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ABSTRACT

Surgical site infections (SSIs) can be serious complications after Caesacéan.
Thereforewe determineémong women undergoing a Caesarean section in Nova :Sgatha
incidenceof SSI tohospitaldischarge?2) risk factors associated with the developmerd 8SlI,
and 3) isk factors associated with the development 864usinga more inclusive SSI
definition. Using a perinatal provincial database cneatedaretrospective cohodf Nova
Scotian womemindergoing Caesarean section from 12972andfollowed them to hospital
discharge We determined risk factors f8SI using logistic regression with generalized
estimating equationsThe SSI rate decreased owerr study period. The number of Caesarean
sectiongperformedper hospital per year; pygegnancy weight; hypertensioyear of delivery;
andanticoagulatia therapy, weight gain, and chorioamnionitis during pregnancy were important

risk factors for SSI.
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CHAPTER 1. INTRODUCTION

Surgical wound infectionscalled surgical sitenfections (SSls)after Caesarean
section are serious complicatgfl). While some S&lcan be managed with oral
antibiotics on an ambulatory basis, otherspartentially life threateningndcan lead to
hospitalization of the moth@r another surgeryand interrupt the normahotherinfant
postpartum perioR). SSkoccurring in the 30 dayafter surgeryare considered
nosocomial ohospitatacquired infectiongHAIS) (3).

The overall rate of SSI following Caesarean section can vary and has been show
to range fron0.92% 14.70% in studies where women are followedhmspital discharge
(4-17). The difference in the range of reported SSI ratesbe due tthe characteristics
of the women in the study and the definition of SSI Y&l

SSlisan important outcome to study as 26% of Nova Scotian births are via
Caesarearection(19). While one study has documented the rate of SSI in Nova Scotia
from 1988 to 2002 to be 10%6, thisstudy only examined labouring Caesarean sections
(5). There has yetbtbe a study conducted in Nova Scotia #siimatesheincidenceof
SSilfor both nonlabouring and labourinGaesarean sectionsr one that determines
multiple risk factors for developing SSNumerous factors have bestudied in the
literatureto deermine whether they are risk factors for SSI follow@@esareasection.
However, due to the differences in study methods and populations, risk thetosse
statisticallysignificantin one study may not reach significance in anotl#ex such, i is
important to study this outcome on various populatiordgetermine whadifferences, if

any, there are imdependent riskactorsfor SSl



Our study aimedo determineemongwomen undergoing @aesarearection in
Nova Scotia: 1)heincidenceof SSlto discharge in the province as a whole and within
each regiorand Robson Groyj2) risk factors associated withet development of a SSI,
and 3)risk factors associated with the development of SSI weildgtional diagnostic
and procedure codes.

Our cohat wascreated from the Nova Scotia Atlee Perinatal Database (NSAPD)
which is administered by the Reproductive Care ProgrfalRova Scotia (RCP)The
retrospective cohorhcluded Nova Scotia women who delivered Waesareasection
from Januaryl, 1997to December 31, 2012Ve determind relevant exposure and risk
factor information from the SAPD as well as captuteny wome whopresented witla
SSI before hospital discharge

Our populationbasedstudyaddsto the existing literature on the risk fars for
SSI followingCaesareagsection. It also givesan estimate of the SShte in Nova Scotia
following both labouring and nelabouing Caesarean section®ur study gives
evidence that independent risk factors for SSI differ depending upon whaobsiic and
procedure codes are included in 8l definition.

This document begins with th@ckgroundvhich covers thestatusof the
literature regarding SSis followingaesareasections. It begins by discussing the
prevalence o€aesareasectionsandincidence ofSSIsandhow each are classified and
defined. It alsoexamineow SSis are detectgithe incidenceof SSifollowing obstetric
and gynecologic surgeridength of patient followup, the burderof SSls, and risk
factors for SSI that haveebn studied in the literaturd he following section lists the

objectives forour study. Thenextsectiondiscussethe methods thate used It begins



by discussingur study designstudy populationsample size, ethical considerations, and

the databse used. Next thautccomeand exploratoryariables thatvereexaminedare

discussed followed blyow each of the objectivegereanalysed This is followed bythe

resultsof each objective and therdecussion of theeresults. Finallythe studys

strengths and limitations our r ec o mme n d a tmpactrarsd relezamae t he s |

discussed.



CHAPTER 2: BACKGROUND
2.1. Caesarean Sections

Most neonates are delivered vaginalljjowever, some deliveries occur via
Caesarean sectioa,surgical ppcedure in which a neonate is delivered via an incision in
a wo man 0 s Thede dungeriesan be kctive oremergenfurgent. Elective
Caesarean sections are performed orlabauring women if problems are anticipated,
such as uterine rupture forgpeat Caesarean sectidha woman is in labour and a
problem develops that puterhealth and/or thbealth of the fetus danger, the delivery
team must decide if they can deliver vaginally with instrumentation or perform an
emergentirgent Caesareasection.

2.1.1. Prevalence of Caesarean Sections

The percentage afeliveries that are b§aesareasection rather thavaginally
hasbeen increasingin Canadathe prevalence dfaesareasections increased from 6%
in 1970 to 20% in 19887% in 200619) and 28% in fiscal year 2012011(20). The
Caesarean sectigate in Nova Scotia is comparable to the national rate with the
percentage of births b§aesareasection increasing from 20% in 1988 to 27% in 2006
(19) andremaining aR7%in 2011(21).

There are many reasons for the increase in this rate which can be categtwized
maternal choicewWomen with previous Caesarean section choosing re@eaaf2an
section ohaving a Caesarean sectioratmid pelvic floor disorderg changes in
obstetrcal practice(decreasing use of forcepssisted vaginal delivery, data atverse
outcome associated with vaginal breech delivempaternal characteristics (older

maternalage and highdsody mass indepBMI]), andattitudes and beliefénformed



womenshould be able to choosdether to give birth vaginally or vidaesareasectior)
(29).

Given that he number of women havirgective/norlabouring and
emergency/labourinGaesarean sections has increased in this timeftamesk for
developing SSiay have also increased. Since worhering elective and emergency
Caesarean sectioase different clinical populations, decreasing 8&d ratewould
requirea different interventiofior eachgroup Due to the higher rate of women
undergoing Caesareanciens, research into what factors place women at a higher risk
for developing a SSI is important.

2.1.2. Classification of CaesareanSections

ClassifyingCaesareansections can be useful to both clinicians and researchers.
"mutually exclusive antbtally inclusive” classification system f@aesareasectionhas
been developed by Robs(2?). The Robsortlassification system hdseen validated
and determined to be the most superior system studywhich compared 27
classification systems for Cearean sections by analyzing a set of criteria deemed
important by multidisciplinary exper{23).

The Robsorsystemconsists of 10 classes that grati@esarearections based on
several criteria:having had greviousCaesareasection parity, gestatioal age, number
of fetuseqsingleton or multiplestype of labour (spontaneausduced or nong, and
position ofthefetus(cephalic, breech, transverse oblique)(22). It is straightforward
for clinicians to use as it consists of a logical orgaioenahatshould not require

retroactivereclassification(22).



The purpose of thistatic classification system to compare the Caesarean
section rat@vertime and betweeimstitutionsand groupssuch as byxamining whether
a certain group isontributing more or less to the over&laesareasection rate than in
previous year$2?). In addition, a classification system alloeare to improve and for
all research, whether it be conducted nationally or internationally, to be comparable
(22,24) Knowing which groups have a high Caesarean section rate can help clinicians
determine which groups require better managing with the goal of lowering the rate of
Caesarean secti@@2).

The Society of Obstetricians and Gynaecologists of Canada developed izdnodif
Robson criteria which further subdivides each Robson group based on type of labour
(24). Group 2 and group$-10 were modified to includeduced and no labour
categoriesand groups 8.0 were modified to include induceslpontaneoysand no labour
caiegories(24).

Kelly et al.classifiedCaesareasectiongerformed irfive Canadian provinces
(British Columbia, Alberta, Ontario, Nova Scotia, and Newfoundland and Labrador) over
four years (April 2007 to March 2011) using the Robson criteria and foandhte three
groups contributing the most to tB@aesarearection rate were consistent between all
five provinces (the only exception being British Columbia where the rank of the second
and third highest contributors wamversedrom that ofthe othemprovinces)21). The
group contributing the most to tikaesarearection rate was women with one or more
previousCaesarearections and a single fetus at term in cephalic pogiRoitson’'s
Group 5) this was followed by nulliparous women who were mdebour or whose

labour was induced with a single fetus at term in cephalic pogRobson's Group 2)



and then nulliparous women in spontaneous labour with a single fetus at term in cephalic
position(Robson'sGroup 1)(21).

During the fiscal year Apir2010 to March 2011, the rate Ghesarearection in
Nova Scotia was 27%21). 78.5% of women in Group 5 hadCaesareasection which
contributed 7.8% to the overall rg&l). Of the women in Group 2, 34.4% had a
Caesareasrection, contributing 5.5% the overallCaesarean sectioate followed by
women in Group 1 who had@aesarearection rate of 15.3%hich contribute®.7% to
the overall rat€21). Another Nova Scotian study of these select maternal groups and
adjusted analyses demonstratednaneaséd risk for Caesarean section over time for
three groupsnulliparouswomenat term who weré labour (spontaneous or induced)
with asingle cephalic pregnancy, previous delivery via Caesarean section, and multiple
gestationg25).

Identifying potentially modiiable risk factors, reassessimglication and methods
for inducing labourhaving resources availabfier vaginal birth after Caesarean section,
andthe use oexternal cephalic version for breech presentation are important areas to
consdermanagingo safely lower the Caesarean section (2%. By doing so, it may
alsolower thenumber of women developirsSk.

2.2. Surgical Site Infections

The risk of postpartum infection is five to twenty times higher aftéa@sarean
section tlanafter avaginal birth(26). Postpartum infections include urinary tract
infections, septicemia, peritonitis, aB&k (19). SSls are infections of the surgical
woundand develop within 30 days ofGaesarearection(3). Theyare usuail from

endogenus bacteria (wonmés own bacteria entering the wound) but can also develop



from exogenous bacteria (bacteria from elsewhere entering the w@uma) Since the
risk of developing infection is higher after a Caesarean section than after a vaginal birth
more research in this aresaneeded
2.2.1. Types of and Definition of Surgical Site Infections

TheUS Centers for Disease Control and Prevention (Cidéjtifiesthree types
of SSls: superficial incisional, deep incisional, and organ/s{328) Superficial
incisionalSSils are infections of the skin and subcutaneous fidsapincisional SSis
infectthe deepefascial and muscle layerand @gan/spac&Sisinfect any part of the
body that was affected from the surgérgtdoes not meet the remements of superficial
or deep incisional SSIB,29) Both superficiabnddeep incisional SSIs can hether
categorized int@rimary or secondaryo distinguish in which incision the SSI has
developed3,29)

A superficial incisionaBSImust meeat least one of the following criteridl)
"purulent drainage™2) "organisms isolated from an asepticalhtainedcultureof fluid
or tissue from the superficial incisir8) has been "deliberately opened by a surgeon”
and has at least one of "paintenderness; localized swelling; redness; or heat", or 4)
diagnosis of superficial incisional S&). The criteria for a deep incisional S8eat
least one of 1) "purulent drainage”, 2) "spontaneously dehisces or is deliberately opened
by a surgeon"red has at least one of "fever (¥89; localized pain or tenderness", or 3)
"abscess or other evidence of infecti¢d). In order for @ organ/space S$b be
diagnosed, the infection must be in at least one site, such as endometritis, and must meet
at least one of the following criteria: 1) "purulent drainage”, 2) "organisms isolated from

a...culturé ", or 3) "abscess or other evidence of infecti(8y:



Most Caesarearection SSls are superficiacisional In a studyconducted by
Johnsoret al, of the 80 SSIs detected within 30 days, 90% were superficial infections
(30). Another study conducted by Wloet al.found that of the 394 SSis, 883wvere
superficial whereas onl.8%weredeep incisional anadiere6.9% organ/spaddl).

Similar results wre found in a study bgarwolff et al.with 83% of SSideing
superficial(32). A study conducted by Mitt and colleagudesnd that63.2% of SSls
were superficial 10.5%weredeep and 26% wereorgan/spaced0% ofwhich were
endometritis]X33).

2.2.1.1. Detection of Surgical Site Infections

SSis can be detected by usingiaical diagnosisnosocomiainfection
surveillance system, or administrative data. A clinical diagnosis of a SSI is made by a
physician following a patient Higry and physical emination. This is the most
clinically accurate method of detecting SSis.

There are several considerations that need to be made when surveillance data is
used to detect SSlIs. The first is thieymay capturere-existing infectionssuch as
endometrits, thatare not considerddAls. This can be avoided lmnly considering
SSis that were diagnosed after a Caesarean seasitimen ng@re-existing HAIswould
be captured The second consideration is the source of the surveillance data. Nosocomial
suwveillance conducted by trained infection prevention and control professionals using
national or international definitions is more accurate thengadministrative databases.
This is because the former uses a more sensitive defisicemore likely b capture a
definite SSI.In addition,surveillance data is collected by trained personnel with

expertise in the area and therefore is less promedaassificatiorthan administrative



databasesThird, the purpose of surveillance systems is not tolingcally accurate but
rather to be reproducible and to serve agstemin which one can detect changes in
infection rateover time When changes are detected, they can then be investigated

Administrative data can also be used to detect SSIs. thsswiveillance data,
these data capture bdtAl and nonrHAI infections which makes it less accurate than
using a clinical diagnosigHowever, by usingppropriate infectiosodes, such aSSI
after an obstetrical surgery, the risk of capturing-hiéud infectionsis lowered. Another
limitation to administrative data is that #ezlata carbe collected, entered, and analyzed
incorrectly and therefore could be misclassified.
2.2.1.2. Definitions of SSI using administrative data

Thelnternational Classifiation of Diseases (ICDYrovidesstandardizedodes
for identifyingdiagnoses ofiealth conditionsind he Canadian Classification of Health
Interventions (CClprovides standardized codes for identifying medical procedures
Both ICD and CCtodesare rotinely used for administrative purposesSis following
a Caesarean sectican be captured using codes for infections specific to obstetrical
woundsas well asnore general codes faroundinfection. The more ICD codes used to
defineSS| the more peoplthe definition will capture. While using more ICD codes
allows for a more sensitive definition, it is less specific as it may capture people who do
not necessarily hawe SSI A sensitivity analysis can be usedctampare théncidence
of SSIbetweentiemore specific and more sensitive definition

Tsai et aktonducted a sensitivity analysis by examinimg association between
method of anesthesandSSIlwithin 30 days of surgemysingfive ICD-9 codes and 81

ICD-9 codes to define S$4). When five ICD-9 codes were usethe SSI rate was

10



0.3%andthis increased to 1.5% when 81 codes were uSemnpared to spinal
anesthesia, wheive ICD-9 codes were usegtneral anestheskad asignificant
association with SSthen controlled for maternal agealetes (unknown type),
hypertension (prexisting, gestational, eclampsia, and-potampsia), fetal distress,
indication for Caesarean section (maternal request), previous Caesarean section, and
length of hospital staya@ljusted odds ratio (3R] 3.82; 984 confidence interval(l]
3.124.68)(34). When 81 ICD9 codes were used the same analysigeneral and
epidural anesthesia both significantly increased the risk fo(e®R 2.23; 95% CI 1.94
3.00and @R 1.36; 95% CI 1.28.48 respectively.

2.2.2. Incidence of Surgical Site Infections Following Caesarean
Sections Compared to Other Obstetric /Gynecologic Surgeries

Compared to most obstetigynecologicsurgeries, the risk for developing SSI
following Caesareagection is high{3,35,36) The CDCranked18 abdominal surgeries
in terms of the risk for S§B). This ranking included four obstetric/gynecological
surgeries:Caesareasection wasanked as number Mhich ranked it atess risky than
an abdominal hysterectomygbut riskier than a \ginal hysterectomy (% and
ovarian surgery (19 (3). A study from theCDC'sNational Nosocomial Infections
Surveillance SysterfNNIS) thatexamined the rate of S&illowing numerous types of
surgeries performed in the surveyed United States hasfpaai 19922004had a similar
finding (35). The riskiesbbstetric/gynecologisurgery wasaesareasection with an
overall SSI rate of 3.15% followed by abdominal hysterectomy at 1.988tal
hysterectomy at 1.31%, and etlobstetric surgeries att0.% (35).

Findings released for the years 2€188 bythe National Healthcare Safety

Network (NHSN) an evolution of the NNIS)ad similaresults Caesareasectionwas
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theriskiestsurgerywith aSSl rate ofL.84% followed by abdominal hysterectomy
(1.65%), vaginal hysterectomy (0.87%) and ovarian surgery (0.588%) Since
Caesareanections are a common obstetric surgery with the highest risk for developing
SSI, identifying risk factors fo8SI among women undergoitigs type ofsurgery rather
than other types of surgery this field will have the biggest public health impact.
2.3. Impact of Length of Follow -up on Incidence Estimates

The length of timehata patient should be followed to determine if they have
developed a SSI varies accordinghe type of surgery performedhe CDC
recommends that women who have undergoGaesareanection be followed for 30
days after surger{B) as itcan take that long for a S&l develop

A report on SSifollowing several surgeries using data frarDutch surveillance
system found that approximately 35% of SSIs following Caesarean section were detected
within the first week postsurgery and the majority (nearly 80%) were detected within the
first two weekq37). However, in Nova Scotia, based orD¥2005 data, thaverage
postpartum length of stay following a Caesarean section is not quitdagsinvhich
means a consideralgpeoportion of SSlIs develop postdischaf®).

When women are followed for at least 30 dpgstsurgerythe overall SSI rat
has been shown to range frdd4% - 26.6% (18,30,31,33,3818), the denominatoonly
includingsubjectdollowed for the entire 30 days atfiereforenotlost to followrup as
suggested by Creedy al.(27). This is higher than istudies that only follw women to
dischargevhereSSI rates ave been shown to range from 0®8214.70% (4-17).

However there is no gold standard for postdischarge surveillg@®eand

different methods can result in different SSI rdiés41) In addition most hospital
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basednfectionprevention anaontrol surveillancgrograms daot perform

postdischarge surveillance because of ¥pepse and effort of doing so. Therefore,
many studies are unable to follow women postdischarge or may only be able to do so
passively though methods such asspital readmissiond8,31,33,34,42,43,4587,49

60) and emergency room visi{$8,42,46,47,60)

2.4. Burden of lliness

Despite beinddAls, communitybased healthcateears most of thkurdenof
SSisfollowing Caesarearection(31). Many women will go t@family physicianfor
diagnosis and treatment of SSI andhasecases it is communitgased healthcareot
hospitals, thabearshe economiccosts of S3(31). Conversely,n the most severe
caseshospitals bear the ecomic costs as women witevere SSIs require readmission
for treatment.

These eonomic costs are not the only consequences of B&.postpartum
period is a critical timandsoa SSI isdetrimental tdoth the motheandinfantas it can
affectthenomal mothesinfant postpartum perio®) Women who have had a
Caesarearection have anoredifficult time recovering from their surgery and adjusting
to having a baby if theglevelopa SSI(2). This difficulty couldpose a barrier ivomen
being able teffectively care for their infantsuch as being unable to breastfeed, which
could lead to adverse health consequef(@g&s Therefore,tiis important to identify risk
factors for SSI stheycan be prevented when possiateltheir associated burdenan

be avoided.
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2.5. Risk Factors for Surgical Site Infection Following Caesarean
Section

We conducted a literature searging specific keyword® determine which
factors are known to increase the risk for SShahgth still need to be explored.
Appendix1 outlines our search strategy and Appendix 3\igtieh factorsother studies
have examineds potential risk factors for SSI following Caesarean section
2.5.1. Classification of Risk Factors

Risk factors for SSI can be categorized to diffeetatbetween differenypesof
risks. Categories that have been used in the literature include patient, obstetric, and
operation factor§47); modifiable and nomodifiable factorg1,28,38) extrinsic and
intrinsic factorg(1,2,30) and preoperative ambstoperative factor@8). If an
individual woman's risk can be predicted, it is possible that her modifiable risk factors
can be changed thereby reducing or eliminating her increased risk for developing a SSI
().

2.5.2. Institution -Related Risk Factors

Potential institutiorrelated risk factors that have been studied include the number
of deliveries per month and the number of Caesaseations performed per month.

In a large study of 80 maternity units, Vincent et al. observed a significant
assocation between the development of SSI and the number of deliveries per(B@)nth
Patients who delivered in units with less than 50 deliveries per month were at a
significantly higher rislof SSI compared to women delivering in units with at least 103
deliveries per montlivhen adjusted for year of birth, rupture of membranes, maternal

age, nulliparity, planned Caesarean section, primary Caesarean section, antibiotic
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prophylaxis, and the number of vaginal deliveries and Caesarean sections performed per
month (aOR 2.63; 95% CI 1.43.84)(62).

Vincent et al. alsexamined whether the number of Caesarean sections performed
per monthper maternity unitvasa risk factor for SSI When compared telivering in a
unit with at least 19 Caesarean sections pentim delivering in a unit with 9.3 sections
per month increased the risk of Sfien adjusted for the same variables as above as well
as the number of deliveries per mofal®R 1.95; 95% CI 1.18.28)(62).
2.5.3. Patient -Related Risk Factors

Potentid patientrelated risk &ctors that have been studied incladealevel risk
factors such as rural residence; enatl demographics such as agd 8MI; maternal
lifestyle factorssuch as smoking during pregnanapdmaternal medicatonditionssuch
as typertension (prexisting, gestational, and preeclampsia), diabetesefasting type
1 and 2 and gestational), other health conditiandanemia during pregnancy
2.5.3.1. Area-Level

Only one recent study has examined rural residence as a poteshti@ator and
found living rurally to significantlyncrease the risk &SI aftercontrollingfor BMI,
urgency of surgery, length of time in delivery, number of vaginal examinations, rupture
of membranes, and method of anesthesia (aOR 1.73; 95% C2.84)%1).
2.5.3.2. Maternal Demographics

Many previous studies have not shown a significant association between age and
development of SS11,10,11,18,33,39,47,48,51,52,54,63,64pwever, somatudies
have found younger age to be independently assdastke SSI when adjusted for other

factors(31,32,65) For example, a multicentstudy by Wloch et al. found theglative
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to women aged 229, women <20 years old had a significantly increased risk of SSI
when adjusted for hospital variation, BMI, ettity, duration of surgery, and surgeon
grade (aOR 1.92; 95% CI 14842)(31).

A higher prepregnancyor deliveryBMI has almost consistently been shown to
be associated with the development of 838,18,30,40,46,51,52,65,66lFor example
Wiloch et al.observed a doseesponse with the only BMI category (unspecified as to
whether prepregnancy or delivery) not significantly associated with SSI toli8e5
kg/n? relative to 18.5 to 24.9 kg/fwhencontrolledfor maternakge, hospital variation,
ethnicity, duration of surgery, and surgeon gr@d@R 3.67; 95% CI 2.63.16)(31).
2.5.3.3. Maternal Lifestyle Factors

Previous studies have not found smakia be a significant risk factor for SSI
(10,47,48,51,60) Small sample size may have caused insignificant results in some cases
(10,51)
2.5.3.4. Maternal Medical Conditions

Geubbels et al. examined gestational hypertension and did not find it to be
significantly associated with S8 an unadjusted analygi67). SchneieKofman et al
examined both mild and severe preeclampsataneither reached significance when
adjusted for other factof68). While one studyot specifying the type of hypertension
(whether it was prexisting, gestational, or a combinatiahdl not observe significant
results(48), others havél1,39) For example, Merchavy et al. found hypertension was
independently associated with SSI when adjusted for previous Caesarean section
polyhydramnios, method of placenta removal, and urgency of surgery (aOR 3.3; 95% CI

2.0-38.5)(11). Similarly, SchneieKofman et alfoundthat preexisting hypertension
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significantly increased the risk for SSI when controfl@drertility treatmentstwin
pregnancy, severe preeclampsia, gestational diabetesxipting diabetes, premature
rupture of membranes, noaassuring fetal heart rate, Apgar score at one minute of <7,
and maternal blood transfusion (aOR 1.7; 95% Ci2114(68).

Many previos studies have not found a significant association between diabetes
and SS(1,10,11,31,33,39,47,48,60,63,64,66,6Bhis could be due to many studies
combining or likely combining gestational and {@wasting diabetes instead of treating
them as separatariables(1,11,31,39,47,48,60,64,695chneieKofman et alfoundan
association between pexisting diabetes and SSI which remained significant when
adjusted for fertility treatments, twin pregnancy, chronic hypertension, severe
preeclampsia, gestatial diabetes, premature rupture of membranesyeassuring fetal
heart rate, Apgar score at one minute of <7, and maternal blood transfusion (aOR 1.4;
95% CI1 1.11.7)(68). Theauthors did not find gestational diabetes to be associated with
SSI when adjsted for other factor&8).

Only Gong et alhas included prexisting diseasea(composite of heart disease,
diabetes, hyperthyroidism, and other-présting diseas¢ss a potential risk factor for
thedevelopment of SSB62). When adjusted for BMIparity, number of vaginal and
anal examinations, prexisting infection, bladder catheterization, antibiotic prophylaxis,
premature rupture of membranes, method of anesthesia, length of hospital stay,
preoperative hemoglobin, blood loss, and duratiocsuodery pre-existing disease was
not associated with S@2). Anemia has not been found to have a significant

association with SSI perhaps duattow prevalence in most studi@sl,33,69)
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254. Obstetric -Related Risk Factors

Potential obstetricelated risk factors that have been studied inchrdgnancy
history such as parity and number of previous Caesarean sections; pregnancy
characteristics such as length of antepartum stay, chorioamnionitis, length of postpartum
stay, and steroid usdabou risk factors such as cervical dilation, hours of labour, hours
from rupture of membranes to delivesyage of labour, and type of rupture of
membranes; delivery risk factors such as indication for Caesarean section, anesthesia
type, antibiotic prophylas, maternal blood transfusion, and other procedures performed;
and fetalor neonatal factors such aglpresentationinfant birth weight, Apgar score at
five minutes, number of fetusemydgestational age.
2.5.4.1. Pregnancy History

When controlled foother variables, some studies have not found parity to be
associated with S§#0,52,62)and nost previous studies have not found parity to be
associateavith SSI everwhenunadjustedor other factorg1,10,33,39,51,63,64,69}-or
examplewhen Vincent eal. controlled for year of birth; rupture of membranes; maternal
age; planned Caesarean section; primary Caesarean section; antibiotic prophylaxis; and
the number of deliveries, vaginal deliveries and Caesarean sections performed per month
nulliparous vomen were not at a significantly higher risk for SSI compared to
multiparous womeii62).

Similarly, studies examining previous Caesarean section have not found it to be
associated with SSI when adjusted for other fag®fsl,62)and most studies have not
found it to be associated with SSI in an unadjusted andly4i¥,18,31,50,60,64,68)

For examplewhencontrolling for age; year of birth; parity; rupture of membranes;
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maternal age; planned Caesarean section; primary Caesarean section; antibiotic
prophylaxis; and the number of deliveries, vaginal deliveries and Caesarean sections
performed per month, iMcent et aldid not observevomen having a primary Caesarean
sectionto be at asignificantly higher risk of developing SSI than women having a repeat
Caesarean sectidaOR 1.18; 95% CI 0.97.44)(62).
2.5.4.2. Pregnancy Characteristics

Previous studies have not shown a significant association between the length of
preoperative hospital stay and $9$3,48,65,67) In studies that controlled for other
variables, length gbostoperative hospitatay(40) and total hospital sta§p2,63)did not
remain significant This is likelybecausgostoperative hospital sté&/not only an
indicator of SSI since women with a SSI are more likely to require arldrogpital stay,
but alsoa risk factorfor SSIsince donger hospital stay meaas increaseeéxposure to
potential contaminage

Most previous studies have not found a significant association between
chorioamnionitis and S#7,66,69) Conversely, aflr adjusting for internal fetal
monitoring and wound contamination class, Mitt et al. observed that chorioamnionitis
was independently associated with SSI (aOR 8.8; 95% OI6RK)) (33). The large
confidence interval could be duettee low prevalencef chorioamnionitis in the sample
(1.3%)(33).

Only one study has examined the use of steroids (corticosteroids) but the reason
for their use and the timing of administration was not specié8yl There was not an
association with SSlI in a univariate §rsss likely because only.10% of subjects had

been administered corticostero(@s).
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2.54.3. Labour

Many previous studies have not found a significant association between cervical
dilation and SS(59,70,71) For example, Gungorduk et al. studiedanperative
cervicaldilation during elective Caesarean section andn unadjusted analystowed
no difference in rates of SSI (unadjusted RR 1.11; 95% Ct2.8H) or endometritis
(unadjusted RR 1.68; 95% CI 0-3914)(70). Allen et al. showed noffierence in the
SSlrate in lowrisk Nova Scotian women having a Caesarean section at full cervical
dilation compared to those with less than full dilatrdmen controlled for maternal age,
antibiotic prophylaxis, induction or augmentation of labour, regli@anesthesia, length of
labour, and gestational agadjusted RR 1@, 95% CI 0.41- 3.2), regardless of whether
operativevaginal delivery was attempted befagrgery(71). Among women
undergoing an elective Caesarean section, Koifman et al. shoveiffienence in the SSI
rate between women with intraoperative cervical dilation compared to those without
dilationin an unadjusted analygisnadjusted odds rati@@R] 0.7; 95% CI 0.t 3.6);
however this could be due tolanited statistical power du® a low rate of SSI1(0%)
(59).

Only onestudy examining duration of labotound it to be significantly
associated with SS¥hen controlled for other variablé86). Al Jama et alcategorized
labour as no labour, <6 hours of labout, Bhours blabou, and >12 hours of labour
and found >12 hours of labouriticrease the risk fd8SI compared to no labowhen
adjusted for no prenatal care, BMI >30 ké/premature rupture of membranes, number

of vaginal examinations, operating time, and blood (a8 3.20; 95% CIl 14%6.44)
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(66). Other studies have not found a significant association between duration of labour
and SS(39,47,48)or only found an association in an unadjusted anal$8i$1,66)

Previous studies have not found a significant indeparakesociation between
SSI and the stage of laba{#2), whether labour had begs), whether labour was
induced(5,68)or whether there was a failed inducti@®). For example, Allen et al. did
not show an increased risk of SSI in loisk Nova Scotianvomen without labour
compared to women withspontaneous onset of labouné&djusted RR 0.7; 95% CI 0.4
1.4)(73) nor women with annduction of laboucompared tavomen with ndabour
when controlled for maternal age, type of anesthesia, antibiotibyleogs, gestational
age, and infant birth weigliadjusted RR @9; 95% CI 0.4-1.95) (5). However these
nonsignificant results could be due to analyses performed irrikkapopulationg5,73)
or not being adjusted f@otentially confounding variabdesuch as rupture of membranes
(5).

Most studies have not found rupture of membranes to be associated with SSI
while adjusting for other factord,30,65,68,74hor in an unadjusted analysis
(11,39,40,51,54,60,63,64,66,690r example, when adjusted faar of birth; maternal
age; nulliparity; planned Caesarean section; primary Caesarean section; antibiotic
prophylaxis; and the number of deliveries, vaginal deliveries and Caesarean sections
performed per month, rupture of membraedeast 12 hours atimission)wvas not
associated with SSI despite there being an association in an unadjusted ar@Rsis
1.83; 95% CI 1.22.60)(62). ConverselyGong et al. founadvomen withpremature
rupture of membrands have an increased risk of S&iencontrolledfor BMI, parity,

pre-existing disease, number of vaginal and anal examinationsxmtng infection,
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bladder catheterization, antibiotic prophylaxis, method of anesthesia, length of hospital
stay, preoperative hemoglobin, blood loss, and durationrgésu(aOR 373; 95% CI
1.0513.21)(52).
2.5.4.4. Delivery

Some previous studies have not shown a significant association between
indication for surgery and SSI, possibly due to small sampl€3®@r the categories
used being too brog®2). Conversky, Geubbels et al. subdivided indication for surgery
into five strata: complications in the chilcbomplications in thenother,complications
during labour; fetal dystocia; and otl{é7). When adjusted fokmerican Society of
AnesthesiologistsASA) smre, postdischarge surveillance, and gestational hypertension,
fetal dystocia was observed to be independently associated with SSI (aOR 3.19; 95% CI
1.11-9.14) asvascomplications during labour (aOR 4.16; 95% CI 114408)when
compared to complications child (67).

While most previous studies have obserasignificant association between
receiving regional anesthesia and risk of &B8hpared to general anesthg4i®,63)
somedo not observe aassociation when controlled for other variables pogsibe to
small sample siz(52,63)or adjusting only for fetal birth weight and cervical dilation
and notrisk factorssuch as prexisting conditionghat may confound the association
with SSI(8). Conversely, Salim et adjustedor place of residere; BMI, urgency of
surgery, length of time in delivery ward, number of vaginal examinations, and rupture of
membranesnd found women who were administered general anesthesia had a higher

risk of SSI than women administered regional anestitaSiR 2.42; 9% CI 1.015.83)

().
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While some previous studies examining both elective and emergency Caesarean
sections have not found a significant association between receiving antibiotic prophylaxis
and developing SSI, perhaps due to small sample @2¢31,33) ahigh proportion of
the population receiving the(62), or antibiotics having been given preoperatively for
other reasons such as premature rupture of memb(@®esthers have shown a
difference(16,47,48,52) For example, in a population of women where not in labour
and wereonly givenantibioticsfor prophylaxis Dinsmoor et alfound that receiving
antibiotics significantly decreased the risk @éveloping both endometrit{aOR 0.40;

95% C1 0.280.59)and SS(aOR 0.49; 95% CI 0.28.86)when adjisted for anemia,
BMI, diabetes, duration of surgery, gestational age, infections, previous Caesarean
section, payer status, race, smoking, and studyec@i@).

Only SchneidKofman et alhave examined whether maternal blood transfusion is
associated wit SSland though they observed an association in an unadjusted analysis, it
did not remain a significant risk factashen adjusted for fertility treatments, twin
pregnancy, chronic hypertension, severe preeclampsia, gestational diabetestimg
diabdes, premature rupture of membranes,-reassuring fetal heart ra@ndApgar
score at one minute of {B8). Previous studies have not shown a significant association
between blood loss and the development of($311,33,39,40,47,51,54,62,660r
example, Wloch et al. did not shaanassociation with blood losses of 5809 mL
(uOR 1.07; 95% CI 0.84..34), 10061500 ml (JOR 1.14; 95% CI1 0.73.73), and at least
1500 mL (IOR 0.62; 95% C0.27-1.45) compared to-899 mL of blood los¢$31). The
latterstrata had a small sample size which may have led to its protective(@tfect

These results may have also been influengeahlitiple vaginal examinatiorand
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uterine explorations to assess for retained placental fragments and removal of clots, with
the subsequent administration of postpartum antibiotics to reduce the risk of intrauterine
infection.
Oneprevious study included other procedures performed during surgery (tubal
ligation, abdominal hysterectomy, and repair of bladder lacerationpateiatal risk
factor and iwas not found to be associated with §8l). However, the authors noted
that the relationship could have been confounded by duration of surgery as most subjects
with a surgery lasting longer than the mean of 1.25 hours had apoticedure
performed(39).
2.54.5. Fetal or Neonatal Factors
Only two studies have examined whether malpresentation is a risk factor for the
development of SSI and neither showed a significant assoc{@8¢80) Previous
studies have not found a sigondnt association betweanfant birth weight and the
development of SShowever this could be due to small numbers within the stf&j69)
SchneidKofman and colleagues have examined whether Apgare at fivaminutes is
associted with SSI in an uadjusted analysisamdo mpar ed t o an Apgar
score of <7 was not found to be signifidgrassociatedquOR 1.2; 95% CI| 0.2.6) (68).
SchneidKofman et alhavealsostudiedwhethertwin pregnancys associated
with SSI andbbserved that was no longer associaavith SSiwhen controlled for
fertility treatments, prexisting hypertension, severe preeclampsia, gestational diabetes,
pre-existing diabetes, premature rupture of membranesreassuring fetal heart rate,

Apgar score at one minute of <7, and matebh@bd transfusiori68).
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Previous studies have not shown a significant association between gestational age
and SS(8,18,31,39,48,52,69)However, there is evidence from Wiloch et al. that a
younger gestational age (< 37 weeks) decreases the risk of & bastational agedd
weeks increases the rigkl).

2.55. Risk Index for Surgical Site Infection s

There are several existing models for the prediction of risk for SSI follocavigg
surgery TheNNIS developed validatedrisk index that combies wound class
(contaminated or dirtynfected),ASA score(score of 3, 4, or 5) and the duration of
surgery &bove the 78 percentile ofnore than one hou(p5,75) The goal of the risk
index is to stratifypatients based on their risk for developan§S! (76). In a NHSN
report ofAmerican hospitalsurveyed from 2002008,womenundergoingCaesarean
sectionwho were in the lowest risk categdrsd al.48% risk of developing SSiwomen
in the second lowest category had a risk.df3, and women in thievo highest
categories had a risk 8t82% (36).

Though he NNIS risk index can be useful to predict development of SSI after
certain surgeriefs7), it does not apply well t&€aesarearectionfor several reasons
(17,76) First, nostCaesareanection vounds are considered clean contaminé23d
Secondmost women undergoingaesareasection are health{d8) and therefordave a
low ASA score(77). Third, the duration of surgery is fairly consistent (@aesarean
section withmostsurgeries taking nmore than one hour; this was the case in a study by
Johnson and colleagues where only 4.8% of subjects had an operating time of over one
hour(30). A similar result was founty Salimet al.(1). As such, most women

undergoing a Caesarean section aassifiedin the lowest NNIS risk category. Finally,
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this risk index does nancluderisk factors specific t€aesareasection such gsarity or
rupture of membrand§7).

A Caesarearection risk model should substratify the lowest risk group and
include Caesareagsectionspecific risk factors.In addition, since this index does not
involve the application of relative weights feach factoaccording tats relative
contribution to the risk, it assumes all three risk factors contribute an equal amauant
increased risk for S§67) which is not necessarily the caddore research is needed to
determingherisk factors thatvould contribute tasuch amodel.

2.6. Contribution of the Study

Our studyis the first to examinenultiple risk factors fo SSI followingCaesarean
section in Nova Scotian womand to stimate the rate of SSI in Nova Scotia following
both labouring and nelabouring Caesarean sectionsis llso the first to estimate the
incidenceof SSI withineachNova ScotianmegionandeachRobsongroup

To our knowledge, @r studyis thesecond largest study, following a study of a
French surveillance network, @xiningmultiple riskfactors for SSifollowing
Caesarean secti@g62). Similar to Tsai et al we conducted a sensitivignalysis using
different SSI codeg34) and did so using multiple risk factoshich will add valuable
information to the literature regarding how risk factors for SSI can differ depending on
how SSl isdefined. We examine&l novel risk factorsuch as quitile of neighbourhood
level income SSlafter previous Caesarean sectiandanticoagulation therapy during
pregnancy Our studywill contribute toanimproved risk indedas it includesisk factors

that could be considered tihis index
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CHAPTER 3: OBJECTIVES
Our study aimedo identify risk factorgor SSI followingCaesareasection The
objectivesof our studywereto determineamongwomen undergoing @aesarearection
in Nova Scotia
1. Theincidenceof SSlafter Caesarean sectitmhospitaldischargein the province
as a wholewithin eachregion and within each Robson Graup
2. Risk factors associated with the development of a SSI.
3. Risk factors associated with the development of aa8&brding to a more
inclusive definition that includeddditional diagnostic and procedure codes
We hypothesizeéithatNova Scotian womewith risk factors for SSI following
Caesareasrection are more likely to develop a $i&n women without risk factardVe
expecedwomen with multiple risk factors to be at @her risk for developing a SSI than
women with fewer risk factorsFinally, we expected that usirglditioral diagnostic and
procedure codes to define SSI woragult indifferentindependentisk factorsfor SSI

than when the primary SSI definition wased
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CHAPTER 4: METHODS
4.1. Study Design

We created eetrospective cohodf women who gave birth via Caesarean section
and followed thento hospital discharge to determine if they presented with B&.
identifiedrisk factorsfor SSlandconduced alogistic regression using generalized
estimating equations to determine which risk factors were independently associated with
SSI.
4.2. Study Population

Our study included Nova Scotian women who delivered via Caesarean section
duringa 16year peria from January 1, 1997 to December 31, 20d&men were
excluded from the study if thelelivered a baby that weighe&00 g or was <20 weeks
gestational age.
4.3. Sample Size

We estimated a total of 34,000 Caesarean sections over the study peod1,
8,860 births occurred in Nova Scotia with 26.6% @&esarearection(78). Based on
this, we conservatively estimated a Caesarean segtenf 25% and 8,500 births per
yearfor our study period We used théow-risk SSI rateof 1.46% from a lege,
multicenter NHSN studgs an estimate of rigl80). We estimated the smallest odds ratio
that we could detect (Objective 2) for risk factors with low, moderate, and high
prevalence (5%, 25%, and 50%, respectivelyith a power of 80% and a statistic
significance of 5%, we estimated we would have enough power to detect odds ratios of
1.70, 1.32, and 1.30 or greater for risk factors with low, moderate, and high prevalence,

respectively.
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4.4, Ethics

The database used in this study is an ongperpataldatabase. Since these data
are collected fohealthcareandplanning purposes rather thegsearch purposes, it was
necessary to obtain ethical approvak per theTri-Council Policy StatemenEthical
Conduct for Research Involving Humam& didnot require consent from each
individual in the studyecause our large sample smade it impracticable tdo soand
our study posedinimal riskto participantg79).

The main risko study participants wasadvertenidentificationandtherefore
stegps were taken to ensure the privacy of data. The dataset did not include information
such as names of participants, datebirth and dates of delivery. The age of study
participants at time of delivery was rounded to one decimal place and year, amzhth,
day of week of delivery were provided instead of the exact day of delivery. Infant birth
weight was rounded to 1@) Only the study researchers had access to the dataset and
electronic documents pertaining to the study. They were kept in a foldee dzaak
Walton Killam Health Centre server and accessible only to the research team who
accessed the folder from passwprdtected computers. Before any data were printed,
they were checked to ensure there were no small cell sizes (< 5 observammsuts
were kept in a locked room.

Study approval was required and obtained from RCP's Joint Data Access
Committee on April 21, 2015 (approval numbdbDAC 71) Ethical approval was
required from Izaak Walton Killam Health Centre's Research EBuesd and given on

May 11, 20154pproval number: 1019575).
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4.5. Nova Scotia Atlee Perinatal Database

TheNSAPDis managed by the RCP whose mandate with the Nova Scotia
Department of Health and Wellness concerns perinatal surveillance across theeprovin
of Nova Scotia.The purpose of this database is to improve reproductive health outcomes
across Nova Scotia.

The NSAPDhas documented evedgliveryin Nova Scotighospitat since 1988
that resulted in an infant weighing over 500 g or was at least @ksivgestational age
This databaseontains relevant materndémographi@andpregnancynformationas well
asmaternal and perinatal diagnoses and procedurim® time of admissiceindduring
and after labouand delivery This information is colleetd through the use of
standardizegrovincial prenatahnd hospitaformsthatare complead by healthcare
professionals and chart documentation from inpatient admisgi@r®0) Data are
periodically checked for accuracy ati database has shown torékable(80).

Our cohort wasdentifiedfrom the NSAPDandcontairedal women meeting the
eligibility criteria from January 1, 1997 to December 31, 2(dlowing a literature
search to determine which factors are known to increase the risk fan&#ihich still
need to be exploredh¢ NSAPD was examined to determine which variables would be
suitable clinical risk factors for SEeeAppendix2 for code lisj. The NSAPDhasits
own diagnostic and procedure codes which we tsedpture risk faiors andhe
outcome of SSIFrom 2003 onwardCD-10-CA diagnostiqCanadian enhancement of
ICD-10) and CClprocedurecodeswere available through the NSAPOhereforefrom
20032012we usedll three types of codeall of which weobtaineddirectly from the

NSAPD.
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4.6. Outcomes

The overall objective of our study was to determine risk factors for SSI following
Caesarean sectiorsince our dataset only followaegbmen to hospital discharge rather
than to 30 days postdischarge, there are women wherpnegh SSI following
discharge that are not captured in our study. We used both a more specific, restrictive
SSldefinition andamore sensitive, inclusive definition

Themainoutcome of our studwas aspecific, restrictive definition for SSI
(Table2). Women were coded as having a SSI if they were diagnosed wiitifieation
of anobstetrical woundendometritispr inflammation of the uterusThese diagnostic
codesncluded botiNSAPD (before 2003) and IGDO-CA codes (2003 and laterhey
wereusedas the primary SSI definitioms theyare diagnosethought todefineSSk quite
specifically

We alsoconducteda subanalysisusing a moreensitive jnclusive SSI definition
(Table 2)for 20032012 This moreinclusiveSSldefinition includedhe primary
definition as well asdditionaldiagnostic codes and procedure coghesst only
available in the NSAPD after 2008)at are indicative of a possible SSI or $&8ated
complications. These codes inclutlsruption of the wound, sepsis and pueape
infection, hematoma and drainage of hematoma, hemorrhage, inflammation of
pelvidabdominal organs, drainage of uterus, drainage of skin, drainage of abdomen,
excision and debridement, and aspiration and curetfBigis.SSI definitionclosely
correspodsto and is supported ke definition used in an Ontan@lidationstudy

which used hospitaphysician and emergency rooadministrative databases to
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determine SSiates(42). Table 2 and Appendix @utlinethe specific codes usé¢d
definethe primary andmoreinclusive SSdefinitions.
4.7. Explanatory Variables
4.7.1. Potential Institution -Related Risk Factors

Potential institutiorrelated risk factorsverethe number of Caesarean sections
the yearat the institution where the delivery toolape. This potential risk factowas
categorized into quartiles at <130, 1369,9501 249, and 01250.
4.7.2. Potential Patient -Related Risk Factors

We groumd patientrelated risk factors into the categories of deseel, maternal
demographics, mateahlifestylefactors and maternal medicabnditions
47.2.1. Area-Level

Arealevel risk factorghat were considered includeggionof maternal
residencerural residencegandquintile of neighbourhootkevel income

Regionof maternal residenogas acoded variable representing the four regions
of Nova Scotia: western, eastern, northern, and soutfi¢ris.variable was coded in
order topreservehe anonymity of hospitals and surgeoespecially those ismaller
regionswhere inadverteritientification is more likely thann larger regions Rural
residencavas a dichotomous variablerban, rural) Women were determined as living
in a rural ared there was '0'for the second digit of theresidential postal codall
others were categorized laving in anurbanarea WeusedSt at i sti cs Canadabd
of neighbourhoodevel incomeas aproxy for socioeconomic statug his variable
represents thmedianpretax household income efach census metropolitatensus

agglomeration, or rural aadividedinto quintiles(81).
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4.7.2.2. Maternal Demographics

Maternal demographiaonsidered as potential risk factors wageat delivery
marital statusandpre-pregnancy weight

Some studies haveet20-yearsold and 45yearsold asthe cutoffs for younger
and older age, respectivdlyl,32) however this would have resulted in smalhmple
sizesfor those strataAs such, geat deliverywas categorizedsyounger agé€<25
years) intermediate agf25-34 years)and older agé O3 5 . yWarital stajusvas
dichotomized asnarried/commodaw or shgle/divocced/separated/widowed and was
used as proxy for social suppart

Prepregnancy weightvas categorized to approximat@andardBMI categories
from cut pointspreviously @termined usingreceiver Operating Characteristics curves
This was donasheight was only available from 2003 onwasat&l therefore we were
unable to determine BMIPrepregnancyveightwas categorized asderweight (<53
kg), normal weight (5%6.9 k9, overweight (6776.9 kg), obese class | (Bb.9 kg),
obeseclassIl(88 7. 9 kg), ob e sandmissiagFercompatison( O9 8
purposeswe ran the final models for 2003012 usingpre-pregnancy BM| calculatedas
pre-pregnancyveight (kg) divded by height (f). For this variable, & used the
standard BMI categories ahderweight (<18.5 kg/fijy normal weight (18.:24.9 kg/n),
overweight (25.629.9 kg/nf), obese class | (30:84.9 kg/nf), obese class I (35.89.9
kg/m?), and obese class (1 O 4 0 . §. Wedid not examine delivery weight but rather

investigated weight gain during pregnancy (described)later
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4.7.2.3. Maternal Lifestyle Factors

Maternal lifestylefactorsweresmokingandalcohol or drug abusduring
pregnancy

Smokingcan be recorded at the first prenatal visit, 20 weakdelivery. Ifany
of thesesmokingvariablswerec o ded as a 6yesd, women wer e
category. Like smokingl@hol ordrug abuse during pregnamasas dichotomized as
no, yes.
4.7.2.4. Maternal Medical Conditions

Maternal medicatonditionswerehypertension, diabetedepressiomuring
pregnancyothernonobstetric preexisting health conditionaffecting pregnangyanemia
during pregnancyabsence of influenza immunizatiand anticoagulation therapy
during pregnancy

Hypertension was categorized as no hypertensiorexisting gestational,
preeclampsiaandunspecified Diabetes was categorized as no diabetesexisting
(type | or type II) and gestationalNon-obdetrical preexisting health conditions
affecting pregnancwas dichotomized (no, yes) amtludedgastrointestinal,
psychiatric, neurological, heart, endocrine, renal, and pulmonary condisomell as
neoplasm and blood dyscrasiasAnemia anticoaglation, and depression during
pregnancy werdichotomized fo, ye$ as wasnfluenzaimmunization (yes, no)
4.7 .3. Potential Obstetric -Related Risk Factors

We grouped potential obstettielated risk factors into the categories of
pregnancy historypregnancy characteristickabour,delivery,andfetal orneonatal

factors
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4.7.3.1. Pregnancy History

Pregnancy historfactors includegarity, mode of deliveryof last pregnancy,
number of previous Caesarean sections, and SSI after pr€aegarean sech.

Parity was dichotomized as primiparous or multiparddsde of delivery ofast
pregnancywvas categorized a®t applicable (if there were no previous pregnan@es)
unknown vaginal, or Caesarean sectiddumber of previous Caesarean sectivas
categorized a8, 1,or 2+. SSI after previou€aesarean sectiovas dichotomous (no,
yes) andnly captured SSiIs that presented before discharge or upon readmission.
4.7.3.2. Pregnancy Characteristics

Pregnancy characteristiegerechorioamnionitisduring pregnancydiagnostic
and/or therapeutic procedure(s) performed on moteight gain during pregnancgnd
steroid use 048 hours before delivery for

Chorioamnionitisduring pregnangymaternal diagnostic and/or therapeutic
proceadures(at least one dbrceps; manual or vacuum rotation; removal or insertion of
device; and external or internal versienpnd st er oi d use O48 hours
fetal lung maturitywere dichotomizedn, ye3. Weight gain during pregnaneyas
caegorized ax10 kg,10-29. 9  BOkg anddmissing.
4.7.3.3. Labour

Labourcharacteristics werthe extent otervicaldilation at thelast examination
beforeCaesarean sectiphours from onset of rupture of membranes to deliv&agge of
labour beforeCaesarean section, and type of rupture of membranes.

Cervicaldilation wascategorized as ndilation, 1-3 cm, and 410 cm. Stage of

labour before Caesarean section was categorized as no labour, first stage, and second
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stage.Hours from onset of ruptarof membranes to deliveof the last baby was
categorizecasOL hour before delivery,-21 hours before delivery, and at least 12 hours
before delivery Type of rupture of membranassdichotomizedartificial,

spontaneous)

4.7.3.4. Delivery

Delivery characteristics werength of antepartum stay, year of defiemonth
of delivery, day of week of deliverprimaryindication for Caesarean section, mode of
Caesarean sectipunse of instrumentation at time of Caesarean seagiemeral anesthesia
during labour and/or delivery, regional anesthesia during labalioragdelivery, absence
of antibiotic prophylaxismaternal blood transfusipand other procedures performed
during Caesarean section.

Length of antepartum stay was categoriasd24 hours, 24 to 49 hours, a@80
hours. Year of delivery was categorized into groups of four years each:20007
20012004, 20052008, and 2002012. Month of delivery was categorized into seasons:
summer (June, July, August), autumn (September, October, November), winter
(December, January, February), and spring (March, April, May). Day of week of
delivery was collapsed by weekday and weekend.

The pimary indication for Caesarean section was categorized as bdystbgia,
fetal distressprevious Caesarean section, and o(advanced maternal age, abruption
placenta, diseases of the cervix, diabetes, fetal growth restriction, failed induction, human
immunodeficiency virus, herpes simplex infection, hypertension, isoimmunisation,
maternal choice, malpresentation, multiplegmancy, prolapsed cord, placenta previa,

prolonged rupture of membranes, suspected fetal anomaly, suspected or imminent uterine
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rupture, transverse lie, previous uterine surgery, other fetal conditions, and other
obstetrical conditionsas per Feldman el.80). Mode ofCaesarean sectiavas
categorized a®w segment transverse Caesarean sectiothertype of Caesarean
section. Use of instrumentation at time of Caesarean se¢tawoeps or vacuumyas
dichotomized (no instrumentation, instrumertgaji Regional anesthesia andrgeral
anesthesia during labour and/or delivesgrebothdichotomized (no, yes).

We dichotomized absence of antibiotic prophylaxis (yes, Btgrting in 2010,
the NSAPD used codespecificallyfor Group B Streptococcu$&8S) antibiotics which
areonly given to women whbavescreened positive for GBS-or all analyses we
combinedGBS and norGBSantibiotic prophylaxis into a single variablMaternal
blood transfusion and other procedures performed during Caesaraan @«ision of
uterus, ovaries, or fallopian tubes; occlusion of fallopian tubes; and repdustetrical
lacerationyweredichotomized as no, yes.
4.7.3.5. Fetal or Neonatal Factors

Fetalor neonatafactorswerepresentation at delivery, infant thirweight, Apgar
score afive minutes, number of fetuses, gestational age, breastfeeding at diselnarge,
diagnostic and/or therapeutic procedure(s) performed on fetus

Presentation ateliverywas categorizedsvertex, othe(brow, compoundface
frank breechfootling breech, occiput posterior, shoulder presentation, transveraedie
breech/other/unspecifigdandmissing We dichotomizechumber of fetuses (singleton,
multiples)andbreastfeeding at dischargge§ ng. Diagnostic and/or therapgc
procedure(s) performed on fet{z least one aimniocentesis, amnioreduction,

amnioninfusion, chorionic villus sampling, cordocentesis, fetal blood transfusion, fetal
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drainage, fetal reduction, feto/placental laser, and placement of a fetalstent
dichotomizedas no, yes.

Infant birth weight wasoundedo the nearest 10§in our dataseand
categorized as2,500g, 2,5003,900g and®4,000g. Apgar score dfive minutes a
measur e of afive mnutesafier brgwasmeaslradda categorical
variableas 06 and 710 where a lower score indicates a lower state of he@hh best
overall estimate ofgptational agevas usedo determine gestational age. This variable is
based on the last menstrual period unless there wasrasouindhat suggested
discrepancy of more than seven days. If there was neither an estimate from the last
menstrual periodior from an ultrasound, the clinical estimafegestational ageas
used. Gestational ageas measureds a categorical varieb(<37weeks, 3739.9
weeks 40-42 weeks).
4.8. Analysis

All analyseswvereconducted using STATA SH (StataCorp LP, College Station,
Texas)with a sttistical significance set akp.05. Explanatory variables were exposures
and risk factors for SSIReferent categories were the standard referent category used
(such asan approximation ofiormal weight fopre-pregnancy weight the lowest
category for ordinal variables and the category with the highest frequency for nominal
variables. All continuousariables were categorizegordinal variables.
48.1. Outcome Variable

The dependent variable used in all analysesS&igno, yes).
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4.8.2. Data Management

All variables were tabulateto determine their prevalence in the study population
the propation of missing valugsand, for continuous variables, whether there were any
outliers We did not anlgse meconium aspiration, placenta previa, procedures for
postpartum hemorrhagmaternal steroid use48 hours before deliverfpr fetal lung
maturity, or manual removal of placenéathese variablesada very low prevalenca
the study populatioand theiruse could lead to inadvertent identification of these
individuals and factorsWe did not analyse number of hours from labour to rupture of
membanes, number of hours from labour to full cervical dilation, or number of hours
from full cervical dilation to delivery as these variables were only applicable to no more
than half the population since not all women had labour, membrane rupture, and/or
cewical dilation. We did not includé he p ot e nt malé ofCagsardan seciant o r
in last pregnand@due to a low prevalenad Caesarean sectiaypesother than low
transverse We did not analyse driving time to hospital due to a high propoofion
missing values whictvere significant with the outcome despite the-nussing values
not being significant ASA class secondary indication for Caesarean sec@onount of
blood losstime from administration of antibiotic prophylaxis ttelivery tothe labour
delivery room andime from administration o&ntibiotic prophylaxigo deliverywere not
analyed due tdeing infrequently coded in the NSARIDring some years of the study
periodand therefore being coded as missing in the dataset

Infant birth weight was used rather than infant weight for agéhe former had
fewer missing valuesStage of labour was used instead of hours from onset of labour to

delivery ashours from onset of labour to delivery is a variable that overlapsheiits
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from rupture of membranes to delivery. In addition, there was a small discrepancy
between the proportion of women without labour between this variable and stage of
labour.

Length of postpartum stay was not analysed since women with a longer hospital
stayare mae likely to have a SSI and kave a SSI diagnosed due to being under a
physica@s care for a | onger time than those wi
thereby confounding the association with S&ttendance in prenatal clasdes first
pregnancywas rot analysed due to being collinear with parity and indication for
Caesarean section. Number of births per hospital per year was not analysed due to
collinearity with number of Caesarean sections per hospital per year. Due to the low
prevalence of some Reon groups, groups 6, 7, and 9 were combinedyasugp
comprised of singletons not in cephalic positidbable 1) For the same reason, we were
unable to use the modified Robson criteria and subdivide by labourFEgpenultiple
gestations, we only ke the data for the first baby delivered.

Any womenwith a postal codér which Statistics Canada does not include a
quintile of neighbourhootl e vel i ncome were r eForprded from ¢
pregnancyBMI, used for comparison purposes during 2@032, we combined
underweight and normal weight due to a low prevalence of the foMdemen coded as
taking antihypertensives but without a hypertension code were categorized as having
unspecified hypertensiorDue to a low prevalence of pexisting anl unspecified
hypertensionn 20032012, these levels were combined in @halysegor those years.
Women coded as taking insulin bwiho were not coded as having diabed@sl women

with an unspecified type of diabetesre assumed to have gestationabétesince

40



most women with gestational diabetes take insulin and unspecified diabetes is more likely
to be gestational than pexisting Preexisting type 1 and type 2 diabetes were

collapsed into a single category due to a low prevalence of &sgnessionduring
pregnancywvas coded as a yes if there was a diagnostic foodiepressiomndbr a code

for having been on antidepressadhising pregnancy.

Number of previou€aesarean sectiomss based owhat was recorded on the
pati ent 0 $indudehCatsareawdedtians in abiova Scotian hospitalsin
some cases, the number of previous Caesarean sections was missing from the chart and
so the number of previous Caesarean sectegwmded irthe NSAPD was usedVeight
gain during pregnanayas calculated by subtracting gyeegnancywveight from delivery
weight St er oi dbefors @elivéryoBfetah long magurity included women
with an unknown time of steroid administration.

Due to a low prevalence, suspected rupture of membreagsombined with
spontaneous rupture of membranEsr mode ofCaesarean sectipn 6 ot her 6 i ncl u
abdominal, combined transverse and vertical incision, hysterectomy, classical/vertical
incision, low vertical incision, and unknown type as most Caesassdions were low
transverse. Women with an attempted vaginal birth with instrumentation followed by a
Caesarean section without instrumentation were coded as having had instrumentation.

Regional anesthesia included epidural, spinal, double needleydalder any
othe type of regional anesthetiddaternal bloodransfusion was a composite SAPD
and CCIl code Wechose not to includéhe number of procedures performed duato

low prevalence of more than one procedure performed
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4.8.2.1. Ouitliers

Summary statistics and box plots were used to determine if there were any
outliers. Negative valuesbservedor variables in which negative values did not make
logical sense (e.g. length of antepartum stay) were assonbedautliers. A gestational
age of<20 weeks and42 weeks and an antepartum length of stay30000 hoursvere
also assumed to be outliers. All values deterthinée outliers were changed to missing
valuesso that they would not skew any potential association with the outcome.
48.2.2. Missing Values

A missing category was doabseadtienshissing.r v ar i
Sincewe had darge sample sizall other missing values for variables with <5% missing
observationsemained as missingTherefore multiple regressiosawereconducted as
complete case analyses
4.8.2.3. Continuous Variables

Lowess plotswhich graph the smoothed mean of ittdependent and dependent
variableswere used to grapihe associatiobetweercontinuous variableandSSI to
determine if it was appropriate keep them as continuousAll continuous variablekad
irregularly shaped associations with S8¢th asl-shaped curves and therefavere
categorized using standard cut pointsvbere it made logical sense basedtair
association with SSir the quartiles of each variable
4.8.3. Objective 1

Prevalencas the number otases of diseaseithin the study population at a
certain point in time whereas incidence is the nurobeew cases afiseasavithin the

study population over specificperiod of time. Since our studgonsidered the
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development of SSI in the period between delivery and hospital dischargsed the
termincidence. Descriptive statisticavereused toestimateheincidenceby regionof
maternal residencgearof delivery, and RobsoGroupaccording to eacBSI definition
48.4. Objective 2

Theincidenceof SSI by each risk factor was determined using frequenéiks.
variables were categorical and described using frequency and percduitaggriate and
multivariableanalysiswereused to determine risk factors for S&hi-square or Fisher's
exact testvereconductedo determine which risk factorgeresignificanty associated
with SSlin a univariate analysisRisk factors thatveresignificant or approaching
significance m the univariate analysis with<0.10wereselected for inclusion in a
logistic regression to determine whislereindependent risk factoraVe used
generalized estimating equations to account for potential correlation among repeated
Caesareasections tehe same woman.

The final modelvas a complete case analydeterminedising backward
stepwise selection whetee variable with the largestyaluewasremoved from the
modelat each stepVariables were not removed if any of their strata had a p<0rdt&
association with the odds of SSI. Variables were removed from the model until all
remaining variables had at least at@atumwith p<0.05. Eliminated variables were
added back into this final model one at a time to determine if they shourdlbéedin
the final model. Anyariablesthat hadat least onstratumwith p<0.05 upon being
reintroduced to the final mode¢mainedn it.

Since information contained in the NBD became more specific in 2Q@&o0

analysesvereconducted. Thenain andysis wasfor 19972012 and includgall
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variables thatvereavailableduringall years We also conducted amnalysisfor 2003
2012whichincluded risk factors independently associated with SSI in the main analysis
For comparison purposesewan the2003-2012modelusing BMI instead of pre
pregnancy weight to determitige resultsith our prepregnancy weight categories
approximatedhose observed witBMI.
4.85. Objective 3

We analysed risk factors independently associatedtirdtimoreinclusive SSI
definition. A preliminaryanalysiscalculatedhe percentage of women wislalditional
diagnosticcodes who were diagnosed with SSI according to the primary SSI definition
order todetermine which of these variables were most indicativepokaibe SSL We
were unable to dthis analysisusinginflammation of other pelvic/abdominal organs and
procedure codes due @adow prevalence othesein our sample A multivariableanalysis
wasconductediusing the morénclusive definition of SSI fo20032012 in the same
manner as in Objective 2Ve did not conduct analyses on thereiaclusive SSI
definition for 19972012 asnoreprocedure codes were only available from 2003

onward.
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4.9, Tables

Tablel: Robson @oup charactestics

Robson Group | Characteristics

1 Nulliparous

Singleton

Cephalic pregnancy

O 37 weeks gestational
Spontaneous labour

age

2 Nulliparous

Singleton

Cephalic pregnancy

O 37 weeks gestational

age

Induced labour or Caesarean section with no labour

3 Multiparous

No previous Caesarean section
Singleton

Cephalic pregnancy

O 37 wéeatokasage e s
Spontaneous labour

4 Multiparous

No previous Caesarean section

Singleton

Cephalic pregnancy

O 37 weeks gestational
Induced labour or Caesarean section

age

5 Multiparous

Previous Caesarean section(s)
Singleton

Cephalic pregnancy

O 37 wsatiohna agg e

6,7,9 Singleton
Non-cephalicpregnancy

8 Multiples
With or without previous Caesarean section(s)

10 Singleton

Cephalic pregnancy

036 weeks gestational
With or without previous Caesarean section(s)

age

11 Unknown Robson Group

Note: adated from Robson, 2001
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Table2: Definitions used for primary and moirgclusive SSI outcomeariables

Surgical site Definition
infection
variable
Primary 1 Wound infectioNNSAPD)
1 EndometritisNSAPD)
1 Acute inflammatory diseas# uterus(ICD-10-CA)
1 Inflammatory disease of the uterus NQSD-10-CA)
1 Infection of obstetrical surgical wourftCD-10-CA)
More inclusive 1 Any of the above, plus:
1 Extended diagnostic codes

o Disruption of Caesarean section woul@¥-10-CA)
and wound dehcence (NSAPD)
o Puerperal infection; sepsis (NSAPD daiD-10-CA)
o Hematoma (NSAPD) including haemorrhatfe-10-
CA)
o Inflammation of other pelvic/abdominal orgatSD-10-
CA) including peritonitis (NSAPD)
1 Extended procedure codes
o Drainage of hematom&(D-10-CA) and evacuation of
hematoma (NSAPD)
Drainage of uterudCD-10-CA)
Skin drainagelCD-10-CA)
Abdominal drainagelCD-10-CA)
Excision and debridemenQD-10-CA)
0 Aspiration and curettagédD-10-CA)

O O oo

See AppendiX for specific codesvithin each categgr
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CHAPTER 5: RESULTS

5.1. Objective 1: Incidence of SSI
5.1.1. Primary SSI Definition
5.1.1.1. Incidence of SSlwithin Nova Scotia

Over the 16year study period26,293 women had5,586 Caesarean section
Nova Scotia Of these womer396(1.11%) presentedvith a SSI according tthe
primary definition Figure 1 andrable3 comparehe SSI rate amonghefour regions
of Nova Scotia Regin A of maternal residenaaccounted for 16,773 Caesarean
sections (47.13%) with a SSI rate of 1.08% overgtudy period Region Bof maternal
residencéhad the highes$Slrate at 1.69% (95% CI 1.37.00) andregion Dof
maternakesidencéhad the lowesat 0.76% (95% CI 0.58.98).
5.1.1.2. SSIRate by Year

The number of Caesarean sections generallyasefrom 1992008 with
2,420 Caesarean sections in 2008 (6.8% of the sample). From 2008 to 2012, the number
of Caesarean sections performed each year began to decrease. ConkerS&8yrate
decreased over timdzigure 2 andrable4 showthe propotion of SSls that occurred
each year.The year 2000 had the highest rate of SSI &%2.(05% CI 1.993.40) The
year 2011 ha the lowest rate of SSI at 0% (95% CI 0.080.52).
5.1.1.3. SSI Rate by Robson group

Figure 3 andrable5 outlinethe propetion of Caesarean sections and the SSI rate
within each Robson groupgRrobson Group 5 (multiparous women having a repeat
Caesarean section delivering a singletareahin cephalic positionhad the highest

number of Caesarean sections and of the lowest rates of SSI & 91% (95% CI 0.73
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1.10. Multiparous women without a previous Caesarean section delivering a singleton in
cephalic position at term (Group 3) had the lowest number of Caesarean sections (884)
and the lowest SSl rate at 0.79% (95% @1€1.38). There were 5,505 Caesarean
sections that were classified as singletons in agemalic position (Groups 6, 7, and 9);
this group had a SSI rate of 0.80% (95% CI a1583). Only 1,224 (3.%) Caesarean
sections were classified @&oup 8(multiples) however, this groupad the highest rate
of SSI 0f2.37% (95% Cl 1.523.22)
5.1.2. More Inclusive SSI Definition
5.1.2.1. Incidence of SSI within Nova Scotia

We combined additional diagnostic and procedure codes with the primary SSI
definitionto create a SSI definition that is more inclusive and more sensitive than the
primary SSI definition.Whenthe morenclusive definition of SSI was usetthe number
of women with a SSI increased from 3961(1%) to 865 (2.43%).Figure 4 and Table 6
compae the SSI rateccording to this inclusive definitidvetween the four regions of
Nova Scotia.The regionof maternal residenacgith the highest SSI rate was Region B at
3.08% (95% CI 2.613.46). Region C had the lowest rafeSSlat 1.7%6 (95% CI 1.43
2.06).
5.1.2.2. SSI Rate by Year

Figure 5 andrable7 showthe proportion of SSighat occurred each year
according to the nre inclusive definition The year 1997 had the highest SSl rate at
4.24% (95% CI 3.33%.15) and the year 2011 had the lowedtrat at 1.2% (95% CI

0.761.65).

48



5.1.2.3. SSI Rate by Robson Group

Figure 6 andrable8 showthe SSI ratén each Robson Growgrcording to the
moreinclusive definition Women who delivered singletons in positions other than
cephalic (Groups 6, 7nd 9) had the lowest SSI rate1o87% (95% CIl 1.512.23).

Women with multiple gestation§&(oup § had the highest SSI rate at £685% CI

3.405.75.
5.2. Objective 2: Risk Factors for SSI(Primary Definition)
5.2.1. Description of Cohort

Among thepopulation in which we determined potential risk factors for SSI, there
were26,293 Nova Scotian womevho had 35,586 Caesarean sections in Nova Scotia
hospitas from January 1, 1997 to December 31, 20IL&bles 9-18 showthe
characteristics of the samplBlearly half of the women (47.1%) were from Region A
Over thre€fifths (61.5%) were between the ages of3byears old.Nearly onethird
(29.40)of womenhad a prepregnancy weight betweé3-66.9 kg. Most women
(76.7% were married om acommonlaw relationship.

Nearly onefifth (199%) of women had a neobstetric preexisting health
condition affecting pregnancylhe most prevalent typ®f hypertension and diabetes
were gestational rather than geisting. Approximately half the sample was
primiparous (49.6%) and 22,483 (6%2had no previous Caasan section. Most
women 65.3%) gainedbetween 1€29.9 kgduring pregnancy.

Approximately half the sampldid not have a dilated cervduring the last
examination before Caesarean sectionreeatly half were not in labour. Most
membrae ruptures were artificial (724) and occurretess than onbour before

delivery (50.26). Most women (83.%) had an antepartum stay that was less than 24
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hours The most common indicatiefor Caesareasecton wereprevious Caesarean
section (29.%20) anddystocia (26.1%).

Over the entire study period, 22,413 %) women received antibiotic
prophylaxis From1997200Q only 46.7% received antibiotic prophylaxis and this
increased to 73% in the era20092012. Almost threequarters of neonates had a birth
weight between 2508900 g. Over half ofieonates (58%) had a gestational age
between 37 and0 weeks.

5.2.2. 1997-2012
5.2.2.1. Univariate Analysis

We performed a univarianalysisto estimateunagustedodds ratios for the
associations between potentiak factors forSSlduringthe years 1992012 [Tables 9
18). Twentyfour risk factors were significantly associated with presenting with SSI
according to the primary definition

Delivering in ahospital with 1361,249 Caesarean sections per year; Region B of
maternal residence; the lowest quintile of neighbourHewel income; prgpregnancy
weight of at least 87 kg;ding singledivorced separatedor widowed non-obstetrical
pre-existing heah conditionsaffecting pregnancgygestational, preeclampsia, and
unspecified hypertensiopre-existing and gestational diabetasticoagulation therapy
during pregnancyweight gain ofat least 30 kgluring pregnancychorioamnionitis
duning pregnancysteroid use at lead8 hours before delivery for fetal lung matuyigy
cervical dilation of at least 4 cm at the last examination before Caesarean section; at least
12 hours from rupture of membranes to delivery; being in labour before Caesarean

section;an antepartum stay of at least 24 hoyesir of deliverya primary indication for
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Caesarean of dystociabsence of antibiotic prophylaximaternal blood transfusion
infant birth weight of less than 2,500 g; Apgar score at five minutesspfultiples;
gestational age of less than 37 weeks;rmmbreastfeeding at dischargjgnificantly
increased the risk &SI without controlling for other factor©therprocedures
performed during Caesarean section was observed to decrease the risk for SSI when
unadjusted for other factors.
5.2.2.2. Multivariable Analysis

Table 19shows thdactors associated witBSI using the primary SSI definition
when adjusted for all other factors in the modEhe final model include@5,339women
who had33,813Caesareasections.There werdifteenindependent risk factors for SSI.
Delivering in a hospital with 0130 Caesare
risk of SSlirelative todelivering in a hospital witkk130 Caesarean sections per year
when contolled for other factorsAs the number of Caesarean sectipes hospital per
year increased, the strength of the association with SSI decreased

Women who we hagl bsigrificabtly increlasgd risk for SSI compared
to women who weighed 586.9kg. A pre-pregnancy weight o£53 kg or67-76.9 kgdid
notincreaseaherisk for SSI compared teweights 0f53-66.9 kg. Though it had a weak
associatiorwhich just made significanckeing single, divorcedseparateer widowed
had a higher risk for S$han being married an acommonlaw relationship

Womenwith nonobstetrical preexisting health conditionaffecting pregnancy
had a significantly higher risk of SSI than women without-obatetrical preexisting
health conditiongffecting pregnancyAn unspecifiedtype ofhypertensior{either

gestational, preeclampsia, or feisting)was strongly associated with SSI and
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significantly increasetherisk for SSicompared to nbypertension.Both gestational
andpre-existing diabetes showed an insed risk for SStompared tamo diabetesvith
pre-existing diabetes having a stronger association with SSI than gestational diabetes
Anticoagulation therapgnd chorioamnionitisluring pregnanciothsignificantly
increased the risk for SSI. A weightgai o f  duBn@ préggancy significantly
increased the risk for S8bmparedo a weight gain of 229.9kg.St er oi d use 048
hours before delivery for fetal lung maturity was showhea significant risk factofor
SSl compared to not taking st&leO4 8 hours hefore delivery
Women who were in the second stage of labour before Caesarean section had a
significantly higher risk o6SI compared tavomen not in labourRelativeto delivering
during the year20092012, women who deliverdzbtweerthe yeas 19972008 had a
significantly higher risk of SSIThe farther back during the study period, the steotige
association with SSI with the years 198000 having the strongest associatidviomen
who were administered antibiotic prophylaxis had a Sicamtly lower risk of SSI than
womenwho did not receivantibiotic prophylaxis. Maternal blood transfusion was
shown to increase the risk of SSI compared to not having a blood transfiéonen
who deliveredmultipleshad a significary higherrisk of SSI thanwomen who delivered
singletons.
5.2.3. 2003-2012
All risk factors that were independently associated with SSI in the-2097
analysis were included inraultivariableanalysisfor 20032012to determine if they

were associatedith SSI when djusted for other factorsThe final mode(Table 20
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included18,221 women who had 23,384&esarean section¥here wereeight
independent risk factors for S&ing the primary definition for 2063012

The rumber of Caesarean sections per hospitayparhad a stronger association
with SSI thann the main analysisSimilar to the main analysis,pme-pregnancy weight
of (87 kg was associated with SSVe observed a stronger association in the 2002
analysis than in the main analysi&/hen weusedpre-pregnancyBMI in the model
instead of preoregnancy weight, obese class I, 1l and 11l were independent risk factors
for SSI whereas when we usedpre egnancy wei ght, only weigh
(approximately obese classes Il and Ill) were associdtedthe obese classes, the
strength of the association with SSI was higher when BMI was used, particularly for
obese class lll, than when greegnancy weight was used. Otlfestorsincluded in the
final model had a similar association with SSI whenlBs used.

Women with at least oneon-obstetricpre-existing health conditioaffecting
pregnancyhad a significantly higher risk of SSI. This factor was more strongly
associated with SSI in the 26@812 analysis than the main analyS&estational
hypertensiorand preeclampsia wen®t associated with SSI in the main analys@igh
they werdn the 20032012 analysis Anticoagulation therapy during pregnancy had a
considerably stronger association with SSI in28832012analysis.

We observedwe i ght gain during pregnancy of O
but with a weaker association than in the main analysis. Chorioamngturitig)
pregnancyhad a considerably stronger associatait SSI than in thd 9972012
analysis. Year of deliveryhad a similar association with S8lboth analysesUnlike in

the main analysisnarital status, diabetes,t er oi d use O48 hours bef

53



lung maturity stage of labour befo@aesarean sectipantibiotic prophylaxismaternal
blood transfusion,andnumber of fetusesere not observetb be associated with SSI.
5.3. Objective 3: Risk Factors for SSI(More Inclusive Definition)

Tables 21-23 show the relationship betwe&S$I1 according to the primary
definition andwomen diagnosedith theadditional diagnosis included in the more
inclusive definition: disruption of Caesarean section wound, sepsis or puerperal
infection,andhematomar hemorrhage Of the women with disruption of Caesarean
section wound, 13.4%lso hada SSI according tthe primary definition. There were
8.8% of women with hematonma hemorrhagef obstetric wound whalso hadsSI
according to the primary definition. Over etiérd (33.8%) of women with sepsis or
puerperal infectiomlso hadSSI according to the primadefinition.
5.3.1. Multivariable Analysis

Table 24shows the final adjusted model the20032012analysisexamining
risk factorsfor SSlusing tle maeinclusive definition. The final model included8,221
women who had23,334Caesarean section$here were nine independent risk factors
for SSI when we used the meanclusive SSI definition

Delivering in a hospital with O 130
associated with SSI but had a weaker association than in the22@@3analys using the
primary SSI definition. Aprpr egnancy we(apgroximatelyfobeSexldss k g
lll) was associated with S®ith aweaker association than in tA@032012 analysis
using the primary SSI definitiorWhen weran the model usingre-pregnaicy BMI as a
comparisorfor prepregnancy weightobese class | and Ill were both associated with

SSI. The strength of the association with SSI was similar for all categories of BMI and
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pre-pregnancy weight except for obese class Il (approximated@f.8kg) in which
pre-pregnancy weight had a stronger association. Gdlcgorsincluded in the final
model had a similar association with SSI when BMI was used. Other procedures
performed during Caesarean section was not associated with SSI wipgagency
weight was used; however, it was observed to be weakly assosizedve used BMI.
Preexisting or unspecified hypertension, gestational hypertension, and
preeclampsia were all associated with & weaker associations than in the 2003
2012analysis using the primary definitionBoth anticoagulatiotherapy and
chorioamnionitis during pregnancy were associated with SSI but had weaker associations
than when the primary SSI definition was used.
Women who hadreemia during pregnancy, one previous§arean sectioa,
blood transfusionand multipleshad an increased risk of SSI. This was not observed in
the 20032012 analysis using the primary SSI definitidrhough norobstetric pre
existing health conditions affecting pregnancy, weight gain dyregnancy, and year of
delivery were associated with SSI in the 203 2 analysis using the primary definition,

theywere not associated with the mamelusive SSI definition.
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5.4. Figures
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5.5. Tables

Table3: Sugical site infection ratby regionusingthe primarysurgical site infection
definition, Nova Scotia, 1992012

Number of
Region Caesarean sections| Number of SSls % (95% CI)
A 16,773 181 1.08 (0.921.24)
B 6,231 105 1.69 (1.372.00)
C 6,528 64 0.98 (0.741.22)
D 6,054 46 0.76 (0.540.98)

Cli confidence interval; SSIsurgical site infection

Table4: Surgicalsite infection rate by yearsingthe primarysurgical site infection
definition, Nova Scotia, 1992012

Number of

Year Caesarean sections| Number of SSls % (95% CI)

1997 1,885 43 2.28 (1.612.96)
1998 1,889 48 2.54 (1.833.25)
1999 1,937 36 1.86 (1.262.46)
2000 2,038 55 2.70 (1.99-3.40)
2001 2,169 36 1.66 (1.122.20)
2002 2,334 28 1.20 (0.761.64)
2003 2,305 22 0.95 (0.561.35)
2004 2,414 18 0.75 (0.401.09)
2005 2,308 14 0.61 (0.290.92)
2006 2,248 25 1.11 (0.681.55)
2007 2,340 19 0.81 (0.451.18)
2008 2,420 10 0.41 (0.160.67)
2009 2,417 12 0.50(0.220.78)
2010 2,358 14 0.59 (0.280.90)
2011 2,323 7 0.30 (0.08-0.52)
2012 2,201 9 0.41 (0.140.68)

CIi confidence intervalSSIi surgical site infection

Table5: Surgical site infection rate by Robson graigmngthe primarysurgical site
infectiondefinition, Nova Scotia, 1992012

Number of
Robson group Caesarean sections| Number of SSIs % (95% CI)
1 5,080 63 1.24 (0.941.54)
2 7,124 88 1.24 (0.981.49)
3 884 7 0.79 (0.211.38)
4 1,540 14 0.91 (0.431.38)
5 10,299 94 0.91 (0.731.10)
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Table5: Surgical site infection rate by Robson grawging the primary surgical site
infection definition Nova Scotia, 1992012 continued

Number of
Robson group Caesarean sections| Number of SSls % (95% CI)
6,7,9 5,505 44 0.80 (0.561.03)
8 1,224 29 2.37 (1.523.22)
10 1,967 36 1.83 (1.242.42)
11 1,963 21 1.07 (0.611.53)

Cli confidence interval; SSlsurgical site infection

Table6: Surgical site infection rate by region usthge mae inclusivesurgical site
infectiondefinition, Nova Scotia, 1992012

Number of
Region Caesarean sections| Number of SSls % (95% CI)
A 16,773 443 2.64 (2.402.88)
B 6,231 189 3.03 (2.613.46)
C 6,528 114 1.75 (1.432.06)
D 6,054 119 1.97 (1.622.32)

Cli confidence interval; SS surgical site infection

Table7: Surgical site infection rate by year usithg more inclusivesurgical site
infectiondefinition, Nova Scotia, 1992012

Number of

Year Caesarean sections| Number of SSls % (95% CI)

1997 1,885 80 4.24 (3.335.15)
1998 1,889 69 3.65 (2.814.50)
1999 1,937 67 3.46 (2.644.27)
2000 2,038 86 4.22 (3.355.10)
2001 2,169 65 3.00 (2.283.71)
2002 2,334 53 2.27 (1.672.88)
2003 2,305 51 2.21(1.612.81)
2004 2,414 51 2.11 (1.542.69)
2005 2,308 40 1.73 (1.202.27)
2006 2,248 52 2.31 (1.762.94)
2007 2,340 46 1.97 (1.402.53)
2008 2,420 32 1.32 (0.871.78)
2009 2,417 52 2.15 (1.572.73)
2010 2,358 55 2.33 (1.722.94)
2011 2,323 28 1.21 (0.761.65)
2012 2,201 38 1.73 (1.182.27)

Cli confidence intervalSSIi surgical site infection
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Table8: Surgical site infection rate by Robson Group ushregmore inclusivesurgical

site infectiondefinition, Nova Scotia, 1997012

Number of
Robson graip Caesarean sections| Number of SSls % (95% CI)
1 5,080 127 2.50 (2.072.93)
2 7,124 151 2.12 (1.792.45)
3 884 19 2.15(1.193.11)
4 1,540 34 2.21 (1.472.94)
5 10,299 256 2.49 (2.182.79)
6,7,9 5,505 103 1.87 (1.512.23)
8 1,224 56 4.58 (3.405.75)
10 1,967 68 3.46 (2.654.27)
11 1,963 51 2.60 (1.893.30)

Cli confidence interval; SSIsurgical site infection

Table9: Institution-relatedcohortcharacteristicsising the primary surgical site intean
definition, Nova Scotia, 1992012

Variable | N(col%) | SSI(%) | uOR (95% CI)
Number of Caesarean sections per hospital per year*

<130 9,073 (25.5) 56 (0.6) 1.00 (ref)

130949 7,558 (21.2) 126 (1.7) 2.73 (1.993.76)

9501249 9,985 (28.1) 153 (15) 2.50 (1.843.41)

01250 8,970 (25.2) |61 (0.7) 1.10 (0.771.59)

Cl7 confidence interval; SSlsurgical site infection; uOR unadjusted odds ratio
*p-value <0.05

Table10: Patientrelated érealevel)cohortcharacteristis using the primary surgical
site infection definition, Nova Scotia, 192012

Variable | N(col%) | SSI (%) | uOR (95% CI)

Region ofmaternal residente

A 16,773 (47.1)] 181 (1.1) | 1.00 (ref)

B 6,231 (17.5) | 105 (1.7) | 1.57 (1.232.01)

C 6,528 (18.3) | 64(1.0) 0.90 (0.681.21)

D 6,054 (170) | 46 (0.8) | 0.70 (0.510.98)
Rural residence

Urban 24,736 (69.6)| 289 (1.2) | 1.00 (ref)

Rural 10,828 (30.5)| 106 (10) | 0.84 (0.671.05)

Missing 22
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TablelQ: Patientrelated @realevel)cohortcharacteriics using the primary surgical
site infection definition, Nova Scotia, 192012 continued

Variable | N(col%) | SSI(%) | uOR (95% CI)
Quintile of neighbourhootevel income

1 (lowest) 7,037 (20.2) | 97 (1.4) 1.39 (1.011.89)
2 6,338 (18.2) | 74 (1.2) 1.17 (0.841.63)
3 6,964 (200) | 65 (0.9) 0.93 (0.661.32)
4 7,638 (220) | 88 (1.2) 1.16 (0.841.59)
5 (highest) 6,819 (19.6) | 68 (1.0) 1.00 (ref)
Missing 790

Cli confidence interval; SSlsurgical site infection; uOR unadjusted odds ratio
*p-value <0.05

Tablell: Patientrelated (haternaldemographicsgohortcharacteristics using the
primarysurgical site infection definition, Nova Scotia, 198012

Variable | N (col %) | SSI(%) | uOR (95% CI)

Age, years

<25 6,599 (B.5) |82(1.2) |1.22(0.941.57)

2534 21,901 (61.5)| 224 (10) | 1.00 (ref)

035 7,086 (19.9) | 90 (1.3) | 1.24 (0.971.59)
Prepregnancy weight, Kg

<53 2,855 (80) 28 (10) 1.06 (0.701.62)

0 5-86.9 10,464 (29.4)| 97 (0.9) | 1.00 (ref)

0 6-76.9 5,964 (16.8) | 51 (0.9) | 0.92 (0.661.30)

0 7-86.9 4,252 (120) |48 (1.1) |1.22(0.861.73)

08-97.9 2,744 (7.7) |39 (1.4) |1.54(1.062.24)

09 8 3,340 (9.4) |74 (2.2) |2.41(1.783.28)

Missing 5,967 (16.8) | 59 (10) | 1.07 (0.771.48)
Marital statu®

Married/commoraw 25,936 (76.7)| 269 (10) | 1.00 (ref)

Single/divorcedeparated/ | 7,878 (23.3) | 111 (1.4) | 1.36 (1.091.71)

widowed

Missing 1,772

Cli confidence interval; SSlsurgical site infection; uOR unadjusted odds ratio
*p-value <0.05

Tablel2 Patientrelated (naternaldemographics) Cohort Checteristics using the
primary surgical site infection definition, Nova Scotia, 12912

Variable | N(col%) | SSI(%) | uOR (95% CI)
Smokingduring pregnancy

No 27,712 (78.5) 294 (1.1) 1.00 (ref)

Yes 7,573 (21.5) | 100 (1.3) 1.25 (0.991.57)

Missing 301
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Table 12: Patientelated (maternal demographics) Cohort Characteristics using the
primary surgical site infection definition, Nova Scotia, 12922

Variable | N(col%) | SSI(%) | uOR (95% CI)
Alcohol or drug abusduring pregnancy
No 35,092 (98) | 387 (1.1) 1.00 (ref)
Yes 494 (1.4) 9 (1.8) 1.67 (0.863.26)

Cli confidence interval; SSlsurgical site infectin; uORi unadjusted odds ratio

Tablel3: Patientrelated (naernalmedicalconditiond cohortcharacteristis using the
primary surgical site infection definition, Nova Scotia, 12922

Variable | N(col%) | SSI(%) | uOR (95% CI)

Non-obstetric preexisting health conditionaffecting pregnancy

No 28,690 (80.6) 376 (1.1) 1.00 (ref)

Yes 6,896 (19.4) | 20 (1.3) 1.50 (1.201.88)
Hypertensioh

No 30,836 (86.7) 314 (10) 1.00 (ref)

Preexisting 511 (1.4) 7 (1.4) 1.36 (0.642.88)

Gestational 2,744 (71.7) |42 (1.5) 1.52 (1.162.10)

Preeclampsia 1,357 (3.8) |28 (2.1) 2.05 (1.393.03)

Unspecified 138 (0.4) 5 (3.6) 3.68 (1.509.03)
Diabete$

No 33,263 (93.5) 351 (1.1) 1.00 (ref)

Preexisting 220 (0.6) 6 (2.7) 2.62 (1.155.95)

Gestational 2,103 (5.9) |39(1.9) 1.77 (1.272.48)
Anemiaduring pregnancy

No 32,859 (92.3) 365 (1.1) 1.00 (ref)

Yes 2,727 (7.7) |31(1.1) 1.03 (0.711.49)
Depressiorduring pregnancy

No 33,987 (95.5) 376 (1.1) 1.00 (ref)

Yes 1,599 (4.5) |20 (1.3) 1.13 (0.721.78)
Influenza immunization

Yes 1,038 (2.9) |6 (0.6) 1.00 (ref)

No 34,548 (97.1) 390 (1.1) 1.95 (0.874.38)
Anticoagulation therapgluring pregnancy

No 35,247 (99.1) 384 (1.1) 1.00 (ref)

Yes 339 (10) 12 (3.5) 3.31 (1.846.00)

Cli confidence interval; SSlsurgical site infection; uOR unadjusted odds ratio

*p-value <0.05
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Tablel14: Obstetrierelated pregnancyhistory) cohortcharacteristics using the primary
surgical site infection definition, Nova Scotia, 192712

Variable | N(col%) | SSI(%) | uOR (95% CI)

Parity*

Primiparous 17,637 (49.6) 215 (1.2) 1.00 (ref)

Multiparous 17,949 (50.4) 181 (10) 0.82 (0.671.00)
Mode of delivery of last pregnancy

Not applicabléunknown | 19,821 (55.7) 233 (1.2) 1.00 (ref)

Vaginal 4,491 (12.6) | 52 (1.2) 0.98 (0.731.33)

Caesarean section 11,274 (31.7) 111 (10) 0.83 (0.661.04)
Number of previous Caesarean sections

0 22,483 (63.2) 268 (1.2) 1.00 (ref)

1 10,309 (290) | 99 (10) 0.80 (0.631.01)

2+ 2,794 (7.9) |29 (10) 0.86 (0.581.26)
SSI after previous Caesarean section

No 35,221 (990) | 389 (1.1) 1.00 (ref)

Yes 365 (10) 7 (1.9) 0.76 (0.252.35)

Cli confidence interval; SSlsurgical site infection; uOR unadjusted odds ratio
*p-value <0.05

Tablel5: Obstetrierelated pregnancycharacteristicsgohortcharacteristics using the
primary surgical site infection definition, Nova Scotia, 12912

Variable | N(col%) | SSI(%) | uOR (95% CI)

Weight gain during pregnancy, kg

<10 5,879 (16.5) |65 (1.1) 1.04 (0.791.38)

10-29.9 19,669 (55.3)| 208 (1.1) 1.00 (ref)

030 681 (1.9) 18 (2.9 2.52 (1.554.11)

Missing 9,357 (26.3) | 105 (1.1) 1.06 (0.841.34)
Chorioamnionitiduring pregnancy

No 34,972 (98.3)| 381 (1.1) 1.00 (ref)

Yes 614 (1.7) 15 (2.4) 2.29 (1.363.85)
Diagnostic and/or therapeutic procedure@fq@med on mother

No 34,543 (97.1)| 382 (1.1) 1.00 (ref)

Yes 1,043 (2.9) |14 (1.3) 1.21 (0.712.07)
Steroid use 048 hrs befdre deliver

No 34,211 (96.1)| 363 (1.1) 1.00 (ref)

Yes 1,375(3.9) |33(2.4) 2.28 (1.593.28)

Cl1 confidence interval; SSIsurgical site infection; uOR unadjusted odds ratio

*p-value <0.05
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Tablel16: Obstetrierelated (abour)cohortcharacteristics using the primary surgical site
infection definition, Nova Scotia, $9-2012

Variable | N(col%) | SSI(%) | uOR (95% CI)
Cervical dilation at the last examination before Caesarean sectivn, cm
No dilation 17,961 (51.8) 172 (10) 1.00 (ref)
1-3 3,623 (10.4) | 41 (1.1) 1.19 (0.841.67)
4-10 13,106 (37.8) 171 (1.3) 1.37 (111-1.70)
Missing 896
Hours from rupture of membranes to delivery
01 17,647 (50.1) 178 (10) 1.00 (ref)
2-11 8,653 (24.5) | 103 (1.2) 1.19 (0.931.52)
012 8,962 (25.4) | 114 (1.3) 1.27 (1.001.61)
Missing 324
Stage of labour before Caesamesectioh
None 17,409 (48.9) 165 (10) 1.00 (ref)
First 11,295 (31.7) 139 (1.2) 1.30 (1.041.64)
Second 6,881 (19.3) | 92 (1.3) 1.42 (1.101.84)
Missing 1
Type of rupture of membranes
Spontaneous 9,836 (27.9) | 122 (1.2) 1.00 (ref)
Artifi cial 25,389 (72.1) 272 (1.1) 0.86 (0.691.07)
Missing 361

Cli confidence interval; SSlsurgical site infection; uOR unadjusted odds ratio
*p-value <0.05

Tablel7: Patientrelated @elivery) cohortcharacteristics usgthe primary surgical site
infection definition, Nova Scotia, 1992012

Variable | N(col%) | SSI(%) | uOR (95% CI)
Length of antepartum stakiours
<24 29,690 (83.5)| 295 (10) 1.00 (ref)
24-49 3,263 (9.2) | 46 (1.4) 1.43 (1.041.95)
050 2,605 (7.3) |55 (2.1) 2.14 (1.602.87)
Missing 28
Year of delivery
19972000 7,749 (21.8) | 182 (2.4) 5.30 (3.787.43)
20012004 9,222 (25.9) | 104 (1.1) 2.52 (1.763.61)
20052008 9,316 (26.2) | 68 (0.7) 1.62 (1.162.38)
20092012 9,299 (26.1) | 42 (0.5) 1.00 (ref)
Season of delivery
Summer 9,270 (26.1) | 100 (1.1) 1.00 (ref)
Winter 8,100 (22.8) | 91 (1.1) 1.04 (0.781.38)
Spring 9,121 (25.6) | 100 (1.1) 1.02 (0.771.34)
Autumn 9,095 (25.6) | 105 (1.2) 1.07 (0.811.41)
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Tablel7: Patientrelated (delrery) whortcharacteristics using the primary surgical si
infection definition, Nova Scotia, 199012 continued

Variable | N(col%) | SSI(%) | uOR (95% CI)

Day of week of delivery

Weekday 29,432 (82.7)| 319 (1.1) 1.00 (ref)

Weekend 6,154 (17.3) | 77 (1.3) 1.16 (0.901.48)
Primary indication for Caesarean section

PreviousCaesarean 10,374 (29.2)| 98 (0.9) 1.00 (ref)

section

Breech 4,810 (13.5) | 46 (10) 1.02 (0.721.45)

Dystocia 9,295 (26.1) | 130 (1.4) 1.50 (1.151.95)

Fetal distress 5,464 (5.4) |63 (1.2) 1.23 (0.891.69)

Other 5,643 (15.9) | 59 (1.1) 1.11 (0.801.54)
Mode of Caesarean section

Low segment transverseg 34,805 (97.8)| 385 (1.1) 1.00 (ref)

Other 781 (2.2) 11 (1.4) 1.28 (0.702.34)
Use of nstrumentatiorat time ofCaesareasection

No 32,824 (92.2)| 359 (1.1) 1.00 (ref)

Yes 2,762 (7.8) | 37 (1.3) 1.22 (0.871.72)
General anesthesia during labour and/or delivery

No 32,601 (91.6)| 355 (1.1) 1.00 (ref)

Yes 2,985 (8.4) |41 (1.4) 1.26 (0.911.75)
Regional anesthesia ding labour and/or delivery

No 2,260 (6.4) | 33 (1.5) 1.00 (ref)

Yes 33,326 (93.7)| 363 (1.1) 0.74 (0.521.07)
Antibiotic prophylaxi&

Yes 22,415 (630) | 194 (0.9) 1.00 (ref)

No 13,171 (370) | 202 (1.5) 1.78 (1.462.18)
Maternal blood transfusién

No 35,216 (990) | 386 (1.1) 1.00 (ref)

Yes 370 (10) 10 (2.7) 2.50 (1.324.73)
Other procedures performed during Caesarean s&ction

No 31,071 (87.3)| 360 (1.2) 1.00 (ref)

Yes 4,515 (12.7) | 36 (0.8) 0.68 (0.480.96)

Cli confidence interval; SSlsurgical site infection; uOR unadjusted odds ratio
*p-value <0.05

Tablel18: Obstetricrelated fetal orneonataffactorg cohortcharacteristics using the
primary surgical site infection definition, Nova Scotia, 12912

Variable | N(col%) | SSI(%) | uOR (95% CI)
Presentation at delivery
Vertex 23,883 (67.1)| 274 (1.2) 1.00 (ref)
Other 9,636 (27.1) | 97 (10) 0.88 (0.691.11)
Missing 2,067 (5.8) | 25(1.2) 1.06 (0.701.59)
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Table18 Obstetrierelated (fetal or neonatédctorg cohortcharacteristics using the
primary surgical site infection definition, Nova Scotia, 12922 continued

Variable | N(col%) | SSI(%) | uOR (95% CI)
Infant birth weightg*
<2500 2,524 (7.1) 44 (1.7) 1.73 (1.252.38)
25003900 25,415 (71.5) | 258 (10) | 1.00 (ref)
04000 7,619 (21.4) 94 (1.2) 1.21 (0.951.54)
Missing 28
Apgar score at 5 minutes
0-6 715 (20) 15 (2.1) 1.93 (1.143.25)
7-10 34,663 (990) 380 (1.1) | 1.00 (ref)
Missing 208
Number of fetuses
Singleton 34,362 (96.6) | 367 (1.1) | 1.00 (rd)
Multiples 1,224 (3.4) 29 (2.4) 2.25 (1.533.29)
Gestational age, weeks
<37 3,602 (10.3) 68 (1.9) 1.91 (1.452.52)
37-39.9 20,154 (57.8) | 201 (10) | 1.00 (ref)
A0 11,125(31.9) |117(1.1) | 1.07 (0.861.34)
Missing 705
Breastfeeding atisichargé
Yes 24,912 (70.7) | 250 (10) | 1.00 (ref)
No 10,337 (29.3) | 142 (1.4) | 1.37(1.111.69)
Missing 337
Diagnostic and/or therapeutic procedure(s) performed on fetus
No 34,068 (95.7) | 377 (1.1) | 1.00 (ref)
Yes 1,518 (4.3) 19 (1.3) 1.13 (0.72-1.80)

Cli confidence interval; SSlsurgical site infection; uOR unadjusted odds ratio
*p-value <0.05

Table19: Risk factors for surgical site infection following Caesarean section tlsing
primarysurgical site infectin definition, Nova Scotia, 1992012

Variable | SSI | NoSSI | aOR (95% CI)
Number of Caesarean sections per hospital per year
<130 55 8,536 | 1.00 (ref)
130949 114 6,338 |2.93(2.164.10)
950-1249 152 9,757 | 2.52(1.863.53)
01250 59 8,802 | 1.70 (1.132.56)
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Table19: Risk factors for surgical site infection following Caesarean section tising
primarysurgical site infectiomefinition, Nova Scotia, 1992012 continued

Variable | SSI | NoSSI | aOR (95% Cl)

Prepregnancy weight, kg

<53 27 2,683 | 1.01 (065-1.55)

0 5-G6.9 95 9,914 | 1.00 (ref)

O 6-76.9 51 5,600 | 0.99 (0.761.39)

0 7-86.9 45 3,990 |1.21(0.841.74)

08-97.9 36 2,553 |1.50 (1.012.23)

098 70 3,061 |2.68(1.913.76)

Missing 56 5,632 | 1.09 (0.701.70)
Marital status

Married/commoraw 269 25,667 | 1.00 (ref)

Single/divorceddeparated/ 111 7,766 | 1.29(1.021.62)

widowed
Non-obstetric preexisting health conditionaffecting pregnancy

No 281 6,966 | 1.00 (ref)

Yes 99 6,467 | 1.35(1.061.72)
Hypertension

No 302 28,966 | 1.00 (ref)

Preexisting 7 477 0.91 (0.421.95)

Gestational 41 2,603 |1.12(0.791.57)

Preeclampsia 25 1,271 | 1.31(0.852.01)

Unspecified 5 116 4.31 (1.7010.92)
Diabetes

No 337 31,285 | 1.00 (ref)

Preexisting 6 198 2.51 (1.085.83)

Gestational 37 1,950 | 1.59 (1.112.27)
Anticoagulation therapgluring pregnancy

No 370 33,121 | 1.00 (ref)

Yes 10 312 2.73 (1.405.33)
Weight gain during pregnancy, kg

<10 63 5,495 |0.81 (0.601.09)

10-29.9 202 18,537 | 1.00 (ref)

030 17 617 2.56 (1.534.29)

Missing 98 8,784 |1.23 (0.871.74)
Chorioamnionitiduring pregnancy

No 365 32,876 | 1.00 (ref)

Yes 15 557 3.13 (1.815.41)
Steroid use 048 hrs before delivery f

No 348 32,132 | 1.00 (ref)

Yes 32 1,301 | 1.56 (1.042.35)
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Table 19: Risk factorof surgical site infection following Caesarean section using th
primary surgical site infection definition, Nova Scotia, 12®2.2, continued

Variable | SSI | NoSSI | aOR (95% Cl)

Stage of labour before Caesarean section

None 159 16,430 | 1.00 (ref)

First 132 10,453 | 1.06 (0.841.35)

Second 89 6,550 | 1.37 (1.051.80)
Year of delivery

19972000 180 7,526 |5.80 (3.958.50)

20012004 101 9,007 | 3.05 (2.064.52)

20052008 63 8,312 |1.83(1.212.78)

20092012 36 8,588 | 1.00 (ref)
Antibiotic prophylaxis

Yes 195 12,159 | 1.00 (ref)

No 185 21,274 | 1.55 (1.231.95)
Maternal blood transfusion

No 371 33,105 | 1.00 (ref)

Yes 9 328 2.43 (1.224.84)
Number of fetuses

Singleton 352 32,282 | 1.00 (ref)

Multiples 28 1,151 | 1.88 (1.242.86)

aORi adjusted ods ratio; Cli confidence intervalSSIi surgical site infection
Model adjusted for all factors in this table.

Table20: Risk factors for surgical site infection following Caesarean section tisng
primarysurgical site infe@dn definition, Nova Scotia, 2002012

Variable | SSI | NoSSI | aOR (95% CI)

Number of Caesarean sections per hospital per year

<130 12 5,525 | 1.00 (ref)

130949 55 5,159 |5.28 (2.799.97)

950-1249 28 4,839 | 3.15(1.576.32)

01250 55 7,661 | 3.07 (1.625.80)
Prepregnancy weight, kg

<53 7 1,773 |0.78 (0.341.77)

0 5-86.9 32 6,496 | 1.00 (ref)

0 6-76.9 14 3,848 | 0.70 (0.381.32)

0 7-86.9 22 2,758 | 1.52(0.872.63)

08-97.9 19 1,806 | 2.06 (1.153.70)

09 8 36 2,311 | 2.74 (1.634.59)

Missing 20 4,192 |0.70 (0.351.41)
Non-obstetric preexisting health conditionaffecting pregnancy

No 108 18,744 | 1.00 (ref)

Yes 42 4,440 |1.68 (1.142.46)
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Table 20: Risk factors for surgical site infection following Caesarean section using
primary surgical siténfection ddinition, Nova Scotia, 2002012 continued

Variable | SSI | NoSSI | aOR (95% CI)

Hypertension

No 106 20,179 | 1.00 (ref)

Preexisting or unspecified* 8 442 2.05 (0.974.33)

Gestational 24 1,686 | 1.93(1.223.08)

Preeclampsia 12 877 1.97 (106-3.66)
Anticoagulation therapgluring pregnancy

No 139 22,890 | 1.00 (ref)

Yes 11 294 | 4.11 (2.127.95)
Weight gain during pregnancy, kg

<10 24 3,799 | 0.67 (0.421.09)

10-29.9 77 12,414 | 1.00 (ref)

030 8 481 | 2.32(1.164.90)

Missing 41 6,490 | 1.40 (0.862.30)
Chorioamnionitisduring pregnancy

No 142 22,789 | 1.00 (ref)

Yes 8 395 4.95 (2.3510.40)
Year of delivery

20032004 40 4,679 | 2.49 (1.524.03)

20052008 68 9,248 |1.88 (1.272.78)

20092012 42 9,257 | 1.00 (ref)

aORT adjusted oddsatio; CIT confidence intervalSSIi surgical site infection

Model adjusted for all factors in this table.

*Pre-existing and unspecified hypertension were combined due to a low prevalence
each.

Table21: Relationship betweedisruption of Caesarean section woamdisurgical site
infection according to thprimarydefinition, Nova Scotia, 1992012

SSl according to
Primary Definition

Yes No
Disruption ofCaesarean  Yes 9 58
sectionwound No 387 35,132

SSIT surgical sie infection
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Table22: Relationship betweesepsis or puerperal infecti@amdsurgical site infection
according to the primargefinition, Nova Scotia, 1992012

SSl according to
Primary Definition

Yes No
Sepsis or puerpete  Yes 48 94
infection No 348 35,096

SSIi surgical site infection

Table23. Relationship between hematoma of obstetric wound and surgical site infection

according to the primargefinition, Nova Scotia, 1992012

SSl according to
Primary Definition

Yes No
Hematomar hemorrhage  Yes 21 219
of obstetric wounc No 375 34,971

SSIT surgical site infection

Table24: Risk factors for surgical site infection following Caesarean section tising
more inclusivesurgical site infectiomlefinition, Nova Scotia20032012

Variable | SSI | NoSSI | aOR (95% CI)

Number of Caesarean sections per hospital per year

<130 58 5,479 | 1.00 (ref)

130949 117 5,097 | 2.04 (1.472.82)

950-1249 87 4,780 | 1.86(1.322.62)

01250 183 7,533 | 2.45(1.803.33)
Prepregnancy weight, kg

<53 36 1,744 | 1.05 (0.711.54)

0 5-86.9 119 6,409 | 1.00 (ref)

0 6-76.9 61 3,801 | 0.86(0.631.17)

0 7-86.9 48 2,732 |0.91(0.651.29)

08-97.9 42 1,783 | 1.21 (0.841.74)

09 8 71 2,276 | 1.44 (1.051.97)

Missing 68 4,144 |0.81 (0.601.10)
Hypertension

No 349 19,936 | 1.00 (ref)

Preexistingor unspecified* 17 433 1.87 (1.123.12)

Gestational 46 1,664 | 1.46 (1.062.03)

Preeclampsia 33 856 1.82 (1.242.67)
Anemiaduring pregnancy

No 364 20,750 | 1.00 (ref)

Yes 81 2,139 |1.59(1.192.13)
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Table 24: Risk factors for surgical site infection following Caesarean section using
more inclusive surgical site infection definition, Nova Scotia, 2@03.2, continued

Variable | SSI | NoSSI | aOR (%% Cl)

Anticoagulation therapgluring pregnancy

No 423 22,606 | 1.00 (ref)

Yes 22 283 2.84 (1.784.53)
Number of previous Caesarean sections

0 251 14,091 | 1.00 (ref)

1 157 6,909 | 1.48(1.211.83)

2+ 37 1,889 | 1.27 (0.881.81)
Chorioamnionitiduring pregnancy

No 431 22,500 | 1.00 (ref)

Yes 14 389 2.19 (1.253.84)
Maternal blood transfusion

No 405 22,644 | 1.00 (ref)

Yes 40 245 6.74 (4.5410.00)
Number of fetuses

Singleton 414 22,071 | 1.00 (ref)

Multiples 31 818 1.80 (1.232.64)

aORi adjusted odds ratio; Glconfidence intervalSSIi surgical site infection
Variables considered for inclusion in the multivariable model were number of Caes.
sections per hospital per year, region of maternal residence, rural residence, quinti
neighbourhoodevel income, maternal age, goeegnancy weight, neabstetric pre
existing health conditions affecting pregnancy, hypertension, diabetes, ahema
pregnancyanticoagulation therapjuring pregnancyparity, number of previous
Caesaream ect i ons, chorioamnionitis duri ni
delivery for fetal lung maturity, cervical dilation at the last examination before Caes
section, stage of labour before Caesarean section, length of antepartum stay, use «
instrumentation at time of Caesarean section, maternal blood transfusion, other
procedures performed during Caesarean section, infant birth weight, Apgar score ¢
minutes, number of fetuses, and gestational age.

Model adjusted for all factors in this tab

*Pre-existing and unspecified hypertension were combined due to a low prevalence
each.

72



CHAPTER 6: DISCUSSION
6.1. Objective 1 Findings

We estimated themcidenceof SSlafter Caesarean section to hospital discharge
within Nova Scotia by yaaregion of maternal residence, and Robson Grdwp the
primary SSI definitiorwe usedtodes for obstetricapecific and morgeneral SSlIs. For
the moranclusive SSI definitiorwe usedadditional diagnostic and procedure codes that
could indicate &SI.

Over our 16 year study periathe SSI ratewas1.11% using the primary
definition and 2.43% using the mainclusive definition. These findings arlwer than
most other studies following women to hospital disch@dg7). This could be due to
population differences previous studiesuch as onlgxaminingCaesarean sections
performed under general anesth@y; women with at leastvo previous Caesarean
sectionq7), singleton gestation®), and electivg14,16)or emergencyl5) Caesarean
sections Another potential reason for this difference is thatnumber of Caesarean
sections performed per yaacreasedluring our study period while the SSI rate
decreased. Finally, there weleical practice changesver our study periothat
effectively decreasedfection rates, including SSI

Our SSI ratevas2.43%when we used the moneclusive SSldefinition which
equals a 119% increafiem the primary definition Similarly, Tsai et al. observed a
considerable increase of 20GP6m 0.3% b 0.9%when they used 81 rather than 5
diagnosticcodes(34). Our rate of 2.43%s comparable to theeportedSSI rate of 2.20%
when a hospital database and similar diagnostic and procedure codes wéneaused

validation studyconducted by Daneman et @2). The additional codes used in the
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more inclusive SSI definition allow for a more sensitive outcome than using solely the
primary SSI definition. However, these additional codes are less specific than the
primary SSI definition as they are not nesady indicative of a true SSI.

Our study showed differences in the SSI rate between the four regions in Nova
Scotiawhen using botlthe primary and me inclusive SSI definitions These findings
maybe indicative thategions differ in their infectio prevention practiceer their case
mix profiles however, women mayot necessarily deliven the region they reside 80
this conclusion must be interpreted cautioudifie association between region of
residence and SSI after controlling for othariables is discussed below.

We observed a decrease in the SSI rate @westudy period There are a number
of possible reasons why thisas observedFirst, antibiotic prophylaxis usage increased
following several clinical practice guidelin@®2-84). Second, there may have bether
changesn clinical practiceduring this time perioduch asmproved infection prevention
measuresr changes in operating technigquehird, themeanlength of postpartum stay
decreased during the study period fromagarage of 93 houia 19972000 to an
average of 77 houia 20092012. Finally, there may have been changethimrecording
or coding of SSls in the NSAPD which may have affected how SSls are captured.

Significant differences in the SSI ratesre obsrved amongdrobson groups.
Multiple gestations (Group 8) had the second lowest number of Caesarean sections over
the study periodut the highest SSI ratgsing both definitions. This suggests that the
variables used to classify Caesarean sections bgdRaBroup may be important risk
factors for SSlI, particularlshe number of fetuses. The association between number of

fetuses and SSI after controlling for other variables is discussed below.
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6.2. Objective 2 Findings

Using the primary SSI definition,@ewonducted enultivariable analysis to
determine independent risk factors for 88m 19972012 Wethenconductedn
analysisfor 20032012

For both our main ang0032012analysiswe found that the number of
Caesarean sections per hospital per year a significant risk factor for SS&maller
hospitals with<130 Caesarean sections per year had the lowest SSI risk whereas an
inverse relationshipras observed for other hospital siz&he differences we observed
would not be due tthedifferencesbetween hospitals, such as-esasting conditions
and pregnancy complications in patients, as thatoeasolled for However, itcouldbe
due tootherdifferences Hospitals may have different policiesaperating procedussor
infection prevention For example, hospitals may use different methods of wound
closure, some of which may be an independent risk factor for\88men who
delivered in hospitals witk130 Caesarean sections per yeithe lowest SSI risk
perhapgue to these hospitals hagifewer resources. As such, compared to larger
hospitalsthesehospitals would perform the surgesgly when the surgery teamas
available, thereby increasing the chance of the Caesarean sections being performed
sooner.

Vincent et alalso observed #t a hospital volumeelated risk factonnaternity
units witha lower number o€aesarean sections per morg8 or108-156 per year)
increased theriskof SBlo mpared to units with62020 per
However, Vincent and colleaguelsserved a much weaker association with SSI than we

did possibly because the maternity units in their study were all part of the same
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surveillance networkvhich may make them more likely to have similar infection
prevention practice62).

We observed an ssciation between SSI and greegnancy weighfor weights of
087 kg (approxi mately obes.éMoststumieseeasiningl and
pre-pregrancy BMI have shown that a highgM| increases the risk of S$1,6,18,31)
When we used prpregnancy BMrather than prgpregnancy weight toedermine if our
pre-pregnancy weight categories approximated Bt results suggested there is some
nontdifferentialmisclassification. That being said, the strength of the association
between SSI and the other factors in the model was similar whigestsghe weight
categories are an overall fairly accurate approximation of BMI.

Women who gained O30 kg during pregnanc
SSI than women who gained-20.9 kg. Unlike prepregnancy or delivery weight,
weight gain ignore easily modifiable than ppregnancy weightHowever,previous
studies have exained delivery BMIrather than weight gaiand found that a higher BMI
increases the odds of developing §#,47,52,66) Studies have noted that a higher
BMI, and therefore a larger weight, could increase the risk of SSI due to there being a
longersurgcal woundwith more area to potentially become contamin8id47,52)and
requiring longer to hedb,31)compared to normal BMIIn addition, a longer surgical
wound could increase the risk of wound dehiscence and therefore the risk of SSI.

Relationshp statusvas a risk factor for SSI in the 192012 analysisWhen
controlled for other factors, mmen whaaresingle, divorcedseparatedr widowedhad
approximatelya 30% higher risk of SShan women who are married or comrvaw.

That being said, m#al status wasveaky associated witlsSlL

76



We foundthat nonobstetric preexisting health conditions affecting pregnancy
was associated witBSlin both analysewhen controlled for other variables
Conversely, Gong et.atxamined prexisting diseasandit did not remain associated
with SSI when adjusted for other fact@s). This difference could lie in what pre
existing conditions were considerew/hile we considered a large number of-pxésting
conditions,Gong et alonly examined heart demse, diabetes, hyperthyroidism, and other
pre-existing disease®?2). In addition, a large proportion of our population (19%) had
pre-existing conditions whereas the prevalence was much lower in the study by Gong et
al. (8.9%) (52).

In the main analysigjnspecified hypertension was a significant risk factor for
SSI. Two studies examining hypertensiaithout subdividing it by typalsofoundthat
it was related to a higher SSI rigkl,39) However, when prexisting hypertension and
unspecified hypeension were combined in the 2623812 analysis they were not
associated with SSIThis could be because there was apogwalence in the population
or preexisting hypertension nullified the association between unspecified hypertension
and SSI Both preeclampsiaand gestational hypertension were independent risk factors
for SSIbut onlyin the 20032012 analysis Our conflicting results could be due to other
factors existing in the 2083012 era, such as changes in clinical practice, which
confounded th association between hypertension and SSI. It could also be because,
unlike in the 20032012 analysispur main analysis controlled for diabetdese results
also conflict with the literature &chneidkofman et al. did not find mildor severe

preetampsia tdbe associated with SSI when adjusted for other fa¢é&)s Likewise,
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Geubbels et al. did not find gestational hypertension to be a risk factor for SSI, even in an
unadjusted analys(§7).

We foundpre-existing andyestational diabetds be risk factors for SSl in the
mainanalysis SchneidKofman et al. also found piexisting diabetes to be a significant
risk factor for SSiwvhen controlled for other facto(68). Mostotherprevious studies
haveobserved it to baon-significant(63,6785), in most casebkely due to its low
prevalence in the samp(63,67) The literaturesuggestshat gestational diabetes is not
associated wittsSI1(10,66,67) One study even observed that women with gestational
diabetes had a lower risk of developi&SI than women without gestational diabetes
though the authors noted this may have been confounded by sudgeatiag to
perform elective surgeries fdrabetic gestation@85). The differencen our observed
association between SSI and gestatioraeteswith the literature could be explained by
therenot beingenough power to detect an associatioprevious studie€l0,66,67)

Anticoagulation therapy during pregnancy was a risk factor foirS&lr study.
Compared to women who did not receargicoagulants during pregnancy, women who
did wereover two and a half times as likely to develop a SSI in the main analysis and
overfour times as likely in the 2083012 analysis Anticoagulation therapy may have
had a weaker association with SSI ie thain analysis because, unlike the 20032
analysisthis analysisontrolled for maternal blood transfusion which may have
explained part of this factorods associatio

Chorioamnionitiduring pregnancyasobserved to significantly increasesth
odds ofSSlwhen controlled for other factar#\s only 1.73% of our sample was

diagnosed with chorioamnionitis during pregnancy, the large confidence interval
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observed in the 2063012 analysiss likely due to the low prevalence of
chorioamnionitiduring pregnancyn the populatiorduring that time periadOur result

is similar to the association found by Mitt et al. who also found chorioamnionitis to be
independently associated with S88). However mostprevious studies examining
chorioamnionitishave not found it to be associated with §51,66,69)which could be

due to differences in study populati@bese women only9), or not having enough
power to detect an associati@ty).

Steroid use 048 hours befoolyimreabadlthe ver y f
risk for SSlin the main analysisThis findingis contradictory to a previous study that
examined corticosteroid us@ddid not find it to be associated with S8lan unaglisted
analysis(63). This difference could be because the prevalence of steroid usage in our
study was considerably higher at 3.86%@d therefore we were able to detect an
association.

We foundthat being irnthe second stage #bour wasassociated witlsSl in the
main analysisvhen controllingor other variablesPergialiotiset al. conducted a
systematic review and mesmalysis andfrom theseven studies examining stage of
labour as a proxy for a fully dilated cervix, did not finditresljustedoooled association
with SSI to be significanf72). Other previous studies examining cervical dilahane
not foundanassociatioreither(59,70,71) However, these differences are likely
explained by the populations studied. Two studies examinedvel€tiesarean sections
and randomized women into an intraoperative cervical dilation group and no
intraoperative cervical dilation grop9,70) Given that these women would have had a

dilated cervix for a shorter period of time than the ne2dk of wormen whohad a fully
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dilated cervix (and therefore were in the second stage of laimoom) study, there would
have been fewer opportunities for bacteri@a¢antroduced. Allen et dhad different
eligibility criteria (singleton, nulliparous pregnancias3740 weeks with labour) than

our studywhich may explain the differences between our regilty We did not

observe cervical dilation at the last examination before Caesarean section to have an
association with SSI in an adjusted analysis likelyalnse our model included stage of
labour before Caesarean section which explained most of its association with SSI.

We found year of delivery to be strongly associated with SSI. This association is
likely explained by confoundefer which we did not havaaformationsuch as changes
in operation technique and infection prevention over thgeks study period.

We observed an increase in antibiotic prophylaxis usage rates over time which
coincided with publications recommending changes in clinical practicere was an
increasdrom 19981999 after the CDC published guidelines on SSI preve(@2) an
increasdrom 20022003 following a publication from the American College of
Obstetricians and Gynecologists which recommended antibiotic prophylaxlk for a
women undergoing Caesarean sec(i8), andfrom 20092010 when the Society of
Obstetricians and Gynaecologists of Canada recommended th¢8sgme

Absence of antibiotic prophylaxis was observedigmificantly increase the risk
of SSI in the main aatlysis. In general, previous studies have also found antibiotic
prophylaxis to be an independent risk factor for 8&¢n adjusted for other factors
(16,47,48,52) Antibiotic prophylaxisvas not observed to be a risk fadimr SSIwhen
controlled for olher variablesn the20032012analysis.We may not have detected an

associatiorbecausenost womermneceived antibiotic prophylaxis during this time period.
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Maternal blood transfusiowasassociateavith SSI in the main analysisA
previous studgonduced by SchneiKofman et aldid not findmaternal blood
transfusiorto be associated with S&fter adjustment foother factors such abesity,
hypertension, premature rupture of membranes, diabetes, and emergency Caesarean
section(68). Thiscould bebecauset was partially explained by emergency Caesarean
section, which was adjusted for in the final model

We observed that multiple gestatiansreased the risk f@Slin the main
analysis Multiple gestations could be a risk factor for SSI due éoGhaesarean section
taking longer to perform than with singletons and therefore there being more
opportunities for wound contaminatio®chneidKofman et aldid not find twin
gestations to bassociated with SSI when adjusted for other fag@8% Asin our
study, they did not control for length of operation; however, they did contrargency
of Caesarean sectiavhich may explain some of its association with Si§te twin
pregnancies are more likely to be deliveredanalective rather than emgency
Caesarean secti@f8).

We did not findrural residence to be associated with SSI in either adjusted .model
This could bebecauséts association with SSI was partly explained by number of
Caesarean sections per hospital per year as hospitalsgagdewersections are more
likely to belocatedin rural areas.Conversely, Salim et al. did find that rural residence
was associated with SSI perhaps due to a difference in study populations (the study took
place in Israeljl).

Like most previous stlies, wedid not findan association betweematernal age

(1,10,11,18,33,39,47,48,51,52,54,63,&M0king during pregnandy0,47,48,51,6Q)
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anemia during pregnan¢¥1,33,69) parity(1,10,33,39,51,63,64,69)umber of previous
Caesarean sectiof5,4,718,31,50,60,64,68)ength andype of rupture of membranes
(11,39,40,51,54,60,63,64,66,68)dication for Caesarean secti(89,52) and
presentation at delivei68,69)in either analysis.

As with previous studies examining length of antepartum(g@$2,63) we did
not find it to be a significant risk factor for SSI when adjusted for other fad¢sste a
|l ength of antepartum stay of O50 hours hav
unadjusted analysis. This is likely because the other varigiles adjusted model
explained most of its association with SSI. Year of delivery could have confounded its
association as the length of antepartum stay decreased during the study period.

We did not observe an association between other proceduresmetfduring
Caesarean section and SSI which is what was observed in a previous study examining
this factor(39). This could be because it was associated with antibiotic prophylaxis as
women who had other procedures performed during their Caesarean secganore
likely to receive antibiotic prophylaxis than women who did not do undergo additional
procedures.

Though a low infant birth weight (<2,500 grams) was associated with SSI in an
unadjusted analysis, it did not remain significant after controlbngther factors such as
maternal weight and weight gaiRrevious studies have also not found an association
betveen infant birth weight and S&,69) Apgar score at five minutes did not remain
significantwhen controlled for other factorsr'his coutl be because it was confounded
by gestational age, which was not adjusted for in the final model. Another possible

explanation for this neassociation is that women who delivered an infant with a low
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Apgar score () at five minutes were more likely teceive antibiotic prophylaxis than
women with infants who had a higher Apgar scoré@h SchneieKofman et al. also
did not observe Apgar score at five minutes to be independently associated W&B)SSI

Thougha gestational age of less than 37 weeglis associated with SSI in the
unadjusted analysis, it did not remain significahen adjusted for other factor3 his
could be because gestational age was associated with number of Caesarean sections per
hospital per year as hospitals that performeeefg<950) Caesarean sections per year
were kss likely to deliver neonates less tl3@nweeks old than hospitals widlh leas950
Caesarean sections per year. Otftedies havalsonot found gestational age to be
associated with S$8,18,31,39,48,589).

We did not observe region of maternal residence to be associated with SSI. This
could be because most of its association was explained by number of Caesarean sections
per hospital per year in the adjusted analysis. We did not observe an assbeisteen
SSI and quintile of neighbourhodelvel income, season of delivey,day of week of
delivery possibly because there was not enough of a clinical difference between these
populations.We observed breastfeeding at discharge to no longer beassoeith SSI
when adjusted for other factorshi¥ could be because most t&f association with SSI
was explained by relationship statsa considerably higher proportion of women
without a partner were not breastfeeding at dischewggared tavomenwith a partner

We did not observe an association between SSI and alcohol or drug abuse,
depression during pregnancy, influenza immunization, mode of delivery of last

pregnancy, SSI after previous Caesarean section, usgteimentatiorat time of
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Caeseean sectiongr type ofanesthesia during labour and/or delivery possibly due to
there being no underlying association with .SSI

We did not find diagnostic and/or therapeutic procedure(s) performed Gtuke
or mother to be associated with SSI. Thosild be due tohesefactors being a
compilation of various diagnoses and procedures which may cause those diagnoses and
procedures with a neassociation to pull the overall association toward the Mk
found that mode of Caesarean section was notesed with SSI likely due to most
women having a low segment transverse Caesarean sectitreamtieing low
prevalence of othdypes ofCaesarean sectien
6.3. Objective 3 Findings

Using the mee inclusive SSI definition, weleterminedndependentisk factors
for SSlfor the year20032012

Number of Caesarean sections per hospital per year was a significant risk factor in
both the 2002012 analysis using the primary SSI definition and2d@32012sub
analysis using the moreclusive definiton though witha weaker association in the
latter. This could be because women with4esasting conditions that may cause them to
be at a higher risk for the S8tlated complications included in the rainclusive SSI
definition could be more likely tdeliver in a larger hospital as these hospitals would
have more resources to manage such complications.

Unlike when the primary SSI definition was used, when adjusted for other factors,
a prepregnancy weight between-87.9 kg was noassociated with S$h the sub

analysis. This could be because of a threshold effect betwe@nggmancy weight and

SSirel ated complications where tWmeenwean s no
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the final model usingre-pregnancyBMI as a comparisqithe resuls suggestdthat

there may be some misclassification when using weight categories. That beitigesaid,
association between SSI and the other factors in the model was similar which suggests
thatpre-pregnancy weighivasan overalffairly accurateapproximation of BMI.

Unlike in the20032012 analysis using the primary SSI definifiare observed
anassociatiorbetween SSI and pxisting or unspecified hypertensiamen adjusted
for other factors This islikely becausé¢here was more power to detentassociatiom
the subanalysis

The observed association between anticoagulation therapy during pregnancy and
SSl was stronger when the primary SSI definition was tissdin the suanalysis. This
could be becausmaternal blood transfusion, which sveontrolled for in the sulinalysis
but not the 2002012 analysis using the primary definiti@xplained some of the
association between SSI and anticoagulation theangytherefore weakened the strength
of its association We alsoobserved chorioamonitis during pregnancip have a
stronger association with SBlthe subanalysis This could be because
chorioamnionitiduring pregnancis more likely to be associated with a definite SSI
than with SSikrelated complications.

Though they were assocak with SSI when the primary definition was used,
non-obstetric preexisting health conditions affecting pregnancy, weight gain during
pregnancy and year of delivery were aesociated when we used the modusive
definition. This could be due to theefactors increasing the risk for a definite SSleath
than SSirelated complications. Year of deligemay not have been associatedhees

clinical practice changes that occurred over the study peraydbemore likely to
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decrease the risk ofdefinite SSI tharthe SSirelated complications included in the rao
inclusive definition

We observed anemia to be associated with SSI contrary to the primary SSI
definition and the literature (11,33,69). passible explanatiocould bethatwomen with
anemia ee more likely to develop complications, including $8kated complications
that are noactuallydiagnosed as SSthan women without anemidVomen with one
previous Caesarean sectware at a higher risk f@8SIthan women without a previous
Caesareasection However, this was not observed when the primary SSI definition was
used nor has it been observed in most previous st(id®3,18,31,50,60,64,68)Ne
may have observed this association because theinotusive definition includes wound
dehiscence, @omplicationwomen with a previous Caesarean section would be at a
higher risk for, compared to women without a previous Caesarean section.

Compared to no maternal blood transfusion, the odds of SSI were seagly
times highefor women withat least one blood transfusion. This factor was not
associated with the primary SSI definitiomhis could be because thab-analysis using
themoreinclusive definition included women who had S8lated complications (such
as a hematoma or hemorrhaggyt are more likely to require a blood transfusion than
women who did not have such complicatioh8e observed thahultiple gestations were
associated with SSI in the sabalysis buhotwhen we used the primary SSI definition
from 20032012 We mayhave been able to detect an associatidhe subanalysis
becausave hadmore power to tighten the confidence interval.

We observed a number of differences in risk factors for SSI betwe@0@3e

2012 analysessing the primary SSI definition arnlide more inclusive SSI definition.
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We also observed that some 8&hkted complications are considerably more indicative
of a possible SSI than otherghis suggests the way a SSl is defined can have a
considerable impact on the risk factors shown to beceged with SSI. Furthermore,

this also suggests that the definition of SSI may impact the comparability between

studies.
6.4. Strengths and Limitations
6.4.1. Strengths

A major strength of this study is that it is populatlmsed antherefore
representative of the Nova Scotian population, which allows our study findings to be
generalizable to all Nova Scotia women who have a Caesarean s&utoexamined
this population over a large study period of 16 yaas conducted our analysesing a
sensitive SSI definitiorover the entire study period as wellfasthe years 2002012 to
determine if thergveredifferences over timeWe also conducted an analysis for 2003
2012 using anorespecific SSI definition which included additional diagnosed
procedures indicative of a possible &&tetermine if there were differences with the
SSI definition usedOur study has a large sampleovkr 35,000 Caesarean sections
which islarger than most studies examining risk factors 8k f8llowing Caearean
section. We examined novel risk factsteh as breastfeeding at discharge and
anticoagulation therapy during pregnamsywell as understudied risk factsisch as
maternal blood transfusiaand number of fetuses which will add valuable informat@mn

the literature.
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6.4.2. Limitations

Our SSI rate isikely underestimated as we only followed women to hospital
dischargeather than to 30 days postdischargenking the NSAPD to databases which
record hospital admissions and/or physician visitsSel and following the cohort for 30
days would provide a more accurate estimate of the SSISateeour studywas
retrospectivewe werereliant onsecondary data(perinatablatabasgto obtain
information on women whpresentedvith a SSI.

There ae several ways in whiclvomen mayhave beemisclassified irthis
databaseA physician may nothave patSSIdi agnosi s i n the patient
would lower our estimated SSI rate. Minor SSlis mayess likely than severe SSis to be
diagnosedand ecor ded on twhieh wpuldalsaedetesiimatetrSal r t
rateand bias itoward more severe SSIs. Women witbrerisk factorsfor SSImay
havea lowerrisk of misclassification than women witdwer risk factorsince hese
women may havbeen more carefully monitorédr complications after surgergjs
such,the odds of detecting a SSI may be highevomen with more risk factors tham
women with fewer risk factorsThis would bias our results by increasing the prevalence
of risk factas in our studyand making thermore likely to be identified as associated
with SSI. Women mayhave also been misclassified if the data from patient charts were
entered into the database incorrectlhiscould either underor overestimate our SSI
rate.

Since diagnostic codes do not specify what layer of tissue is infected, we were not
able to determine whether SSls were superficial incisional, deep incisional, or

organ/spacand whether risk factors differ between each typemerisk factorsin the
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NSAPD areinconsistently used during our study peridgebr examplesmoking
variables, such as smokingthé deliveryadmission, have a high percentage of missing
valuesdue to inconsistent use.h@refore we used a compilation of all smoking variables
to determine if there was any smoking during pregnancy

Since height wasot used untiR003 andt was not always recorded when it was
used, we approximated BMI using weight categoriesorder to be consistent
throughout the studyye did this evemluring yearsvhen height was availabléVhen we
used BMI instead of weight categor&s a comparisqithere was some misclassification
butwe found that the weight categories were an ovéaly accurateapproximation of
BMI. Finally, ome procedurspedfic factors, such as experience of the obstetrician
performing the Caesarean sectandduration of surgeryare not available in the
NSAPDand therefore could not lnecludedas potential risk factorig our study
6.5. Recommendations

According to ateast one of our analysesany of the risk factors for S#at we
observedarelikely known wellbefore deliveryncluding pre-pregnancy weight, marital
status, norobstetric preexisting health conditions affecting pregnantypertension,
diabetes, amaia during pregnancynticoagulation therapy during pregnanaeymber of
previous Caesarean sectioolsprioamnionitis during pregnanamndnumber of fetuses
Given that thesesk factors are known in advangeecautions can be taken to decrease
the iisk of SSI.

Modifiable risk factors observed in at least one of our analyses were weight gain
during pregnancy and antibiotic prophylaxtsealthcare providers should advise women

during the first prenatal visit what a healthy weight gain is for thegnamecy. In
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addition, women should be informed that gainthg O wik giace them at a higher risk

for SSI. Al womenundergoing Caesarean sectghould receive antibiotic prophylaxis

to decrease the risk of SSIVhile there may not be enough time thranister antibiotic
prophylaxis in an emergency situation, it should be administered for all elective surgeries.

Since a Caesarean section can be either an elective or an emergent/urgent surgery,
different interventions are required to decrease the fiSiSbin these two groupsthere
may not be enough time to take infection prevention measures for an emergent/urgent
surgery. Howevemvomen undergoing aglective Caesarean section ntreye risk
factorsfor SSI known before delivemyhich may make it esaer totake infection
prevention measures tiecrease the SSI riskf existing risk factors ammodifiable, such
as weight gain, steps can and should be taken to reduce the assumtiatddSSI.

Number of Caesarean sections per hospital per yearhgasved to be a risk
factor in each model. More research is need@aviestigatenvhich surgicalfactors such
as sutures versus staples for wound closure, and infection previactang such as the
type of antiseptic usedre independently associatgiih SSI If a specificfactoris seen
to increase the risk of SSI, an intervention could be conducted with the intent of
decreasing the SSI rate.

Non-obstetric preexisting health conditions affecting pregnancy was observed to
be a risk factor for botanalyses using the primary SSI definition. A large number of
various health conditions were included and it is unknown whether there are a few
conditions that have a stronger association with SSI than others. More research is
necessary to determine whibkalth conditions are driving our observed association.

Anticoagulation therapy, used to treat heart defects and thromboembolic conditions, was
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observed to be strong, independent risk factor for SSI in all analyglken given during
pregnancy. Sincenéicoagulants prevent blood from clottimdpich may increase the risk
of wound contaminatignit is likely thatit is the anticoagulation therapy itself, rather than
the condition it is used fothat isassociated with SSFurther research should examin
whether this association is observed in different populations.

There were differences in independent risk factors for SSI between the analyses
using the primary SSI definition anide moreinclusive SSI definition. Given this, it is
recommended that fute studies examining risk factors for SSI following Caesarean
sectionchoose their SSI definition with caution andh the knowledge that the
independent risk factors for SSI mdiyfer depending upohow SSI is defined.

Our study showed th#te RobsorGroup at the highest risk for presenting with
SSI waganultiple gestationgGroup 8). Multiples was also a significant risk factior the
main analysis and treubanalysisand likely would have been in the 2023812using
the primary definitiorhad therdoeen enough power to detect an associatibis known
which women are pregnant with multiples early in pregnancy, which allovesaftyr
identification oftheir higher riskfor SSI Therefore, speciglrecautiongan andshould
be takerfor womenwith multiple gestationsuch as byttemptinga trial of labour in
order to lowetthe Caesarean section ratetfus group and/ormanaging modifiable risk

factorsto decreas¢herisk of developing a SSbllowing Caesarean section
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CHAPTER 7: CONCLUSION

Our studyis thefirst to estimate thencidenceof SSI in Nova Scotian women
following both labouring and nelabouring Caesarean sectiorisis the first studyto
estimate théncidenceof SSlwithin eachNova Scotiamegionof maternal residence
The rate of SSI in Nova Scot@an be compared the rate irother provincescross
Canada.

This studyis the firstto determinemultiple risk factordor SSI following
Caesareagnectionin a Nova Scotian populatiorOur study will help futureesearch
dewelop a risk index foCaesareanectionsas itidentified novelrisk factorsfor SS| such
as anticoagulation therapyd weight gain during pregnaneyhich could beconsidered
for inclusion We observed that many of the independent risk factors fois8&H,as
pre-pregnancy weight anadumber of fetusesre know before delivery and therefore, in
many ¢ as e spoterdialingreasatinkdos SSI isalsoknown before delivery.

Knowing which women are at a higher risk for SSI before surgerfmossible
preconception, can allow for a targeted infection prevention and clinical approach by
focusing on reducing or eliminating the adverse effects of modifiable risk 843
This can assist healthcare professionals in predicting if theirmasi@t an increased risk
for developing SSI which could lead to a decrease in the rate of SSI foll@asgprean
section. By doing so, the rate of SSI followir@aesareasection in Nova Scotia could
decrease. This decrease will be beneficial to ho#ipitals and the community as it

could lead talower burdenassociated with these infections
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APPENDIX 1 - SEARCH STRATEGY

Both MEDLINE via Pubmed and Embase were searched for articles published in
English within the last 10 year#A second literature search was conducted before
analysis beganRelevant articles were identified first based on review of title then
abstract. Articles with relevant abstracts were reviewed furtReference lists of
relevant articles were reviewed for additional articl&¥hen possiblé/Neb of Science
was used tgearch forward in time for articles cititige relevant articles.

Search terms wel@aesareadelivery AND surgical site infectioMND (age OR
obesity OR dialtes OR urgency of surgery OR antibiotic prophylaxis OR ASA score
OR membrane rupture OR anesthesia OR residency OR trial of labour OR parity OR
gestational age OR previoG@aesarearection OR wound contamination class OR
hypertension OR risk index OR mexom staining OR smoking OR risk factogxact
terms used for each part of the search differed based on each database's mapping
strategies (see below).

PubMed Search Strateqy

(((((((((c-section) ORcesareamnelivery) ORcesarearsection) OR caesarea®R

cesareaf OR caesarean delivery) OR caesarean section)) AND ((((((surgical site
infection) OR postoperative infection) OR pagterative infection) OR wound infection)
OR postCaesareamfection) OR post caesarean infection)) AND ((((((((((((((((d¢(&)

OR maternal age)) OR (((((obese) OR obesity) OR overweight) OR body mass index)
OR BMI)) OR ((((diabetes) OR diabetes mellitus) OR gestational diabetes) OR diabetic))
OR (((emergency) OR elective) OR urgen*)) OR ((prophylaxis) OR antibiotic proph?*))
OR ASA score) OR ((((membrane rupture*) OR PROM) OR premature membrane*) OR
premature ruptur*)) OR ((anesthesia) OR anaesthesia)) OR (((residency) OR rural) OR
urban)) OR trial of labo*) OR (((parity) OR nulipar*) OR multipar*)) OR gestational

age) OR ((preious ces*) OR previous caes*)) OR wound contaminat*) OR
(((((hyperten*) OR high blood pressu*) OR gestational hypertens*) ORgeenps*)

OR preeclamps*)) OR risk index) OR ((meconium) OR meconium stain*)) OR smoking)
OR risk factor*)

PubMed Results

Results 1250articles

Filter: humans-> 1160articles
Filter: 20042014--> 440articles
Filter: English--> 394articles
Result: Brelevant articles
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Embase Search Strateqy:

‘cesarearsection' AND ('surgical infection' OR 'postoperative infectiOR ‘'wound

infection’) AND ((‘age' OR 'maternal age’) OR (‘obese’ OR 'ob&dRybody mass' OR

'‘bmi’) OR (‘diabetes mellitus' OR 'pregnancy diabetes mellitus' OR (‘'emergency' OR
‘elective surgery' OR 'urgency’) OR (‘prophylaxis' OR 'antibiotic prepisg)) OR

(‘american society of anesthesiologists score' OR 'american society of anesthesiologists
classification” OR 'american society of anesthesiologist score' OR ‘american society of
anesthesiology score') OR ('membrane rupture' OR 'premature fetusanemupture’)

OR 'anesthesia’ OR 'residence’ OR 'trial of labor' OR (‘parity’ OR 'nullipara’ OR
'multipara’) OR 'gestational age' OR ‘'wound assessment’ OR (‘hypertension' OR 'maternal
hypertension' OR 'preeclampsia’) OR 'risk index' OR (‘meconium’ Od®fruen stained
amniotic fluid’) OR 'smoking' OR 'risk factor’)

Embase Search Results:

Results: 1113

Filter: human#y 1055

Filter: 20042015A 689

Filter: EnglishA 659

Filter: Embase (not Medlindy 621

Filter: articles and reviews 451

Result: B (52 relevant articles less 33 duplicates with Pubmed)
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APPENDIX 2 - RISK FACTORS AND OUTCOMES

Institution -Level Variables

Name

RCP, CCI, or ICD code

Derivation for
analysis

Total number of
Caesarean
sections by yeal
per institution

Derivedby RCP

Total number of
births by year

per institution

Derived by RCP

Area-Level
Name RCP, CCI, or ICD code Derivation for
analysis

Region diresreg Mother's region of residence Derived by RCP
(western, northern, eastern, and
central)

Postal code Second diit of postal code (rural | Second digit only
indicator)

Quintile of gaippe Neighbourhoodevel income

neighbourhood

level income

Maternal Demographics

Name RCP, CCI, or ICD code Derivation for
analysis

Studyspecific Derived by RCP;

mother ID required to adjust
for potentialy
having >1
observation per
women

Age momage_rl Maternal age To one decimal
place

momage_int Maternal age To one year

Height diheight Maternal height

Weight diweight Weight just prior to delivery

Weight diprepwt Prepregrancy weight

Driving time to Derived by RCP

hospital
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Name RCP, CCI, or ICD code Derivation for
analysis
Marital status | dimrstat Marital status (proxy for social | All codes

support)

Maternal Lifestyle Factors

Name RCP, CCI, or ICD code Derivation for
analysis
Smoking dipresmk Prepregnancy smoking
Smoking divslsmk Smoking at first prenatal visit
Smoking smoke 20 Smoking at 20 weeks
Smoking admitsmk  Smoking at time of admission
Alcohol and R0O05 Maternal drug and chemical All codes
drug abuse abuse dung pregnancy
mabusc Chemical abuse All codes

Maternal Medical Conditions

Name RCP, CCI, or ICD code Derivation for
analysis

Non-obstetric GI| RO15 Gl Disease
disorders mgids Gastrointestinal disease
affecting K8o" Cholelithiasis
pregnancy K51/ Ulcerative colitis
(composite K52~ Other noninfective gastroenteritis
dichotomous and colitis
variable with all | K50 Crohn's disease [regionatteritis]
non-obstetric K58" Irritable bowel syndrome
health K85" Acute parreatitis
conditions) K86" Other diseases of pancreas

K20" to Diseases of oesophagus, stomacl

K31n and duodenum
Non-obstetric R0O16 Psychiatridllness; code if All codes
psychiatric conditions is or was present durin¢ except 200
conditions the pregnancy
affecting mpsil Psychiatric illness
pregnancy mpsilc Psychiatric illness All codes
(composite except DEP
dichotomous 0993 Mental disorders and diseases
variable with all of the nervous system complicatin
non-obstetric pregnancy, childirth and the
health puerperium
conditions)
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Name RCP, CCI, or ICD code Derivation for
analysis
Non-obstetric F20” to Schizophrenia, schatypal and
psychiatric F297 delusional disorders
conditions F317 Bipolar affective disorder
affecting F347 Persistent mood [affective]
pregnancy disorders
(composite F38" Other mood [affective] disorders
dichotomous F397 Unspecified mood [affective]
variable with all disorder
non-obstetric F40" to Neurotic, stresselated and
health F48" somatoformdisorders
conditions), F50" to Behavioural syndromes associate
continued F59/ with physiological
disturbances and physical factors

F60" to Disorders of adult personality and

F69" behaviour
Non-obstetric R0O17 Neurologic illness All codes
neurologic R0O04 Maternal drug therapy during Code 300
conditions pregnancy/ postpartum period
affecting mnril Neurologic illness
pregnancy Gr7on Myasthenia gravis and other
(composite myoneural disorders
dichotomous G510 Bel laldys p
variable with all | ggo Cerebral palsy
nonobstetric G40 Epilepsy
health G710 Muscular dystrophy
conditions) G35 Multiple sclerosis

G540 Brachial plexus disorders
Non-obstetric R0O18 Heart disease
heart conditions | mhrtd Heart disease
affecting mthed Thromboembolic disease
pregnancy antepartum
(composite 105" to 109" Chronic rheumatic heart diseases
dichotomous | |10"to 115" Hypertensive diseases
variable with all [ 1207 to 125~ Ischaemic heart diseases
nonobstetric  [1307 to 1522 Other forms of heart dease
health Q20" to Congenital malformations of the
conditiong Q28" circulatory system

7867 Personal history of diseases of the

circulatory system
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Name RCP, CCI, or ICD code Derivation for
analysis

Non-obstetric R0O19 Endocrine

endocrine mcrin Endocrine

disorders EOO0” to Disorders of thyroid gland

affecting EOQ7/

pregnancy E20" to Disorders of other endocrine glang

(composite E35"

dichotomous

variable with all

non-obstetric

health

conditions)

Non-obstetric R020 Renal disease

renal disorders | mrenl Renal disease

affecting NOO” to Glomerular diseases

pregnancy NO8

(composite N10” to Renal tubuleinterstitial diseases

dichotomous N16"

variable with all | N20” to Urolithiasis

non-obstetric N23A

health N25" to Other disorders ofiney and urete

conditions) N29A
Q60" to Congenital malformations of the
Q64" urinary system

Non-obstetric R021 Neoplasms including malignancie

cancers affecting mmlig Neoplasmsncluding malignancies

pregnancy Cl57to Malignant neoplasms of digestive

(composite c26” organs

dichotomous C50" Malignant neoplasm of breast

variable with all | C51 to Malignant neoplasms of female

non-obstetric C58n genital organs

health C73"to Malignant neoplasms of thyroid an

conditions) C75" other endocrine glands
C76\to Malignant neoplasms of illefined,
cson secondary and unspecified sites
C817to Malignant neoplasms of lymphoid,
coen haematopoietic and related tissue
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Name RCP, CCI, or ICD code Derivation for
analysis
Non-obstetric R022 Blood dyscracias
blood dyscrasiag R001 Maternal antibody conditions durinf Code 2100
affecting pregnancy
pregnancy mthrm Thrombocytopenia
(composite mbdys Blood dyscrasias
dichotomous D696 Thrombocytopenia unspeist]
variable with all | p5g» Acquired haemolytic anaemia
non-obstetric D682 Hereditary deficiency other clotting
health factors
conditions) D67 Hereditary factor IX deficiency
D550 Anaemia due to glucos®
phosphate dehydrogenase [G6PD
deficiency
D693 Idiopathic thrombocytopenia
purpura
D577 Sickle-cell disorders
D56" Thalassaemia
D680 Von Wil l ebrandéd
M311 Thrombotic microangiopathy
Non-obstetric R023 Pulmonay disease
pulmonary mpuld Pulmonary disease
disorders J4s5n Asthma
affecting J80" to J84” Other respiratory diseases
pregnancy principally affecting the interstitiun
(composite J95" to J99” Other diseases of the respiratory
dichotomous system
variable with all | Eg4n Cystic fibrosis
nonobstetric [ 3107 to J18" Influenza and pneumonia
health
conditions)
Other not R024 Other norobstetrical condition
elsewhere affecting pregnancy NEC
classifiable non | mothr Other norobstetrical diseasapt
obstetric elsewhere classifiable
disorders
affecting
pregnancy
(composite

dichotomous
variable with all
non-obstetric
health

conditions)
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Name RCP, CCI, or ICD code Derivation for
analysis
Preexisting R014 Other obstetrical conditions Codes 700, 800
hypertension affecting pregnancy
mchtd Chronic hypertensive disorder
o1in Preexisting hypertensive disoed
with superimposed proteinuria
o1o0n Preexisting hypertension
complicating pregnancyhildbirth
and thepuerperium
Gestational R014 Other obstetrical conditions Code 500
hypertension affecting pregnancy
without sign mpihtc Pregnancynduced hypertension | Code NSV
proteinuria o3 Gestational [pregnaneyduced]
hypertension without significant
Proteinuria
Gestational R014 Other obstetrical conditions Code 600
hypertension affecting pregnancy
with proteinuria | mpihtc Pregnancyinduced hypertemsn Codes HLP,
SEV
meclp Eclampsia
o14n Gestational [pregnaneynduced]
hypertension with significant
proteinuria
015" Eclampsia
Preexisting R014 Other obstetrical conditions Code 800
hypertension affecting pregnancy
with mpihtc Pregnancyinduced hypertension | Codes HLP,
superimposed SEV
protein meclp Eclampsia
o11n Preexisting hypertensive disorder
with superimposed proteinuria
Unspecified R014 Other obstetrical conditions Code 550
hypertension affecting pregnancy
o1e6” Unspecified marnal hypertension
P0O00 Fetus and newborn affected by
maternal conditions that may be
unrelated tgresent pregnancy
Antihypertensiveg R004 Maternal drug therapy during Code 400
use in pregnancy pregnancypostpartunperiod
mdrugc Maternal drug useuting present | Code C03
pregnancy and/or environmental
exposure
Preexisting type| R014 Other obstetrical conditions Code 900

1 diabetes

affecting pregnancy
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Name RCP, CCI, or ICD code Derivation for
analysis
Preexisting type| iikdmc Infant of diabetic mother Codes CLC,
1 diabetes, CLD, CLF,
continued CLR
024501 Preexistingtype 1 diabetes mellitu
in pregnancyelivered, withor
without mention ofantepartum
condition
024504 Preexistingtype 1 diabetes mellitu
in pregnancypostpartum
condition orcomplication
0240 Preexistingdiabetes mellitusType
1
E10" Type 1 diabetes mellitus
Preexisting type| R014 Other obstetrical conditions Code 1000
2 diabetes affecting pregnancy
iikdmc Infant of diabetic mother Code CLB
024601 Preexistingtype 2 diabetes mellitu
in pregnancyelivered, withor
without mention ofantepartum
condition
024602 Preexistingtype 2 diabetes mellitu
in pregnancyelivered, with
mention ofpostpartuntomplication
024604 Preexistingtype 2 diabetes mellitu
in pregnancypostpartum
condition orcomplication
0241 Preexisting diabetes mellitus, Typ
2
E11" Type 2 diabetes mellitus
Gestational R014 Other obstetrical conditions Codes 1300,
diabetes affecting pregnancy 1400
iikdmc Infant of diabetic motér Codes CLA,
CLT, CLU
024801 Diabetegmellitus arising in
pregnany (gestationalpelivered,
with or withoutmention of
antepartunctondition
024802 Diabetegmellitus arising in
pregnany (gestationalpelivered,
with mention ofpostpartum
complication
024804 Diabeteanellitus arising in

pregnang (gestationalpostpartum
condition orcomplication
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Name RCP, CCI, or ICD code Derivation for
analysis
Gestational 0244 Diabetes mellitus arising in
diabetes, pregnancy
continued 0249 Diabetes mellita arising in
pregnancy, unspecified
P700 Syndrome of infant of mother with
gestational diabetes
Insulin R004 Maternal drug therapy during Code 1100
pregnancypostpartunperiod
minslic Diabetic therapy Code INS
Anemia in R014 Other obstetcal conditions Code 500
pregnancy affecting pregnancy
Manemc Anemia
0990n Anaemia complicatingregnancy,
childbirth and the
puerperium
D50” to Nutritional anemias
D53"
D55" to Hemolytic anemias
D597
D60 to Aplastic and other anemias
D6e4n
Depressia R0O16 Psychiatric iliness; code if Code 200
conditions is or was present during
the pregnancy
mpsilc Psychiatric iliness Code DEP
Antidepressant | R0O04 Maternal drug therapy during Code 200
use in pregnancy pregnancypostpartunperiod
mdrugc Maternaldrug use during present | Code C04
pregnancy and/or environmental
exposure
Influenza R028 Immunizations Code 100
immunization
Anticoagulation | R0O04 Maternal drug therapy during Code 100
pregnancypostpartunperiod
mdrugc Maternal drug use during present | Code C06

pregnancy and/or environmental

exposure
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Pregnancy History

Name RCP, CCI, or ICD code Derivation for
analysis

Parity dipara Parity

Mode of Derived by

delivery of last RCP

pregnancy

Previous dlprevcs # of previous esectons

Caesarean

section

SSI after Derived by

previous € RCP; infection

section of obstetric
surgicalsiteor
abdominal
incision in any
previous
pregnancy

Pregnancy Characteristics

Name RCP, CCI, or ICD code Derivation for
analysis
Prenatal classes| dlpnclas Attendanceat prenatal classes or
received any prenatal education
Chorioamnionitis| R051 Placental or cord anomalies Code 200
ichor Chorioamnionitis, marked or sever
0411 Infection of amniotic sac and
membranes
P0O27 Fetus and newborn affected by
chorioamionitis
Procedures R0O06 Maternal/fetal diagnostic and Codes 1300,
performed on therapeutic procedures 1400, 1500,
mother 1600, 1700,
1800, 1900
mrsut Removal of cervical suture All codes
mcsut Cervical encerclage All codes
rotation Rotation method Codes F, M
5AC80™  Suturing of internal cervical os
5AC80GU Suture of internal cervical os vag
app
Steroid use <24 | R068 Maternal systemic steroid therapy | Codes 600, 100

hours before
deliveryfor fetal

lung maturity

1100
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Name

RCP, CCI, or ICD code

Derivation for
analysis

Steroid use 24 | RO68 Maternal systemic steroid therapy | Codes 200, 700
47 hours before 1200

delivery for fetal

lung maturity

Steroid use 48 | R0O68 Maternal systemic steroid tragry Codes 800, 300
hours to 1 week 1300

before delivery

for fetal lung

maturity

Steroid use >1 | R0O68 Maternal systemic steroid therapy | Codes 900, 400
week before 1400

delivery for fetal

lung maturity

Steroid use R068 Maternal systemic steroid therapy | Codes 500,
unknown time of 1000, 1500

administration
for fetal lung

maturity
Labour
Name RCP, CCI, or ICD code Derivation for
analysis
Cervical dilation | cdilcs Cervical dilation during last exam
prior to ¢section
Hours from onse| distlst2 Derived by
of labour to full RCP
dilation
Hours from onse| distlrom Derived by
of labaur to RCP
rupture of
membranes
Rupture of dmromdel  Hours from rupture of membranes| Derived by
Membranes delivery (longest) RCP
(length)
Rupture of ruptmb Type of rupture of membranes All codes
membranes
(type)
Type of labour | RO09 Induction of labour
dmlabour  Labour status All codes
minduct Reason for induction (first) All codes
o61” Failed induction of labour
Stage of labour | dmcsstag  Stage of labour beforesection

(most serious)
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Name RCP, CCI, or ICD code Derivation for
analysis

Hours from onse| distlbth Derived by

of labour to birth RCP

Hours from full | dist2bth Derived by

dilation to birth RCP

Robson criteria Derived by
RCP

Delivery

Name RCP, CCI, or ICD code Derivation for
analysis

Maternal length Derived by

of antgartum RCP

stay

Year of delivery Derived by
RCP

Month of Derived by

delivery RCP

Day of week of Derived by

delivery RCP

(Sunday, etc.)

Indication for ¢ | dmindcs Primary indication for €section
section (most serious)
Indication forc- | indiccsl Primary indication for €section
section
Indication for ¢ | indiccs2 Secondary indication for-gection
section
ASA Score asaclass ASA score
Type of ¢ modedel Mode of delivery
section
low segment 5MD60AA Cesarean section, withb
transverse instrumentation lower segment
transverse incision
5MD60CF Cesarean section, with use of bo
vacuum and forceps low segmen
transverse incision
5MD60JW Cesarean section, with use of
forceps lower segment transvers
incision
5MD60JX Cesareanextion, with use of

vacuum lower segment transverg
incision
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Name

RCP, CCI, or ICD code

Derivation for
analysis

cesarean

hysterectomy

5SMD60CB

Cesarean section, with use of bo
vacuum ad forceps cesarean
hysterectomy

SMDG60OKE

Cesarean hysterectonmthout
instrumentation

SMDG60ORC

Cesarean hysterectomy with use
forceps

SMD60RD

Cesarean hysterectomy with use
vacuum

vertical incision

SMD60CC

Cesarean section, with use of bo
vacuum and forceps classical
section [vertical incision in upper
segment]

SMD60JY

Cesarean section, without
instrumentation classical section
[vertical incision in upper
segment]

5MD60JZ

Cesarean section, with use of
forceps classical section [vertical
incision in upper segment]

SMDG60KA

Cesarean section, Wiuse of
vacuum classical section [vertica
incision in upper segment]

SMD60CE

Cesarean section, with use of bo
vacuum and forceps inverted T
incision

SMDG60KG

Cesarean section, without
instrumentation inverted T
incision

SMDG60RA

Cesarean sectip with use of
forceps inverted 'T" incision

5SMDG60RB

Cesarean section, with use of
vacuum inverted T incision

extraperitoneal

section

5SMD60CD

Cesarean section, with use of bo
vacuum and forceps
extraperitoneal section

SMDG60KB

Cesarean section, thbut
instrumentation extraperitoneal
section

SMD60KC

Cesarean section, with use of
forceps extraperitoneal section

SMD60KD

Cesarean section, with use of
vacuum extraperitoneal section
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Name

RCP, CCI, or ICD code

Derivation for
analysis

other type of
cesarean sectior

SMD60CG

Cesarean section, with use of bo
vacuum and forceps other type g
cesarean section NEC

SMDG60KF

Cesarean laparotomy (for
abdominal pregnancy) without
instrumentation

5SMDG60ORE

Cesarean laparotomy (for
abdominal pregnangwith use of
forceps

SMDG0ORF

Cesarean laparotomy (for
abdominal pregnancy) with use ¢
vacuum

SMDG6OKT

Cesarean section, without
instrumentation other type of
Cesarean section NEC

SMDG60RG

Cesarean section, with use of
forceps other type of Cesare
section NEC

5SMD60RH

Cesarean section, with use of
vacuum other type of Cesarean
section NEC

Method of
delivery

dmmethod

Method of delivery

C-section codes
only

Cesarean
section, without
instrumentation

SMDG60AA

Cesarean section, without
instrumenation lower segment
transverse incision

5SMD60JY

Cesarean section, without
instrumentation classical section
[vertical incision in upper
segment]

SMD60KB

Cesarean section, without
instrumentation extraperitoneal
section

SMDG60OKE

Cesarean hysterecty without
instrumentation

SMDG60OKF

Cesarean laparotomy (for
abdominal pregnancy) without
instrumentation

SMDG60KG

Cesarean section, without
instrumentation inverted T
incision

SMDG6OKT

Cesarean section, without
instrumentation other type of

Cesaean section NEC

115



Name

RCP, CCI, or ICD code

Derivation for
analysis

Cesarean

section, with
instrumentation

5SMD60CB

Cesarean section, with use of bo
vacuum and forceps cesarean
hysterectomy

5MD60CC

Cesarean section, with use of bo
vacuum and forges classical
section [vertical incision in upper
segment]

5SMD60CD

Cesarean section, with use of bo
vacuum and forceps
extraperitoneal section

5SMD60CE

Cesarean section, with use of bo
vacuum and forceps inverted T
incision

SMDG60CF

Cesarean séon, with use of both
vacuum and forceps low segmen
transverse incision

5SMD60CG

Cesarean section, with use of bo
vacuum and forceps other type g
cesarean section NEC

SMD60JW

Cesarean section, with use of
forceps lower segment transvers
incision

5MD60JX

Cesarean section, with use of
vacuum lower segment transvers
incision

5MD60JZ

Cesarean section, with use of
forceps classical section [vertical
incision in upper segment]

SMDG60KA

Cesarean section, with use of
vacuum classical sectiomdrtical
incision in upper segment]

SMD60OKC

Cesarean section, with use of
forceps extraperitoneal section

SMD60KD

Cesarean section, with use of
vacuum extraperitoneal section

SMDG60ORA

Cesarean section, with use of
forceps inverted 'T" incision

SMDG60ORB

Cesarean section, with use of
vacuum inverted T incision

SMDG60ORC

Cesarean hysterectomy with use
forceps

SMDG60ORD

Cesarean hysterectomy with use
vacuum
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Name RCP, CCI, or ICD code Derivation for
analysis
Cesarean SMDG60ORE Cesarean laparotomy (for
section, with abdominal pregnancy) with use ¢
instrumentation, forceps
continued 5MD60RF Cesarean laparotomy (for
abdominal pregnancy) with use ¢
vacuum
5MD60RG Cesarean section, with use of
forceps other type of Cesarean
section NEC
SMD60RH Cesarean section, with use of
vacuum other type of Cesarean
section NEC
Method of R0O10 Anesthesia during labour and Codes 100,
anesthesia, delivery 200, 300, 400,
regional 500
RO11 Anesthesia during labour only | Codes 100,
200, 300, 400,
500
R0O12 Anesthesia during delivery only | Codes 100,
200, 300, 400,
500
mepis Epidurali single administration
mepic Epidurali continuous catheter
with intermittent drug
administration
mifus Epidural, continuous infusion of
drug (CIEA)
mpcea Patientcontrolled epidural
analgesia
msedn Spinal/epidural double needle
mpud| Pudendal
Method of R0O10 Anesthesia during labour and Code 600
anesthesia, delivery
general RO11 Anesthesia during labour only | Code 600
R0O12 Anesthesia during delivery only | Code 600
Antibiotic RO07 Antibiotic therapy administered | Code 200
prophylaxis during intrapartum period (not fot
GBS)
Antibiotic R0O07 Antibiotic therapy administered | Code 400
prophylaxis during intrapartum period (for

GBS)
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Name RCP, CCI, or ICD code Derivation for
analysis
Antibiotic RO07 Antibiotic therapy administered | Codes 200, 40(
prophylaxis, any during intrapartum period (for
GBS)
mantbc Antibiotics Code INT
Number of blood R026 Maternal transfusions, blood, an¢ Codes 100
transfusions other products 1100 (blood
only
Blood loss mcshmc Blood loss during Cesarean All codes
section
Placenta previa | mplpr Placenta previa
044" Placenta praevia
P020 Fetus and newborn affected by
placenta praevia
044001 Placenta praevia specified as
without haemorrhage, delivered,
with or without mention of
antepartum condition
044003 Placenta praevia specified as
without haemorrhage, antepartur
condition or complication
044009 Placenta praevia specified as
without haemorrhage, unspecifie
as to episde of care, or not
applicable
044101 Placenta praevia with
haemorrhage, delivered, with or
without mention of antepartum
condition
044103 Placenta praevia with
haemorrhage, antepartum
condition or complication
044109 Placenta praevia with
haenorrhage, unspecified as to
episode of care, or not applicablé
Procedures for | R029 Procedures for postpartum Codes 100,
hemorrhage hemorrhage 200, 300, 400
5PC91LA Suture uterus post delivery
5PC91HU Manual compress/massage utert
post delivery
5PC91HV Compression using intrauterine

balloon
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Name

RCP, CCI, or ICD code

Derivation for
analysis

Procedures for
hemorrhage,
continued

1RM13GQC2

Control of bleeding, uterus and
surrounding structurassing
percutaneous transluminal
(transarterial) appexch and
antihemorrhagic agent

1RM13GQWO

Control of bleeding, uterus and
surrounding structurassing
percutaneous (transarterial)
approach and synthetic agent

IKTSIM

Occlusion, vessels of the pelvis,
perineum and gluteal region

Manual removal
of placenta

mmrpl

Manual removal of placenta

SPC91HN

Interventions to uterus (following
delivery or abortion), manual

removal of placenta from uterus
(e.g. Brandt Andrews maneuver)

Excision, partial
uterus and
surrounding
structures

1RM87LAGX

Excision patial, uterus and
surrounding structures open
approach using device NEC

Excision radical,
uterus and
surrounding
structures

mhyst

Hysterectomy

1IRM91LA

Excision radical, uterus and
surrounding structures using
abdominal approach (e.g.
Wertheim operation

Excision, ovary

1RB8ILA

Excision total, ovary using open
approach

1RB87DA

Excision partial, ovary using
endoscopic (laparoscopic)
approach

1RB87LA

Excision partial, ovary using ope
approach

Excision,
fallopian tube

1RF87DA

Excision partial, fhopian tube
using endoscopic (laparoscopic)
approach

1RF87LA

Excision partial, fallopian tube
using open approach

1RF87RA

Excision partial, fallopian tube
using open vaginal approach

1RF89LA

Excision total, fallopian tube usin
open approach

1RF89RA

Excision total, fallopian tube usin

open vaginal approach
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Name

RCP, CCI, or ICD code

Derivation for
analysis

Excision total,
ovary with
fallopian tube

mooph

Salpingeoophorectomy

1RD89DA

Excision total, ovary with
fallopian tube using endogpic
[laparoscopic] approach

1RD89LA

Excision total, ovary with
fallopian tube using open
approach

Occlusion,
fallopian tube

1RF51DAFF

Occlusion, fallopian tube
endoscopic [laparoscopic]
approach using clips [e.g. plastic

1RF51DALV

Occlusion, fdbpian tube
endoscopic [laparoscopic]
approach using ligature (and
transection or resection)

1RF51FJFF

Occlusion, fallopian tube
endoscopic vaginal [culdoscopy,
hysteroscopy] approach using
clips (e.g. plastic)

1RF51FJLV

Occlusion, fallopian tube
endscopic vaginal [culdoscopy,
hysteroscopy] approach using
ligature (and transection or
resection)

1RF51LAAL

Occlusion, fallopian tube open
approach using bipolar electrode

1RF51LAFF

Occlusion, fallopian tube open
approach using clips (e.g. plastic

1RF51LALV

Occlusion, fallopian tube open
approach using ligature (and
transection or resection)

Surgical repair
of obstetric
laceration

S5PC80JH

Surgical repair, postpartum, of
obstetric laceration of corpus ute
[body of uterus]

SPC80JK

Surgical rgair, postpartum, of
current obstetric laceration of
cervix occurring at Cesarean
section or during surgical
termination of pregnancy

5PC80JL

Surgical repair, postpartum, of
current obstetric laceration of
broad ligament(s) of uterus

5PC80JM

Surgicalrepair, postpartum,

secondary to uterine incision
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Name

RCP, CCI, or ICD code

Derivation for
analysis

Surgical repair
of obstetric
laceration,

5PC80JU

Surgical repair, postpartum of
current obstetric high vaginal
laceration

continued

S5PC80JN

Surgcal repair, postpartum,
secondary (to episiotomy)

5PC80JP

Surgical repair, postpartum, of
current obstetric laceration of
pelvic floor, perineum, lower
vagina or vulva

5PC80JQ

Surgical repair, postpartum, of
current obstetric laceration of
rectum ad sphincter ani

S5PC80JR

Surgical repair, postpartum, of
current obstetric laceration of
bladder and urethra

Number of
surgical repairs
of obstetric
lacerations

Derived by
RCP; sum of
surgical repair
of obstetric

laceration
Maternal length Derived by
of pospartum RCP

stay

Fetal or Neonatal Factors

Name RCP, CCI, or ICD code Derivation for
analysis

Position posatdel Presentation at delivery

Infant birth brthwt Birth weight Derived by

weight RCP; rounded

to nearest 100 ¢

Apgar score at 1
minute

apgarl

Apgar score at 5
minutes

apgar5

Meconium R058 Persistent fetal circulation/persiste| Code 400
aspiration pulmonary hypertension of the
newborn
IPFCSC Persistent fetal circulation syndron; Code MEC
P240 Neonatal aspiration of meconium
Number of dinumfet Number of fetuses
fetuses
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Name RCP, CCI, or ICD code Derivation for
analysis
Gestational age | ga_best Best overall estimate of gestationa|
age
Gestational age | ga_us Ultrasoundbased gestational age
Breastfeeding at| bfeeding
discharge
Procedures R0O06 Maternal/fetal diagnostic and Codes 100 to
performed on therapeutic procedures 1200
fetus mamni Amniocentesis
mpolyc Polyhydramnios Codes AMN,
MUL
mamnf Amnioinfusion
mchvs Chorionic villi sampling
mchdo Cordocentesi
mfett Fetal theoracentesis
mfettx Fetal theoracentesis
Outcomes
Name RCP, CCI, or ICD code Derivation for
analysis
Infection of mwinfc Wound infection Code CSN
obstetrical mendm Endometritis
surgical wound | N710 Acute inflammatory diseass
uterus
N719 Inflammatory disease of uterus,
unspecified
N730 Acute parametritis and pelvic
cellulitis
086002 Infection of obstetric surgical
wound, delivered, with mention ¢
postpartum complication
086004 Infection of obstetric surgical
wound, postpartum condition or
complication
086009 Infection of obstetric surgical
wound, unspecified as to episod
of care, or not applicable
Disruption of dhis Wound dehiscence
Caesarean sectig 090002 Disruption of caesarean section
wound wound delivered, with mention g
postpartum complication
090004 Disruption of caesarean section

wound, postpartum condition or
complication
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Name

RCP, CCI, or ICD code

Derivation for
analysis

Disruption of
Caesarean sectid
wound, continueq

090009

Disrupton of caesarean section
wound, unspecified as to episod
of care, or not applicable

T813 Disruption of operation wound,
not elsewhere classified
Puerperal msept Septicemia
infection; sepsis | mpuer Puerperal morbidity
085002 Puerperal sepsis, likered, with
mention of postpartum
complication
085004 Puerperal sepsis, postpartum
condition or complication
085009 Puerperal sepsis, unspecified as
episode of care, or not applicabl
086802 Other specified puerperal
infections, deliveredyith
mention of postpartum
complication
086804 Other specified puerperal
infections, postpartum condition
or complication
086809 Other specified puerperal
infections, unspecified as to
episode of care, or not applicabl
Hematoma mhemtc Hematoma Codes WND,
(including PEL
hemorrhage) 090202 Haematoma of obstetric wound,
delivered, with mention of
postpartum complication
090204 Haematoma of obstetric wound,
postpartum condition or
complication
090209 Haematoma of lestetric wound,
unspecified as to episode of carg
or not applicable
Inflammation of | mpert Peritonitis
other N151 Renal and perinephric abscess
pelvic/abdominal | L0331 Cellulitis of abdominal wall
organs
Drainage of mevac Evacuation ohematoma
hematoma S5PC73™M Drainage postpartum
Drainage of 1RM52LA Drainage, uterus and surroundin
uterus structures using open approach
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Name RCP, CCI, or ICD code Derivation for
analysis
Skin drainage 1YS52™M1 Drainage, skin of abdomen and
trunk
1Yz52M" Drainage, skin NEC
Abdominal 10T52HA Drainage, abdominal cavity usin
drainage percutaneous (needle) approach
10T52HATS Drainage, abdominal cavity usin
percutaneous (needle) approacH
and leaving drainage tube in situy
10T52LA Drainage, abdomad cavity using
open approach
10T52LATS Drainage, abdominal cavity usin
open (incisional) approach and
leaving drainage tube in situ
Excision and 1.52.59.~  Destruction, soft tissue of the
debridement chest and abdomen
1.YS.59.M  Destruction, sk of abdomen and
trunk
1.YS.80M  Repair, skin of abdomen and
trunk
1.YS.87."  Excision partial, skin of abdomer
and trunk
Aspiration and | 5PC91GC Interventions to uterus (following

curettage

delivery or abortion), aspiration

and curettage
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APPENDIX 3 - RISK FACTORS STUDIED IN THE LITERATURE

There have been many factors examined in the literature to determine if they
increase the risk of SSI. Risk facttisdedhere were examined in studies that separated
their outcome of SSI from otheotential outcomes and directly analyzed whether the
factor increased the risk of developing SSI ataesareasection.

PatientLevel Risk Factors

Abortions (recurrent) SchneidKofman (2005)68)

Age Salim et al (2012(1), Amer-Alshiek et al
(2013)(6), Menderes et al (2012)0),
Merchavy et al (2007)11), Corcoran et al
(2013)(18), Johnson et al (200630),
Wiloch et al (2012§31), Barwolff et al
(2006)(32), Mitt et al (2005)33), Cardoso
Del Monte et al (2010)39), Opoien et al
(2007)(40), Olsen et al (2008 7), Farret
et al (2014)48), Ghuman et al (2011p1),
Gong et al (2012(52), Henman et al
(2012)(54), Vincent et al (2008]62),
Ziogos et al (2010063), Esmer et al (2014
(64), Ward et al (2008(65), Geubbels et al

(2006)(67)
Altered immunity Menderes et al (2012)0)
Anal exams (number) Gong et al (2012(52)
Anemia Merchavy et al (2007)11), Mitt et al
(2005)(33), Thornburg et al (201269)
Anesthesia method Salim et al (2012]1), Hager et al (2004)

(8), Merchavy et B(2007)(11), Johnson et
al (2006)(30), Wloch et al (2012(31),
Tsai et al (2011§34), Cardoso Del Monte
et al (2010)39), Gong et al (2012)62),
Vincent et al (2008§62), Ziogos et al
(2010)(63), Thornburg et al (201269)
Anticoagulationduringsurgery (method) WIloch et al (2012§31)
Antibiotic prophylaxis (type) Amer-Alshiek et al (2013}6), Alfirevic et
al (2010)(86)
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Antibiotic prophylaxis (yes or no)

Antibiotic prophylaxis (compliance)
Antibiotic prophylaxis (timing)

Antibiotic usage

Apgar score (1 minute)
Apgar score (5 minutes)
ASA score

Bacterial vaginosis

Blood loss &mount)

Blood transfusion (maternal)
BMI (first prenatal visit)

BMI (pre-pregnancy)

BMI (delivery)

Dinsmoor et al (2009)16), Smaill et al
(2010)(26), Johnson et al (200630),
Wilochet al (2012)31), Mitt et al (2005)
(33), Opoien et al (2007(40), Olsen et al
(2008)(47), Farret et al (2014%8), Gong
et al (2012)52), Brown et al (2013]60),
Vincent et al (2008(62), Ward et al (2008
(65)

Cardoso Del Monte et al (201(B9)
Owens et al (2009)L2), Thurman et al
(2010)(13), Kalaranjiniet al (2013)14),
Francis et al (2013%5), Henman et al
(2012)(54), Young et al (2012)57),
Brown et al (2013]60), Baageel et al
(2012)(87)

Thornburg et al (201269)
SchneidKofman (2005)68)
SchneidKofman (2005)68)

Wiloch et al (2012§31), Barwolff et al
(2006)(32), Mitt et al (2003 (33), Cardoso
Del Monte et al (2010)39), Gong et al
(2012)(52), Henman et al (2012%4),
Ziogos et al (2010(63), Ward et al (2008)
(65), Geubbels et al (200667)

Mitt et al (2005)(33), Opoien et al (2007)
(40)

Salim et al (2012§1), Wloch et al (2012)
(31), Mitt et al (2005)33), Cardoso Del
Monte et al (2010§39), Opoien et al
(2007)(40), Ghuman et al (201Xp1),
Gong et al (2012(52), Vincent et al (2008
(62), Ziogos et al (2010063), Ward et &
(2008)(65), Al Jama et al (201266)
SchneidKofman (2005)68)

Magann et al (2013p), Wloch et al
(2012)(31)

Salim et al (2012§1), Amer-Alshiek et al
(2013)(6), Corcaan et al (2013)18),
Wiloch et al (2012}31), Thornburg et al
(2012)(69)

Stamilio et al (2014{46), Olsen et al
(2008)(47), Gong et al (201262), Al
Jama et al (201256)
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BMI (unspecified)

Cardiovascular condition
Catheterizations (number)
Catheterization (urinary)

Cervical dilation

Chorioamnionitis

Chronic respiratory disease
Colonization (GBS)
Community infection
Complications

Congenital malformations
Creatinine (amount)
Diabetes &ny)

Diabetes (gestational)

Diabetes (prexisting)

Diabetes (unspecified)

Drain usage

Menderes et al (2012)0), Johnson etla
(2006)(30), Cardoso Del Monte et al
(2010)(39), Opoien et al (200740),
Farret et al (2014(48), Ghuman et al
(2011)(51), Brown et al (2013}60),
Ziogos et al (2010(63), Ward et al (2008)
(65)

Ziogos et al (2010(63)

Gong et al (2012(52)

Farret et al (2014(48), Vincent et al
(2008)(62)

Koifman et al (2009§59), Gungorduk et al
(2009)(70), Allen et al (2005)71),
Liabsuetrakukt al (2011)88)

Mitt et al (2005)(33), Olsen et al (2008)
(47),, Al Jama et al (201266), Thornburg
et al (2012)69)

Ziogos et al (2010(63)

Olsen et al (200847)

CardosdDel Monte et al (2010(39)
Wiloch et al (2012§31), Gong et al (2012)
(52)

SchneidKofman (2005)68)

Ziogos et al (2010(63)

Wiloch et al (2012]31), Olsen et al (2008)
(47), Thornburg et al (201269)
Menderes et al (2012)10), Henman et al
(2012)(54), Al Jama et al (2012)66),
Geubbels et al (2006%7), Schneid
Kofman (2005)68), Son et al (2015(85)
Takoudes et al (200449), Henman et al
(2012)(54), Ziogos et al (2010(63),
Geubbels et al (2006%7), Schneid
Kofman (2005)68), Son et al (2015(85)
Salim et al (2012§1), Merchavy et al
(2007)(11), Mitt et al (2005)33), Cardoso
Del Monteet al (2010)39), Farret et al
(2014)(48), Brown et al (2013}60),
Esmer et al (201464)

Menderes et al (2012)0), Olsen et al
(2008)(47), Thornburg et al (201259),
Hellums et al (2007(89)
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Duration of labour

Duration of surgery

Electrocauterization
Ethnicity/race

Fat closure
Fertility treatments
Fetalbirth weight

Fever

Foreign material
Gestational age/preterm delivery

Gravidity
Subcutaneous hematoma
Hemoglobin (preoperative)

Hemoglobin (postoperative)
Hemorrhage (postpartum)
HIV status

Hospital stay (preoperative)

Hospital stay (Ilength of previous stay)

Mitt et al (2005)(33), Cardoso Del Monte
et al (2010)39), Olsen et al (20081 7),
Farret et al (2014(48), Ghuman et al
(2011)(51), Brown et al (2013§60), Al
Jama et al (201266), Geubbels et al
(2006)(67)

Salim et al (2012(1), Menderes etla
(2012)(10), Johnson et al (200630),
Wiloch et al (2012]31), Barwolff et al
(2006)(32), Mitt et al (2005)33), Cardoso
Del Monte et al (2010)39), Opoien et al
(2007)(40), Ghuman et al (201Xp1),
Gong et al (2012(52), Henman et al
(2012)(54), Brown et al (2013}60),
Ziogos et al (2010(63), Esmer et al (2014
(64), Ward et al (200865), Al Jama et al
(2012)(66)

Cardoso Del Monte et al (201(39)
Merchavy et al (2007)11), Wloch et al
(2012)(31), Olsen et al (2008 7), Farret
et al (2014)48), Ghuman et al (2011p1),
Thornburg et al (201269)

Wiloch et al (201231)

SchneidKofman (2005)68)

Hager et al (2004(8), Thornburg et al
(2012)(69)

Amer-Alshiek et al (2013}6), Opoien et al
(2007)(40), Brown et al (2013}60),
Vincent et al (2008)62)

Menderes et al (2012)0)

Hager et al (2004(8), Corcoran et al
(2013)(18), Wloch et al (2012)31),
Cardoso Del Monte et al (201(39),
Farret et al (2014(48), Gong et al (2012)
(52), Thornburg et al (2012%9)
Menderes et al (2012)0)

Olsen et al (200847)

Farret ¢ al (2014)(48), Esmer et al (2014)
(64), Gong et al (2012)62)

Esmer et al (201464)

Thornburg et al (201269)

Farret et al (2014(48)

Mitt et al (2005)(33), Farret et al (2014)
(48), Ward et al (2008[65), Geubbels et a
(2006)(67)

Farret et al (2014(48)
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Hospital stay (length of postoperative)
Hospital staytptal length)

Hospital type (private vs teaching)
Hypertension (any)

Hypertension (gestational)
Hypertension (preeclampsia)

Hypertension (mild preeclampsia)
Hypertension (severe preeclampsia)
Hypertension (prexisting)
Hypertension (unspecified)

Indication for surgery

Indigenous status
Internal fetal monitoring

Opoien et al (2007(40)

Farret et b(2014)(48), Gong et al (2012)
(52), Henman et al (2012%»4), Ziogos et
al (2010)(63)

Olsen et al (200847)

Ziogos et al (2010(63)

Geubbels et al (2006%7)

Mitt et al (2003 (33), Esmer et al (2014)
(64), Thornburg et al (2014%9),
SchneidKofman (2005)68)
SchneidKofman (2005)68)
SchneidKofman (2005)68)

Merchavy et al (2007)11), Cardoso Del
Monte et al (2010§39), Farret et al (2014)
(48)

Cardoso Del Monte et al (201(89), Gong
et al (2012)52), Geubbels et al (2006)
(67)

Henman et al (2012p4)

Salim et al (2012]1), Mitt et al (2005)
(33), Olsen et al (200817)

Intrauterine growth restriction (suspected SchneidKofman (2005)68)

Labour (failed induction)
Labour (induced)

Labour (prolonged; time not specified)
Labour (yes/no)

Labour (norprogessing first stage)
Labour (norprogressing second stage)
Labour (stage)

Leukocyte count (preoperative)
Malpresentation

Meconium staining

Nationality

Nonreassuring fetal heart rate
Number of diagnoses (at disarge)

Other procedures during surgery
Oxygen during surgery (amount)

Al Jama et a{2012)(66), SchneidKofman
(2005)(68)

Allen et al (2006)5), Schneidkofman
(2005)(68)

Farret et al (2014(48)

Allen et al (2006)5), Allen et al (2003)
(73)

SchneidKofman (2005)68)
SchneidKofman (2005)68)

Pergialiotis et al (2014)/2)

Farret et al (2014(48)

SchneidKofman (2005)68), Thornburg et
al (2012)(69)

Gong et al (2012(52), Schneidkofman
(2005)(68)

Mitt et al (2005)(33), Opoien et al (2007)
(40)

SchneidKofman (2005)68)

Geubbels et al (2006%7)

Cardoso Del Monte et al (2010)
Williams et al (2013)90)
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Parity

Payer status (insance type)
Perinatal mortality
Placenta previa

Placental abruption
Placental removal (manual)

Polyhydramnios
Preexisting disease
Preexisting infection
Prenatal care (yes/no)

Prenatal visits (hnumber of visits)
Preoperative clip usage

Previous abdominal surgery
Previous Cagarean section (number)

Place of residence (rural vs urban)
Risk index

Room type (private, semiprivate, public)
Rupture of membrandgges/no)

Salim et al (2012]1), Amer-Alshiek et al
(2013)(6), Menderes et al (2012)0), Mitt
et al (2005)(33), Cardoso Del Monte et al
(2010)(39), Opoien et al (2007410),
Ghuman et al (2014p1), Gong et al
(2012)(52), Vincent et al (2008(62),
Ziogos et al (2010(63), Esmer et al (2014
(64), Thornburg et al (2012%9)

Olsen et al (200847)

SchneidKofman (2005)68)
SchneidKofman (2005)68), Thornburg et
al (2012)(69)

SchneidKofman (2005)68)

Merchavy et al (2007()11), Mitt et al
(2005)(33)

Merchavy et al (2007()11)

Gong et al (2012(52)

Gong et al (2012(52)

Ziogos et al (2010(63), Al Jama et al
(2012)(66), Shrestha etl §2014)(91)

Mitt et al (2005)(33), Cardoso Del Monte
et al (2010)39), Farret et al (2014%138)
Menderes et al (2012)0)

Menderes et al (2012)0)

Salim et al (2012{1), Alchalabi et al
(2007)(4), AmerAlshiek et al (2013§6),
Gasim et al (2013)7), Merchavy et al
(2007)(11), Corcoran et al (2013)18),
Wiloch et al (2012]31), Silver et al (2006)
(50), Brown et al (2013§60), Vincent et al
(2008)(62), Esmer et al (201464),
SchneidKofman (2005)68)

Salim et al (2012{1)

Wiloch et al (2012§31), NNIS (2004)(35),
Edwards et al (2009B6), Friedman et al
(2007)(53)

Corcoran et al (2013)L8)

Salim et al (20121), Merchavy et al
(2007)(11), Johnson et al (200630),
Gong et al (2012)52), Brown et al (2013)
(60), Vincent et al (2008(62), Ziogos et al
(2010)(63), Esmer et al (2014¥%4), Ward
et al (2008)65), Al Jama et al (2012)66),
Thornburg et al (201269), Schneid
Kofman (2005)68), Shrestha et al (2014)
(91)
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Rupture of membranes (duration)

Rupture of membranes (at admission)
Sexually transmitted disease

Skin incision (type)

Skin preparation (method)
Smoking during pregnancy

Steroids (corticosteroids)
Subcutaneous closure

Subcutaneous thickness

Amer-Alshiek et al (2013§6), Cardo® Del
Monte et al (2010§39), Opoien et al
(2007)(40), Farret et al (2014%18),
Ghuman et al (201Xp1), Henman et al
(2012)(54), Ziogos et al (2010063),
Geubbels et al (2006%7)

Cardoso Del Monte et al (201(B9)
Olsen et al (2008 7), Brown et al (2013)
(60)

Menderes et al (2012)10), Wylie et al
(2010)(15), Olsen et al (200847), Maars
et al (2014)55), Thornburg et al (2012)
(69), Shrestha et al (2@) (91)

Henman et al (201254)

Menderes et al (2012)0), Olsen et al
(2008)(47), Farret et al (2014%18),
Ghuman et al (201Xp1), Brown et al
(2013)(60)

Ziogos et a(2010)(63)

Menderes et al (2012)10), Esmer et al
(2014)(64), Thornburg et al (2012%9)
Esmer et al (201464)

Surgeon grade/level of training/speciality Salim et al (2012§1), Menderes et al

Suture type

Time in delivery room

Trial of labour

Twin pregnancy

Urgency (elective/emergency)

(2012)(10), Merchavy et al (2007)L1),
Corcoran et al (2013)L8), Johnson et al
(2006)(30), Wloch et al (2012}31), Ward
et al (2008)65)

Shrestha et al (201491)

Salim et al (2012{1)

Amer-Alshiek et al(2013)(6)
SchneidKofman (2005)68)

Salim et al (2012]1), Amer-Alshiek et al
(2013)(6), Menderes et al (2012)0),
Merchavy et al (2007)11), Corcoran et al
(2013)(18), Johnson et al (200§30), Mitt
et al (2005)33), Cardoso Del Monte et al
(2010)(39), Opoien et al (2007740),
Olsen et al (200847), Farret et al (2014)
(48), Ghuman et al (201Xp1), Gong et al
(2012)(52), Henman et al (201Z54),
Brown et al (2013]60), Vincent et al
(2008)(62), Ziogos et al (2010(63),
Esmer et al (201464), Ward et al (2008)
(65), Al Jama et al (201266), Geubbels e
al (2006)(67), Thornburg et al (201269),
Shrestha et al (201491)
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Urinary tract infection (at admission) Vincent et al (2008§62)
Urinary tract infection (during pregnancy) Brown et al (2013}60), Vincent et al

(2008)(62)
Vaginal cleansing before surgery Yildirim et al (2012)(92)
Vaginal exams (number) Salim et al (2012)1), Mitt et al (2005)

(33), Olsen et al (2008%7), Farret et al
(2014)(48), Gong et al (2012(52), Ziogos
et al (2010)63), Al Jama et al (201366),
Shrestha et al (201491)

Wound closure (method) Menderes et al (2012)0), Corcoran et al
(2013)(18), Johnson et al (200630),
Wiloch et al (2012}]31), Figueroa et al
(2013)(44), Olsen et al (200847),
Ghuman et al (201Xpb1), Henman et al
(2012)(54), Brown et al (2013}60), Ward
et al (2008)65)

Wound contamination class Wiloch et al (2012§31), Barwolff et al
(2006)(32), Cardoso Del Montet al
(2010)(39), Geubbels et al (200657)

Maternity Unit/HospitalLevel Risk Factors

Number Caesarean sections/month Vincent et al (2008(62)
Number of deliveries/month Vincent et al (2008§62)
Number of vaginal deliveries/month Vincent et a2008)(62)

Year of participation in surveillance syste Barwolff et al (2006)32)
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