investigate it using subgroup analyses and sensitivity analyses. We will consider whether
an overall summary is meaningful, and if it is, used random-effects analysis to produce it.

We plan to carry out the following subgroup analyses for maternal sepsis.

1. Women with uncomplicated pyelonephritis versus those with risk factors for complicated pyelonephritis such as diabetes,
immunosuppression, urolithiasis, urologic, anatomic or functional abnormalities, and renal diseases.

2. Women in developed countries versus those in resource-limited countries.
3. Women in a setting with a high prevalence of antimicrobial resistance versus those in a area of low prevalence.

We will assess subgroup differences by interaction tests available within RevMan (RevMan 2014). We will report the results of subgroup
analyses quoting the x2 statistic and P value, and the interaction test I? value.

Sensitivity analysis

If identify substantial heterogeneity we will carry out sensitivity analysis to explore the effects of high risk of bias for each of the risk of bias
domains to examine the impact on the estimated pooled effect. We will also examine the effect of the randomisation unit (where cluster-
trials are included along with the individually-randomised trials). We will use maternal sepsis as the outcome for this analysis.
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