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ABSTRACT

Toward a better understanding of urinary fistula repair prognosis:
Results from a multi-country prospective cohort study

Veronica M. Frajzyngier

This dissertation addresses several critical gaps in the evidenceitbassgard to urinary
fistula care and treatment in developing countries. First, | systathateviewed and
synthesized the small but growing body of literature examining the pdistala and facility-
level factors that influence repair outcomes in developing countries. Theresu#gient
evidence to support a role of patient characteristics in influencing repasnuegc In contrast,
the weight of evidence suggested that some fistula characteristiocsylpdy scarring and
urethral involvement, may influence the risk of failure to close the fisegajual incontinence
following closure and any incontinence. Results from randomized controlledexiamining
prophylactic antibiotic use and repair outcomes were inconclusive, and obsensttiones
examining the influence of peri-operative procedures were limited by samaple sizes and

lack of statistical adjustment for potential confounding factors.

Secondly, using data from a multi-country facility-based prospective tcstuoly, | examined
the prognostic value of five existing classification systems — thoseogeeeby Lawson,
Tafesse, Goh, the World Health Organization (WHO) and Waaldijk — for predidinta
closure, and evaluated the prognostic value of a score derived empirigallthie data from this
study. The scoring systems representing the Tafesse, Goh and WHO anch#ygerived

classification systems were similar, and had the highest predictivesvaHowever, none of the



scores evaluated achieved good discriminatory ability (AUC > 0.70), suggéstirgtier
factors unrelated to fistula characteristics may be equally or mpeatamt in predicting repair

outcomes.

Finally, | examined several issues surrounding two peri-operative proceelatesl ito fistula
surgery: abdominal versus vaginal route of repair, and catheterization dgragoer than 14
days (compared to 14 days or less). Specifically, | explored the factolenicifig the choice of
these procedures, the influence of each of these procedures on repair outcomes intdejpende
indication for repair or repair prognosis, and whether indication for the procedistular
prognosis moderates the influence of each of these procedures on repair outcomesinaAbdom
route of repair was independently associated with site, parity > 3, and hdishdaathat met
indications for an abdominal route of repair (limited vaginal access due toie&tecarring or
tissue loss, genital infibulation, ureteric involvement, or trigonal, supra-trigorsatoveterine

or intracervical location, or other abdominal pathology). Surgeon experience ¢ogduct
complex repairs and mid-vaginal location were inversely associatedbdominal route of
repair. Increased prognostic score was independently associatedtivétedzation > 14 days,
as were site and surgeon experience doing complex repairs. Vaginal royarofives
independently associated with increased risk of failure to close the figfaka/e to abdominal
route of repair; however, stratified analyses suggested that the risledfrépair among those
repaired vaginally may be particularly elevated among women who meta@omdications for
abdominal route of repair. Duration of catheterization > 14 days was associstéailwiée to

close the fistula, after adjusting for repair prognosis and surgeon exer®wever, residual



confounding by indication and reverse causation cannot be excluded as explanations for this

finding.

Additional research is needed to confirm our findings regarding Hegiminatory value of the
classification systems evaluated. Further, since the valaelasification system lies not only
in its discriminatory ability but also its reliability and easf use, tests of inter- and intra-rater
reliability of these systems are priority area for futuesearch. Given the cost and health
implications associated with abdominal route of repair and longeatidar catheterization,
additional studies examining the influence of these procedures oneapames are warranted.

Such studies must ensure adequate control of confounding by indication and progngsis.of re
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Chapter 1 : Introduction



Vaginal fistula is a devastating condition. The immediate manifestation obtitition is
persistent leakage of urine or feces, or both; secondary consequences includebaange
morbidities, and social marginalization. While the exact prevalence of thdioangiunknown,
it is estimated to affect thousands, if not millions, of women in developing cesinffhe
primary cause of a vaginal fistula is prolonged obstructed labor; such casesyaed
“obstetric” fistula. Obstetric fistula can be prevented through adequatesdocemergency
obstetric care; indeed, the condition does not occur in developed countries, whereesisch car
readily accessible. Where surgical repair services are avaifabfenancially accessible, 80-
95% of vaginal fistula can be closed surgicallidiowever, factors such as lack of provider
expertise and the complexity of the repair can hinder the successful closdisaa
Moreover, up to 33% of women may suffer residual incontinence even after sucdessiid of
the fistula® * and an unknown percentage suffer complications or health-care associated

infections related to intra- and post-operative procedures.

The issue of vaginal fistula has recently begun to garner worldwideiattess well as funding
from bilateral (e.g. USAID) and multilateral (e.g. UNFPA) donors. Nomeskea paucity of
research on the topic remains, including research on effective treatmdra éondition and
factors influencing the prognosis of the repair. In this introductory chapist,describe the
epidemiology and consequences of fistula and the context in which fistula edeasiptace. |
next illustrate the importance of developing an evidence-based standaygbrem for
classifying the prognosis of fistula repair for both research and dlpucposes, and briefly
review current gaps in knowledge with regard to two peri-operative proceduresofreutgical

repair, and duration of catheterization.



Epidemiology and social consequences of vaginal fistula

The leading cause of fistula in the developing world is obstructed labor. The presthe

fetus’s head causes ischemic pressure necrosis and a slough of tissueyayio@ hole

between the vagina and bladder, or between the vagina and rectum. While less comimain, va
fistulas are also caused by sexual violence, particularly the insertiore@n objects into a
woman'’s vagina. Finally, vaginal fistula can occur as a result of maligisease, radiation
therapy or surgical injury (most often to the bladder during hysterectdmeylatter is the
predominant type of vaginal fistula seen in industrialized countries. Fistulanmgsfter

surgical injury is a relatively simple injury in comparison with fistuladquced by obstructed

labor: it is characterized by discrete wounding of otherwise normal tisheegas obstructed

labor results in a massive injury with an area of central necrosis, surrounded bgaeriag’

A vaginal fistula can occur in various areas of the reproductive tract, with ttelodepending

on the point at which labor became obstructed. Most commonly, fistulas occur at the; bladder
these are termed vesico-vaginal fistulas (VVF). Fistulas caroataur at the uterus (termed
utero-vesico fistulas), in the cervix (cervico-vaginal fistulas)haturethra (urethra-vaginal
fistulas) or at the ureter (uretero-vaginal fistulas); diagramssi€ee/aginal and uretero-vaginal
fistulas are shown in Appendix A. Each of the above locations is associated witlg urina
incontinence, and the overarching term “urinary fistula” is often used to dedwibe Finally,

fistulas affecting the rectum are termed recto-vaginal fistula jRM# these manifest in fecal



incontinence. As will be discussed in this dissertation, the location and chatmstedf the

fistula may determine the difficulty and the outcome of the surgicalrrepai

While the primary cause of vaginal fistula in developing countries is obsdriatter, the
underlying causes include poverty, malnutrition, lack of access to emergenrglyiolosire and
family planning, lack of education, early marriage, and low social status oémom

Malnutrition and early childbearing in particular both lead to increased rispbfalo-pelvic
disproportion, a primary cause of obstructed I&btrdeed, surveys conducted in Nig€efta,
Ghand® and Ethiopidhave shown that fistula patients are predominantly young, married at an
early age, are of short stature, and receive very little education. Onceaa \@gperiences an
obstructed labor, the problem can be solved by caesarean delivery; howeveraticesly to
emergency obstetric services is rare in developing countriééithout access to such services,

women with obstruction may labor for up to 5 days without effective intervehfidi.

To date only one large-scale, prospective, population-based study examining inoidestata

in a developing country setting has been conducted, and the results of this study (18# cases
fistula per 100,000 deliveries, 95%CI 15-446) are difficult to interpret, as inflomebout how

the outcome was measured was not provided, and the sampling error 13 Rigleently,

guestions regarding lifetime experience of fistula symptoms have beadedah Demographic
and Health Surveys, and estimates of lifetime prevalence have raogef.2% in Malft* and
Niger' to 4.7% in Malawit® However, these estimates must be interpreted with caution, due to
problems related to questionnaire design (inappropriate contingency questacisair |

specificity in the definition of fistula), or underreporting of fistula sympt¢due to the social



stigma associated with the conditidh)Model-based estimates have also been developed, using
assumptions about obstructed labor rates in developing countries; using this method, it is
estimated that there are 82,000 fistula cases annually (8.68 per 100,000 women), and 654,000

prevalent cases (51.35 per 100,000 women) in developing coufitries.

While the prevalence of the condition is unknown, the physical, social, and economic
consequences of fistula are indisputably dire. The majority of women with fisiidbode

painful rashes as a result of the constant leakage of urine. In addition, woiméstué may
develop amenorrhea, vaginal stenosis (narrowing of the vagina due to a build-up sksedy ti
infertility, bladder stones, and infection; they may also suffer concomitiattyleg weakness
and footdrop (paralysis or weakness of the dorsiflexor muscles of the foot and anlttenge
from compression of the sacral nerves by the fetal head as well as darttagperineal nervé).
Women with fistula are often deemed to have an offensive odor, due to the constantdéakage
urine and / or feces. As a result, they are often abandoned by their husbands, aracaredos
by their families and communities. In some contexts, community memlagrashunderstand
the cause of fistula, may view the smell as resulting from poor personahbygr may even
view the injuries as punishment from God or as a form of sexually transmittetionféarther
contributing to the woman’s marginalizatibnAfter development of the fistula, married women
are frequently sent back to their parents’ home, where they are precludes&kingdood,
participating in social events or performing religious ritd@l&or these reasons, women with
vaginal fistula have been deemed “the most dispossessed, outcast, poweulesd gromen in

the world.”?°



Treatment of vaginal fistula

The majority (80-95%) of fistulas can be closed surgicallhe method of treating obstetric
fistula varies according to how soon a patient presents for care after aubstalxr. Early
catheterization of women who start leaking after obstructed labor is snmaybabeing
employed, and has been shown to cure up to one-fifth of early stage fistdtagever, the
majority of women present months or even years after a fistula has fullppedg * #in this

case, surgical closure is the only therapeutic option.

While many fistula surgeons have developed their own methods through exp&ritece,
following methods described by John Kelly (1994), a fistula surgeon, are an exanypliealf
procedures used for the repair of a simple vesico-vaginal fistula. Theiseggaproached either
abdominally or vaginally, often depending on the surgeon’s preference (gynecotdigat
prefer vaginal approaches, and urologists abdominal approaches) and the site tofdh#ofis
vesico-vaginal fistulas and urethra-vaginal fistulas are most oftenagad vaginally). For a
vaginal approach, patients are placed in a lithotomy or knee-chest position. dntidye of
scarring and limited access, an episiotomy and division of scar tissue majedvetter
exposure for the repair. The fistula is mobilized, scar tissue is excisetheamthe repair is
performed with two layers of sutures. A catheter is inserted for 14 dayswofat continuous
bladder drainage, and a dye test is performed to test whether the fistularha®bee, and that
another fistula has not been misé&Women are counseled to avoid sexual activity and
inserting anything into the vagina for three months, and are generally dischaogeafter

catheter removal.



A number of challenges are associated with providing fistula repaicesmvi developing
countries. Specialized training and skills are necessary, especially te haeél complex
cases, and this limits the availability of services. Women with the conditgopredominantly
poor and from rural areas, and often cannot pay for surgery or transport to astviddus,
fistula repair services must be provided free of charge. Fistula senacesvaand far between
in Africa and Asia: the availability of services depends not only on the avajadnli
motivation of surgeons with specialized skills, but also the availability of bpgr@oms,
equipment, and funding from local or international donors to support both surgeries and lengthy
post-operative care. In most contexts, the need for repair services etkeeadailable human
and infrastructural capacity. Moreover, the prolonged bladder cathaterittadt is frequently
employed after surgery translates into a need for longer hospitalizatiomjntensive nursing
care, increased costs, and thus decreased capacity for treating odmts.patlight of these
challenges, finding ways of providing services in a more efficient anceffestive manner,
without compromising surgical outcomes and the overall health of the patiengnsgoeat. To
this end, further research on factors predicting successful repair, [@lhyithbse factors

contributing to increased hospital stay and risk of infection, is needed.

Importantly, any research efforts examining the comparative effaesgeof different modes of
service delivery (facility-level factors) must account for ptit¢ confounding by patient and
fistula characteristics; moreover, the influence of facility-leaetdrs may vary across different

levels of fistula severity or prognosis, as characterized by patient &rld ibaracteristics



(Figure 1.1). A standardized evidence-based system for classifying threopi®of a fistula

repair surgery, as described below, would facilitate the conduct of such hesearc

Classifying fistula prognosis

Efforts have been made to develop a schema for classifying fistulagreneerk of J. Marion
Sims in the mid-18 century®® Currently at least 25 systems for classifying fistula are being
used® These classification systems have been developed through the efforts of individual
surgeons, informed by their clinical expertise and experience. Fistuossrgften use the
classification system used or developed by the individual by whom they werel tr&oe
instance, Nigerian surgeons who have been trained by Kees Waaldijk, a promtoent f
surgeon who primarily works in Nigeria, may use the Waaldijk classificatistersy while
surgeons trained at Addis Ababa Fistula Hospital in Ethiopia may use the GohsseTafe
classification systems. These classification systems may beanstddctic purposes, as well
as for patient triage at the time of the patient’s admission examinationstance, classification
systems can help determine if cases should be referred to specializadgaoiiwhich cases

can be repaired by less experienced fistula surgeons.

Fistula classification systems vary in the type and amount of informatioctealavith some
systems simply describing the location of the fistula, and other more degatecths describing
the anatomical structures affected and the extent to which these stractuadfected, the
location of the fistula described by fixed reference points, as well as othensfasuch as

bladder size, the size of the fistula and the amount of scarring involved. Disagireemains



with regard to which anatomical structures and fistula characterigtbegosbe captured within a
classification system. While most of the recently developed systs@ssatie presence of
circumferential injury (complete separation of the urethra from the bladde®r fissess other
involvement of the urethra. Similarly, not all classification systems afisesize of the fistula,
scarring, involvement of the bladder, and whether or not a prior repair was condueted; e
fewer assess the degree of tissue loss, whether or not the vesico-vsigilzahias accompanied
by a recto-vaginal fistula, or the number of fistulas. For prognostic purpeosed|as to further
research in the field, a standardized classification, whereby each compbtiensystem has
been empirically demonstrated to independently predict repair outcomes, id.ndkde
commonly used classification systems are scoring systems, and none hatleesbalds

defining a “simple” versus “complex” repair.

Rationale for a standardized evidence-based classification system

A standardized evidence-based system for classifying fistula prognmglid have a number of
advantages. While extant classification systems may currently bdargeage purposes, an
evidence-based system of classifying fistula prognosis may facilitate this procesms of
improving the accuracy of surgeon triage decisions. A prognostic scoring systédibe
particularly useful. Such a score could provide clear thresholds to guide triagendecisor
research and evaluation purposes, such a scoring system would facilitate plaesamof
surgical outcomes across facilities, would provide a method of adjusting for confginydin
prognosis of repair, and would facilitate comparative analyses of studiexémaine treatment

outcomes. Moreover, since clinical trials on fistula management may use fistaplexity as
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criteria for trial inclusion, an evidence-based index of complexity index vibtawith

participant selection.

There are several steps required in order to develop an evidence-based scodéeforgpitee
prognosis of fistula repair prognosis. First, it is necessary to determiok figtula
characteristics are independently predictive of surgical outcomes. yoantiie minimal set of
variables required for an accurate prognosis is also important, since ther @irofalssification
system is, the more likely it is to be adopted and used. This set of variables can then b
transformed into an index or score. A commonly used method of creating a prograstis sc
that developed by Hutchinson and Thorffashereby effect estimates calculated from beta
coefficients are used to create a single variable prognostic of futurdmisiapter 2, | evaluate
the predictive value of classification systems developed by Waaldigwvson?® Tafessé?
Goh>° and a system presented by the World Health Organization (WHO) in their 2006 manual
Obstetric Fistula: Guiding principles for clinical management and programme development;*! in
order to do so, | first transform each of these systems into prognostic scales deévelop an
empirically-derived prognostic score informed by the above systems. lrechapuse this
score to statistically adjust for confounding by prognosis of repair in ttheatiom of the

influence of duration of catheterization on repair outcomes.

The influence of route of repair and duration of catheterization on urinary fstula repair
outcomes

Evidence with regard to the influence of peri- operative procedures on repair outsomes

lacking. Two procedures are of particular interest: abdominal route of repair, atidrdafa
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catheterization. Each of these procedures is associated with longédretgitalization, and
therefore a potentially elevated risk of nosocomial infection (particulangny tract infection,

or UTIP? and increased financial and human resource requireffents.

There are conflicting recommendations regarding whether a vagiablominal surgical
approach should be taken in the context of a complex repair. The vaginal approach may be
associated with less blood loss and pain, fewer complications, and a shorter haspital s
however, it may also be associated with vaginal shortening and sc3rtitigile certain fistula
characteristics may indicate an abdominal repair, the choice of sungpcabah remains to

some extent a matter of surgeon preference or training. Though three*$tiitiase examined
whether surgical approach influences fistula repair outcomes, each werpaweted to detect
small differences, and did not account for a range of potential confounding fagtbrsissthe

prognosis of, or indication for, repair.

There is similar disagreement regarding the optimal duration of catdaieni following

surgery. While surgical publications state that bladder drainage throungheretation should

continue between 10 and 14 days post-operatiVel{this practice is based on tradition, rather

than empirical evidenck.Indeed, a recent survey of 49 fistula surgeons conducted by

Arrowsmith and colleagu&$found that catheterization durations ranged from 5 to 21 Gmyyp

one study on duration of bladder catheterization following obstetric fistugarsunas been

published to-date. Nardos et al.’s (2088¢trospective study of 212 obstetric fistula patients

found no difference in the proportion of repair breakdown between those catheterized for 10 days

(group 1), 12 days (group 2), and 14 days (group 3) at the Bahir Dar Hamlin Fistula Center in
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Ethiopia. While the authors suggest that catheterization for 10 days may bersufficie
management of simpler fistulas (and certain types of more complicatddd)sthe conclusions
that can be drawn from this study are limited, as the duration of bladder datteterwas not
randomized, and may have been influenced by the complexity of the fistula: wathetedzed
for 10 days were significantly more likely to have an intact urethra (p=0.009)esBize fistula

(p<0.001), and little or no vaginal scarring (p<0.0%1).

Duration of bladder catheterization has important implications in terms of botarmbbbspital-
borne infection. Nardos and colleagues illustrate the cost implications dfecetiigon duration
using the example of the Addis Ababa Fistula Hospital, where approximately 4208 fepairs
are performed annually. Assuming no compromise in patient outcomes, if postoperative
hospitalization were to be decreased by four days by removing the bladdesrcaitli€x days
rather than 14, the number of patients who could receive surgical care could beethtnea
20%3* Results of a recent Cochrane review of urinary catheter policies follawaggnital
surgery in adults suggested that shorter-term catheterization was@ssadth fewer UTIS?
Thus, in Chapter 4, | evaluate 1) factors influencing the duration of catheterizadiooude of
repair, 2) the influence of longer duration of catheterization and abdominal rout@ioforep
fistula closure three months following surgery, and 3) whether prognosis optheae
indication for the procedure moderates the influence of each of these procedisadan f

closure.

Summary and conclusion
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While global attention to the issue of vaginal fistula has increased markedf/past decade, a
dearth of research on the topic remains, including research to support the develo@ment of
standardized, evidence-based classification system, as well to suppaesffeatment of the
condition. In this dissertation, | review the state of the evidence withdrémaatient
characteristics, fistula characteristics and peri-operative procethatinfluence fistula repair
outcomes (Chapter 2). | evaluate the predictive value of five existirgifidason systems in
terms of predicting fistula closure, as well as develop an empiricailiyedeprognostic score
informed by these systems and including factors found to predict fistula repameagtan my
dataset (Chapter 3). Additionally | evaluate the influence of vagineysebdominal) route of
repair, and catheterization duration longer than 14 days, on fistula closurederanalyses, |
explore the role of repair prognosis and indication as both a confounder and effectrrobdifie
these relationships (Chapter 4). Finally | summarize the results, andsdisewrsmplications

and future research directions in Chapter 5, the conclusion.
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Figure 1.1: Interrelationships between patient and fistula charadristics, intra- and post-
operative procedures, and repair outcomes
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Abstract

The objective of this study was to review and synthesize extant literarereng factors
influencing fistula repair outcomes in developing country settings, inclughitulgf and patient
characteristics, as well as facility-level factors, such as peratpemprocedures used and other
aspects of service deliveryWWe conducted a systematic review of English and French language
literature cited in the Medline database between January 1970 and December 20E&ansing
terms “obstetric fistula,” “vaginal fistula,” “urinary bladdertfia,” “vesicovaginal fistula” and
“fistula.” Articles were excluded if they were 1) case reportgsasries or contained 20 or
fewer subjects; 2) focused on fistula in industrialized countries; and 3) did hmtarec

statistical analysis of the association between facility or individaadHfactors and surgical
outcomes. Nineteen articles were included, of which 16 were observatighaksSurgical
outcomes included fistula closure, residual incontinence following closure, ancecladuno
remaining incontinence (dry vs. wefjhe presence of scarring and urethral involvement was
associated with poor prognosis across the range of outcomes, with some eviderstengugue
association between greater fistula size and smaller bladder size on poqurepeosis.
Evidence regarding the influence of ureteric involvement and prior repair on eepames

was insufficient. Results from randomized controlled trials examining pragig/antibiotic

use and repair outcomes were inconclusive, and few observational studies exaetining
operative interventions accounted for confounding of results by fistulatyevéle conclude
that while agrowing number of empirical studies have examined the relationship between
surgical outcomes and both patient and fistula characteristics and periveperatedures used,

there remains a lack of unified, standardized evidence on which to base practtber F
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research is urgently needed to improve the care and treatment of fisteldmtideveloping

countries.
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Introduction

Vaginal fistula, or an abnormal opening between the vagina and either the bladsatuior, is a
devastating condition. The immediate consequence is urinary or fecal innoatioeboth.
Secondary conditions may include painful rashes resulting from constantdesdkane,
amenorrhea, vaginal stenosis, infertility, bladder stones, and inféctidomen suffering from a
vaginal fistula often have an odor considered offensive due to the constant leakage of urine
and/or feces. As a result, they may be abandoned by their husbands and d4diyaitiee
families and communities. For these reasons, women with this condition have beed tteem
most dispossessed, outcast, powerless group of women in the fvaMHile the number of
prevalent cases is unknown, estimates in developing countries have ranged from*86£000

million.*

The primary cause of vaginal fistula is prolonged obstructed labor; such fiselkesraed
“obstetric fistulas.” During prolonged obstructed labor, the fetus’s head ceseprsoft tissues
of the bladder, vagina and rectum against the woman'’s pelvis, cutting off blood sapgingc
these tissues to die and slough away. Less frequently, vaginal fistulasnéyfnrom sexual
violence, malignant disease, radiation therapy, or surgical injury (most oftes bétatder
during hysterectomy or Caesarean section (C-section)). Malignantajisa@istion therapy and
surgical injury are the predominant cause of vaginal fistula in industdatmentries; indeed,
obstetric fistula does not occur in settings where emergency obstetris oaadily accessible.
The injury resulting from obstructed labor is unique in comparison with fistigatting from

surgical injury: obstructed labor may cause extensive ischemic injury avahea of central
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necrosis, surrounded by dense scarring, while fistulas resulting fromsadungury are

characterized by discrete wounding of otherwise normal tissue.

Treatment of obstetric fistula varies according to how soon a patient presecdsef after
obstructed labor. Catheterization of women who start leaking after obstraictedd
increasingly used, and cures up to one-fifth of early cadésfortunately, most women present
months or years after their fistula occurfesijrgical closure is then the only option. While the
majority (80-95%) of fistulas can be closed surgiciligported success rates range from 56-
100%!?8 varying by case-mix, number of patients included, and other factors. Up to 33% of
women may suffer residual incontinence after successful cldstend an unknown number

suffer complications related to intra- and post-operative procedures.

Challenges to providing fistula repair services in developing countrigsiarerous. Because

the vast majority of women with fistula are poor, repair services must beffcearge. Most
repairs are conducted within special units (with a dedicated operatingethedtwards) of

district hospitals (e.g. primary referral facilities for rural popolag) or within specialist fistula
centers, and are supported by international donors. Generally, the nemit@mssexceeds
available human and infrastructural capacity. In this context, finding wayswéljmg services

in a more cost-effective manner, without compromising surgical outcomes amtgatverall
health, is paramount. Despite this need, the current body of published evidence on obstetric
fistula has been termed “woefully inadequate by the standards' @ettury evidence-based

medicine.*
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One priority research need is development of a standardized evidence-basedmsystem f
classifying fistulas. Currently at least 25 systems are*tiaad parameters measured by these
classification systems vary greatly. Early systems describeddatdn of the fistula, while
others are more detailed, describing the anatomical structureedféaxt the extent to which
they are affected, as well as factors such as bladder size, $igiland the amount of scarring
involved. To-date, only Goh’s and Waaldijk’s classification systems have béeoh ties
determine the extent to which their components predict repair outcomes; thesesanadse
conducted following the adoption of these systems, rather than for the purposeing creat
them?® 3 In order to develop a single classification system that is prognostic fonuertf
repair surgery, it is necessary to determine which fistula characeirstiependently predict
outcomes, and to identify the minimal parameters required for accurate psygnuse the

simpler a classification system, the more likely it is to be used.

A second research priority is the evaluation of peri-operative techniques andupesceost
effective and efficient for fistula repair. Many fistula surgeons haveldped their own

methods through experieriand thus there are a wide variety of pre-, intra- and post-operative
procedures/techniques commonly used. For instance, surgeons agree tisashissiaebe

widely mobilized and sutures tension free. However, disagreement remairsimg gaéher
interventions such as surgical route, timing of repair, use of interpositiaftd gr flaps, and
duration of bladder catheterization. Further research to identify optimal intierng would

benefit from the availability of a standard system for classifyinglégrognosis, which could

be used to adjust for confounding by case-mix and thereby facilitate compariseulisf aeross

studies.
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In light of the above priorities, we systematically reviewed and syn#tetie literature on
factors that may influence fistula repair outcomes in developing countrieglimgfistula and
patient characteristics, as well as facility-level factors {geg-operative procedures and other
aspects of service delivery)/e then suggest future research priorities in order to fill existing

gaps in the literature.

Methods

We conducted a systematic review of the Medline database to identifymgbeNdications, by
searching for articles published from 1970-2010, using the following topic heatinbgtetric
fistula,” “vaginal fistula,” “urinary bladder fistula,” “vesicovaginastula” and “fistula”; this
yielded 6,589 articles. The search was further refined by excluding t8el Meadings
“infant,newborn,” “male,” “kidney transplantation,” “adenocarcinoma,” “radicdabg,” “penis,”
“animals,” “prostatectomy,” “Crohn’s Disease” “child, preschool” “rdhn injuries,” and
“kidney diseases,” yielding 2,437 articles. We reviewed titles of thaskearexcluding those
clearly not meeting our eligibility criteria (below). This resulte®26 articles whose abstracts

were reviewed to determine eligibility.

Articles included in the final analysis met the following criteria: 1) peeiewed; 2) original
research; 3) focused on predictors of fistula repair outcomes; 4) publishetBafde and 5)
written in French or English. Articles were excluded if they 1) were rege®ts, cases series or

contained 20 or fewer subjects; 2) focused on fistula in industrialized counimies rfgost of
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these are secondary to surgery or malignancy, and results from such stydies bea
generalizable to developing countries where obstetric fistula predomjraatds3) did not
statistically analyze associations between facility or individiesa| factors and surgical
outcomes. Review of references of published papers yielded no additional théitiest the
inclusion criteria, nor any articles published prior to 1970 which statisti@alllyzed factors
predicting surgical outcomes. One additional article was identified vistenmet search engine

(Google). No relevant articles in French were found.

The heterogeneity of exposures and outcomes studied precluded the possibility afrgpthbi

results of the studies with meta-analysis. We thus present a descriptigsaniethe articles

identified.

Results

Overview of articles identified

Nineteen articles examining predictors of fistula repair surgery ousameee identified (Table

2.1). Of these, 13 reported results of retrospective record retiéitsree were prospective

studies:* * #and three were randomized controlled trials (RG18)Sample sizes ranged

from 34-1045: slightly over half of the articles had samples over18F® 18- 20 24-26.30. 3 g

one-quarter had samples undef56 *' These articles examined a variety of predictors (Table

2.2): seven examined patient or fistula characteri&tits;>*" 2*> %ix examined facility-level
18-22, 27, 30,

factors;, and five examined both patient or fistula characteristics and faciigy-le

factors®>?® 3! Three studies were restricted to women undergoing primary répafrs?
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Definition of “successful repair” varied, with studies defining successpadir as fistula closure,
no residual incontinence among those with closed fistula, or no incontinence (i.a.distuire
and no residual incontinence) (Table 2.2). Among those studies specifying the tirautgarhe
assessment, almost all assessed associations between predictors andtogpaas at discharge
from the facility (typically 2-3 weeks after surgery). Thereenthiree exceptions. Bland and
Gelfand assessed outcome at six weeks following suffiatthough it was unclear whether this
was also the time of discharge. Safan and colledbaed Morhason-Bello and colleagfies
examined outcome three months following repair. For those studies not speamynggdf
outcome assessmént’ 1% % Zye assumed that outcome was assessed around the time of

discharge.

We report results of both bivariate and multivariate analyses, since a mofdhty
observational studiés > ¥ #*?4ccounted for potential confounding with multivariate analysis.
However, associations that did not persist after multivariable adjustmenttacewhen

applicable.

The relationship between patient characteristics and surgical outcomes

Socio-demographic characteristics

Patient age was the most common socio-demographic characteristic studistlldi®s
examined the association between age at repair and repair outcomes, twdafetdated
bivariate associations. Browning et al.’s study of 530 women in Ethiopia found thahwathe
residual incontinence after successful closure were younger (22.5 year)asa without (25.9

years; p<.001). Similarly, Kirschner and colleagues found that among 926 patiNigsiia,
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younger age was significantly associated with any incontinence (fisketlice (RD) -1.9,

p=0.01)*° One study examined the association between pajer fistula occurrence and
continence. Lewis et al. found that among 435 patients (505 records; some patientdipé mul
repairs) in Sierra Leone, patient older age at fistula occurrence $igdificant (p=.0192)

positive association with complete continence, but this did not remain significaetfindl
multivariate modet® Finally, only Kirschner and colleagues examined other socio-demographic
characteristics, such as literacy, education and marital status. Thegoifigant difference

found in bivariate analysis was across categories of marital statbhsyanen who were
abandoned, divorced or separated having the highest proportions of incontinence (45.2%)

following repair®®

Duration of the fistula

Six studies examined the association between fistula duration and repair oyttoesetound

an association. Olusegun and colleagues found a marginally significanaBssdg2=7.53,
p=.06) between fistula duration and successful repair (undefined) among 37 patiigesia,

but the direction of the trend was not providédraassen and colleagues reported that among
581 women repaired in Kenya, Tanzania and Uganda, patients operated within 3 months of
fistula development were more likely to achieve fistula closure (93.9% versus 87.0%,
respectively); this association did not hold in multivariate analySanilarly, Kirschner et al.’s
unadjusted analysis found that longer fistula duration was associated withneaoetfollowing
the first surgery (RD 24.1 months, p<061).The remaining three studies did not find an
association between duration of fistula and fistula cloSuremplete continencg,and

incontinence following successful repar.
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Fistula etiology

Most studies in our review included predominantly obstetric fistula casesyégwaestudy by
Kriplani and colleagues in India included fistula of differing origins examined the influence
of etiology on repair outcomes among 34 patients. Fistulas resulted from vagwvetydsfer
prolonged labor (29.4%), cesarean section or post-cesarean hysterectomy, (durgieal
errors (32.3%), or other causes (26.3%). No significant difference in complete ooatine

following repair among fistulas of differing origins was fouffid.

Obstetric history

Five studies examined the influence of patfty> % ?° 3two examined the effect of mode of
delivery? ?®and one examined the duration of labor and place of delivery on repair out€omes.
In bivariate analysis, Kirschner et al. found that lower parity and fewaglshildren were
associated with incontinence following first surgery (RD -1.0, p<.001 and RD -1.0, p<.001,
respectivelyf° Browning found a similar trend with regard to lower parity and residual
incontinence following successful closure, though this relationship was ndicsighin
multivariate analysi§> In contrast, Lewis found that if the delivery that caused the fistula was
the woman's first pregnancy, it was significantly (p=.0061) associated witineoaé following
repair, but this did not remain significant in the final multivariate m8td@rowning found that
cesarean delivery offered some protection against residual stressnacoatfollowing

successful repair in bivariate analysis; this association did not remaificaighin multivariate

analysis® the second study found no association of mode of delivery with repair outcomes.
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Finally, more days in labor (RD 0.40, p=.002) predicted incontinence following firstrgurge

while place of delivery did not, in Kirschner et al.’s std8ly.

Patient comorbidities

Only one study examined the association between patient comorbidities anddigailla
outcomes. Bland and Gelfand examined the association between urinary bilhdueasis
Schistosoma haematobium and fistula closure six weeks post-surgery among 60 patients, with
the hypothesis that fibrosis of the bladder wall caused by urinary bilharmasgi complicate
closure and healing. Indeed, 70% of those who Bdnaematobium negative healed

successfully, compared to 37.5% of those who \@ehaematobium positive?®

Summary: Therole of patient characteristics

The results of the reviewed studies do not suggest an important role of patient obacadte
predicting repair outcome. While several studies found crude associatimegibgbunger age
at repair and poor repair prognosis, neither this variable nor age at the tistalafdccurrence
independently predicted repair prognosis. Similarly, no evidence supported thendetdpele
of parity, duration of leakage, and mode of delivery on repair outcomes. Other faetiedd i@
the causative delivery or obstetric history were evaluated by only one ahdlgnalyses were
unadjusted® Finally, the only patient comorbidity evaluated was urinary bilharzidsswas

done among a small sample, and only unadjusted associations were #8sessed.

The relationship between fistula characteristics and surgical outcomes

Tests of existing classification systems
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Only two of the existing classification systems have been correlateddg@osbpment) with
patient outcomes. Goh and colleagues tested the association of individual paramoletged in
the Goh classification system (Table 2.3) with both fistula closure and residaatinence
following closure, among 987 women in Ethiopia. In bivariate analysis, women withdlspec
considerations” (e.g. scarring or circumferential fistula) weneifsegntly less likely to have
their fistulas closed compared to those without special considerations, but fiseulaas not
associated with closure; the authors suggest that the latter findingavayeen due to the small
numbers of failed repairs. No multivariate analyses were conducted to iasependent
predictors of closure. In contrast, when the authors examined incontinencerfglkaeicessful
closure, multivariate analysis showed that women with Goh Type 1 fistidee more likely to
be continent than women with Type 4, with a trend towards decreasing contireenceyfre 2
to 4. Women with larger fistulas, and those with any special considerationsessh&ely to

be continent? Measures of association and 95% confidence intervals were not reported.

Raassen and colleagues applied Waaldijk’s classification system @lapte 581 fistula

patients in Kenya, Tanzania and Uganda. The authors found that fistula type and size did not
significantly influence closure, adjusting for age and duration of leakags\inesaof

association were not presented). In bivariate analysis, women with WaalpeK Tigtulas

(fistulas not involving the closing mechanism) were less likely to develop résidaatinence

following repair®?

Fistula size
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Six studies examined the association between fistula diameter and répames. As

mentioned above, Goh et al. found that women with larger fistulas were lessdibely t

continent following successful closure, adjusting for location and scarring orspiaal
considerationd® Similarly, Browning found that each centimeter increase in diammeterased

the odds of residual stress incontinence by 34% (OR 1.34, 95%CI: 1.16-1.56), after adjusting f
patient and fistula characteristitd.ewis and colleagues found that women with larger fistulas
were significantly more likely to have incontinence after successfur iedaivariate analysis
only.*® While Kriplani and coauthors did not find a statistically significant diffeesbetween
average fistula size and incontinence following surgery, cases with incontimsheehigher

mean fistula volume than cases without (8.1 vs 2.8 square centimeters, f=N@@xher

studies found an association between fistula size and repair outcomes.

Bladder size

Two studies examined the association between bladder size and repair outcordes.ahr
colleagues found that small bladder size independently predicted failureadredsstula
(OR=2.27, 95%ClI: 1.36-3.75}. Browning found small bladder size to independently predict

incontinence following successful closure (OR=4.1, 95%Cl: 1.2-13.8).

Vaginal scarring

Each of the six studies examining the specific influence of vaginal scarringtaa fiepair
outcomes, including Goh’s examination of Type 3 fistutiscussed above, detected a
detrimental effect of scarring on repair outcomes. Nardos and colleaguesduare\saginal

scarring to predict failure to close fistula (OR=2.67, 95%CI: 1.36-3.75), adjdstibtpdder,
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fistula and vaginal characteristics and fistula closure technfjuasd Holme and colleagues

found presence of scarring to be correlated with failure to close the fiSpdarfman r=.412,
p<.001)* Browning found that women with scarring had 2.4 times the odds of residual stress
incontinence following successful closure (95%CI: 1.5-4.0) adjusting fompatiel fistula
characteristicd.In addition, Lewis and colleagues found moderate (OR=2.14, p=.01) and severe
(OR=3.07, p<.001) scarring to progressively predict incontifémecel Kirschner similarly

found that severe scarring predicted incontinence compared to mild and mothkeosis (OR

3.21, 95%CI2.10-4.89.%°

Prior fistula repair

Four studies examined the association between prior repair and repair outcoavasindg
found that women having a repeat procedure were more likely to experiencalresidu
incontinence than women undergoing primary repair in bivariate analysis (2096 16f%,
p=.006); however, having a repeat procedure did not predict residual incontinencevarrateti

analysiss No other studies found an association between prior repair and repair outcomes.

Location

A number of studies have examined the association between fistula location andutsoaires.
As reviewed above, Goh and colleagues found that the greater the distanceasfffigstnlthe
urinary meatus, the increased likelihood of continéfcEhree studies examined the association
between fistula location/type and any continence following surgery. slavd colleagues found
a statistically significant difference between various fistodations/types (defined as juxta-

cervical, juxta-urethral, mid-vaginal, circumferential, secondatigresive or vesicouterine) and
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continence; women with mid-vaginal fistulas were more likely to be contindnvariate
analysis™® Kirschner and colleagues similarly found that mid-vaginal fistulas ywetective of
repair failure, with low fistulas (urethrovaginal, circumferential, gaMtethral, fistula behind the
symphysis pubis) and large fistulas (defined as destruction of the endir@awnagina)
significantly associated with incontinence (OR 2.27, 95%CI: 1.37-3.76 and OR 4.63 (95%ClI:
2.50-8.57, respectively), adjusting for fistula duration, number of living children and
characteristics of the causative delivEtySafan and colleagues found no association between
fistula location and continence, where location was defined as urethrovegjoakltor

supratrigonaf’

Urethral involvement

Five studies examined the specific influence of urethral status on rep@mastc Raassen et al.
found that urethral closing mechanism involvement was not associated with fistuigec
adjusting for age and duration of leakage. In bivariate analyses, involvement ofsthg cl
mechanism was associated with residual incontinEh&milarly, Browning found that women
whose fistulas involved the urethra had 8.4 times the odds of developing urinary incontinence
following successful fistula closure (95%CI: 3.9-17.9), adjusting for othezrgatnd fistula
characteristicé. Nardos et al.’s analysis of 1045 patients found that those with circumferential or
urethral fistulas had 1.56 times the odds (95%CI: 0.94-2.59) of failure to closeule fist
compared to those without, while women with complete urethral destruction had 2.29 times
greater odds (95%Cl: 1.06-4.75) of failure to close the fi$fuléirschner and colleagues found

a similar dose-response relationship in terms of predicting any incontinenecebwbpartial and

complete loss of the urethra were associated with 3.58 (95%Cl:2.42-5.31) and 8.04
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(95%CI1:3.18-20.31) times greater odds of incontinence, respectively, adjustirgjifiar f

duration, number of living children and characteristics of the causative defiv@he same

authors also examined circumferential fistula (defined as damage to the adklgrfinding

that women with circumferential defect had eight times higher odds of ineané (OR 8.78,
95%CI: 5.41-14.27) than women whose bladder neck was intact; partial damage to the bladde
neck was associated with over twice the odds of incontinence (OR 2.48, 95%CI: 1.67-3.66).
Finally, Lewis et al. found only a marginal association (OR 2.41, p=.08) between partigjedama
to the urethra and any incontinence post-repair, and no association betweenecorefiieal

destruction and any incontinence following repir.

Ureteric involvement

Two studies examined ureteric involvement as a predictor of repair outcomasseR et af
and Lewis et at’ included ureteric fistulas as categories in omnibus tests of differensgsiin r
outcome by fistula type/location; the specific influence of ureteric wa&mént was not
evaluated in either study, and prevalence of ureteric involvement was low in botldi{kVaa
Type 3 fistula represented 4.5% of Raassen’s et al.’s sarmote, 1% of fistulas in Lewis et

al.’s study were uretericf.

Combined vesicovaginal and rectovaginal fistulas and multiple urinary fistulas

Several studies examined the influence of combined VVF/RVF on repair outcBiaassen et
al. found no difference in fistula closure between those with VVF/RVF and afate’?
Similarly Browning found that patients with combined fistulas did not have gigntfy more

residual stress incontinence compared to those without’RWircontrast, Kirschner et al. found
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that women with combined VVF/RVF had three times the odds of incontinence compared to
those without (OR 3.05, 95%CI: 1.65-5.64), adjusting for number of living children and fistula
duration?® The influence of combined fistulas was evaluated by Lewis et al. in the omnibus tes
mentioned above; the specific influence of combined VVF/RVF on repair outcome®ivas
evaluated. Two studies examined the association between multiple urinaasfestdl repair
outcomes (residual incontinence after successful clbandeany incontinené®. Neither found

the number of fistulas to significantly predict repair outcomes.

Summary: Therole of fistula characteristics

There is relatively strong evidence to support the negative influence of fistudetehistics,
particularly vaginal scarring and urethral involvement, on repair outcomes. Ethehsbiidies
examining vaginal scarring found an association with repair outcome, includingamate
analyses demonstrating an independent effect of vaginal scarring on lossidial stress
incontinence following closuféand any incontinenc®; one study found a dose-response, with
higher degree of scarring resulting in greater likelihood of any incontif@r@enilarly, four of
five large studies found a significant association between increasezs@durethral
involvement and failure to close the fistafaesidual incontinenc¢& *and any incontinenc@.
Evidence to support the role of fistula size and bladder size, while suggestive, was based on
fewer studies. Two large studies found that as fistula size increases, lihedik@f continence
following fistula closure decreases, after adjusting for other fistula aihpeharacteristics:

%> though the only studyexamining the association between fistula diameter and fistula closure
found no association. The two studies examining the association between bladaled seqsair

outcomes found evidence of an independent effect of bladder size on fistula®tlasdre
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incontinence following closurg,with smaller size predicting failure to close the fistula or
increased chances of incontinence after successful closure. Finallpweandas insufficient
regarding the role of prior repair, ureteric involvement, combined VVF/RVFuttipie fistulas

on repair outcomes.

The relationship between facility-level factors and surgical outcomes

Use of prophylactic antibiotics

Two RCTs have examined prophylactic antibiotic use and repair outcomes. Tonams
Thornton, in their study of 79 women in Benin, examined whether intra-operative intravenous
ampicillin reduced the failure rate of VVF repair. While the authors hypattthat reducing
surgical wound infections might improve fistula healing, they found a trend towaits hi

failure to heal and more incontinence in the intervention group (OR 2.1, 95%Cl: 0.78el);
understand heal to refer to fistula closure, since the proposed mediating medietnieen
antibiotic use and surgical outcome is reduction of surgical wound infection. Mordygcent
Muleta and colleagues examined the effects of either 80 mg GentamyaireR¥ended use of
Amoxicillin, Chloramphenicol or Cortimexazole on fistula closure, finding tihatsingle-dose

Gentamycin arm trended toward higher closure rates (94% versus 89.4%,%p=.04).

Interpositional graftsor flaps

Four studies examined the effects of Martius flap interpositioning, with mixetis®s Safan
and colleagues’ RCT among 38 patients compared fibrin glue versus Martius flap
interpositioning for the repair of complicated obstetric fistula, finding nesstatly significant

difference in the proportion of patients who were continent after 3 months follGiv-Tiree
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retrospective studies compared cases where the Martius flap was ussektwicare it was not.
One study of 46 women found a higher rate of successful closure among those witlus Mar
flap (95.2%) as compared to those without (72%, p=.038), particularly in recurrent fistihas
contrast, a study of 440 women found no statistical difference between groupsgatith to
fistula closure; however, women with a Martius flap were significantlyerikely to have
residual incontinenc¥ Finally, an analysis of 966 women found no difference in continence

status between those receiving and not receiving Martiulap.

Surgical route

Three retrospective studies examined unadjusted associations betweemn surgiend repair
outcomes. Chigbu and colleagues compared abdominal to vaginal routes for rgpa#- of
cervical fistulas among 78 women (65.4% of whom were repaired abdominally)rdpgaeted
successful fistula closure in 84.3% of women repaired abdominally compared to 77.8% of those
repaired vaginally; this difference was not statistically signiticaAll of the failures in the

vaginal group were in cases with difficult access and were subsequentlgdextaiominally?’

In contrast, among 28 repairs, Kriplani and colleagues found significantly loegttinence
(7.14%) using the vaginal approach compared to either the abdominal or combined approach
(42.8%, p=.05%> Finally, Morhason-Bello and colleagdéfund no statistically significant
differences in continence across 71 cases of mid-vaginal fistularfaitibrosis or evidence of
infection, urethral or bladder neck involvement and without more than one previous repair)
repaired either abdominally or vaginally; continence rates were 78.3% versus 80.0%

respectively.
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Other peri-operative procedures

Three separate retrospective studies examined single- versus doebledayre, relaxing
incision, and duration of bladder catheterization. Nardos et al. (2009) found that syegle-la
closure was associated with failure to close the fistula among 1045 patibivariate analysis.
However, the decision to use single-layer closure was influenced by bladlearsd after
adjusting for this and other fistula characteristics, single-laysmwavorse than double-layer
closure?* Kirschner and colleagues found that performance of a relaxing incision to improve
exposure of the operative field was associated with twice the odds of incontindismhatge

(OR 1.91, 95%CI: 1.25-3.11), adjusting for number of living children, months with fistula, and
place of delivery® Finally, a study conducted by Nardos and colleagues among 212 obstetric
fistula patients found no difference in the proportion of repair breakdowns between those

catheterized for 10, 12, or 14 d&ys.

Summary: Therole of facility-level factors

In summary, there is sparse evidence with regard to the effectiveness of pativepe
procedures on repair outcomes. The two RCTs examining antibioticisaed indeterminate
findings. The only study finding a positive effect of Martius graft on fistula closure was small
and reported only unadjusted associations. While one study found the Martius Flap to be
associated with significantly higher risk of residual incontinence afpsir'® analyses did not
account for a range of potentially confounding factors. All three retrogpettidies examining
route of repair” ** #’were small, detected varying directions of effect, and reported only

unadjusted associations. The only study examining double- versus single-dayee ébund no
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association after adjusting for bladder size, and relaxing incision was founasedmated with
incontinence, though analyses did not control for confounding by other fistula chataster

Finally, one small study found no difference across patients catheterizha&tions ranging

from 10-14 day$° No other peri-operative procedures have been studied, nor have any studies

examined the influence of context of repair or provider experience on repair estcom

Discussion

Overview of findings

Most studies reviewed were observational, and few conducted analyses that woitld perm
assessment of the independent effects of individual predictors. Patient aadchsiacteristics
have been most frequently studied, with multiple studies examining the sameopsedgttidies
of facility-level factors, such as use of antibiotic prophylaxis and duration tbpesative

catheterization, have been less frequently replicated.

The results of the reviewed studies do not support an independent role of patient céiazacteri
in predicting repair outcome. While several studies found crude associatimegtgbunger
age at repair and poor repair prognosis, neither this variable nor age at théfigthuda
occurrence independently predicted repair prognosis. Indeed, it is possiltie tiedationship
between patient age (at either time-point) and repair outcomes is medidistdlb
characteristics, since age is related to pelvic size and mayyhefielence the degree of
damage caused by the obstructed labor, in turn influencing the prognosis of the repair.

Evidence supporting the independent role of parity, duration of leakage, and modeerf/ aeliv
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repair outcomes was similarly insufficient. Finally, Bland and Gelfafiisng regarding the
association o$. haematobium and failure of healing is plausible given the associatian of
haematobium with bladder damage, particularly fibrosis and tissue avascularity. Norssthele

the results were based on a small sample and only crude associationstegre tes

Unlike patient characteristics, the weight of evidence indicates thatrckstula characteristics,
particularly scarring and urethral involvement, predict poor repair progndsisse findings are
biologically plausible. Extensive scarring not only inhibits access to tidafisut also requires
use of unhealthy tissue to close the defedtaginal scarring can also cause the urethra to be
held open, preventing it from functioning normaflySimilarly, urethral fistula repair is a
complex procedure, whereby surviving tissues must be reassembled as dusgbipleal organ,
which acts both as a passageway for urine, and as a “gatekeeper,” etaurpagsage of urine
occurs at appropriate times. Moreover, an injured, shortened, fibrotic or scathed aray be

expected to lead to stress incontinence following successful cfosure.

The relationship between other fistula characteristics and repair ow@®iess clear. There is
some evidence that fistula size and bladder size influence repair outcomes.bé nfistudies
examined the association between fistula diameter and repair outcomes. Whaegstudies

found that as fistula size increases, the likelihood of continence followingfdtdure

decrease¥ ?° there may be some overlap in the study population in these two studies as they

were conducted at the same facility during overlapping time periods. Nassthiese findings
are not surprising, as it has been suggested that the more extensive dissectionay be

required for larger fistulas can in turn cause post-operative scarring dheunictthra, holding
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the urethra opef?. The results of two studies examining the association between smaller bladder
size and failure to close the fisttiland incontinence following closuf2are also biologically
plausible. In the case of bladder size, loss of bladder tissue means the surgeontoakise

large defects in the bladder with only small remnants of (frequently damagddgbtissue; the

small resulting bladder size may affect its capacity to retain urine.eWaistudies detected an
independent association of prior repair and repair outcomes, prior repair has belatecowith

the degree of vaginal scarrift.Thus, prior repair may be an indirect cause of negative repair
outcomes, via vaginal scarring; this could explain the lack of an independent role oépaior

after adjusting for vaginal scarring, as was found by both Browhamgl Lewis and

colleagues? Additional studies with sample sizes large enough to study relativelyxposuges

such as ureteric involvement are needed.

Few studies have examined the role of facility-level factors, such iasgezative procedures,
on repair outcomes, and all but three were observational study designs. The résthRETs
examining antibiotic use *°are difficult to interpret. The findings that prophylactic antibiotic
use trended towards higher operative failure and more incontinence compared tbiabcanti
use are surprising and counter-intuitive, given the expectation that reducing wtaatidbmns
would promote fistula closure. The results of a recent trial comparing singleseissis
extended antibiotic use demonstrate a marginally significant benefitandésingle-dose
antibiotics, though reasons for such a trend are unclear. However, the confidenetsifaer
both results were compatible with a chance result. The RCT comparing fileitog\artius

flap interpositioning was also inconclusive, due to its small sample size.
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Observational studies examining medical interventions are subject to confoundiagchtion,
or prognosis, whereby providers prescribe vigorous therapy when the outlook 1§ fidns.
applies to observational studies examining peri-operative interventioredraddistula surgery.
For instance, Nardos et@ldemonstrated that women catheterized for fewer days were
significantly more likely to have fistula characteristics assotiaiéh a favorable repair
prognosis, including an intact urethra and little or no vaginal scarringgritlighe limited power
of the study to detect clinically significant differences between tathation groups limit the
conclusions that can be drawn from the study. In contrast, while Kriplani and ce#£gund
a significantly higher proportion success among fistulas repaired ggaahlyses did not
account for the severity of the fistula, and it is possible that fistulas edpidominally may
have been more difficult cases. Similarly, while Kirschner and coauthors foundgéhaf
relaxing incision was associated with poorer prognosis, analyses did not adjuatriogsand

stenosis, factors that the authors acknowledge may have indicated usring iakision®

Several observational studies restricted their samples to women meetifg gharacteristics,

or conducted stratified analyses. However, this approach does adjust fplfenwoibfounding
factors. For instance, while two studie$’ examining route of repair restricted study samples to
women with fistulas that can be repaired either abdominally or vaginalla{pexvical and mid-
vaginal fistulas, respectively), patients repaired abdominally mag éxhibited other
characteristics associated with both abdominal route and repair outcomé&rlginvhile
Browning'® found that a significantly higher proportion of women experienced residual
incontinence after repair, analyses stratified by components of the Gsificdéisn system and

other subgroups demonstrated that fistulas repaired with Martius flap may havadree
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difficult cases. While differences persisted within select subgroupsufethral fistulas), it is
not possible to completely exclude the possibility of confounding by indication: fanoes
among urethral fistulas, those repaired with Martius flap may have been Iatgtrer, as
acknowledged by the author, since repairs conducted with Martius flap were coratiarted
earlier time point in the author’s surgical career, results may be confountieslibgreased

level of experiencé®

Implications and future directions

Evidence to support existing classification systems

There is wide agreement among those working in the field of fistula edreeatment that a
single, evidence-based standardized system of classifying obstéii iisneeded. ™! 337

The development of such a system requires evidence demonstrating whiehcharacteristics
independently predict outcomes, and identification of the minimal parameters deiquire
accurate prognosis. The studies reviewed above which tested components of the Goh and
Waaldijk classification systems to evaluate whether they predidt mgaome$* represent
useful additions to the evidence-base regarding the relative importantie@difistula
characteristics in predicting repair outcomes. However, these studies iceandtof
themselves determine the sufficiency of either system in predictiag mgcomes, nor the
superiority of one over another. First, since these systems were not eyglecaled, it is
possible that other patient or fistula characteristics not included argmgdertant in predicting
repair outcomes. Similarly, the inability of any component of these sysbepnedict fistula
closure must not be interpreted to mean that these components or the systems th&ukelve

prognostic value. Instead, these studies may have been underpowered to détect sma
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differences. For instance, while these studies did not identify any indepeneldintqys of

fistula closure, Nardos and coauth6tsarger study found that complete urethral destruction and
severe vaginal scarring (approximations of parameters included in the Gain)sys
independently predicted fistula closifelt is also important to note that while the results
suggesting aspects of Goh’s system predict residual incontiiever replicated by

Browning?” the additional evidence provided by the latter study is hard to interpret because of

the possible overlap in study populations.

Futureresearch priorities

In order to develop a single, standardized prognostic system for clagdigtulas, additional
research confirming the prognostic value of parameters included in existgsification
systems is needed. In addition, it is necessary to explore if other pasanwtmcluded in the
current classification systems predict repair outcomes, which mayiaeditat they should be
incorporated into an existing or new system. It is also important to comparegexis
classification systems to assess the discriminatory value of eachhadeamterms of predicting
repair outcomes. If it is determined that one system does indeed have higlhairdisory
value, and if the system in question has not yet been validated, the system witl bedested
to ensure that it has both inter-rater and intra-rater reliability. Aifitad®on system that is
overly complicated or difficult to learn will have limited utility in pra&j and is unlikely to be

adopted.

More research is required to assess which facility-level factors soeiated with repair

outcomes. In particular, further research is required on factors such as durattimetdrization
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and route of repair which may be associated with increased hospital stagkapidmfection.
Nardos and colleagu@sllustrated the cost implications of duration of post-repair
catheterization; assuming no compromise in patient outcomes, removing bladdersath®0
days rather than 14 would decrease hospitalization by four days, increasing bye2@dmber

of patients who could receive surgical care. Longer duration of bladder catteiarmay also
increase risk of UTIs. A recent Cochrane review of urinary catheteigsfollowing

urogenital surgery in adults examined seven trials comparing shorter past@duration of
catheter compared to longer; these trials suggested that shorteatbetegzation was
associated with fewer UT. Given the potential benefits of short-term catheterization in terms
of increasing capacity for treating additional patients and the potentiada@ risk of

nosocomial infection, further empirical evidence is needed to determine the nooriyfef
short-term catheterization compared to longer-term catheterizationlai$y, the vaginal
approach to fistula repair may be associated with less blood loss and pain,deywkcations,
and a shorter hospital stay; however, it may also be associated with vagiahmg and
scarring:® Further research examining the influence of route of repair on repair outcomes is
warranted. A standardized system of classifying fistula prognosifwilitate the conduct of

such studies.

Conclusion

A small, albeit growing, number of empirical studies has examined thenslaip between
fistula repair outcomes and patient characteristics, fistula chasticeeand peri-operative
procedures used. Many of the studies we reviewed had relatively small sereplensl did not

use rigorous epidemiologic research methods. This, together with the range dabmeticlied
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and variety of definitions of successful repair used, has resulted in lack ofea @vidence-
base on most predictor-repair outcome relationships and thus little evidence on whgsh to ba
clinical practice. Further research is urgently needed to improve tharchteeatment of this

most marginalized and neglected group of women.
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Table 2.1: Publications examining predictors of fistula repair outcomesideveloping country settings
Author, Study Design | Population Sample | Outcome Exposures of interest Analytic Statistically
Year size definition approach significant predictors
of repair outcomes
Kirschner | Retrospective| Patients with 1084 Continence (dry vs| Patient characteristics | Independent Partial loss of the
et al., record review| vesicovaginal records | wet), assessed at | (age, education, parity, | sample t-tests and| urethra, complete loss
2010° fistula; where unit | from time of discharge | number of living Chi-square tests | of the urethra, partial
of analysis was 926 children, literacy, damage to the bladde
individual patient, | patients language group and GEE bivariate and | neck, circumferential
analyses were marital status), clinical | multivariate defect, relaxing
restricted to women data (cause of fistula and regression. incision, mixed VVF
undergoing first number of previous Multivariate and RVF repair,
repair surgeries) and surgical | models adjusted | severe fibrosis, lower
data (type/location of for days in labor, | fistula (protective),
fistula, degree of fibrosis| number of living large fistula
surgical approach, and | children, marital (protective)
procedures performed) | status, months with
fistula and place of
delivery
Muletaet | RCT Patients with 722 Fistula closure, Single-dose Gentamycin| Chi-square, risk Single-dose
al., 2018° obstetric fistula patients | assessed after vs. extended (7-day) difference Gentamycin
undergoing first catheter removal | antibiotic use. Extended significantly

repair

and prior to
discharge

antibiotic use included
any one or combination
of Amoxicillin (500mg
IV and oral 6 hourly),
chloramphenicol (500 mg
IV and oral 6 hourly), or
cotrimexazole (800 mg
orally every 12 hours)

associated with fistula
closure; confidence
interval for risk
difference marginally
significant

' Only the analytic approach for the outcome ofrieséis reported
" Where bivariate and multivariate analyses werelaoted, only multivariate results are reported

Ly



Author, Study Design| Population Sample | Outcome Exposures of interest Analytic Statistically
Year size definition approach significant predictors
of repair outcomes
Nardos et | Retrospective| Patients with 1045 Fistula closurg, Fistula location, number | Logistic bivariate | Complete urethral
al., 2008* | record review| obstetric patients | assessed after of fistula, extent of and multivariate destruction, severe
vesicovaginal catheter removal | urethral intactness, extentregression vaginal scarring and
fistula undergoing and prior to of scarring, residual small bladder size
first repairs via discharge bladder size, repair
vaginal route technique (single vs
double layer closure)
Lewis et al.| Retrospective| Patients with 505 Continence (dry vs| Patient demographics Chi-square and Whether the
2009° record review| genitourinary records | wet), assessed via| (age), obstetric history | Wilcoxon rank patient presented for
fistula from subjective appraisal (index pregnancy), and | sum test; bivariate | the 3-month follow-up
435 after catheter fistula parameters analyses stratified | appointment, degree
patients | removal and prior | (number of prior repairs,| by primary vs. of fibrosis
to discharge fistula subsequent repair | surrounding
type, site and size, degree the fistula
of fibrosis, and urethral | GEE multivariate
status regression
Olusegun | Retrospective| Patients with 37 Successful repair | Duration of fistula before| Chi-square Duration of fistula
et al. record review| vesicovaginal patients | (undefined) repair (marginally
2009? fistula significant)
Safan etal.| RCT Patients with 38 Continence (dry vs| Primary exposures were| Chi-square or None
2009" complicated fistula | patients | wet), assessed at | fibrin glue vs martius flap Fisher’'s Exact tests

(defined as
recurrence, local
moderate to severe
fibrosis, fistula
location involving
the bladder neck,
and or size of the
fistula being more
than 1.5 cmin
largest diameter)

three months
follow-up

as interpositioning layer.
Also examined parity,
patient age, attempts of
previous repairs, fistula
size, and fistula location

" Unless otherwise specified, fistula closure waessed using dye test if the patient reported leieage

1%



Author, Study Design| Population Sample | Outcome Exposures of interest Analytic Statistically
Year size definition approach significant predictors
of repair outcomes
Goh etal. | Prospective Patients with 987 Fistula closure and| Components of Goh'’s Chi-square test and Closure (bivariate
20087 genitourinary patients | residual urinary classification system: logistic only): “Special
fistula (women incontinence Fistula type multivariate considerations” (e.qg.
with rectovaginal following (characterized by regression (residugl scarring and
fistula only or no successful closure,| distance of fistula from | incontinence only) | circumferential
bladder tissue assessed after external urinary meatus) fistulas)
excluded) catheter removal | size, “special
and prior to considerations” (extent of Residual
discharge fibrosis and vaginal incontinence:
length, and special Greater distance from
circumstances such as external urinary
previous repair, ureteric meatus (protective),
involvement, etc) fistula larger than 1.5
cm, “special
considerations”
Morhason- | Retrospective| Patients with mid- | 71 Continence three | Abdominal versus Fisher's exact test| None
Bello et al. | record review| vaginal fistulas patients | months following | vaginal route of repair
2008 with no fibrosis, surgery
evidence of
infection, urethral
or bladder neck
involvement and
more than one
previous repair
attempt
Nardos et | Retrospective| Patients with 212 Fistula closure and| 3 duration of Unspecified (chi- | None
al. 2008° record review| obstetric fistula patients | residual catheterization groups: 10square assumed);

(women with
rectovaginal fistula
only excluded)

incontinence,
assessed after
catheter removal
and prior to
discharge
(differences at 6-
month follow-up
not tested)

days (group 1), 12 days
(group 2), and 14 days
(group 3)

bivariate analyses
stratified by
components of
Goh classification
system

6v



Author, Study Design| Population Sample | Outcome Exposures of interest Analytic Statistically

Year size definition approach significant predictors
of repair outcomes
Raassen et| Prospective Patients with 581 Fistula closure Patient characteristics | Chi-square and Closure: none
al. 2008° obstetric fistula patients | assessed via dye | (age and duration of Fisher's Exact test$
undergoing first- test prior to leakage) and componentsand logistic Residual incontinence
time repair catheter removal | of Waaldijk classification| multivariate (bivariate only): lack
(14-21 days system (type of fistula | regression (closurg of involvement of
following surgery) | characterized by extent ofonly) closing mechanism
and residual involvement of closing (protective)
urinary mechanism and presence
incontinence of circumferential defect,
following exceptional fistulas and

successful closure | size)
assessed after

catheter removal
prior to discharge

Holme et | Retrospective| Patients with 259 Closure, not closed|, Scarring Spearman Scarring
al. 2007° record review| obstetric fistula patients | residual correlation
incontinence; time
period unspecified

Browning | Retrospective| Patients with 413 Fistula closure Martius graft Fisher's Exact test Closure: none
2006° record review| obstetric fistula repairs | assessed via dye or Chi-Square with
(women with test prior to continuity Residual
rectovaginal fistula catheter removal correction; incontinence:
only excluded) (14-21 days bivariate analyses | Martius graft (among
following surgery) stratified by all fistulas examined
and residual components of together, fistula 6
urinary Goh classification | cm, Goh's Type 2
incontinence system and other | fistulas (distal edge
following fistula 2.5-3.5 cm from
successful closure characteristics external meatus), and
assessed after urethral fistulas

catheter removal
prior to discharge

0S



Author, Study Design| Population Sample | Outcome Exposures of interest Analytic Statistically
Year size definition approach significant predictors
of repair outcomes
Browning | Retrospective| Patients with 481 Residual Urethral involvement, T-test, Mann- Urethral involvement,
2006” record review| obstetric fistula women | incontinence repeat surgery, size of | Whitney U test, repeat repair, size of
(women with following fistula fistula, size of bladder, | and logistic fistula, size of
breakdown of closure, assessed | location of ureter, multivariate bladder, rvf present,
repair, lack of following catheter | scarring, flap required, | regression younger age, lower
bladder tissue and removal and prior | presence of rvf, number parity and c-section
rectovaginal fistula to discharge of wi, age, parity, delivery (protective)
only excluded) duration labor, time since
delivery, diameter of
fistula, delivery method
and outcome of delivery
Chigbu et | Retrospective| Patients with juxta-| 78 Fistula closure, Route of repair (vaginal | T-tests and Chi- None
al. 2008° record review| cervical women | time period of vs. abdominal) square tests
vesicovaginal assessment
fistula unspecified
Melah et Retrospective| Patients with 80 Fistula closure and| Early (less than 3 Chi-square None
al. 2008 record review| vesicovaginal women | residual months) vs. late (after 3
fistula incontinence months) closure
following closure;
time period of
assessment
unspecified
Kriplani et | Retrospective| Patients with 34 Continence Age, parity, duration of | Levene’s test of Abdominal route of
al. 200%° record review| genital fistula women | following catheter | fistula, route of repair, equality of repair and volume of

(radiation fistulas
excluded)

removal

cause of occurrence

variances and Chi-
square with Yates
correction

fistula

1S



Author, Study Design| Population Sample | Outcome Exposures of interest Analytic Statistically
Year size definition approach significant predictors
of repair outcomes
Rangnekar | Retrospective| Patients with 46 Fistula closure Martius flap repair Fisher's exacttesf  Martiusqedure
et al. record review| urinary-vaginal women | assessed via dye (protective)
2000* fistulas (excluded test prior to
fistulas situated catheter removal
high on the and residual
posterior wall of incontinence
the bladder and following closure,
fistulas greater thari assessed with
1.5cmin size) urodynamic test 3
weeks post-
operatively.
Tomlinson | RCT Patients with 79 Fistula closure and| 500 mg ampicillin Mann-Whitney None
and obstetric vesico- women | continued (non-parametric
Thornton vaginal fistula incontinence tests)
1998° (positive pad test)
at hospital
discharge.
Bland and | Prospective Patients with 60 Closed fistula 6 Urinary bilharziasis Chi square with Presence of urinary
Gelfand vesicovaginal women | weeks after repair | defined by presence of | Yates correction | bilharziasis
197G® fistula ova on bladder biosopsy

or urine examination or
rectal snip

4]



Table 2.2: Predictors studied across the articles reviewed, by outcothe
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Predictor Closure Residual incontinence | Any incontinence Not specified
Patient Characteristics

Comorbidities §. haematobium) | 28

Age at fistula repair 13 25, 13 16, 23, 26, 31
Age at fistula occurrence 16, 26
Duration of fistula 17,13 17, 25,13 23, 26 22
Parity 25 16, 23, 26, 31
Number living children 26

Mode of delivery 25 26

Days in labor 26

Education 26

Literacy 26

Place of delivery 26

Fistula characteristics

Etiology 21

Number of fistulas 25 26

Fistula size 12,13 25,12, 13 16, 23, 26, 31
Bladder size 24 25

Bladder neck 26

Scarring 15, 24,12 15, 25,12 16, 26
Location of the fistula 24,12 25,12 16, 26, 31
Extent of urethral involvement | 24, 13 13, 25 16, 26
circumferential fistula

Ureteric involvement 13 13 16

Combined vvf/rvf 13 25,13 16, 26
Previous repair 25 16, 23, 31
Goh type 3 fistula 12 12

Facility-level factors

Surgical route 19 23, 27
Duration catheterization 20 20

Single vs. double layer closure 24

Relaxing incision 26

Fibrin glue vs. Martius 31

flap/graft

Martius fibrofatty flap/graft 18, 21 25 26

Antibiotic prophylaxis 30, 29 29

Vv Articles indicated by reference number
Y Outcome examined confirmed via personal commuioisatith primary author




Table 2.3: Waaldijk and Goh fistula classification systems

Classification

Type and / or description of fistula

system
Waaldijk 1995° | Classification Size
Type 1 Not involving the closing Small <2
mechanism Medium 2-3
Type 2 Involves closing mechanism Large 4-5
A Without (sub)total urethra Extensive>6
involvement
B With (sub)total urethra involvement
a Without circumferential defect
b With circumferential defect
Type 3 Ureteric and other exceptional
fistula
Goh 2004° Type: distance from fixed reference point

Type 1 Distal edge of the fistula >3.5 cm fromegrall urinary meatus
Type 2 Distal edge of the fistula 2.5-3.5 cm frexrternal urinary meatus
Type 3 Distal edge of the fistula 1.5-<2.5 cm frerternal urinary meatus
Type 4 Distal edge of the fistula <1.5 cm fromegral urinary meatus
Size: largest diameter in centimetres

a Size <1.5 cm in the largest diameter
b Size 1.5-3 cm in the largest diameter
c Size >3 cm in the largest diameter

Special considerations

i. None or only mild fibrosis (aroundtfita and/or vagina) and/or vaginal leng
>6¢cm, normal bladder capacity

ii. Moderate or severe fibrosis (arourgdufia and/or vagina) and/or reduced
vaginal length and/or bladder capacity

iii. Special circumstances, e.g. post-rigim ureteric involvement,
circumferential fistula, previous repair
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Chapter 3 : Development and test of prognostic scoring systems for surgical urinarisfula
closure
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Abstract

Although over 25 systems exist for classifying vaginal fistula, no studies havenexkthe
comparative value of different systems in predicting surgery outcomes. \&f tieest
discriminatory value of five existing classification systems - thizseloped by Lawson,
Tafesse, Goh, World Health Organization (WHO) and Waaldijk - to predigldfistosure. We
also devised a scoring system using patient comorbidities and fistula chstiasteound to
independently predict fistula closure. We analyzed data for 1274 women with urgtala/ Who
presented for repair at 11 study sites in Uganda, Guinea, Niger, Nigdrizaagladesh and
returned for follow-up three months following surgery. Using one-half thelsane created
multivariate generalized estimating equation models to derive weighted pliogrooses for
variables included in each classification system. Using the second halfsainipée and the
prognostic scores derived above, we developed Receiver Operating Chdiactexiss and
calculated areas under the curves (AUCs) and corresponding 95% confidemvedsiigé) for
each classification system. The scoring systems representingdafésoh’s and WHO'’s
classification systems had the highest predictive values: AUC 0.60 (98%610.65), AUC
0.62 (95%CI: 0.57- 0.68), and AUC 0.63 (95%CI: 0.57-0.68), respectively, compared to the
other existing systems; there was no statistically significantreifée in the AUCs of these
scores. Our proposed empirically-derived prognostic score combined sigmfiedittors of
closure in the above classification systems; this score achieved a sistlaninative ability
(AUC 0.62, 95%CI: 0.56-0.67) to the scores representing Tafesse’s, Goh’s and Wstérsssy

and contained only few, non-overlapping, components. Further evaluation of the reladaility



validity of existing classification systems is warranted. Considerationd be given to a

prognostic score that is evidence-based, simple and easy to use.
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Introduction

While only garnering worldwide attention in the past decade, vaginal fistula,atmemrmal
opening between the vagina and bladder or between the vagina and rectum, is an ancient
condition. Predominantly caused by obstructed labor (in which case it is reteagtabstetric
fistula”), evidence of the injury was found in the mummified remains of an 11tlstyyna
pharaoh’s wife, whose reign dated around the year 2050'BEEom the mid 19 century,

when the first surgical techniques for repairing vaginal fistulas werdapeek efforts have been
made to develop a schema for classifying the@urrently at least 25 such systems ekamtd

the reliability and validity of the majority of them have not been empiyitatited. While there
is widespread acknowledgement that a single, standardized classifisggtem is needéd,
there remains disagreement with regard to which fistula charactetlEscsystem should

include, and what purposes (e.g. prognostic or descriptive) the classifisgsiem should serve.

The purposes of existing systems for classifying vaginal fistula hendaharacteristics, vary.
These classification systems are used for didactic purposes, as a meaiisabing
communication and learning. Such systems are also used for planning and exestutang fi
repair, including assessing the prognosis of repair, and determining the neddrfat.r For
instance, a classification assigned to a fistula during the initial easion at admission to the
facility may be used by the examining surgeon to determine whether the fistuld be most
appropriately repaired by a highly experienced fistula surgeon, or whethauld e
appropriate for a trainee. The majority of systems classify urfisimjas, or vaginal fistulas

that result in urinary incontinence (as opposed to fistulas resulting in fecalinecod, or
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rectovaginal fistulas). However, the components measured by differesificéd®n systems
vary. Some (particularly older) systems describe the location of the fistiytaexamples of
these are the systems developed by Sims (252 Lawson (1968).Other systems such as
those developed by GdtTafess& and Waaldijk' are more detailed, describing the anatomical
structures affected and the extent to which these structures aredaféecteell as other factors,
such as bladder size, the size of the fistula and the amount of scarring involved. Components of
these more detailed systems can be variously combined to allow for a precigeidesirthe
fistula. The implicit assumption is that as the type increases by numb#eopctnbination

(e.g. Type 2Bb versus Type 2A), the worse the prognostic rating, or “gradtieéd, two of

these systems, those developed by Goh and Waaldijk, have been empiricalliotdstermine
the extent to which parameters included in the systems predict repair outédrhas

additional classification presented by the World Health Organization (WWiHDeir manual
Obstetric fistula: Guiding principles for clinical management and programme devel opment,**

aims to classify fistula on the degree of difficulty of the repamigé or complex). However,
this system has not been validated, nor (to our knowledge) is it currently used ina clinic
setting. No systems currently in use are prognostic scoring systems andahoae patient

characteristics, including comorbidities.

Importantly, each of these systems were developed using clinical judgatkat,than empirical
evidence. Indeed, few studies have examined the ability of individual patienttar fist
characteristics to predict fistula repair outcortfes® *>?®and due to the relatively small sample
sizes of many of these studies and the variety of definitions of successfulissuh the

evidence-base on most predictor-repair outcome relationships remains thin. No-staté/has
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examined the comparative value of the different classification systemeefiicting surgical

outcomes.

A standardized evidence-based system of classifying the prognosis ofrégailiasurgery

would have a number of advantages. First, such a system would facilitate comiomicet
learning across fistula surgeons worldwide. In clinical practice, an eedrsed classification
system would assist with the appropriate triage or selection of clightsevidence-based
prognosticscoring system in particular would have unique advantages. A scoring system could
facilitate surgeons’ decisions regarding patient referral, by proviiregholds for what
constitutes a “good” or “poor” prognosis. In the research setting, a programstogould

facilitate the evaluation of surgical success rates acrossiésciind the effectiveness of
interventions independent of patient or fistula characteristics which magbeiaed with both
the intervention and repair prognosis. Such a score would also facilitate the coraparati
analysis of studies that examine treatment outcomes. In order to be lglianchbnalytically
useful, such a system must be both simple and sufficient. In clinical practicgla and
sufficient system will facilitate use and increase accuracy of pragmsdiction. For analytic
purposes, a prognostic score should accurately adjust for confounding, decreasing diggortuni

for residual confounding, yet not over-adjusting, which may unnecessarilpsecvariancé’

Using data collected as part of a multi-country prospective cohort studiystvairhed to test
the discriminatory value of five existing vaginal fistula classifwasystems (Lawson’,
Waaldijk's!* Tafesse’s? Goh's’ and the system proposed by WH)with regard to predicting

fistula closure, the primary goal of fistula repair surgery. Theseragsivere selected because
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we were able to measure their components using our study instruments, arftea@meimonly
used in clinical settings (Waaldijk, Goh and Tafesse), or represent a rangailofroet the
more sparse and descriptive (the Lawson system) to the more exhaustivetéhremgsented
by the WHO). Further, with the exception of the WHO system, all have péaitty
presumed to have prognostic value. Our secondary aim was to evaluate Wigethelusion of
patient characteristics or fistula characteristics not included in ddssifeccation systems
represents an improvement over existing classification systems in tepresiafting fistula
closure. These analyses will thus provide an important contribution to efforts skt the
WHO and other international agencies towards the development and acceptasicglef, a

standardized, evidence-based fistula classification system.

Methods

Study participants

1389 women presenting for fistula repair services at 11 study sites in Uganaea G\iger,
Nigeria and Bangladesh were enrolled between September 2007 and September 2@1dur Sinc
primary outcome was urinary fistula closure, 25 women were excluded becausadbeyent
repair for recto-vaginal repair only; an additionalv@men were excluded because they were
either referred to other facilities, did not have surgery for medicetysefasons, or were treated
by catheterization; these women were distributed across all &ilifihe majority of those
undergoing surgery (95.9%) returned for a follow-up visit; these 1274 women centteut

study sample for these analyses. Most of those not retained (70.4%) camedrsites;

women not retained were more likely to be malnourished, anemic, and have a failedtrep

discharge (39.4% versus 14.9%). The study received national institutional reviewlB&jrd (
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approval in Nigeria, Uganda, Guinea, and Niger; local (facility-basedjattteview was
conducted at two of three facilities in Bangladesh; one of the three stuslghsitse not to
subject the study protocol to ethical review. All patients provided signed iefoconsent (if

the patient was not literate, consent was indicated via thumbprint).

Study procedures

Prior to surgery, facility staff trained in study procedures and interi@ehniques interviewed
women on their socio-demographic characteristics and obstetric history @sidgrsiized study
guestionnaires. All clinical information was collected by either thedittg surgeons or nurses
using standardized case report forms; in the case of missing informatiaty &aff were asked
to obtain the information (when available) from the patient’s clinical recordsr t& surgery,
information was collected on comorbidities and any medical care provided fer thes
comorbidities. At the time of surgery, detailed information was collected ahatdacteristics of
the fistula, intra-operative procedures performed and surgical outcomes. Folibevsggery
but prior to discharge, women were queried about post-operative care provided, and jajischa
information about surgical outcomes was once again collected. Participanesieneo return
three months following the surgery, at which point a clinical evaluation was codda@ssess
surgical outcomes. Surgical repair protocols, including surgical proceslumeyed and pre-

and post-operative care provided, varied across sites, as per routine practice.

Measures
The primary outcome is urinary fistula closure three months following the guvgeereby the

fistula is characterized dichotomously as either “closed” or “open.” Theaprimechanism of
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assessing closure was through a pelvic exam and dye test. For 186 women (14$€8%)ahc
which no pelvic exam was conducted, fistula closure was determined using thencficests

the client have continuous and uncontrolled leakage of urine,” asked of everytdientraee-
month follow-up visit; this question has been used to differentiate betweeadiatd other
forms of incontinence, which are unlikely to be continuous and uncontrolled, in household-based
Demographic and Health (DHS) survéysAt the two sites where pelvic exams were not
routinely conducted at follow-up, any patient complaining of leakage of urine undeayelvic
exam; since women with continued urinary leakage are eager to report theiermgeeto the
surgeon in order for the condition to be rectified, misclassification of outconsesniikely.

All cases where the dry test was negative but the patient reported continuousarlied
leakage of urine were verified to exclude the possibility of an unclosediafettra or
otherwise misclassified outcome. In the event that a participant had multiphry fistulas
(n=74), closure refers to closure of all fistulas. For two women with multiplaryrfistulas, the
surgery represented the first of a staged repair, and their fistulaghwereonsidered “closed”
despite continued leakage from the remaining fistulas. We also conducteniseasilyses
using fistula closure at discharge from the facility (Appendix Elasclosure at discharge was

assessed the same way as closure at follow-up.

In order to compare the predictive value of several existing classificeystems, we first

transformed these systems into scoring systems. Using data colleptetl @sour study we
created variables representing the components of the four classificatemsyst aimed to
compare. The components of Lawson'’s classification were measured direxitydataset,

with the exception of “massive combination fistula.” Massive combination fisivdes defined
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by LawsoH as those that are juxta-urethral, mid-vaginal and juxta-cervical; tivesemeasures

in our dataset were thus combined to create the variable “massive combinatiari fist

In terms of Waaldijk’s classification system, non-involvement of the clogisigs (Type 1
fistulas) was defined as those fistulas that were either expbtatgd in the study questionnaire
to not involve the closing mechanism or did not involve complete destruction of the bladder
neck. Type 1 fistulas served as a reference category for the various Tstodazstibtypes.
Subtype 2A fistulas (Vithout (sub)total urethra involvement”) were equated with an intact or
partially damaged urethra in our questionnaire, and subtype 2B fistwidls (Sub)total urethra
involvement”) were considered to be urethras that were characterized @stetyrdestroyed in
the questionnaire. These Type 2 subtypes were further subdivided into four eategiini
Type2Ab and Type2Bb fistulas involving circumferential injury (urethra coralylseparated
from the bladder). We defined Type 3 (“ureteric or other exceptional fisfiidttilas to include
mixed vesicovaginal and rectovaginal fistulas, cervical and uretdrtaBs urethral fistulas
were excluded since the urethral closing mechanism and circumfefisttias are measured as

part of the Type 2 category

With regard to Tafesse’s classification system, the study questierthdinot objectively
measure bladder length, so it was not possible to create variables exaetdgnting Tafesse’s
categorizations of longitudinal bladder diameter greater than 7 censiméte centimeters and
less than 4 centimeters. Instead, we equated bladder diameter less thamnatesniith the
measured category “small” bladder. Similarly, we considered involveohézds than 50% of
the anterior vagina to equate with “minimal” tissue loss, greater than 50%enverht to equate

with “moderate” tissue loss, and the category obliterated vagina to equattiver “extensive”
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tissue loss or obliterated vagina according to response categories udthguststionnaire.
Urethral involvement was measured by surgeons’ estimates of the length adttira,un

centimeters, categorized according to Tafesse’s specifications.

For Goh’s classification system, urethral length in centimetersiges to estimate the location
of the distal edge of the urethra relative to the external urinary meagtisalifength was
categorized according to Goh’s specifications. Classification subtymekii were
operationalized by creating a variable representing the presence ahiteantesevere fibrosis
and / or a small bladder; no measure of vaginal length or bladder capacity vasi@vainally,
we created a variable representing the classification subtypedkpensiderations,” which

included the presence of ureteric involvement, a circumferential fistytaewaious repair.

In order to measure components of the WHO classification, the number of fisadas w
dichotomized as one or greater than one, an indication that the urethra was intact idasecbns
to mean absence of urethral involvement, and mild or greater scarring of the vaginsea to
indicate presence of scarring. The WHO system does not allow for a “m@diegtee of

tissue loss, so we grouped moderate and minimal tissue loss into a singleyctegproxy for
minimal tissue loss in the WHO system. Since there is considerable overlaehé¢bhe WHO
categories “site” (vesico-vaginal versus non vesico-vaginal figtatas “ureter/bladder
involvement” (ureters are inside the bladder versus one or both ureters are dranthg i
vagina or are at the edge of the fistula), we excluded ureteric $istata the WHO category
“site” and instead created a new variable “ureter involvement” compesingr ureteric

location or drainage of ureters into the vagina or at the edge of the fistula. aUfisthtas are
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also excluded from the category “site” since urethral involvement is captyteed bomponent
“involvement of the urethra / continence mechanism.” Similarly, we did not indhade t
component “circumferential damage” in multivariate analyses, sincendiecential injury was

included in the variable above.

In order to measure fistula size as characterized in Waaldijk’s, Goh’s a@s/¢ktstem, we
categorized this variable in three different ways: we created gocai@l variable corresponding
to Waaldijk’s four categories of size (<2, 2-3, 4-5 aBdcentimeters), another representing
Goh’s three size categories (<1.5, 1.5-3, >3), as well as a dichotomous varihldecuiitoff at

4 centimeters, corresponding to the categorization of size in the WHO sydtenoridinal
components of the classification systems and the way they were operaidrialithis analysis

are summarized in Appendix C.

Finally, we also evaluated whether other variables measured in our datasett included in
existing classification systems, merited inclusion in a revised fitadgin system. In particular,
we evaluated individual characteristics including patient age, duratite @ftula, and the
presence of comorbidities prior to the surgery. Age and duration of the fistr@langasured as
continuous variables. Comorbidities assessed included presence of malnuggiorrgus no,
as determined through either a skin fold measurement, body mass index or gsssinast),
anemia (yes versus no, as determined through either hemoglobin level, heroatosual
assessment), UTI (measured using physician and / or nurse reports of UTI)eaamittcpa
infections, including malaria and helminthiasis (surgeon reports). The eahielbhinthiasis

captured both non-specific reports of helminthiasis, as wélttastosoma mansoni, hookworm,
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and ascariasis; there were no reportSobfstosoma haematobium. We also evaluated the
presence of female genital cutting (any versus none). In addition, we exahardsittibutions
of ordinal variables included in existing classification systems to deterwthether cut-points

should be revised.

Statistical analyses

Comparison of derivation and validation cohorts. A split-sample design was employed,
whereby one-half of the sample (the derivation cohort) was used to create flexttynscoring
systems, and the second (the validation cohort) was used to test these systeperakve-
characteristics of patients in the two cohorts were compared usirig tetesontinuous variables
and Chi-square tests or Fisher’s exact tests (where cell sizesesg&thdn 5) for ordinal or

dichotomous variables.

Bivariate analyses. Characteristics of patients whose fistulas were closed at the 3 month follow-
up visit were compared to those whose fistulas were not closed using risk ras)s(@R
corresponding 95% confidence intervals (Cls). Risk ratios and 95% Cls wereddesing
Generalized Estimating Equations (GEE), using an exchangeable corretatobnre with a

robust standard error estimator. GEE allows for the combination of the effectsabfasat
different levels into one model, while accounting for the non-independence of oloservat

within higher level unit$® We present analyses which account for clustering of patient
outcomes by facility, rather than surgeon, since facility is the highestdluster and therefore
should provide unbiased resutfshowever, results accounting for clustering by primary surgeon

(defined as attending surgeon, n=51) were similar, and are shown in Appendix DatRsk r
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were generated using the logarithm link function and binomial distribution sjaicf in SAS
PROC GENMOD?® The multivariate model used to develop an empirically-informed
classification system included variables associated with repairdait a p-value <20 in
bivariate analysis that were conceptually associated with repair outcahreot highly
correlated with other variables. In the event that two candidate variableghly correlated,

the variable with the most clinical significance was selected for ioclus the model.

Creating classification scoring systems (multivariate analyses). Using the derived cohort, we
constructed separate multivariate GEE models for each of the datisifisystems to be
compared. As above, RRs were generated using log-binomial models; in two modelshwher
log-binomial model failed to converge, SAS PROC GENMOD’s Poisson regressainiltgp
with a log link function and robust variance was uSe&ach model contained variables from
our dataset that closely represented each component of the particulficatesssystem (as
described above). In the case of the existing classification systamblemwere included in
the multivariate model even if they were not statistically significardipi@'s of repair outcome
in bivariate analyses and were highly inter-correlated. Weighted gootasividual
classification system components were derived from adjusted RRs; s@veesnly assigned to
those fistula characteristics significant at p-value<.05. Weights mwended to the nearest

whole number.

Comparing classification system scoring systems. Among the validation cohort, sensitivity (the
proportion of true positives) and specificity (the proportion of true negatives) aletgated for

each scoring system. Receiver Operating Characteristic (RO@sadepicting the relationship
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between the proportion of true-positives and false-positives (i.e. the acofieglictions)

were drawn for each classification system score. Areas under thelR@%3 (AUCSs) measured
by the C-statistic and 95% confidence intervals were calculateddorceave. Curves for each
classification system score were compared visually, and, using methodsddrdzsa, AUCs

for each curve were statistically compared by calculating the conliastjuare and
corresponding p-value for the difference between the AUCs. All analysediaee using SAS
version 9.2; AUCs were calculated using the %roc macro (SAS Instaitg, North Carolina),

and ROC curves were constructed using the %rocplot macro.

Results

Comparison of derivation and validation cohorts

There were few statistically significant differences betweeménation and validation cohorts
with regard to baseline characteristics and repair outcomes. A smallertjpropbmwomen in

the derived cohort had a mixed urinary and recto-vaginal fistula (1.7% versus 4.1%gland ha
piped water in their residence (20.3% versus 25.0%). The proportion of succetgéul fis
closure at the three-month follow-up visit was similar across both cohorts: 81.5% and82.0% i

the derived and validation cohorts, respectively (Table 3.1).

Development of complexity scores

Results of bivariate and multivariate analyses of existing classificsystems are shown in
Table 3.2. One component of the Lawson classification system, mid-vagia@hyevas found

to be significantly protective of failure to close the fistula after adjustingther components of
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the Lawson classification system (RR .55, 95%CI: 0.33-08@)en the lack of operating points
available for the creation of an ROC curve no score was developed to refitedeat/son

classification system.

The majority of patients (93%) in our sample fell into Waaldijk’s “Type 1&gary (fistulas not
involving the closing mechanism). Thus, only a small proportion of patients compriseghthe T
2Aa, Type2Ab, Type2Ba, Type2Bb categories. Patients with Type 2Aa figlistatas

involving the closing mechanism, none or partial urethral involvement and without
circumferential defect) had over twice the risk of not having a closed fiolpared to patients
with fistulas that did not involve the closing mechanism (RR 2.70, 95%CI: 1.79-4M\UBile
representing a very small proportion of the sample, patients with a Type2Bé& Wsd over

three times more likely to experience failure of fistula closure (RR 3.50, B52@6-5.42) than

patients without Type2BDb fistulas.

After adjusting for other components of the Tafesse classification syStass 3 fistulas
(circumferential anahot previously operated) and Class 4 fistulas (both circumferemiil
previously operated), were significantly more likely to not be successfokgd (RR 1.95,

95%CI: 1.05-3.62 anBR 2.28, 95%CI: 1.27-4.11, respectively). Patients with fistulas involving
the urethra but not the middle third had almost twice the risk of failure of fisadare (RR

1.86, 95%CI: 1.27-2.74), and those with fistulas completely involving the middle third or
complete destruction of the urethra had over twice the risk of failure (RR 2.17, 95%TI:

4.29. Finally, women with extensive tissue damage (RR 1.57, 95%CI: 1.21-2.04) or an
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obliterated vagina (RR 2.64, 95%CI: 2.17-3.21) had greater risk of repair failure ahaanw

with minimal tissue damage.

After adjusting for other components of the Goh classification system, urethg#h and
scarring independently predicted failure to close the fistula, and weeglsddrethral length
2.5-3.5 centimeters was associated with twice the risk of failure (RR 2.04, 95%GP.61),
with a slightly lower effect for urethras 1.5-2 centimeters long (RR 1.68, 95P417-2.66), and
a slightly stronger effect for urethras less than 1.5 centimetergR#n@.21, 95%CI: 1.33-3.67).
A greater than moderate degree of scarring or a small bladder wasigssbaath almost twice

the risk of failure to close the fistula (RR 1.77, 95%CI: 1.19-2.64).

In the model representing WHOQO's classification system, having grtbate one urinary fistula,
scarring, involvement of the urethra / continence mechanism, extensivedassage and
having had a prior repair were all independent predictors of failure to clofisttitee \Women
with more than one urinary fistula had almost twice the risk of repair faitungared with
women with a single fistula (RR 1.96, 95%CI: 1.24-3.06). Patients with involvement of the
urethra / continence mechanism had over one and a half times the risk of failosetthel
fistula than women without (RR 1.65, 95%CI: 1.28-214). Finally, women with exterssve ti
loss had almost twice the risk of experiencing failure to close the fisgtolpared to women

with no or minimal tissue loss (RR 1.72, 95%CI: 1.17- 2.54).

Finally, we developed a new multivariate model, based on factors found to becargnifi

predictors of failure to close the fistula in other classification systenaspther factors not
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included in other classification systems that were found to predict failures® ttie fistula at a
p-value less than 0.20 in bivariate analysis (Table 3.3). Due to the high intéatcamrbetween
duration of fistula and prior repair, the inclusion of the latter factor (rather thahatuof the
fistula) in existing classification systems, and fewer missing obsenggthree as opposed to
367) we included prior repair rather than duration of fistula repair in our model. $imila
moderate and extensive tissue loss and moderate and extensive scarringhigoirelated in
our dataset; we included “moderate or extensive scarring” in our final medemay be more
objectively measured than loss of tissue, and unlike tissue loss, has been evaluated in prior
studies. We also excluded involvement of the closing mechanism: first, this eavebl

collinear with the variables partial and complete urethral involvementndlcdclosing
mechanism” is not a commonly used anatomical term, and may be understood as dameage to t
urethral sphincter, or to the combination of anatomical structures that contalmatetinence,
including a functioning urethral sphincter, quiescent bladder, and functioning muscialofas
supports’ Thus, it is possible that some surgeons in our study may not have characterized a
woman as having a damaged closing mechanism if the urethral sphincter widsuntther
components of the continence mechanism were damaged, leading to an underestmsate of t
measure. We also excluded helminthiasis, since presence of this comorbidticites

through an open-ended question about other comorbidities at baseline, and was onlyireporte
one country. Other variables included in this model were fistula size, the preseeceotic
tissue, lack of visibility of the cervix, bladder size, and the component of Waaldijk’s
classification system “ureteric and other exceptional fistulas.erAé&moving variables that did
not retain statistical significance after adjusting for other factoesfinal model contained

greater than one fistula (RR 2.05, 95%CI: 1.28-3.29), moderate or severe JERihG7,
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95%Cl: 1.12-2.19), partial urethral involvement (RR 1.39, 95%CI: 1.05-1.84), and complete
destruction of the urethra or transection / circumferential injury (RR 2.37, 952&013.11)

(Table 3.4).

Validation and comparison of complexity scores

Based on the above models, and adjusted RRs generated for the individual claassfysé&m
components, we created a scoring system for each classificatiom sy&tese scores were
applied to the validation cohort in order to plot ROC curves (Figure 3.1) and derive
corresponding AUCs (Table 3.5). The Waaldijk classification had a 51% propabitibrrectly
distinguishing patients whose fistula failed to close from those whose fistudaswccessfully
closed (95%CI: 0.49-0.52). The Tafesse, Goh and WHO systems, and the proposedligmpirica
derived score had similar (p=.47) discriminatory values: AUC 0.60 (95%CI: 0.55-8186)

0.62 (95%Cl: 0.57- 0.683UC 0.63 (95%ClI: 0.57-0.68), and AUC 0.62 (95%CI: 0.56-0.67),

respectively

Discussion

We transformed four existing classification systems into prognostiesa order to compare
their discriminatory value for fistula prognosis. Few components of thedraglassification
system predicted repair outcomes, suggesting that fistula location algrevealimited
prognostic utility. The Waaldijk system fared less well than those of 3gf&oh and WHO in
terms of predicting fistula closure. However, our ability to test dijk& classification system,

and particularly to test the influence of Type 2 fistulas and correspondingesydroas, was
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limited by the small number of patients meeting the criteria of “closichamism
involvement.” Indeed, the small proportion of women with involvement of the closing
mechanism found in this study is in stark contrast to the majority of patieetpuoaed as
having Type 2 fistulas in other studigs‘?and may result from varying definitions of “closing
mechanism” across surgeons. However, unlike the study of the Waaldijk clgsifisystem
conducted by Raassen and colleagues, which found no significant predictors otdaslose
the fistula 14 days following surget§we found that Type2aa and Type2Bb fistulas

significantly predicted repair failure.

The scores derived from Tafesse’s, Goh’s and WHO'’s classificaticensystemonstrated
stronger discriminatory ability in our dataset, though our analyses indpatiectial for
simplification. As categorized in the Tafesse classification systenfour “Class”
subcomponents imply that the joint effect of prior repair and circumferentiayion repair
outcome differs from the independent effects of each of these factors. Howesveig not
appear to be the case in our dataset: when we tested for evidence of mutgphtaraction the
cross-product term for prior repair and circumferential fistula was goffisant, and the effect
estimate for the variable representing “Class 4" fistulas (the jdedtedf both factors) is not
consistent with the effect that would be expected if the joint effect of both facsrsither
super-additive or super-multiplicative. Thus, it may be sufficient to acamiyfor the
independent effects of prior repair or circumferential fistula, as is done itas#fication
system presented by the WHO. Similarly, the Tafesse, Goh and WHO systent®hmgpoonents
with potential for overlap. For instance, each includes the presence of a cientrafdistula

and urethral involvement as unique components of the system, though circumferémiial fis
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are a subtype of urethral involvement. Similarly, the WHO classificayisters component
“non-VVF" overlaps with the components measuring urethral involvement and locatio& of
ureters, since the latter are consistent with urethral and ureteriadistdlhe Goh classification
includes ureteric involvement as a special consideration, though ureterisfrataalso be
captured as under the “Type 1” component, since they are further than 3.5etenstiimom the
external urinary meatus. Such redundancies could be eliminated for the purposkcthgre

repair prognosis.

In addition, several components of the above classification systems did not indelyepreelit
fistula closure. Ureteric involvement, fistula diameter, and mixed RVF/V\dewtical fistulas
were not statistically significant, and prior repair was only maryisaynificant. No other
studies have evaluated the independent influence of ureteric involvement on reqmairesut
Two studies examining the association between fistula size and fistula denkeddo detect a
significant associatiotf’ **and the only study to examine the influence of mixed RVF/VVF on
fistula closure similarly found no associatign.Previous studies have failed to detect an
independent association between prior repair and repair outcomes; howeveluttiese st
examined either residual incontinence following successful repair oneogtinence, rather
than fistula closure, as an outcdmé& %! ?2and thus may not be directly comparable. Similarly,
scarring did not achieve statistical significance after controllingtfter components of the
WHO classification system; this is likely due to the high degree oflatice between scarring
and extensive tissue loss, another component of the system, and the fact thaytrg cat

includes “mild scarring,” which may not influence repair outcomes.
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Measures of urethral involvement (including circumferential defects)isswk loss or scarring
were independent predictors of failed closure in the Tafesse, Goh and WHOssysiem
association between both circumferential fistulas and urethral involvemensana élosure

has been reported in another large study: Nardos and colleagues found that women with
circumferential or urethral fistulas had 1.56 times the odds of closure failur€(98%4-2.59)
compared to those without, and women with complete urethral destruction had 2.29 times the
odds (95%Cl: 1.06-4.75) of failure to close the fistula compared to those without complete
destructiorf® Similarly, extensive tissue loss predicted failure to close the fistidath the
WHO and Tafesse systems, and the model representing Tafesse’s systded r@dose-
response relationship, whereby a higher degree of loss was associata@ateh risk of failure.
While no other studies have examined the association between tissue loss and repagsputc
tissue loss leads to scarring, which has been found to be associated witltlbstuda in
previous studie$> 2 Goh’s Type ii category, defined here as either moderate or seveiagcar
or small bladder, similarly predicted failure to close the fistula. The comptgreater than

one fistula” was unique to WHQO'’s classification system, and was found to becsighéfter
adjusting for other factors in that system. Only one other study has examinddttbesieip

between having multiple fistulas present and fistula closure, and no assocsifouwd’

Our empirically-derived prognostic score achieved a discriminatougamilar to the Tafesse,
Goh and WHO systems. Our system was informed by these systems; howeMedeasifewer
components than are included in the existing classification systems evaluatezbvéd, its
components are non-overlapping and objectively measured, thereby improving likelihood of

inter-observer reliability. For instance, in contrast to the Tafesse andd#aslHication systems,
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which measures both circumferential fistula and urethral involvement, we reédpartial
urethral involvement” and “circumferential fistula or complete destunabf the urethra”
separately, ensuring no overlap between these components. Similarly, wedmokatires of
the presence of scarring rather than the loss of tissue, since it may béoe@&iasure presence
of a factor than its absence. Finally, it is important to remember that whiterhparison
purposes it was necessary to transform existing classification systenscores, no existing
classification systems are currently scoring systems. A prognostetbat is simple and easy
to recall, such as the one proposed here, can be used in the clinical setting, sargesias in
planning a repair and making decisions about patient triage. Such a score can aldddye use
research purposes, to facilitate the statistical adjustment for confoundgrgdnosis of repair,

and enable comparison of results across intervention studies.

None of the systems evaluated here had high predictive accuracy. The highesti#sdtved
in this study ranged from 0.60-0.63; while the discriminatory ability of thersgs¢éealuated is
still greater than chance, an AUC greater than 0.70 is typically corsierepresent good
discriminatory value. The low AUCs in this study indicate that factors inghsal pathway
between fistula characteristics and fistula closure, such as surgeanr gkti-operative

procedures used, may be equally or more important in determining fistula closure

There are some limitations to this study. We tested the extent to whidb-milew-up may
have biased our results by deriving and testing the same classificatiemsyusing fistula
closure at discharge from the facility, rather than fistula closure &tthenth follow up visit

(Appendix E). This analysis generated different results than those obtainadiagdistula
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closure at follow-up. Similarly to the results reported above, there was ovetlsdonfidence
intervals across the three AUCs compared. However, the components of esxistergs that

met criteria for inclusion in a scoring system varied (with neither thddijlaaor Goh systems
containing sufficient operating points for the construction of an ROC curve), as didigfmswe
assigned to components previously included. Our proposed prognostic score contained one new
component (bladder size) and no longer included partial urethral involvement. Nonetheless, it
important to note that prevalence of failure to close the fistula at discli&.§é4d) was lower

than at 3-months following surgery (18.4), and therefore these analyses mapthaleeteased
statistical power for detecting small differences. Moreover, ovetahtion in the study was

high, decreasing the chances of biased results, and long-term surgicalesutcaynprovide

better indication of the quality of the repair. Secondly, the measurestedllechis study are in
some cases approximations of measures included in various classificatemsywhich may

affect our ability to accurately assess the ability of the individual cormpepéthese

classification systems to predict fistula closure. Nonetheless, eve#d to approximate these
measures to the best of our ability. Thirdly, we found that model performance declthe
validation cohort compared to the derived cohort. This may be the result of the Isetatiad
number of failures to close the fistula in the two cohorts, and thus unstable estiragdly,

unlike the other systems tested, the classification system presented by&ghhot explicitly

been stated to have prognostic value (no narrative accompanied the presentatsosysfein);

if this was not the intended purpose of this system, our test of this system’s poyalosi

would lack construct validity.



82

This study also has important strengths. It represents the firspatteempirically evaluate the
discriminatory value of existing systems for classifying the posgs of fistula repair, using data
collected from a heterogeneous sample of patients across severaksoamtrimultiple study
sites. It is also the first attempt to both derive and validate a prognosecustog
epidemiological data. To-date only one other scoring system (containing two {msrmegree
of scarring and extent of urethral dam&yéor fistula prognosis has been developed; this score
was developed as an informal exercise, and the authors characterizayitaulinited due to
small sample size and the limited number of components examined. The currentlatgdy’s
sample size enabled the use of a split-sample design, used to validate the proguetsioma
dataset independent of the one used to create the models, thereby decreakidhtoal lof
biased measures of classification system perform#nEerther, its prospective nature allowed

for the assessed of both short-term and long-term repair outcomes.

We have demonstrated that while many of the components comprising existirfgcatass
systems predict repair outcomes, existing systems can be consicangtified for prognostic
purposes. Further, we have proposed an empirically-derived prognostic score wibatesom
elements of the two most discriminatory systems into a single simple andbjecgve
measure. These results thus represent an important step towards the developsiegteof a
standardized fistula classification system. Further research iantearto validate our findings
among other populations of fistula patients, compare the inter-rater and intneeliat®lity of
the above systems, and to evaluate additional classification systems whpsaeots we were

not able to measure.



Table 3.1: Comparison of derived and validation cohort on baseline charactetiss and
repair outcome

Tot al Derived cohort Val i dati on cohort
N (% N (% 9
Tot al 1274 ( 100) 637 ( 100) 637 ( 100)
Rural residence 1088 (86.1) 546 (86.4) 542 (85.8)
Mean age 28.2 (11.0) 28.2 (11.1) 28.1 (11.0)
> Primary education 267 (21.0) 120 (18.9) 147 (23.1) *
Years with fistula 3.3 ( 5.5 3.4 ( 5.6) 3.2 ( 5.4 *
Previous repair y/n 294 (23.1) 149 (23.4) 145 (22.9)
Type of fistula reported
WF only 1229 (97.1) 622 (98.3) 607 (95.9) >
RVF and VVF 37 (2.9 11 ( 1.7) 26 (4.1
Current marital status
single 23 ( 1.8) 10 ( 1.6) 13 ( 2.1)
married / as if married 830 (66.1) 403 (64.4) 427 (67.8)
w dowed 61 ( 4.9) 34 (5.4 27 ( 4.3)
di vorced or separated 341 (27.1) 178 (28.4) 163 (25.9)
ot her 1 (0.1 1 ( 0.2 0 (0.0
Parity 3.4 (2.9 3.3 (2.9 3.4 (2.9
Commodi ties in residence
pi ped wat er 288 (22.7) 129 (20.3) 159 (25.0) **
flush toilet 46 ( 3.6) 24 ( 3.8) 22 ( 3.5)
electricity 256 (20.1) 119 (18.7) 137 (21.5)
radi o 881 (69.2) 438 (68.8) 443 (69.5)
TV 199 (15.7) 94 (14.8) 105 (16.5)
nobi | e phone 457 (36.0) 221 (34.7) 236 (37.2)
I and |ine phone 24 (1.9 12 (1.9 12 (1.9
refrigerator 49 ( 3.9) 22 ( 3.5) 27 ( 4.2)
Current ability to meet basic needs
can easily neet needs 327 (25.8) 153 (24.2) 174 (27.4)
can sonmewhat neet needs 660 (52.1) 336 (53.1) 324 (51.0)
can barely satisfy need 281 (22.2) 144 (22.7) 137 (21.6)
Cl osed at discharge 1058 (84.7) 534 (85.6) 524 (84.3)
Closed at 3 mth visit 1041 (81.6) 519 (81.5) 522 (82.0)

*p-value <.05
**p-value <.20



Table 3.2: Derivation of scoring systems for existing classification systems

84

Component Open Closed RR (95% CI) ARR (95% Clyvi Score
N <°/°> N (o/o) vii

Lawson

Juxta-urethral 24 (20.5) 105 (20.4) 1.16 (0.85-1.60) 0.95 (0.61-1.46) -

Mid-vaginal 20 (17.1) 172 (33.2) 0.57 (0.37-0.89)** 0.55 (0.33-0.90)** -2

Juxta-cervical 20 (17.1) 87 (16.9) 0.94 (0.61-1.46) 0.81 (0.56-1.18) -

Vault 2 (1.7) 17 (3.3) 0.66 (0.34-1.26)** 0.57 (0.27-1.20)* -

Massive combination 2 (1.7) 5 (1.0) 1.78 (0.70-4.45) - -
Waaldijk

Type 1 Not involving 101 (84.9) | 490 (94.8) Ref Ref -

closing mechanism

Type 2 Involves closing 18 (15.3) 27 (5.2) 2.42 (1.85-3.15)** Ref -

mechanism

Type 2Aa Without 8 (6.8) 9 (1.7) 2.42 (1.48-4.00)** 2.70 (1.79-4.08) ** | 3

(sub)total urethra

involvement without

circumferential defect

Type 2Ab Without 6 (5.1 13 (2.5) 1.89 (0.85-4.19)* 1.67 (0.82-3.37)* -

(sub)total urethra

involvement with

circumferential defect

Type2Ba Wifh (sub)total 1 (0.9 3 (0.6) 1.63 (0.71-3.75) 1.69 (0.70-4.08) -

urethra involvement

without circumferential

defect

Type2Bb Wifh (sub)total 2 (1.7 1 (0.2) 3.73 (2.77-5.04)** 3.50 (2.26-5.42)** 4

urethra involvement with

circumferential defect

Type 3 Ureteric and other | 39 (33.1) 128 (24.7) 1.41 (0.90-2.21)* 1.31 (0.82-2.12)* -

exceptional fistulasVii

Small <2 27 (23.7) 143 (29.1) Ref Ref -

Medium 2-3 49 (42.6) 254 (61.7) 0.91 (0.62-1.37) 0.95 (0.65-1.38) -

Large 4-5 31 (27.0) 75 (15.3) 1.59 (1.06-2.38)** 1.38 (0.97-1.97)* -

Extensive> 6 7 (6.1) 22 (4.5) 1.20 (0.54-2.69) 1.17 (0.61-2.23) -
Tafesse

Class 1 Non- 50 42.4) 352 (67.8) Ref Ref -

circumferential, not

previously operated

Class 2 Non- 28 (23.7) 98 (18.9) 1.63(0.97-2.73)** 1. 73 (0.93-3.23)* -

circumferential, previously

operated

Class 3 Circumferential, 29 (24.6) 57 (11.0) 2.58 (1.44-4.63)** 1.95 (1.05-3.62)** | 2

not previously operated

Class 4 Circumferential, 11 (9.3) 12 (2.3) 3.14 (1.85-5.35)** 2.28 (1.27-411)* | 2

previously operated

| No urethral 12 (11.9) 116 (25.4) Ref Ref -

involvement (urethral

length>4cm)

Il Urethra involved but not | 47 (46.5) 182 (39.9) 2.56 (1.39-4.72)** 1.86(1.27-2.74)** 2

middle 1/3 (2.7-3.9 cm)

V' Risk ratios are adjusted for all other componeftdassification system tested

"' Scores were derived by rounding adjusted risk tatinearest whole number

Y This category includes mixed vesicovaginal andonesminal fistula, cervical and ureteric fistuldrethral fistula are excluded
from this category since these are measured by otimponents, and uniquely rectovaginal fistulasx@uded since our
analyses examine closure of urinary fistula
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Component Open Closed RR (95% CI) ARR (95% Cl)vi Score
N (%) N (%) vil

Il Middle 1/3 partly 34 (33.7) 142 @31.1) 2.60 (1.26-5.36)** | 1.35(0.67-2.72) -

involved (1.4-2.6 cm)

IV-V Middle 1/3 8 (7.9 16 (3.5) 4.46 (1.99-9.98)** 2.17 (1.10-4.29)** 2

completely involved or no

urethra

b-c Longitudinal diameter | 44 (40.7) 119 (24.4) 1.99(1.23-3.22) ** | 1.19 (0.78-1.80) -

of bladder < 7 cmx

< 50% of anterior vagina 34 (28.8) 292 (56.5) Ref Ref -

involved

> 50% of the anterior 53 (44.9) 190 (36.8) 1.56 (0.99-2.48)** 1.57 (1.21-2.04)** 2

vagina wall involved

Obliterated vagina 31 (26.3) 36 (7.0) 3.16 (1.99-5.02)** 2.64 2.17-3.21)*" 3

Goh

Type 1 Distal edge of the | 20 (18.3) 165 (32.9) Ref Ref -

fistula >3.5 cm from

external urinary meatus

(EUM)

Type 2 Distal edge of the | 47 (46.5) 180 (39.5) 2.58 (1.43-4.65)** | 2.04 (1.60-2.61)** 2

fistula 2.5-3.5 cm from EUM

Type 3 Distal edge of the | 27 (26.7) 120 (26.3) 2.43 (1.18- 5.03)** | 1.68 (1.07-2.66)** | 2

fistula 1.5-<2.5 cm from

EUM

Type 4 Distal edge of the 15 (14.9) 37 (8.1) 4,03 (1.90- 8.57)** | 2.21 (1.33-3.67)** 2

fistula <1.5 cm from EUM

a Size <1.5cm 21 (18.4) 107 21.7) Ref Ref -

b Size 1.5-3cm 49 (43.0) 273 (565.5) 0.88 (0.57-1.37) 0.74 (0.48-1.12) -

C Size >3 cm 44 (38.6) 112 (22.8) 1.58 (0.95-2.64)" 0.91 (0.63-1.33) -

i. None or only mild Ref Ref Ref Ref -

fibrosis, and/or vaginal

length >6cm, normal

bladder capacity

i Moderate or 75 (63.6) 216 41.6) 1.98 (1.22-3.23)** 1.77 (1.19-2.64)** 2

severe fibrosis, and/or

reduced vaginal length

and/or bladder capacity

ii. Special 73 (61.9) 218 (42.0) 1.83 (1.04-3.21)** 1.49 (0.86-2.57) -

considerations, e.g. post-

radiation, ureteric

involvement,

circumferential fistula,

previous repair

WHO

>1 fistula 16 (13.6) 24 (4.6) 2.12 (1.38-3.26)*" 2.13 (1.27-3.56) 2

Site (mixed wvf rvf or 8 (6.8) 47 (9.1 0.74 (0.53-1.04)* 0.83 (0.57-1.21) -

cervical fistulox)

Size (diameter >4 cm) 38 (33.3) 95 (19.3) 1.66 (1.10-2. 50)** | 1.13 (0.85-1.51) -

X Categories IV (Middle 1/3 completely involved Isame urethral tissue remains (urethral length sf)) and V (no urethra)
were collapsed due to the presence of only 1 waméme latter category
X Categories b (Longitudinal diameter 4-7 cm) arfdangitudinal diameter <4 cm) collapsed and equatitd “small” or “no

bladder” in our dataset

X'In this category are included mixed vesicovagaral rectovaginal fistula and cervical fistula. brel fistula are excluded
from this category since these are measured byaimponent “involvement of the urethra / continemeehanism.” Ureteric

fistula are excluded as they are measured thrcughariable “ureter involvement” and uniquely re@tginal fistula are

excluded since our analyses examine closure onyrifistula
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Component Open Closed RR (95% CI) ARR (95% Cl)vi Score
N (%) N (%) vii

Involvement of the 72 (61.0) 192 (37.1) 2.04 (1.52-2.76)** 1.80 (1.28-2.54)** 2

urethra / continence

mechanism

Scarring 94 (79.7) 386 (74.5) 1.30 (0.94-1.80)* 0.99 (0.66-1.48)

Circumferential defect~ 40 (33.9) 69 (13.3) 2.32 (1.64-3.30)**

Extensive tissue loss 31 (26.3) 35 (6.8) 2.64 (1.83-3.80)** 1.90 (1.38-2.62)* | 2

Ureter involvementxii 32 (27.4) 87 (16.9) 1.64 (0.97-2.76)* 1.12 (0.73-1.73) -

Previous repair 39 (33.1) 110 (21.2) 1.43 (1.07- 2.04)** 1.38 (0.96-1.98)*

**p-value <.05
*p-value <.20

Table 3.3: Additional variables for consideration in a prognostic classifican system
Component Open Closed RR (95% CI)

N (%) N (%)
Patient characteristics
Age > 25 65 (65.1) 241 (46.4) 1.10 (0.77-1.56)
Duration of fistula (average years, | 6.5 (8.3) 3.0 (4.7) 1.04(1.03-1.06)**
sd)
Comorbidities present at baseline
Genital cutting 35 (29.7) 99 (19.2) 1.31 (0.88-1.95)
Malnutrition 8 (6.8) 31 (6.0) 1.01 (0.46-2.22)
Anemia 9 (7.6) 36 (6.9 0.88 (0.62-1.24)
UTl 0 (0.0) 2 (04) -
HIV 0 (0.0) 2 (04) -
Malaria 1 (0.8) 3 (0.6) 0.93 (0.33-2.66)
Helminthiasis 20 (16.9) 54 (10.4) 1.21 (1.10-1.33)**
Fistula characteristics not included in above classification systems
Necrotic tissue present 16 (13.7) 46 (8.9) 1.33 (0.61-2.86)
No or mild scarring 51 (43.2) 356 (68.7) Ref
Moderate scarring 43 (36.4) 133 25.7) 1.74 (1.08-2.82)*"
Severe scarring 24 (20.3) 29 (5.6) 3.27 (1.91-56.68)**
No urethral involvement 46 (39.0) 326 (62.9) Ref
Partial urethral involvement 30 (25.4) 119 (23.0) 1.52 (1.12-2.07)*
Complete destruction or 41 (35.0) 72 (14.0) 2.65 (1.87-3.76)**
transection / circumferential injury
Non-wvf (ureteric, urethral, 78 (66.7) 266 (61.6) 1.71 (1.19-2.44)**
rectovaginal, cervical fistula)
Cervix not visible 27 (22.9) 79 (156.4) 1.43 (0.89 -2.72)*

**p-value <.05
*p-value <.20

Table 3.4: Proposed fistula prognostic score

Component ARR (95% CI) Score
>1 urinary fistula 2.05 (1.28-3.29) 2
Moderate or severe scarring 1.57 (1.12-2.19) 2
Partial urethral involvement 1. 39 (1.05-1.84) 1
Complete destruction or 2.37(1.80-3.11) 2
transection / circumferential injury

Xi This variable was not included in multivariate lgsis since circumferential fistulas are a typeiadthral involvement,
captured by another component of the system

Xiii

ureteric involvement was included here to avoidriayewith the variable “non-vvf”

This variable is a proxy for the WHO variable “wet draining into the vagina or at edge of thail@t non-specified




Table 3.5: Performance of selected classification systems
Derived cohort Validation cohort
Scoring Proportion failed C-statistic Proportion failed C-statistic
system closures (95%Cl) closures (95%ClI)
Waaldijk 0.53 (0.51- 0.56) .51 (0.49-0.53)
0| 108/616 (17.53%) 110/616 (17.83%)
3 | 8/17 (47.06%) 3/12 (25.00%)
4| 2/3 (66.67%) 2/5 (40.00%)
Tafesse 0.66 (0.61-0.71) .60 (0.55-0.65)
0] 16/184 (8.70%) 16/188 (8.51%)
2 | 38/253 (15.02%) 47/224 (20.98%)
3 | 64/200 (32.00%) 52/225 (23.11%)
Goh 0.62 (0.57-0.67) 0.62 (0.57- 0.68)
0 | 14/141 (9.93%) 18/141 (12.77%)
2 | 44/275 (16.00%) 33/274 (12.04%)
4 | 60/221 (27.15%) 64/222 (28.83%)
WHO 0.69 (0.64-0.74) .63 (0.57-0.68)
0 | 32/337 (9.5%) 44/351 (12.54%)
2 | 54/233 (23.18%) 44/215 (20.47%)
4 | 32/67 (47.76%) 27/71 (38.03%)
Proposed 0.70 (0.65-0.75) .62 (0.56-0.67)
0 | 23/277 (8. 30%) 32/271 (11.81%)
1110/78 (12. 82%) 16177 (20.78%)
2 | 29/121 23.97%) 24/147 (16. 33%)
3 | 56/161 (34.78%) 43/142 (30.28%)

Figure 3.1: ROC curves - derived cohort
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Figure 3.2: ROC curves — validation cohort
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Abstract

Few studies have examined the comparative effectiveness of different pativapprocedures
on urinary fistula surgery outcomes. Abdominal (versus vaginal) route of repair ged lon
duration of catheterization are of particular importance given their pattessociation with
longer-term hospitalization, hospital-associated infection, and increasedifhand human
resource requirements. Using data collected from 1274 women with urinaly Wigto
presented for repair at 11 study sites in sub-Saharan Africa and Asisgdvstarsdard
multivariable regression and propensity score matching to examine 1) fafioescing route
of repair and the duration of catheterization, 2) the influence of route of repair ahdrdafa
catheterization on fistula closure three months following surgery independentoattiowlifor
repair or repair prognosis, and 3) whether indication for the procedure or fisigteopis
moderates the influence of each of these procedures on repair outcomestionfdican
abdominal route of repair (limited vaginal access due to extensive scartisguerloss, genital
infibulation, ureteric involvement, or trigonal, supra-trigonal, vesico-uteninetracervical
location, or other abdominal pathology) was independently associated with abdauieaifr
repair (adjusted risk ratio (ARR) 13.33, 95%CI: 4.61-38.56); the majority of women undgrgoin
abdominal repair met common indications for such an approach. Each unit increase in
prognostic score was associated with 1.07 times higher likelihood of cathesarizd# days
(95%CI: 1.00-1.13), after adjusting for facility, surgeon experience, othelafisharacteristics
and route of repair. Vaginal route of repair was independently associated widsatcresk of
failure to close the fistula, relative to abdominal route of repair (ARR 2392ClI: 1.11-1.81);

however, stratified analyses suggested that risk may be elevated anmaeg who meet
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common indications for abdominal route of repair. Duration of catheterization > 14 days wa
associated with failure to close the fistula, after adjusting for sgirepair prognosis and

surgeon experience (ARR 1.62, 95%CI: 1.16-2.26); this association persisted in the fyropensi
score-matched sample. Residual confounding by indication and reverse causation cannot be

excluded as explanations for this finding.
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Introduction

Vaginal fistula is predominantly a childbirth-associated morbidity, whettedypressure of the
fetus’s head during obstructed labor creates an abnormal passage betweeanagladder or
between the vagina and rectum, resulting in urinary or fecal incontinencehormstulas
resulting in urinary incontinence are most common, and are often referred to agfisinkas.
While the majority (80-95%) of urinary fistulas can be closed surgité#fig, success of repair
depends on characteristics and severity of the fistula, surgidthnand likely the surgical
methods used. Most fistula surgeons have developed their own methods through experience;
thus, pre-, intra- and post-operative procedures vary widely across surgeonslitied.facew
studies have examined the comparative effectiveness of different perinaparrventions
related to the surgical management of urinary fisttifds Two procedures in particular,
abdominal route of repair and extended duration of catheterization following repaif, ar
critical research interest: each of these procedures is assodidtéohger-term hospitalization,
and therefore a potentially elevated risk of nosocomial infection, particutamary tract

infection (UTI), and increased financial and human resource requiretnents.

Recommendations vary with regard to whether a vaginal or abdominal surgicaapphould
be used for fistula repair. Vaginal approaches are generally thaughtappropriate for any
fistula located between the bladder and the valfifawith some full-time fistula surgeons
claiming to be able to repait! fistulas by the vaginal rout8. However, abdominal approaches
are also often considered to be most appropriate for “complex” fisttfasjth published

indications for an abdominal route of repair including the following: a small itgmaigoorly

' The term “surgeon” is used here to refer to tividual conducting the surgery, rather than thiviidual's
medical training
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compliant bladder which requires bladder augmentafidi;*fistulas involving or close to the
ureteric orifice (particularly if ureteric reimplantation is reed)*> *” ®vaginal stenosis or
other factor inhibiting adequate vaginal exposure of the fistuta;*®size® trigonal or
supratrigonal location? intracervical locatiort® and concomitant abdominal patholdgy.
However the choice of surgical approach remains to some extent a matter of surgeoengeef

or training}” *°and experience of the surgical tedm.

Three studies,’ all retrospective study designs, have examined the association betweeri route o
surgery and repair outcomes. Kriplani and colleatfcesid a significantly higher proportion of
success among fistulas repaired vaginally in their sample of 34 women. Chigbuleaguss,

in their sample of 78 women with juxta-cervical fistulas (which can be appiadher
vaginally and abdominalty, found a higher proportion of success among women repaired
abdominally (84.3%) compared to vaginally (77.8%); however, this difference was not
statistically significant. Finally, Morhason-Bello and colleegiifound no statistically
significant differences in continence (closed fistula with no residual incocth)@cross 71
cases of mid-vaginal fistula (with no fibrosis or evidence of infection, uratht@dhdder neck
involvement and without more than one previous repair) repaired either abdominally or
vaginally; continence rates were 78.3% versus 80.0%, respectively. All thdeessvere likely
underpowered to detect small differences, and examined only unadjusted assdtiatiayis

the latter two studies restricted the sample by type of fistula). Only Mor2allo and
colleagues examined indications for vaginal versus abdominal or mixed vagirsddordinal

route of repair, though these were limited due to the strict inclusion cetepioyed. No
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studies have examined the association of route of repair on repair outcomedjadtargafor a

range of patient and fistula characteristics.

Similarly, evidence to support the benefit of either short or long-term catagien following
urinary fistula repair surgery is lacking. The bladder is often anebdotaisidered to heal
better “at rest” (i.e. when it is not filling and emptyirig}> which may justify implementing
longer catheterization for cases with worse prognosis. However, the duratatheterization
is informed by convention rather than empirical evidence: no studies have detedrtbiea
benefit of any duration of catheterization with regard to bladder healing fatlowinary fistula
repair surgery, or indeed, any type of gynecological surgery, and no basmqigsstudies on
the dynamics of wound healing in the bladder after fistula repair have beeshpdblin
practice, duration of catheterization following pelvic surgery varies widelgcent survey of 40
fistula surgeorfs found that catheterization durations ranged from 5 to 21 days. To date, only
one study has been published on duration of catheterization following obstetric fisdeys
and repair outcomesthis was a retrospective record review. While the authors found no
difference in the proportion of repair breakdown across patients catheteniz®, 12, and 14
days, the conclusions that can be drawn from this study are limited, as duration was
demonstrated to be influenced by severity / complexity of the fistula, onlydisvanalyses

were conducted, and the study was likely underpowered to detect signifi¢ardrdiés.

A shared limitation of the studies examining route of repair and duration oferah&on was
the lack of adjustment for the potential imbalance of a range of prognasticefe across

comparison groups, also termed “confounding by indication.” In an observationgltsieid
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indication for a treatment may act as a confoude¥or instance, a patient’s urinary fistula may
have certain characteristics which indicate the need for an abdominal roepaiof and these
characteristics may also be associated with a poor repair prognositarl@jithie severity or
prognosis of a patient’s condition may lead a medical provider to assign momreugigloerapy
(e.g. longer duration of catheterization). Consequently, treatments resertleas®with a poor
prognosis will be statistically associated with worse outcomes, even whieadtment itself is
beneficial® While observational studies typically rely on methods such as statisticatraent
to minimize differences between comparison groups, such selection bidenesg amenable to
standard ways of accounting for confoundifgMlethods of controlling for non-comparability of
comparison groups, such as disease severity scores, may not encompadgytiod tathors
(including a provider’s clinical intuition) that may influence both a providertssttan to

administer treatment, as well as eventual repair outcomes. This woutdrresabmplete

adjustment and residual confounding.

Propensity score matching has been proposed as a method particularly suiteddotrtief
confounding by indication. These methods are used to approximate the context of a rahdomize
trial, insofar as treatment groups are comparable on measured confountbng f&ropensity

score matching may thus minimize selection bias, since it maximizesrhgarability of

individuals on a set of observed variables that may influence the provider’s decision to
administer the treatmefit. Importantly, however, propensity score matching cannot ensure

comparability on unmeasured confounding factors.
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Against this background, we used data from a multi-country observational cohort study to
elucidate the relationship between route of repair and duration of catheter@afistula
closure. Our first aim was to evaluate which factors predicted both route of agbduration
of catheterization, including the extent to which the choice to undertake these peedsdu
influenced by either indication for, or prognosis of, repair. Secondly, we aimedninexte
influence of route of repair and duration of catheterization on fistula closure, using both
propensity score matching and standard multivariable regression analysisuntdoc potential
confounding. Our third and final aim was to evaluate whether the effect of eackeof the

procedures on fistula closure varied by fistula prognosis or indication.

Methods

Study participants

Between September 2007 and September 2010, 1,389 women presenting for fistula repair
services at 11 study sites in Uganda, Guinea, Niger, Nigeria and Banglatestrwolled in the
study, 1329 of whom underwent urinary fistula repair. Of the women who did not undergo
urinary fistula repair, 25 underwent repair for rectovaginal fistula @mg (vere therefore
excluded from these analyses), andM@Bnen were referred to other facilities, did not have
surgery for medical/safety reasons, or were treated by cath8terjzhese women were evenly
distributed across all facilities. Retention was high, with 95.9% of women retdaniag
follow-up visit; the 1274 women retained constituted the study sample for thesgesnalyhe
study received national institutional review board (IRB) approval in Niggganda, Guinea,

and Niger; local (facility-based) ethical review was conducted at two @ tacdities in
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BangladesH. All patients provided informed consent (consent was signed or indicated via

thumbprint if the patient was not literate).

Study procedures

Prior to surgery, women reported on sociodemographic characteristics andobistietry.
Information was also collected on comorbidities and any medical care prowidbede
comorbidities. At the time of surgery, detailed information was collected ahatdacteristics of

the fistula, intra-operative procedures performed and surgical outcomes. Folibevsggery

but prior to discharge, women were queried about post-operative care provided, and jajischa
information about surgical outcomes was once again collected. Participanasieteo return
three months following the surgery, at which point a clinical evaluation was codda@ssess

surgical outcomes.

Measures

Aim1. Our first aim was to evaluate which factors independently predicted both roefeaof
and duration of catheterization. The primary outcome measures for this ainmuvggcalgoute
and duration of catheterization. Three possible surgical routes can be used: Viagominal,
or combined. Since we were interested in abdominal route of repair, irrespectivetbér it
was used in combination with a vaginal approach, this variable was dichotomizéetias e
“abdominal / combined abdominal and vaginal” (hereafter referred to as “abdgromal
“vaginal;” results of analyses excluding those with a combined route of repahawn in

Appendix J. Duration of bladder catheterization was measured by subtractingpttoededate

" The Bangladesh Medical Research Council (BMRC)nditideem it necessary to review the protocol gihen
study’s observational nature. One of three stutdy svas not interested in subjecting the studyomal to ethical
review.



101

of catheter removal from the date of the surgery; duration of cathetenixeds first categorized
as <4 days, 14-21 days, and >21 days. Due to homogenous effects in the two longer duration
categories, these categories were collapsed, and we present andlysagheterization

duration categorized dichotomouslylédays or >14 days).

The potential predictors of both abdominal route of repair and duration of cath&ierizat
included patient characteristics, fistula characteristics, surgeon experpre- and intra-
operative procedures and site. Patient characteristics assessed iageiflederence=25 years
or less), years living with the fistula, marital status (currentlyrieérersus unmarried), rural
residence, education (reference=less than primary education), pagteiied=3 or less) and
whether or not the patient had previously undergone surgery for the fistula. Cditresbi
assessed included malnutrition (as determined through either skin-fold mearsttemdy mass
index or visual assessment), anemia (as determined through either hemogklbhrelmatocrit
or visual assessment), UTI (measured using clinician report), urine-thdan&ct dermatitis,

fever, foot drop, and type of female genital cutting (FGC) present, if any.

Fistula characteristics assessed included bladder size, fistulangidecation. Bladder size was
dichotomized as small versus normal or distended (as defined subjectively bygéeng, and
fistula size was dichotomized at 4 centimeters or greater. A compositel&aegpresenting
ureteric involvement was created, and defined as ureteric or ureterohagmi@n, or if ureters
were described to be draining into the vagina or at the edge of the fistulthralUirevolvement
was categorized as “partial” (urethra involved but not completely destayteansected), and

“complete destruction or transection.”
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For analyses examining predictors of route of repair only, we evaluatdfitrence of fistula
location in particular on choice of surgical route. Locations assessed inclsiteg werine,
mid-vaginal, juxta-cervical, intra-cervical, trigonal, supra-trigonal, andty Based on
published indications for abdominal route of repair and factors plausibly indicafivatefl
vaginal access and significantly associated with abdominal route afirepar data, we created
a composite variable representing “abdominal repair indicated.” Spéyifités variable
comprised the following indications: presence of extensive scarringsaetloss, ureteric
involvement, trigonal, supra-trigonal, intra-cervical or vesico-uterineimgattoncomitant

abdominal pathology, and female genital infibulation.

For analyses of duration of catheterization only, we examined the influenceulaf fegtair
prognosis, measured using a prognostic score described in detail in Chapteré, tinebscore
comprises the following variables, all independent predictors of fistularelosresence of
scarring, partial urethral damage, complete urethral damage / transaod greater than 1
fistula. Each variable / component was assigned a weight, corresponding to tedadklesratio
in the final multivariate regression model used to predict fistula closure. Tes\d the score
range from 0-3, with a higher score representing worse prognosis. In additiamjividual

components of the score were also individually assessed.

Surgeon experience was measured by the number of complex repairs tbe sepgeted ever
conducting; complex was defined subjectively, and the number of such repairsasrmized

at 200 complex repairs or greater. Variables related to the context of thamelpaied whether
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the repair was conducted as part of a training session and whether it wasexbadyzrt of
outreach or within a camp. The 11 sites were collapsed into 7 categories to hel@gamste
sparse cell sizes. Thus, a site in Bangladesh conducting only 5 repairs veasecowith

another site in the same country which had conducted 48 repairs. Similarly, eachitdsin
Niger were combined with sites in Nigeria: site E (n=72) was combin&dsitéts G (n=57) and

| (n=151), and site F (n=93) was combined with site H (n=208); this was done becaugé the hi
collinearity between individual sites and the primary procedures of intergshf participants

at sites E, F, I, and C underwent abdominal route of repair, and no participargs Btasid G
were catheterized for 14 days or less) inhibited the estimation of dffettese sites. The

remaining 5 sites were examined as individual units.

Aim 2. Our second aim was to examine the influence of route of repair and duration of
catheterization on fistula closure. The primary exposure measures fecondsaim were route
of repair and duration of catheterization, as described above. The primary outcasoeenier
both analyses was fistula closure three months following the surgery, whieedistula was
characterized dichotomously as either “closed” or “open.” The main mechanassesising
fistula closure was through a pelvic exam and dye test. For 186 women (14.6%sdficas
which no pelvic exam was conducted, fistula closure was determined using thenflcests

the client have continuous and uncontrolled leakage of urine,” asked of everytdientraee-
month follow-up visit; this question has been used in household-based Demographic #md Heal
(DHS) survey¥' to differentiate between fistula and other forms of incontinence, which are
unlikely to be continuous and uncontrolled. Outcome misclassification was unlikeby, sinc

women with continued urinary leakage are eager to report their experieribe surgeon in
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order for the condition to be rectified; further, all cases where the dry testegative but the
patient reported continuous and uncontrolled leakage of urine were verified to exclude the
possibility of an unclosed ureteric fistula or other outcome misclestsifiic At the two sites
where pelvic exams were not routinely conducted at follow-up, any patient ¢ommglaf
leakage of urine underwent a pelvic exam. In the event that a participant higdenfigtulas,
closure refers to closure of all fistulas. For two women with multiplel&ist the surgery
represented the first of a staged repair, and their fistulas wereotisidered “closed” despite

continued leakage from the remaining fistulas.

Potential confounding variables eligible for inclusion in each model were thosesfact
associated with the procedures in question as well as fistula closure. tloradde propensity
score models for duration of catheterization matched participants on intra- aiop@adive
procedures. Intraoperative procedures included use of Martius flap interposgititypie of
suturing technique (double versus single-layer bladder suture), and route of riépatr
operative procedures were use of an open versus closed bladder catheter drsi@agansy

post-operative prophylactic antibiotic use.

Aim 3. The third aim assessed whether indication for an abdominal approach is an effect
modifier of the relationship between route of repair and fistula closure, ande~hepair
prognosis modifies the relationship between duration of catheterization and fistulieerwe
also show the relationship between route of repair and fistula closure stratifiegollr
prognosis in Appendix I. For the latter analyses, the prognostic score was dizkdtata

score greater than or equal to 1 (reference=<1); the threshold of 1 was chibseaiEs the
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optimal threshold based on the balance between true and false positives, as calgti@ted b

Youden IndexX® (Appendix 1) and also represented the median percentile of observations.

All continuous variables that did not have a linear effect with respect to the e@ucer
categorized in a manner that preserved parsimony and ensured homogeos#g@ata; these
variables include duration of bladder catheterization, age, parity, fistelaasid provider

experience conducting complex repairs, as discussed above.

Statistical analyses

Bivariate analyses. Patient and site-level correlates of route of repair and catheterizatatrodur
were compared using t-tests for continuous variables and Chi-square testsrts Exstue tests
(where cell sizes were less than 5) for ordinal or dichotomous variables. tRiskaral
corresponding 95% confidence intervals (Cls) were generated using thehlogark function

and binomial distribution specification in SAS PROC GENM8D.

Characteristics of patients whose fistulas were closed at the 3 month tileisit were
compared to those whose fistulas were not closed using risk ratios (RRs) aspgaratiieg 95%
confidence intervals (CIs); these were derived using Generalized Esgriafuations (GEE),

accounting for clustering of patient outcomes within facilities.

Multivariate analyses. We first assessed independent predictors of abdominal route of repair,
and duration of catheterization longer than 14 days, using two separate multivariade mode

log-binomial models were once again used to generate RRs. Variabige éiginclusion in
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the models were conceptually associated with the procedure and sthtiaisatiated (p-value
<0.20) with the procedure in bivariate analysis. In the event that variables wergttiyo hi
correlated only one was included. Thus, parity was measured rather than age, suldebit @
measure of care-giving burden (and thus related to length of hospital stay)alantritiron was
included rather than anemia, since it is a cause of the latter. Duration ofulzedsl bladder
size were excluded because of their collinearity with variables comgptise prognostic score:
the prognostic score was chosen over these measures, since informationion difigtula
was missing for almost one-third of participants, and bladder size is only an apgrori of
bladder capacity, a more accurate measure. Finally, site was nieastead of procedures
(with the exception of the variable route of repair in analyses examining torsdof
catheterization duration) in multivariate analyses, as we hypothesizesitéhaould better
encapsulate unmeasured confounding factors at the site level. Fever and footrdnoptwe

included in the model due to sparse cell sizes.

For our second aim, the evaluation of the independent effect of abdominal route ofn@pair a
duration of catheterization on fistula closure at the three-month follow-up vesginalarly
created separate multivariate GEE models for each of these exposured)eitoggainomial
specification in GENMOD. Where the log-binomial model failed to converge, SASPRO
GENMOD'’s Poisson regression capability with a log link function and robust vanaxe
used®® These models adjusted for factors conceptually associated with both procedure and
outcome, as well as statistically associated (p-value <0.20) with both preseshat outcome in

bivariate analysis.
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For our third aim, we first created product terms to assess multiplicatieraction between
indication for abdominal route of repair and route of repair, and prognosis dfttha f
(categorized as a dichotomous variable as well as linearly) and durat@ihetecization.
However, since the study was likely insufficiently powered to detect thenoeesé effect
modification, we also conducted stratified analyses to visually aseass in effect sizes across
levels of the potential effect modifiers. Analyses of the effect of routeairren fistula closure
were stratified by our measure “abdominal approach indicated,” and analysestiett of
duration of catheterization on fistula closure were stratified by pragrsesire (greater than or
equal to 1). Bivariate GEE models were used to generate unadjusted RRs and comgspondi

95%Cls for these stratified analyses.

Propensity score analysis.

Predicted probabilities (propensity scores) of abdominal route of repairatrederization for
longer than 14 days, were estimated using two separate multivariableclogggéssion models.
These propensity score models were developed iteratively, until optimal dalameeasured
covariates was achieved. For route of repair analyses, the first mdddesha reduced set of
variables: abdominal route of repair indicated, mid-vaginal fistula, julettaeal fistula, partial
urethral damage and complete urethral damage / transection. The second modé ihelude
same measures, in addition to surgeon experience, site, and parity greater thadudation of
catheterization greater than 14 days, the first model included a reducedasalaes, including
patient and fistula characteristics plausibly associated with surgeon progleassion-making
(i.e. age, parity, ureteric involvement, bladder size, prognostic score, anendegoot

malnutrition), context of repair (repair conducted as part of training or objreecwell as intra-
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operative procedures (use of Martius flap interpositiofitrigpe of suturing technique) and
post-operative procedures (open versus closed catheter drainage and wheth&agbiophy
antibiotics were administered). The second expanded model included the above mesasures a
well as site and surgeon experience conducting complex repairs in ordereoerbalance in

covariates across groups.

For duration of catheterization, probabilities of catheterizatidhdays were calculated to
maximize sample size during matching; for route of repair, probabitfi@bdominal / mixed
vaginal and abdominal repair were calculated. Matching was done using a 1:4ratio, a
optimized matching algorithm and an absolute difference in propensity score ofx@dsel
individuals for whom no suitable unexposed match could be found were excluded from the
analysis. For analyses of the association between route of repair aleddissure, 11
participants undergoing abdominal route of repair (19%) were excluded usingubede
propensity score model, and 27 (57%) were excluded with the expanded model. For analyses of
the association between duration of catheterization and fistula closure, 119 (3U&iH)gves
catheterized for 14 days or less were excluded using the reduced model, and 240 (83%) wer
excluded with the expanded model. All statistical analyses were conducted ASingISion

9.2, and statistical significance is two-sided at p <0.05 unless stated otherwise

Results

Sample characteristics
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Sample characteristics are shown in Table 4.1. Patients included had a medi?5age
(Interquartile range (IQR) 20-35), and median parity of 2 (IQR 1-5). Over half ($5f1i%e
women were currently married, though over a quarter (27.1%, not shown) were divorced or
separated from their husbands. The majority of women were from rural areas, -difith trael

at least a primary education. Almost three quarters of the women with oldsdaitas had
labored at home greater than 24 hours, and over one-third ultimately delivered viarcesare
section. The mean number of years women had lived with their fistula was 3.3, astiaiex
guarter of the women had previously undergone surgery to repair their fistulaift®oéthe
women presented with signs of FGC, the majority of these were cases wellé (Eypesion of
the clitoris with partial or total removal of labia minora) or 11l (genitdibulation). The

proportion of patients whose fistulas were closed at follow-up was 81.6%.

Predictors of route of repair

Abdominal route of repair was rare, occurring in only 57/1273 (5%) cases; informatioaten r

of repair was missing for one study participant. Use of vaginal commaaedabdominal route

of repair differed by both facility- and individual-level factors (Table 4.2)0 ©f the facilities

were more likely than the others to use abdominal route of repair, and likelihood of abdominal
repair was inversely associated with surgeon experience conductingegaeypirs (adjusted

risk ratio (ARR) 0.36, 95%CI: 0.13-0.97). Patients undergoing vaginal route of regair w
significantly more likely to have a parity of 3 or more (ARR 1.83, 95%CI: 1.03-3.25enBa

with fistulas meeting indications for abdominal repair had a greater than 13sfo(dRR

13.33, 95%CI: 4.61-38.56) of having an abdominal repair. Conversely, fistulas that were mid-

vaginal were significantly less likely to be repaired abdominally (ARFS, 95%CI: 0.07-0.81),
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and fistulas involving the urethra were marginally less likely to be repali@ominally. Having
greater than a primary education and a fistula with juxta-cervicaldocdid not independently

predict abdominal route of repair.

Predictors of bladder catheterization duration

A minority of women (383/1271, or 30.4%) were catheterized for less than or equal to 14 days
information on catheterization duration was unavailable for 13 participants. Thaenmedi
duration of catheterization in this sample (not shown) was 21 days (IQR 14-27). hAsuwté

of repair, duration of catheterization was independently associated with bidtiz-favel factors
and fistula characteristics (Table 4.3). Duration of catheterizationigraBcantly influenced

by site: only 6 of the 11 sites catheterized women for both less than or equal to 14gtagseor
than 14 days, with the remainder of sites (with the exception of 1 site with 5 women)
catheterizing women for longer than 14 days (Table 4.3; see Appendix C for thruticst by
individual site). Catheterization duration greater than 14 days was als@tss@dath surgeon
experience conducting complex repairs (ARR 1.22, 95%CI: 1.00-1.49). Each unitenorédzes
prognostic score was associated with 1.07 times the risk of long-term da#ieter(ARR 1.07,
95% CI: 1.00-1.13). Parity, rural residence, primary education, malnutrindnjaginal route of

repair were not significantly associated with duration of catheterization.

Influence of route of repair on fistula closure

Almost one-fifth (18.8%) of those repaired vaginally experienced repairdadompared to
10.5% of those repaired abdominally. In bivariate analysis, vaginal route ofweysair

associated with 1.42 (95%Ql:11-1.81) times the risk of failure to close the fistula compared to
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abdominal route. After adjusting for indication for abdominal route of repair, surgeon
experience conducting complex repairs and mid-vaginal location, the risgioaleoute of

repair relative to abdominal route decreased to 1.40 (95%CI: 1.05- 1.87). Producbtehas f
interaction between vaginal route of repair and indication for abdominal route were not
statistically significant. Analyses conducted in the propensity scordetasample, in which
propensity scores were created using a reduced set of predictors, found a steggerde of
effect compared to the fully adjusted multivariate model; while analgsehicted using the
expanded propensity score model found an effect similar to the fully adjusted matiéivari
model. (Table 4.6) In analyses stratified by indication, among women wittafraeeting
indications for abdominal repair, women repaired vaginally had twice thefrfailure

compared to those repaired abdominally (RR 1.97, 95%CI: 1.03-3.79); effect estimatiog a
women where an abdominal approach was not indicated was not possible due to sp@ss cell s
(no women who underwent abdominal route of repair who did not meet indications for such a

repair experienced repair failure). (Table 4.7)

Influence of duration of catheterization on fistula closure

Just over one-fifth (21.4%) of women catheterized for longer than 14 days experigraied re
failure, compared to 11.5% of women catheterized for 14 days or less. In bivaaiggsan
duration of catheterization for 14 days or longer was associated with a 2-i@dsed risk of
failure to close the fistula compared to those catheterized for fewer tltyd4ARR 2.04,
95%CI: 1.16-3.59). This risk decreased after adjusting for fistula progmussiegeon
experience conducting complex repairs (ARR 1.62, 95%CI: 1.16-2.26) (Table 4.8), with

propensity score analysis generating similar results. Product terte finteraction between
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catheterization duration and prognostic score were not significant. Howevertifredtra

analysis (Table 4.9), among women with a prognostic score greater ttehetegzation for 14
days or longer was associated with twice the risk of failure to close tila t®mpared to

women catheterized for less than 14 days (RR 1.95, 95%CI: 1.19-3.19), while among women
with a prognostic score less than or equal to 1, catheterization for 14 days omlaageit

significantly associated with risk of failure to close the fistula (RE8, 95%CI: 0.77-2.11).

Discussion

Both route of repair and duration of catheterization were influenced by areatiohiof patient

and fistula characteristics, as well as facility-level factors. sMqgtrisingly, published

indications for abdominal route of repair appeared to influence the decision to undertake
abdominal route of repair, and location of the fistula in an area accessible througgittee

such as urethral and mid-vaginal location, was protective of an abdominal rouytainf Most
women undergoing abdominal repair met the typical indications for an abdonpiaial réhose
women who did not may have exhibited other unmeasured characteristics which prompted the
surgeon to undertake an abdominal repair, or may have been repaired abdominabytasa m
surgeon preference. On the other hand, the vast majority of women who met the indigations f
an abdominal route of repair were in fact repaired vaginally. Indeed, be#msitsurgeon
experience conducting complex repairs were highly predictive of sugppabach used. Itis
notable that surgeon experience conducting complex repairs was inverselgtasiswith the
decision to undertake an abdominal repair. In a subanalysis (not shown), we evahadbea w

more experienced surgeons were less likely to subjectively clasgpaa to be “complex,”
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controlling for fistula prognosis. This did not appear to be the case. Thus, a mgre likel
explanation is that more experienced surgeons are better able to access &fistntgeso
vaginally. Finally, parity greater than three was associated with abdbraute of repair.
Reasons for this are unclear, though this finding is consistent with Morhason4&ello a
colleagues’ finding that women repaired abdominally had a significantiehigumber of

deliveries than those repaired vaginafly.

Similar to route of repair, duration of catheterization was influenced by buitfafis
characteristics as well as facility-level factors. Fistula posg independently predicted
duration of catheterization after adjusting for other fistula charatiteyj surgeon experience,
route of repair and site. Thus, it appeared that surgeons were in factngsgigorous therapy
when a patient’s prognostic outlook appeared poor. Our study thus confirms Nardos et al.’s
findings that duration of catheterization is influenced by severity dishéa> However, site

was strongly associated with catheterization for longer than 14 days, indepefifttnta
severity. Therefore, while some sites choose to catheterize women forfedpleration as
standard practice, it appears that in sites where duration of cathesanzates, fistula

prognosis influences duration of catheterization.

Vaginal route of repair was associated with increased risk of failurege the fistula, relative
to abdominal route of repair, after adjusting for other factors. This findinggesing, as one
might expect that fistulas repaired abdominally would be more complex cases,rafat¢he
have a worse prognosis. Indeed, our results contradict those of Kriplani andues{eaho

found that vaginal route of repair was protective against incontinence (defiresichsl
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incontinence or failure to close the fistula). However, these results musetpreted with
caution. First, it is possible that the types of fistulas that are more likbly tepaired
abdominally (i.e. ureteric, trigonal or supratrigonal) are in fact moreyltkehave a better repair
prognosis than fistulas more likely to be repaired vaginally (i.e. urdisinahs), or that
abdominal route of repair is only undertaken for those cases which surgeons deeikety tue |
be successfully repaired. Alternatively, it is possible that the abdorounal of repair is in fact
beneficial in certain circumstances, such as cases in which the fisfiffecidt to access
vaginally. Indeed, unadjusted stratified analyses suggested that thefagurefamong women
repaired vaginally may be elevated for those women in whom an abdominal repair waiedhdi
compared to those where an abdominal repair was not. However, there were femvwame
underwent abdominal repair when it was not indicated, resulting in potentiallyplensta

estimates.

The practical implications of a potentially beneficial effect of an abddraurgical approach
are limited. Abdominal approach of repair is primarily performed under derersthesia; use
of general anesthesia requires additional skill on the part of clinicians, iexpensive than the
local anesthetics used for a vaginal route of répaind may not be routinely available in low-
resource settings. Moreover, abdominal repairs have been found to be assodatedersed
blood loss™® 2! UTI?* and longer hospital stay compared to vaginal repaifhis more invasive
procedure may also increase risk of surgical site infection, especially iy-pesourced

surgical settings. Further research evaluating which fistula ckastics do in fact indicate the
need for an abdominal approach, and the effect of vaginal route of repair atisissta of

patients defined by fistula characteristics, is warranted. Any recodatiens that women
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meeting published indications for abdominal repair undergo abdominal route of repair would be

premature at this time.

Longer duration of catheterization was independently associated witle fimlalose the fistula
in our study. There are three potential explanations for this finding. The fatahexon is that
longer term catheterization inhibits bladder healing. A recent study byBanaccolleagues
(2010) evaluating the effects of long-term catheterization on extukaathatrix (ECM)
biological scaffold remodeling following partial cystectomy in caninesyddhat early bladder
filling (i.e. shorter duration of catheterization) mediated a constructivedeling respons¥.
While biologic scaffolds composed of ECM are a cutting-edge innovation not &eémilbistula
repair in developing countries, the results of this study nonetheless provide sbmiagmne
evidence that removing the catheter early and allowing the bladder to beggrafid emptying,
may be beneficial, rather than harmful, to bladder healing. However, aiyqraasible
explanation is that these results are indicative of residual confounding bytiomdicé/e
adjusted for fistula characteristics using traditional multivariatienigues as well as through
propensity score matching; both methods resulted in a decreased strengtit of efieation of
catheterization on repair outcome. Moreover, stratified analyses suytiestask of failure to
close the fistula was particularly elevated among women with a poor praghtusigever, it is
possible that there were also unmeasured factors that influenced a surgesita tec

catheterize a woman for a longer duration of time.

The most likely explanation for our finding that longer-term catheteoizgtiedicts failure to

close the fistula is that of reverse causation. It is possible that theoddoisiatheterize a
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woman for a longer period of time was made upon initial discovery that the fisislaot
closed: the catheter may have been left in longer as a final effort tcatadi@aling of the
fistula. Further research examining the influence of catheterizatiotictiuoa repair outcomes
is warranted; experimental designs that are able to establish tdity@ord preclude the

possibility of confounding by indication would be of particular benefit.

In addition to our inability to exclude reverse causation as an explanation festotadion

between duration of catheterization and failure to close the fistula, our stusigveaal other
limitations. In this multi-country observational study, peri-operative procedusee highly

collinear within sites, and varied substantially across sites (Appendix Buch a context, it is
possible that at one or more levels of confounding variables, no one was observed at ore or mor
levels of the exposur&; this problem is termed a violation of positivity”® or “off-support™®®

data. As Oakes and colleagues note, use of regression models in the context of latkitf posi
means that comparisons are based on very sparse or model-dependent datasulibifeora

such analyses may be correct, they rely on “heroic modeling assumpfidRspensity score
methods can minimize violations of positivity, in that patients who do not match on probability
of exposure are excluded from data analysis. Results obtained using mudtiveoasling were
similar to those obtained using propensity score matching, increasing our coatidanour
findings were not solely based on statistical extrapolation. Another liomtatithis study is that
the small number of repairs conducted via the abdominal route may have prohibiteed¢herde
of small, significant effects. Finally, a related limitation is thatwere underpowered to test the

presence of effect modification; nonetheless, stratified analyses demedstends in the

directions anticipated.
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Despite its limitations, this study represents the only comprehensi@goa of factors that
influence the choice of route of repair and duration of catheterization for ufisiatg surgery.
It is the largest collection of data assessing predictors of fistula cegeomes to date, and the
only study of this scale to systematically follow women after dischaoge tine facility in order
to determine the long-term effects of the procedures studied on fistula repamestcThe
provision of fistula care and treatment services in developing countriesgbtfraith many
challenges. In a context which has limited human and infrastructural gafeacrieeting high
demand for repair services, finding ways of providing services in a cost-effetiveer,
without compromising surgical outcomes and the overall health of the patieitita.c
Additional cohort studies that are adequately powered to test hypothesestaheffigication
are warranted to confirm whether abdominal route of repair is indeed benfeficaltain
patient populations. A randomized controlled trial assessing the relationshigietwe
catheterization and repair outcome would provide evidence with the potential to imptove bot

clinical practice and access to fistula repair services for thousands ohwome



Table 4.1: Sample characteristics

Patient characteristics N (%)
Median parity (1QR) 2 (1-5)
Median age (IQR) 25 (20-35)
Currently married 830 (65.1)
Rural residence 1088 (86.1)
> Primary education 265 (20.8)
Labored at home > 24 hours during 614 (72.7)
causative delivery
Delivered via c-section during 481 (38.9)
causative delivery
Years with fistula (mean, sd) 3.3 (5.5
Previously repaired 295 (23.2)
Female genital cutting
None 1012 (79.6)
Type lii 33 (2.6)
Type IV 124 (9.8)
Type IV 97 (7.6)
Other 5 (04)
Comorbidities
Malnutrition 76 (6.0)
Anemia 91 (7.1
Fever 21 (4.6)
uTl 2 (02
Footdrop 64 (5.0)
Commodities and utilities in household
Piped water 288 (22.7)
Flush toilet 46 (3.6)
Electricity 256 (20.1)
Radio 881 (69.2)
v 199 (15.7)
Mobile phone 457 (36.0)
Land line phone 24 (1.9
Refrigerator 49 (3.9
Average prognostic score (sd) 1.24 (1.4)
Met indications for abdominal route of | 400 (31.7)
repair
Surgical approach
Vaginal 1216 (95.52)
Abdominal 47 3.69)
Mixed 10 0.79
Catheterized < 14 days 383 (30.4%)
Surgical outcomes
Fistula closed at discharge 1058 (84.7)
Fistula closed at 3 month visit 10392 (81.6)

I Excision of prepuce, with or without excision ditaris, or part of clitoris
v Excision of the clitoris with partial or total rewal of labia minora
v Excision of part of all or the external genitadiad narrowing of vaginal opening
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Table 4.2: Predictors of vaginal versus abdominal route of repair
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Abdominal / Vaginal Unadjusted RR Adjusted RR (95%
combined (95% CI) Clyvi
N (%) N (%)
Total (n=1273) 57 1216
Patient characteristics at baseline
Parity > 3 34 (61.8) 410 (34.9) 2.87 (1.68-4.88) ** 1.83 (1.03-3.25)**
Age > 25 41 (71.9) 566 (46.5) 2.81 (1.59-4.96) ** -
Currently married 36 (63.2) 793 (65.2) 0.92 (0.54-1.55)
Rural residence 52 (91.2) 1035 (85.8) | 1.68 (0.68-4.16)
> Primary education 19 (33.3) 246 (20.3) 1.90 (1.11-3.23) ** 1.17 (0.63-2.19)
Average years with fistula (sd) 4.1 (6.5) 3.2 (5.4) 1.02 (0.98-1.07)
Malnuftrition 3 (5.3) 72 (5.9) 0.89 (0.28-2.77)
Anemia 6 (10.5) 84 (6.9 1.55 (0.68-3.51)
Fever 0 (0.0) 20 (4.7) -
UTl 0 (0.0) 2 (02 -
Footdrop 0 (0.0 64 (5.3) -
Female genital infibulation 11 (9.3) 40 (7.8) 2.42 (1.69-3.47)**
Prior repair 14 (24.6) 281 (23.2) 1.08 (0.60-1.94)
Fistula characteristics
Abdominal repair indicatedvi 52 (91.2) 447 (37.2) 15.76 (2.34-106.06) | 13.33 (4.61-38.56)**
Fistula size > 4 cm 8 (15.7) 248 (21.3) 0.70 (0.33-1.46)
Smalll bladder 12 (23.5) 326 (28.8) 0.77 (0.41-1.45)
Extensive scarring 2 (3.5) 93 (7.7) 0.45 (0.11-1.82)
Extensive tissue loss 8 (15.4) 127 (10.5) 1.52 (0.73-3.17)
Extent of urethral damage
No damage 48 (87.3) 710 (68.5) Ref Ref
Partial damage 3 (5.5) 278 (22.9) 0.17 (0.05-0.55)** 0.40 (0.12-1.36)*
Complete transection or 4 (7.4) 222 (18.4) 0.28 (0.10-0.78)** 0.48 (0.15-1.47)*
destruction
Mid-vaginal location 3 (5.4) 366 (30.2) 0.14 (0.04-0.44) ** 0.25 (0.07-0.81)**
Trigonal location 6 (10.5) 60 (5.0) 2.13 (0.95-4.79)*
Supratrigonal location 7 (12.3) 25 (2.1) 5.39 (2.65-10.94)*
Juxta-cervical location 5 (89 219 (18.2) 0.45 (0.18-1.13)* 0.60 (0.23-1.60)
Intracervical location 7 (12.5) 74 (6.1) 2.08 (0.97-4.45)*
Vesico-uterine location 10 (17.9) 11 (0.9 12.85 (7.56-21.84)**
Vault location 3 (5.3) 32 (2.7) 1.15 (0.29-4.50)
Ureter involvement 25 (43.9) 183 (15.2) 3.96 (2.40-6.54)**
Concomitant abdominal 1(1.8) 1 (0.1 11.35 (2.77-46.45)**

pathology

Facility level factors / characteristics

¥ Each variable for which effect estimates are regsbin the column below was adjusted for the ottagiables for

which effect estimates are reported in the column

“I' Female genital infibulation, extensive scarringeasive tissue loss, trigonal, supratrigonal giogrvical, vesico-
uterine location, ureter involvement or concomitalntlominal pathology
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Site
A (n=70) 9 (129 61 (87.1) 2.6101.11-6.16) * 202 0.67-6.11)
B and C (n=53) 2 (42 51 (96.2) 0.77 (0.17-3.39) 0.69 (0.14-3.41)
D (n=246) 8 (3.3 238 (96.8) 0.66(0.27-1.64) 0.21 (0.07-0.65)**
E, G.and | (n=266) 1 (1.9 265 (99.6) 0.08 (0.01-0.59) ** 0.13 (0.01-1.14)*
Fand H (n=276) 1 (0.4 275 (99.6) 0.07 (0.01-0.57) ** 0.18 (0.02-1.57)
J (n=159) 26 (16.4) 133 (83.7) 3.32 (1.65-6.68) ** 1.76 (0.66-4.70)
K (h=203) 10 (49 193 (95.1) Ref Ref

Surgeon performed over 200 7(2.3) 404 (35.0) 0.27 (0.12-0.59)** 0.36 (0.13-0.97)**

complex repaqirs

*p-value<.20
**p-value<.05
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Table 4.3: Predictors of catheterization duration< 14 days versus > 14 days

< 14 days > 14 days Unadjusted RR (95% | Adjusted RR (95%
N (%) N (%) Cl) Clyvii
Total (n=1261) 383 878
Patient characteristics at baseline
Parity > 3 167 (43.6) 275 (31.3) 0.85 (0.79-0.93) ** 0.91 (0.78-1.06)
Age > 25 219 67.2) 383 (43.6) 0.85 (0.79-0.91) ** -
Rural residence 335 (87.5) 742 (84.5) 0.92 (0.84-1.01) * 1.03 (0.84-1.26)
Currently married 256 (66.8) 568 (64.7) 0.97 (0.90-1.05)
Average years with fistula 3.9 (5.9 3.0 (5.2) 0.99 (0.98-1.00) ** -
(sd)
> Primary education 107 27.9) 156 (17.8) 0.82 (0.74-0.91) ** 0.99 (0.80-1.23)
Anemia 8 (2.1) 81 (9.2) 1.34 (1.24-1.44) ** -
Malnutrition 5 (1.3) 69 (7.9) 1.37 (1.27-1.47) ** 1.06 (0.78-1.44)
Fever 2 (1.3) 18 (6.0) 1.38 (1.18-1.62)**
UTl 1 (0.3) 1 (0.1 0.72 (0.18-2.87)
Footdrop 2 (0.5 61 (6.9 1.42 (1.34-1.51) **
Prior repair 81 21.1) 212 (24.2) 0.88 (0.72-1.09)
Fistula characteristics
Ave. prognostic score 1.0 (1.3) 1.4 (1.5) 1.05(1.02-1.08) ** 1.07 (1.00-1.13)**
Extent of urethral damage
No damage 263 (69.2) 488 (65.6) Ref
Partial damage 81 (21.3) 199 (22.7) 1.09 (1.00-1.19)*
Complete fransection or | 36 (9.5) 187 (21.4) 1.28 (1.19-1.38)**
destruction
> 1 fistula 22 (5.8) 52 (5.9) 1.00 (0.86-1.16)
Moderate or extensive 129 (33.7) 335 (38.2) 1.07 (0.99-1.14)*
scarring
Small bladder 50 (13.6) 283 @35.1) 1.37 (1.28-1.46) ** -
Ureteric involvement 55 (14.4) 170 (19.5) 1.11 (1.02-1.20) ** 1.15 (0.95-1.40)*
Facility level factors / characteristics
Site
A (n=68) 6 (8.8) 62 91.2) 1.76 (1.51-2.05) ** 1.98 (1.34-2.94)**
B and C (n=52) 32 (61.5) 20 (38.5) 0.74 (0.51-1.08) 0.76 (0.47-1.23)
D (n=246) 120 (48.8) 126 (61.2) 0.99 (0.83-1.19) 1.01 (0.73-1.40)
E. G, and | (n=263) 1 (0.4) 262 (99.6) 1.92 (1.69-2.20) ** 2.10 (1.57-2.81)**
Fand H (n=271) 46 (17.8) 225 (83.0) 1.61 (1.39-1.85) ** 1.51 (1.15-2.00)**
J (n=158) 80 (560.6) 78 (49.3) 0.95(0.78-1.17) 1.07 (0.77-1.49)
K (n=203) 98 (48.3) 105 (61.7) Ref Ref
Surgeon performed over 200 | 90 (24.5) 314 (37.8) 1.19 (1.11-1.28)** 1.22 (1.00-1.49)**
complex repairs
Vaginal route of repair 353 (92.2) 850 (96.9) 1.49 (1.13-1.97) ** 1.25 (0.83-1.88)
2-layer bladder suture 161 (44.1) 252 (29.7) 0.82 (0.75-0.89) ** -
Martius graft 3 (0.8) 40 (4.7) 1.35 (1.23-1.47) ** -
Open catheter drainage 220 (67.6) 662 (75.9) 1.33 (1.21-1.47)** -
Post-op drinking regimen 333 (86.9) 778 (88.8) 1.07 (0.95-1.22)
Prophylactic antibiotics 312 (81.5) 767 (87.5) 1.18 (1.04-1.34)** -

*p-value<.20
**p-value<.05

Vil Each variable for which effect estimates are regsbin the column below was adjusted for the otaeiables for
which effect estimates are reported in the column




Table 4.4: Patient and fistula characteristics by repair outcome

Characteristics Open Closed Unadjusted RR (95%
N (%) N (%) Cch

Total (n=1274) 233 1041
Patient characteristics
Age > 25 129 (65.4) 479 (46.0) 1.07 (0.90-1.26)
Duration of fistula (average years, sd) 4.7 (7.3) 3.0 (5.0 1.03 (1.01-1.04)**
Greater than high school education 27 (A1.7) 238 (22.9) 0.81 (0.60-1.08)"
Rural residence 199 (86.1) 889 (86.1) 1.10 (0.84-1.43)
Parity >3 83 (37.1) 362 (35.9) 0.92 (0.78-1.09)
Delivered via c-section 91 (40.4) 390 (38.5) 1.22 (0.84-1.77)
Prior repair 83 (35.8) 212 (20.4) 1.53 (1.23- 1.90)**
Currently married 141 (60.5) 689 (66.2) 0.81 (0.63-1.05)*
Patient comorbidities
Female genital cutting 65 (27.9) 194 (18.7) 1.19 (0.89- 1.58)
Malnutrition 18 (7.7) 58 (5.6) 1.23 (0.66- 2.28)
Anemia 19 (8.2) 72 (6.9 0.99 (0.79-1.23)
UTl 0 (0.O) 2 (0.2) -
HIV 0 (0.O) 4 (0.9 -
Malaria 2 (0.9 4 (0.9 1.26 (0.87-1.81)
Fistula characteristics
Average prognostic score 21 (1.7 1.1 (1.3) 1.38 (1.16-1.65)**
Abdominal route of repair indicated 104 (45.0) 296 (28.8) 1.64 (1.28-2.10)**
Juxta-urethral 46 (19.8) 230 (22.2) 0.99 (0.77-1.27)
Mid-vaginal 49 (21.2) 320 30.9) 0.74 (0.56-0.99*
Juxta-cervical 38 (16.5) 187 (18.1) 0.89 (0.68-1.18)
Intra-cervical 10 (4.3) 71 (6.9 0.69 (0.49- 0.98)**
Circumferential 71 (30.5) 143 (13.7) 2.02 (1.44-2.84)*"
Vesico-uterine 2 (0.9 19 (1.8) 0.71 (0.27-1.87)
Ureteric 1 (04) 19 (1.8) 0.26 (0.05-1.37)
Uretero-vaginal 3 (1.3) 12 (1.2) 1.38 (0.89-2.14)*"
Trigonal 11 (4.8) 55 (5.3) 0.74 (0.40-1.37)
Supra-trigonal 5 (22 27 (2.6) 0.69 (0.44-1.06)*
Vault 6 (2.6) 29 (2.8) 0.95 (0.63-1.44)
Small bladder 96 (44.9) 242 (25.0) 2.07 (1.52-2.82)**
Scarring

No or mild scarring 111 47.6) 695 (66.9) Ref

Moderate scarring 82 (35.2) 289 (27.8) 1.55 (1.06-2.29)**

Severe scarring 40 (17.2) 55 (5.3) 2.84 (1.86-4.35)*"
>1 fistula 23 (9.9 52 (5.0) 1.68 (1.11-2.52)**
Cervix not visible 56 (24.1) 157 (15.3) 1.49 (1.00-2.22)*
*p-value<.20

**p-value<.05
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Table 4.5: Context of repair and peri-operative procedures by repair outcom

Not closed Closed Unadjusted RR (95% CI)
N (%) N (%)
Total (n=1274) 233 1041
Surgeon experience
> 200 complex repairs conducted | 61 (27.2) 350 (35.5) 1.27 (1.02-1.58)**
Organization of services
Site
A (n=71) 19 (8.2) 52 (5.0) 10.86 (4.21-28.02)**
B and C (n=53) 15 (6.4) 38 (3.7) 11.49 (4.37-30.18)**
D (n=246) 61 (26.2) 185 (17.8) 10.07 (4.12-24.58)**
E. G, and | (n=266) 72 (30.9) 194 (18.6) 10.99 (4.52-26.70)**
Fand H (n=276) 41 (17.6) 235 (22.6) 6.03 (2.43-14.99)**
J (n=159) 20 (8.6) 139 (13.4) 511 (1.96-13.31)**
K (n=203) 5 (2.1 198 (19.0) Ref
Repair conducted in the context 120 (61.7) 601 (67.8) 0.84 (0.64-1.11)*
of training
Repair conducted in context of 89 (38.2) 388 (37.4) 0.77 (0.44-1.33)
outreach services / camp
Intra-operative procedures
Vaginal-only route of repair 227 97.4) 989 (95.1) 1.42 (1.11-1.81)*
Single layer suture of bladder 121 (83.1) 677 (67.4) 0.78 (0.57-1.07)*
Double layer suture of bladder 99 (44.0) 314 (31.3) 1.16 (0.84-1.60)
Martius flap (with or without labia 12 (5.3) 31 (3.1) 1.45 (1.10-1.91)**
skin)
Relaxing incision 6 (2.7) 10 (1.0) 2.09 (1.35-3.25)*
Posi-operative procedures
Duration of catheterization > 14 188 (81.7) 690 (66.9) 2.01 (1.11-3.63)**
days
Open vs closed drainage system 123 (63.2) 768 (74.1) 0.63 (0.51-0.79)**
Drinking regimen prescribed post- 189 (81.5) 941 (90.6) 0.96 (0.31-2.98)
operatively
Prophylactic anfibiotics provided 202 (87.1) 891 (85.7) 1.04 (0.75-1.43)

post-operatively

*p-value<.20
**p-value<.05
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Table 4.6: Association between vaginal route of repair and failure to close tliistula at

three month follow-up visit

Total repaired Total repaired RR (95% CI)
abdominally / both vaginally included
abdominally and in analysis
vaginally included in
analysis
Unmatched, unadjusted 57 1216 1.42 (1.11-1.81)**
Unmatched, adjusted for indication 1.72 (1.29-2.29)**
for abdominal repair
Unmatched, adjusted for indication 1.40 (1.05-1.87)**
for abdominal repair, surgeon
experience conducting complex
repairs, mid-vaginal location
Matched sample, reduced 46 92 1.98 (1.27-3.07)**
propensity score model
Matched sample, expanded 30 60 1.40 (0.77-2.56)
propensity score model

Table 4.7: The influence of vaginal-only route of repair on repair outcome acrodsvels of
indication for abdominal repair in the unmatched sample

Abdominal approach not

Abdominal approach

indicated indicated

Closed Not closed Closed Not closed

N (%) N (%) N (%) N (%)
Vaginal-only route of repair 637 (99.22) 117 (100.00) 339 (88.05) 108 (94.74)
Abdominal / combined abdominal 5(.78) 0 (00.00) 46 (11.95) 6 (56.26)
vaginal
RR (95%Cl) - 1.97 (1.03-3.79) **

Table 4.8: Association between duration of catheterization greater than 14 daged failure
to close the fistula at three month follow-up visit

Total catheterized < 14 | Total catheterized RR (95% CI)
days included in > 14 days included
analysis in analysis
Unmatched, unadjusted 383 878 2.04 (1.16-3.59)**
Unmatched, adjusted for prognostic 1.65 (1.15-2.35)**
score
Unmatched, adjusted for prognostic 1.62 (1.16-2.26)**
score, surgeon experience
conducting complex repairs, ureteric
involvement
Matched sample, reduced 264 542 1.51 (0.93-2.45)
propensity score model
Matched sample, expanded 143 297 1.47 (1.04-2.08) **
propensity score model

Table 4.9: The influence of duration of catheterization on repair outcomacross levels of
severity in the unmatched sample

Prognostic score <1

Prognostic score > 1

Catheterization for > 14 days vs < 14 days

1.28 0.77-2.11)

1.95 (1.19-3.19) **

*p-value<.20
**p-value<.05
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Introduction

Vaginal fistula is a devastating, yet preventable condition. The ultimate@fpublic health
intervention efforts should be to prevent vaginal fistulas from occurring in thelfce:
specifically, by improving access to emergency obstetric care andahiy @fi obstetric
services in developing countries. However, in the absence of universal acesssgency
obstetric care, an immediate goal is to facilitate and improve treatarembmen who suffer
from the injury. There is currently little evidence regarding patientiahdd characteristics
that influence the prognosis of a fistula repair surgery, as well as the redivgpaffectiveness
of various peri-operative procedures on fistula repair outcomes. While clinipraggam
implementers and donors alike have called for the development of a standardieedfsys
classifying fistula: > the development of such a system cannot advance without evidence
demonstrating which fistula characteristics are prognostic of repairmescand studies which
compare the discriminatory value of existing systems. In this diseartasought to fill the
above research gaps: first, by reviewing published literature regahdimgdividual and fistula
characteristics, and peri-operative factors that influence repair owtgesawndly, by comparing
existing classification systems with regard to their ability to prdidittla closure, and
identifying prognostic factors heretofore not included in existing systamasfinally, by
exploring the influence of two repair procedures, one intra-operative and the other post
operative, on fistula closure, independent of measured prognostic factors and indication f

repair.

Summary of findings
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In Chapter 2, | reviewed the existing literature examining the influencelnidual and fistula
characteristics, and peri-operative procedures, on fistula repair outcordestified 19 articles
meeting the inclusion criteria, all but three of which were observationakstudhe surgical
outcomes examined were fistula closure, residual incontinence followingeslasar closure
with no remaining incontinence. No studies demonstrated an influence of patienteristies
on surgical outcomes. With regard to fistula characteristics, the preseswaroig and urethral
involvement was associated with poor prognosis across the range of outcomes, with some
evidence suggesting an association between greater fistula size ama bladter size on poor
repair prognosis. Evidence with regard to the role of ureteric involvement and paonras
insufficient. Most studies examining peri-operative interventions were,sandllikely were
underpowered to detect small differences. Among the larger studies, resultsvtr RCTs
examining prophylactic use of antibiotics and repair outcomes were inconclusiva large
study examining the influence of use of the Martius graft may have been subgctaoncling
by indication and provider experience. Studies examining the influence of routeiobrepa
duration of catheterization were likely underpowered and subject to bias resating f
confounding by indication. | thus concluded that while scarring and urethral invoivepear
to be associated with poor repair prognosis, overall there remains insuiféigcidence on which

to base practice.

In Chapter 3, | aimed to advance existing research on the individual patient and fistula
characteristics that predict fistula closure, as well as to contributtottseh developing a
standardized, evidence-based fistula classification system. Spégifiealaluated the

discriminatory value of five existing classification systems in seofrpredicting fistula closure,
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and proposed an empirically-derived prognostic score, informed by these sy$teenscoring
systems representing the Tafesse, Goh and WHO classificattemsyisad higher predictive
values: AUC 0.60 (95%ClI: 0.55-0.65), AUC .62 (95%Cl: 0.57-0.68) and AUC 0.63 (95%ClI:
0.57-0.68), respectively, compared to the Waaldijk system; it was not possible tapcegebre
for the Lawson system. However, there was no statistically signifiliitence in the AUCs of
these scores. The empirically-derived prognostic score achieveda sliscriminative ability
(AUC .62, 95%CI. .56-.67) to the scores representing Tafesse’s, Goh’s and \8A@'s1s.
Importantly, the existing classification systems evaluated containeldppmg or redundant
components, or components that did not independently predict repair outcomes. In contrast, the
empirically-derived score contained a minimally sufficient set of nartapping and more
objectively measured components, and therefore may be simpler to use and have highe
reliability. Based on these findings, | concluded that while further evatuatithe reliability
and validity of these systems is warranted, consideration should be given to a jcegpoost

derived empirically from factors shown to independently predict repair outcomes

In Chapter 4, | endeavored to enrich the evidence-base regarding the compHeativemess

of peri-operative procedures with regard to surgical repair outcomes toynaxg two

procedures in particular: vaginal versus abdominal route of repair, and uritteagtecaation
greater than 14 days compared to 14 days or less. Having met published indications for an
abdominal route of repair (e.g. intracervical or supratrigonal location) wasd modependently
associated with choice of abdominal surgical route (ARR 13.33, 95%CI: 4.61-38.56); few
women undergoing abdominal repair did not meet the typical indications. Each ungencrea

prognostic score was associated with 1.07 times higher likelihood of urinaryeciathtéin >14
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days (95%CI: 1.00-1.13), after adjusting for facility, provider experiertbey @istula
characteristics and route of repair. Vaginal route of repair was indepty associated with
increased risk of failure of fistula closure, relative to the abdominal rouépaifry however,
stratified analyses suggested a particularly elevated risk asslogitttevaginal route of repair

for women in whom an abdominal repair was indicated (RR 1.97, 95%CI: 1.03-3.79). Effect
estimation among women in whom a vaginal approach was not indicated was precluded because
there were no failed closures among women who underwent abdominal repair despite not
meeting indications for abdominal route. Despite adjusting for repair progndsis@ider
experience, duration of catheterization >14 days predicted failure to closstuitee (ARR 1.62,
95%CI: 1.16-2.26). Results for both the influence of route of repair and duration of
catheterization on fistula closure were similar when analyses were cedduet propensity

score-matched sample.

Implications of the findings

The results presented in this dissertation have important implicationgnfoalkpractice. First, |
have illustrated that a classification system based solely on fistutaolgcsuch as Lawson’s
system, is unlikely to be informative in terms of repair prognosis. Second, | have ttfatedns
that the Tafesse, Goh and WHO classification systems can be simplifiée fourpose of
predicting fistula closure: redundant measures can be streamlined, and notivpredi
components could be eliminated from these systems. Third, | have proposed an eynpiricall
derived prognostic score which can be used in the clinical setting, as a iw@nipte clinical

judgment for making to triage decisions. This score is simple, comprising a minimagmaim
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non-overlapping components, and is easy to calculate. A threshold value for “poor prognosis”
of >1 (favoring increased sensitivity over specificity) presented in Chdpigreasy to recall. In
a context where the availability of surgeons with specialized skillsiitet, facilitating triage

decisions is critical.

It is important to note, however, that the empirically-derived prognostic sesented in this
dissertation may have some limitations. For instance, it may not be usefuhgnaeplanning
the execution of a repair (e.g. determining which procedures should be underitkisnyas
clearly illustrated in Chapter 4: indications for abdominal route of repaindalators of
visualization of and access to the fistula through a vaginal approach, were the poottnmn
predictors of route of repair, while increased prognostic score appeared torbelinassociated
with an abdominal route of repair. In addition, and as will be discussed under “Future
Directions” below, this score would not be useful for counseling a patient witldrieghaer
likelihood of return to a more functional state, since residual incontinencearmsbible
despite successful fistula closure. Perhaps most importantly, this Jo@serds only a proxy
measure for the difficulty of a fistula repair. While repair prognosis dfiduliy of executing a

repair are overlapping constructs, difficulty of repair may not nedlskead to a poor outcome.

The results of this dissertation also have important implications for futueerchsefforts. The
above-mentioned prognostic score can be used to facilitate the evaluatiogiczl swccess
rates and provider performance across facilities, an issue of partidelamnee for program
implementers, including local and national health ministries. Such a scorsac#e aised to

evaluate the effects of interventions on surgical outcomes independent of confounding by
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prognosis, as demonstrated in Chapter 4. If widely adopted, such a score cotdteféodi
comparative analysis of studies that examine treatment outcomes bye@itisatia standard set

of components are adjusted for across studies.

Unfortunately, drawing definitive conclusions from the analyses exagithe comparative
effectiveness of abdominal route of repair and catheterization greatdrtiaays (presented in
Chapter 4) may not be possible. While it appeared as though the risk of failure tinelose
fistula for women repaired vaginally was elevated in women in whom accesgltithe vagina
was impaired, there were few women in this sample who underwent abdominal tegait w
was not indicated. Similarly, residual confounding by indication and reversaticausannot be
excluded as explanations for the increased risk of failure to close tha &stioihg women
catheterized for longer than 14 days. Nonetheless, these analyses highfigtatiexitihat may
influence the use of one procedure over another, and confirmed that prognosis of repair and

duration of catheterization are indeed related.

Finally, the methods used in this dissertation can serve as a model to futulgatioest

evaluating the discriminatory value of different classification syster studies using a multi-

site observational study design to compare the effectiveness of perixoperatedures. This
study represents the largest collection of data assessing predictstalafrépair outcomes to-
date, and is the only study designed to follow women after discharge from thg faclider to
determine longer-term repair outcomes. The study’s large sample aldedthe use of a split-
sample design to validate the prognostic models on a dataset independent of the one used to
create the models, thereby deriving less biased measures of clasaifiyatem performande;

future studies evaluating different classification systems shoulddsorikis design, or should
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validate their models in different populations. The large sample size also enabhiedien of

the role of route of repair on fistula closure. As demonstrated in Chapter 2utkesst

examining predictors of fistula repair outcomes have been sufficiently pdweedemonstrate
small significant effects. Finally, propensity score analysis mayusefal tool where

information on potential prognostic factors is comprehensively collected, oe wherlap of
covariates across comparison groups is questioned. Notably, where th#esagdilap in
covariates (and therefore fewer possible matches on propensity sos® @onparison groups)
and many observations have been discarded, researchers should be cautious abautaihe exte

validity of their results.

Future directions

There are several specific future directions that | would like to highliginét, Chapter 2
demonstrated the range of outcomes studied (fistula closure, residual incantar@hany
incontinence), and that this, in concert with the range of predictors studied, hesdresallack
of a unified evidence-base on most predictor-outcome relationships. It is undouhtedhatr
from the patient’s standpoint, “any incontinence,” whether it be due to failutesi the fistula
or residual incontinence, is the most important endpoint. However, this endpoint dots little
inform intervention efforts, since the distinct roles different patient niéicharacteristics or
peri-operative procedures have on fistula closure versus residual incontinenueldled.

Thus, | recommend that when possible, future studies examine fistula closuesidndlr
incontinence separately, in order to clarify the etiological importancdfefeht characteristics

and procedures on distinct outcomes. Similarly, | evaluated the discriminatoeyofaeveral
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classification systems on fistula closure, the immediate goal duéafiepair. However, it is
also important to evaluate the discriminatory value of these systems on regidaéihence. A
classification system which is prognostic of residual incontinence could i@eetant value for
patient counseling, insofar that patients could be given an idea of what theirschince

functional success are following the surgery.

In addition to testing the discriminatory value of different clasgiboasystems with regard to
residual incontinence, there are a number of additional steps that need to take fpldbertthe
development of a standardized classification system. First, the utilitglagsification system
depends not only on its discriminatory ability, but also its ease of use anditglala clinical
setting. To date, only the Goh classification system has been subjected toitests ahd
intra-rater reliability. Thus, an important next step would be to test the amgrintra-rater
reliability of the classification systems evaluated in Chapter 3. Mquiriantly, the acceptance
of a particular standardized classification system requires input and nayrinhe
gynecologists, urogynecologists and urologists who are performing festrdaries. These
analyses thus represent only an initial step towards the development of aditaddavidence-

based fistula classification system.

Finally, further research is required to evaluate the effectivenesdeskdif peri-operative
procedures used for fistula repair. Reducing the duration of post-operative bladder
catheterization by only four days has been shown to have the potential of incrieasiogber
of patients who could receive surgical care by 20% in a high-volume fdcilitst, may be

associated with a decreased incidence of 3TW¢hile further research to evaluate the non-
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inferiority of shorter duration catheterization is critically needed,hapfer 4 | demonstrated the
limitations of an observational study design in answering this question. Futureabioseiv
studies on this issue must carefully establish temporality of the relaifidmstween
catheterization duration and repair outcome, by recording multiple outcome measisréye
tests as well as any other methods to assess outcome, such as visual inspeetkomyadidfound
the catheter), and their timing relative to catheter removal. Nevesshelenfounding by
prognosis of repair may be difficult to avoid in an observational study, parlycsilace some
clinical decisions may be based on factors that are difficult to measureelati@nship between
duration of catheterization and repair outcomes would thus be optimally measimed et
context of a clinical trial, where the process of randomization would ensutbehaintrol and
intervention groups in the study are, on average, similar with respect to all profacsirs that
might confound the association between the intervention and the outcome. The cost and health
implications (particularly health-care associated infectionjedlto longer duration
catheterization, together with the lack of evidence with regard to the optimtil t#ng
catheterization following pelvic surgery, recent evidence from a canine nadd=lting that

early bladder filling may facilitate bladder healihgnd the range of catheter durations currently

prescribed in practice, lend justification to the conduct of such a trial.

Further research is similarly necessary to determine the optimalobrepair for urinary fistula.
However, an RCT may not be warranted to evaluate the effectiveness of abdontialf
repair. Abdominal approach of repair is primarily performed under generahasias which
requires additional clinical skills, is more expensive than local anesthatid, may not be

routinely available in low-resource settings. Moreover, abdominal repaiesiean found to be
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associated with increased blood 165$UTI' and longer hospital stay compared to vaginal
repairs® Thus, given the decreased likelihood that an RCT would lead to an intervention that
can be practically implemented, the effectiveness of this intervention wouldtéedtedied in

the context of an observational cohort study. Such a study would need to be adequately powere
to test hypotheses of effect measure modification; specifically, whatkdeminal route of repair

is warranted for certain patient populations (defined by fistula chasdict®y compared to

others, or whether the effectiveness of an abdominal route of repair vapsesvimer

experience or training. An opportunity for such large-scale observatioratchsexists in the

form of the Geneva Foundation for Medical Education and Research (GFMER) sexbedada

entry systent? which aims to enable the collection and evaluation of prospective data related to
patient characteristics and peri-operative procedures used, among othévexbjédecause this
database can be administered and managed from multiple centers, itsaledadeption would

allow for the large-scale collection of data that is needed to examingalkgiaare procedures.

Conclusion

This dissertation has contributed to the body of evidence on obstetric fistuladdresament
in the following ways: 1) through summarizing what is known with regard to a range of
predictors of fistula repair outcomes; 2) by comparing the discriminatory ehkiasting
classification systems in predicting fistula closure; 3) by idantiia minimally sufficient set of
patient and fistula characteristics prognostic of fistula closure; éugydating factors that
influence abdominal route of repair and duration of catheterization longer than 14mthys

finally, 5) through examining the comparative effectiveness of the [atbeedures on repair
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outcomes, and whether outcomes vary by indication for repair and repair prognoscarel he
and treatment of fistula patients in developing countries is fraught witl chatienges;
continuing research on this important topic can help to ensure that a lack of an evidenise-ba

not among them.



10.

11.

12.

140

References

Goh J, Stanford EJ, Genadry R. Classification of female genito-urinaryistala: a
comprehensive review. Int Urogynecol J Pelvic Floor Dysfunct. 2009 Jan 30.

Arrowsmith SD. The classification of obstetric vesico-vaginal fist@asll for an
evidence-based approach. Int J Gynaecol Obstet. 2007 Nov;99 Suppl 1:S25-7.

Creanga AA, Genadry RR. Obstetric fistulas: a clinical review. Gytnhecol Obstet.
2007 Nov;99 Suppl 1:540-6.

Genadry RR, Creanga AA, Roenneburg ML, Wheeless CR. Complex obstetrasfistul
Int J Gynaecol Obstet. 2007 Nov;99 Suppl 1:S51-6.

Wall LL, Arrowsmith SD, Briggs ND, Browning A, Lassey A. The obstetric
vesicovaginal fistula in the developing world. Obstet Gynecol Surv. 2005 Jul;60(7 Suppl
1):S3-S51.

Gonen M, Books24x7 Inc., SAS Institute. Analyzing receiver operating chéstcte
curves with SAS. Cary, N.C.: SAS Institute; 2008.

Nardos R, Browning A, Member B. Duration of bladder catheterization aftgrguor
obstetric fistula. Int J Gynaecol Obstet. 2008 Oct;103(1):30-2.

Phipps S., Lim Y.N., McClinton S., Barry C., Rane A., J.M.O. Nd. Short term urinary
catheter policies following urogenital surgery in adults. Cochrane Datab&sgstematic
Reviews. 2006(2).

de Moya MA, Zacharias N, Osbourne A, Butt MU, Alam HB, King DR, et al.
Colovesical fistula repair: is early Foley catheter removal sa&ffglRes. 2009
Oct;156(2):274-7.

Morhason-Bello 10, Ojengbede OA, Adedokun BO, Okunlola MA, Oladokun A.
Uncomplicated mid-vaginal vesico-vaginal fistula repair in Ibadacoparison of the
abdominal and vaginal routes Annals of Ibadan Postgraduate Medicine. 2008;6(2):39-43.

Kapoor R, Ansari MS, Singh P, Gupta P, Khurana N, Mandhani A, et al. Management of
vesicovaginal fistula: An experience of 52 cases with a rationalizedthlgdor

choosing the transvaginal or transabdominal approach. Indian J Urol. 2007
Oct;23(4):372-6.

Rochat C-H, Merialdi M, Harris-Requejo JA, Kulier R, Koppenhoefer S, Campaxa A.
Web-Based Collaborative Database for Monitoring Fistula Rati€linical and Public Health
Significance2007 [cited 5 May 2011]; Available from:
http://www.gfmer.ch/Presentations_En/Pdf/Fistula_database R@€tat pdf




141

Methodological appendices



142

Appendix A: Diagrams of types of urinary fistula '

Urinary Bladder Uterus

Vesicovaginal
istula

Pubic Symphysis
Vagina

Figure A.1: Lateral view of a vesicovaginal fistula

Reprinted with permission from R. Avritscher and the Radiological Society of North America
(RSNA)

Uterus

Urinary Bladder _
Ureterovaginal

Vagina Fistula

Figure A.2: Left ureterovaginal fistula
Reprinted with permission from R. Avritscher and the Radiological Society of North America
(RSNA)

" Avritscher R, Madoff DC, Ramirez PT, Wallace MJ,rAhK, Morello FA, et al. Fistulas of the Lower bary

Tract: Percutaneous Approaches for the Managenienbifficult Clinical Entity. Radiographics. 200@ctober
1, 2004;24(suppl 1):S217-S36.
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Table B.1: Glossary of key terms and phrases

Term

Definition

Any incontinence

Failure to close the fistula or residual incontinence

Circumferential fistula

Complete separation of the urethra and bladder

Closing mechanism

Variously defined as the urethral sphincter, or continence
mechanism

Closure (of the fistula)

State in which fistula has been surgically rengeeet], with no
leakage of urine around the sutures.

Continence mechanism

The combination of anatomical structures that contribute t
continence, including a functioning urethral sphincter, quiesc
bladder, and functioning musculofascial supports.

Intra-cervical fistula

Fistula between the bladder and the cervinal ca

Juxta-cervical fistula

Fistula located in the region of the cervix

Juxta-urethral fistula

Fistula at the urethro-vesical junction

Mid-vaginal fistula

Small defect 4 cm or more from the external urethifade

Obstetric fistula

Vaginal fistula of obstetric etiology

Recto-vaginal fistula (RVF

Fistulas located between the rectum anvadnea

Residual incontinence

Remaining incontinence (stress incontinence, urgeneacoefi
frequency / urgency syndrome) following successful fistula
closure

Urinary fistula

Term used to refer to a vaginal fistula which resaltsinary
incontinence

Vault fistula

Fistulas located at the vaginal apex

Vesico-vaginal fistula
(VVF)

Fistulas located between the bladder and the vagina

Vaginal fistula

Abnormal passageway between the vagina and bladder or

between the vagina and rectum

ent
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Appendix C: Existing classification systems compared in Chapter 1

Where possible, we retained the original components of the classification s¢chatnves tested.
However, in some cases, it was necessary to approximate the measurelseesthse we did
not measure the component exactly, or for analytic purposes. The original eseaslivays in

which they were operationalized are shown below.

Table C.1: Lawson, Waaldijk, Tafesse and Goh classification systems and hdwvey were
operationalized for analytic purposes

Classification | Type and / or description of fistula | How component was
system operationalized
Lawson 1968 | . Juxta-urethral I. No change
il. Mid-vaginal ii. No change
ii. Juxta-cervical ii. No change
iv. Vault \Y2 No change
V. Massive combination fistula | v. No change
Waaldijk 1995| Classification Classification
Type 1 Not involving the closing | Type 1 Not involving the closing
mechanism mechanism and not
Type 2 Involves closing mechanism involving complete
A Without (sub)total urethra destruction of bladder neck
involvement Type 2 Involves closing mechanism
B With (sub)total urethra or destruction of bladder
involvement neck
a Without circumferential A Intact or partially damaged
defect urethra (no change)
b With circumferential defect | B Completely destroyed urethra
Type 3 Ureteric and other (no change)
exceptional fistulas a No change
b No change
Type 3 Mixed vesicovaginal and
rectovaginal fistulas, cervical
and ureteric fistulas
Size Size
Small <2 No change
Medium 2-3 No change
Large 4-5 No change
Extensive>6 No change
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Classification | Type and / or description of fistula | How component was

system operationalized
Tafesse 2008 | Class 1 Non-circumferential, not | Class 1 No change
previously operated Class 2 No change
Class 2 Non-circumferential, Class 3 No change
previously operated Class 4 No change

Class 3 Circumferential, not
previously operated
Class 4 Circumferential, previously|

operated
Urethral involvement Urethral involvement
I No involvement (urethral | | No change
length>4cm) Il No change
Il Urethra involved but not 1] No change
middle 1/3 (urethral length | IV Collapsed categories IV and
2.7-3.9 cm) Vv

1 Middle 1/3 partly involved
(urethral length 1.4-2.6 cm)

\Y Middle 1/3 completely
involved but some urethral
tissue remains (urethral
length <1.4 cm)

\% No urethra

Bladder size Bladder size

a Longitudinal diameter >7 cha “Normal” bladder

b Longitudinal diameter 4-7 | b Small bladder
cm c Small bladder

c Longitudinal diameter <4 cm

Anterior vaginal tissue loss Anterior vaginal tissue loss

1 Less than 50% of anterior | 1 Minimal tissue loss
vaginais involved (>3.5cm| 2 Moderate tissue loss
of healthy vagina remains) | 3 Extensive tissue loss or

2 More than 50% of the obliterated vagina

anterior vagina wall is
involved (<3.5 cm of health
vagina remains)

3 Obliterated vagina (vagina
cannot admit more than 1
finger)
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Classification
system

Type and / or description of fistula

How component was
operationalized

Goh 2004

Type 1 Distal edge of the fistula >3Bype 1 Urethral length > 3.5 cm

Type 2 Urethral length 2.5-3.5 cm
Type 3 Urethral length 1.5-<2.5 cm
Type 2 Distal edge of the fistula 2.5-Type 4 Urethral length <1.5 cm

cm from external urinary
meatus

3.5 cm from external urinary
meatus
Type 3 Distal edge of the fistula 1.%-
<2.5 cm from external
urinary meatus

Type 4 Distal edge of the fistula <1.5

cm from external urinary
meatus

a Size <1.5 cm in the largest
diameter

b Size 1.5-3 cm in the largest ¢

diameter
C Size >3 cm in the largest
diameter

I. None or only mild fibrosis | i.

(around fistula and/or vagina)

and/or vaginal length >6¢cm,| ii.

normal bladder capacity

ii. Moderate or severe fibrosis| iii.

(around fistula and/or vagina)
and/or reduced vaginal length
and/or bladder capacity

ii. Special considerations, e.g.
post-radiation, ureteric
involvement, circumferential
fistula, previous repair

O QO

No change
No change
No change

None or only mild fibrosis
and normal bladder capacity
Moderate or severe fibrosis
and small bladder capacity
Ureteric involvement,
circumferential fistula,
previous repair
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Table C.2: Classification system presented by WHO and how it was operamalized for
analytic purposes

Classification

Type and / or description of fistula

How component was

system operationalized
WHO Defining Simple Complex
Criteria
Number of = single = multiple = No change
fistula
Site = vesico-vaginal = All non-VVF | = non-VVF excludes
(VVF) urinary ureteric and
fistula urethral fistulas
= recto-vaginal
(RVF)
= mixed
VVF/RVF
* involvement
of cervix
Size (diameter) = <4cm = >4cm = No change
Involvement of = absent = present = No change
the urethra /
continence
mechanism
Scarring of = absent =  present = No change
vaginal tissue
Presence of = absent = present = Not included in
circumferential multivariate
defect* analysis
Degree of = minimal = extensive = Moderate and
tissue loss minimal tissue loss
considered
“minimal”
Ureter/bladder = ureters are = oneorboth | = Created composite
involvement inside the ureters are measure
bladder, not draining into representing
draining into the vagina ureteric
the vagina = one or both involvement
ureters are af (either ureteric
the edge of location or ureters
the fistula draining into
vagina or at edge
of vagina)
Number of = no previous = failed = No change
previous repair  attempt previous
attempts repair
attempts

* Complete separation of the urethra and bladder
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Appendix D: Comparing discriminatory value of classification systems, acunting for
clustering by surgeon rather than site

In this appendix, | evaluate the discriminatory value of existing claasdit systems and

propose an empirically-derived prognostic score, accounting for provittesr than site, as the

clustering variable in my analyses. The predictive value of existingrsggemained the same.

One variable, partial urethral involvement, in the empirically-derived progresiie was no

longer significant. There were no statistically significant difiees in the AUCs in the

proposed empirically-derived prognostic score, and the scores developed tonteheese

Tafesse, Goh and WHO classification systems. | present resultdysfesnaccounting for

clustering by site rather than provider within the body of the manuscript,stads the higher

order level of clustering.

Table D.1: Existing classification systems — clustering by provider rathehan site

urethra involvement with
circumferential defect

Component Open Closed RR (95% CI) ARR (95% CI) Score
N (%) N (%)
Lawson
Juxta-urethral 24 (20.5) 105 (20.4) 1.14 (0.80-1.62) 0.93 (0.60-1.43) -
Mid-vaginal 20 (17.1) 172 (33.2) 0.58 (0.36-0.92)** 0.52 (0.32-0.86)** | -2
Juxta-cervical 20 (17.1) 87 (16.9) 0.93 (0.57-1.52) 0.81 (0.52-1.27) -
Vault 2 (1.7) 17 (3.3) 0.62 (0.24-1.63) 0.52 (0.19-1.46) -
Massive combination 2 (1.7) 5 (1.0 1.67 (0.74-3.79) - -
Waaldijk
Type 1 Not involving 101 (84.9) 490 (94.8) Ref Ref -
closing mechanism
Type 2 Involves closing 18 (15.3) 27 (5.2) 2.32 (1.71-3.16)** Ref -
mechanism
Type 2Aa Without 8 (6.8) 9 (1.7) 2.49 (1.59-3.90)** 2.70 (1.70-4.08)** | 3
(sub)total urethra
involvement without
circumferential defect
Type 2Ab Without 6 (5.1 13 (2.5) 1.81 (0.87-3.73)* 1.67 (0.83-3.37)* -
(sub)total urethra
involvement with
circumferential defect
Type2Ba With (sub)total 1 (0.9 3 (0.6) 1.34 (0.44-4.07) 1.69 (0.70-4.08) -
urethra involvement
without circumferential
defect
Type2Bb With (sub)total 2 (1.7 1 (0.2 3.63 (2.30-5.73) 3.50 (1.26-5.42)** | 4
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Component Open Closed RR (95% CI) ARR (95% CI) Score
N (%) N (%)

Type 3 Ureteric and 39 33.1) 128 (24.7) 1.39 (0.85-2.30)* 1.31 (0.82-2.12)* -

other exceptional

fistulast

Small <2 27 23.7) 143 (29.1) Ref Ref -

Medium 2-3 49 (42.6) 254 (51.7) 0.91 (0.61-1.34) 0.95 (0.65-1.38) -

Large 4-5 31 (27.0) 75 (15.3) 1.62 (1.03-2.56) 1.38 (0.97-1.97)* -

Extensive> 6 7 (6.1) 22 (4.5) 1.31 (0.66-2.58) 1.17 (0.61-2.23) -
Tafesse

Class 1 Non- 50 (42.4) 352 (67.8) Ref Ref -

circumferential, not

previously operated

Class 2 Non- 28 (23.7) 98 (18.9) 1.78 (0.97-3.25** 1.73 (0.93-3.23)* | -

circumferential,

previously operated

Class 3 Circumferential, | 29 (24.6) 57 (11.0) 2.63 (1.43-4.84)** 1.95 (1.05- 2

not previously operated 3.62)**

Class 4 Circumferential, | 11 (9.3) 12 (2.3) 3.37 (1.94-5.84)** 228 (1.27-4.11)* | 2

previously operated

| No urethral 12 (11.9) 116 (25.4) Ref Ref -

involvement (urethral

length>4cm)

Il Urethra involved but 47 (46.5) 182 (39.9) 2.27 (103-5.01)** 1.86 (1.27- 2

not middle 1/3 (2.7-3.9 3.74)*

cm)

Il Middle 1/3 partly 34 (33.7) 142 @G31.1) 2.23 (1.05-4.74) | 1.35(0.67-2.72) -

involved (1.4-2.6 cm)

IV-V Middle 1/3 8 (7.9 16 (3.5) 3.85 (1.59-9.35)** | 2.17 (1.10-4.29)* | 2

completely involved or

no urethrai

b-c Longitudinal 44 (40.7) 119 (24.4) 2.03 (1.19-3.43)** 1.19 (0.78-1.80) -

diameter of bladder < 7

Cmiv

< 50% of anterior vagina | 34 (28.8) 292 (66.5) Ref Ref -

involved

> 50% of the anterior 53 (44.9) 190 (36.8) 1.65 (1.02- 2.67)** | 1.57 (1.21-2.04)** | 2

vagina wall involved

Obliterated vagina 31 (26.3) 36 (7.0) 3.36 (1.97-5.73)** 2.64 (2.17-3.21) 3
Goh

Type 1 Distal edge of 20 (18.3) 165 (32.9) Ref Ref -

the fistula >3.5 cm from

external urinary meatus

(EUM)

Type 2 Distal edge of 47 (46.5) 180 (39.5) 2.50 (1.16- 5.30) 1.98 (1.280- 2

the fistula 2.5-3.5 cm 3.05)**

fromm EUM

" This category includes mixed vesicovaginal andoeaginal fistula, cervical and ureteric fistularethral fistula are excluded
from this category since these are measured by ottmeponents, and uniquely rectovaginal fistulaexeuded since our

analyses examine closure of urinary fistula
" Categories IV (Middle 1/3 completely involved matme urethral tissue remains (urethral length €t} and V (no urethra)
were collapsed due to the presence of only 1 waméme latter category
v Categories b (Longitudinal diameter 4-7 cm) arfdangitudinal diameter <4 cm) collapsed and equatid “small” or “no

bladder” in our dataset
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Component Open Closed RR (95% CI) ARR (95% CI) Score
N (%) N (%)
Type 3 Distal edge of 27 26.7) 120 (26.3) 2.28 (1.07- 4.87) 1.62 (1.01-2.59)* | 2
the fistula 1.5-<2.5 cm
from EUM
Type 4 Distal edge of 15 (14.9) 37 (8.1) 3.74 (1.75-7.99) 204 (1.17-3.57)* | 2
the fistula <1.5 cm from
EUM
a Size <1.5¢cm 21 (18.4) 107 21.7) Ref Ref -
b Size 1.5-3cm 49 (43.0) 273 (65.5) 0.90 (0.53-1.53) 0.75 (0.44-1.26) -
C Size >3 cm 44 (38.6) 112 (22.8) 1.69 (1.05-2.70) 0.98 (0.65-1.47) -
i. None or only mild | Ref Ref Ref Ref -
fibrosis, and/or vaginal
length >6cm, normal
bladder capacity
i Moderate or 75 (63.6) 216 (41.6) 2.07 (1.23-3.48) 1.74 (1.10-2.77)* | 2
severe fibrosis, and/or
reduced vaginal length
and/or bladder
capacity
ii. Special 73 (61.9) 218 42.0) 1.87 (0.99-3.54)* 1.55 (0.81-2.96)* | -
considerations, e.g.
post-radiation, ureteric
involvement,
circumferential fistula,
previous repair
WHO
>1 fistula 16 (13.6) 24 (4.6) 2.26 (1.43-3.56)** 1.83 (1.06- 2
3.16)*"
Site (mixed wvf rvf or 8 (6.8) 47 (9.1) 0.72 (0.40-1.30) 0.78 (0.39-1.56) -
cervical fistulaY)
Size (diameter >4 cm) 38 B3.3) 95 (19.3) 1.72 (1.13-2.62)** 1.17 (0.83- 1.66) -
Involvement of the 72 (61.0) 192 (37.1) 2.03 (1.52-2.70)** 1.64 (1.20- 2
urethra / continence 2.24)**
mechanism
Scarring 94 (79.7) 386 (74.5) 0.86 (0.36-2.09) 0.97 (0.57-1.65) -
Circumferential defect 40 (33.9) 69 (13.3) 2.32 (1.60-3.35)*" - -
Extensive tissue loss 31 (26.3) 35 (6.8) 2.75 (1.80-4.18)** 1.89 (1.24-2.86)** | 2
Ureter involvementvi 32 (27.4) 87 (16.9) 1.67 (1.00-2.80)* 1.13 (0.69-1.86) -
Previous repair 39 33.1) 110 21.2) 1.57 (1.07-2.31)** 1.43 (0.96-2.13)* | -

VIn this category are included mixed vesicovagaral rectovaginal fistula and cervical fistula. tbral fistula are excluded
from this category since these are measured byaimponent “involvement of the urethra / continemaehanism.” Ureteric
fistula are excluded as they are measured thrdughkariable “ureter involvement” and uniquely reetginal fistula are

excluded since our analyses examine closure ouyifistula
V! This variable is a proxy for the WHO variable “west draining into the vagina or at edge of theilét non-specified ureteric
involvement was included here to avoid overlap i variable “non-vvf”
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Table D.2: Additional variables for consideration in a prognostic classificabn system —
accounting for clustering by provider rather than site

Component Open Closed RR (95% CI)

N (%) N (%)
Patient characteristics
Age > 25 65 (65.1) 241 (46.4) 1.19 (0.84-1.70)
Duration of fistula (average 55 (8.3) 3.0 (4.7) 1.04 (1.03-1.06)**
years, sd)
Comorbidities present at baseline
Genital cutting 35 (29.7) 99 (19.2) 1.26 (0.90-1.87)
Malnutrition 8 (6.8) 31 (6.0) 1.26 (0.71-2.23)
Anemia 9 (7.6) 36 (6.9 1.14 (0.75-1.74)
UTl 0 (0.0) 2 (04 -
HIV 0 (0.0) 2 (04 -
Malaria 1 (0.8) 3 (0.6) 0. 59 (0.35-2.58)
Helminthiasis 20 (16.9) 54 (10.4) 1.23 (0.83-1.82)

Fistula characteristics not included

in above classification systems

Necrotic tissue present 16 (13.7) 46 (8.9) 1.44 (0.64-3.23)

No or mild scarring 51 (43.2) 356 (68.7) Ref

Moderate scarring 43 36.4) 133 25.7) 1.85 (1.10-3.13)*"
Severe scarring 24 (20.3) 29 (5.6) 3.39 (1.98-5.80)*"
No urethral involvement 46 (39.0) 326 (62.9) Ref

Partial urethral involvement 30 25.4) 119 (23.0) 1.50 (1.08-2.17)*"
Complete destruction or 41 (35.0) 72 (14.0) 2.64 (1.88-3.72)**
fransection / circumferential

injury

Any ureteric involvement 78 (66.7) 266 (51.6) 1.67 (1.00-2.80)*
Non-wvf (ureteric, urethral, 27 (22.9) 79 (15.4) 1.65 (1.14-2.38)**
rectovaginal, cervical fistula)

Cervix not visible 65 (65.1) 241 (46.4) 1.37 (0.78-2.44)

Table D.3: Proposed fistula complexity scoring system — outcome at follow-up,jasting

for clustering by provider

Component ARR (95% CI) Score
>1 fistula 2.03 (1.21- 3.39) 2
Moderate or severe scarring 1.75 (1.14- 2.70) 2
Complete destruction or 2.04 (1.38- 3.02) 2
tfransection / circumferential

injury

Table D.4: Comparison of AUCs — clustering by provider

Derived cohort

Validation cohort

Scoring Proportion failed C-statistic Proportion failed C-statistic
system closures (95%Cl) closures (95%Cl)
Waaldijk 0.53 (0.51-0.56) 0.51 (0.49- 0.53)

0 | 108/616 (17.53%)

110/617 (17.83%)

w

8/17 (47.06%)

3/12 (25.00%)

4 | 2/3 (66.67%)

2/5 (40.00%)

Goh

0.62 (0.57-0.67)

0.62 (0.57- 0.68)

0 | 14/141 (9.93%)

18/141 (12.77%)

N

44/275 (16.00%)

33/274 (12.04%)

4 | 60/221 (27.15%)

64/222 (28.83%)




Derived cohort

Validation cohort

Scoring Proportion failed C-statistic Proportion failed C-statistic
system closures (95%Cl) closures (95%Cl)
Tafesse 0.66 (0.61-0.71) 0.59 (0.54- 0.64)
0| 18/193 (9.33%) 18/193 (9.33%)
2 | 37/250 (14.80%) 51/230 (22.17%)
3 | 63/194 (32.97%) 46/214 (21.50%)
WHO 0.69 (0.64-0.74) 0.63 (0.57- 0.68)
0 | 32/337 (9.50%) 44/351 (12.54%)
2 | 54/233 (23.18%) 44/215 (20.47%)
4 | 32/67 (47.76%) 27/71 (38.03%)
Proposed 0.69 (0.64-0.74) 0.60 (0.55-0.66)
0 | 33/355 (9.30%) 48/348 (13.79%)
2 | 47/186 (25.27%) 36/194 (18.56%)
4 | 3831/96 (39.58%) 31/95 (32.63%)

Figure D.1: ROC curves — outcome at discharge, derived cohort
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Figure D.2: ROC curves — outcome at discharge, validation cohort
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Appendix E: Comparing discriminatory value of classification systems, wére primary
outcome is fistula closure at discharge from facility

In this appendix, | evaluate the discriminatory value of existing claasdit systems and

propose an empirically-derived prognostic score, examining fistula clasdrscharge from the
facility, rather than at the three-month follow-up visit. This analysisrgésa different results

than those obtained examining fistula closure at follow-up. Specificallypthpanents of

existing systems that met criteria for inclusion in a scoring systeedv@nly one element of

both the Waaldijk and Goh systems met criteria for inclusion), as did the weigligiseaito
components previously included. The proposed prognostic score contained one new component
(bladder size) and no longer included partial urethral involvement. Further, tteeoyevkap in
the confidence intervals across the three AUCs compared. However, prevdltilcee to
close the fistula at discharge (15.1%) was lower than at 3-months following sur§&%6), and

therefore these analyses may have had decreased statisticalgroshete£ting small

differences.

Table E.1: Derivation of prognostic scores for existing classification systemsutcome at

discharge
Component Open Closed RR (95% CI) ARR (95% CI) Score
N (%) N (%)
Lawson
Juxta-urethral 22 (22.4) 111 20.2) 1.18 (0.80-1.75) 0.91 (0.53-1.56) -
Mid-vaginal 18 (18.4) 176 31.8) 0.58 (0.30-1.12)* 0.53 (0.26-1.08)* -
Juxta-cervical 14 (14.3) 94 (17.1) 0.81 (0.38-1.72) 0.69 (0.35-1.36) -
Vault 2 (2.0) 18 (3.3) 0.68 (0.37-1.26) 0.54 (0.24-1.24)* -
Massive combination 2 (2.0) 5 (0.9) 2.25 (1.01-5.03)** - -
Waaldijk
Type 1 Not involving 85 (85.9) 520 (93.9) Ref Ref -
closing mechanism
Type 2 Involves closing 14 (14.1) 34 (6.1) 1.97 (1.26-3.09)** Ref -
mechanism
Type 2Aa Without 4 (4.0 15 (2.7) 1.32 (0.46-3.79) 1.63 (0.62-4.27) -
(sub)total urethra
involvement without
circumferential defect
Type 2Ab Without 6 (6.1) 13 (2.3) 1.92 (0.89-4.18)* 1.54 (0.77-3.08) -
(sub)total urethra
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Component Open Closed RR (95% CI) ARR (95% CI) Score
N (%) N (%)

involvement with

circumferential defect

Type2Ba Wifh (sub)total 1 (1.0) 3 (0.5 1.92 (0.82-4.45)* 1.85 (0.71-4.82) -

urethra involvement

without circumferential

defect

Type2Bb Wifth (sub)total 2 (20) 2 (0.4 3.32 (1.70-6.50)** 2.41 (1.07-5.43)** | 2

urethra involvement with

circumferential defect

Type 3 Ureteric and 37 37.8) 135 (24.3) 1.73 (1.07-2.80)** 1.53 (0.95-2.49)* | -

other exceptional

fistulavi

Small <2 20 (21.5) 153 (29.0) Ref Ref -

Medium 2-3 38 (40.9) 268 (50.8) 1.09 (0.75-1.58) 1.07 (0.73-1.56) -

Large 4-5 29 (31.2) 83 (15.7) 2.11 (1.26-3.53)** 1.63 (0.97-2.75) * | -

Extensive> 6 6 (6.5) 24 (4.5) 1.57 (0.73-3.39) 1.33 (0.67-2.62) -
Tafesse

Class 1 Non- 44 (44.4) 368 (66.3) Ref Ref -

circumferential, not

previously operated

Class 2 Non- 19 (19.2) 109 (19.6) 1.26 (0.76-2.09) 1.19 (0.64-2.22) -

circumferential,

previously operated

Class 3 Circumferential, | 28 (28.3) 63 (11.4) 2.65 (1.58-4.44)** 1.74 (0.85-3.58)* -

not previously operated

Class 4 Circumferential, 8 (8.1 15 (2.7) 2.68 (1.63-4.40)** 1.74 (0.83-3.64)* -

previously operated

| No urethral 21 (22.8) 169 31.7) Ref Ref -

involvement (urethral

length>4cm)

Il Urethra involved but 29 34.9) 205 (42.4) 1.42 (0.83-2.41)* 1.18 (0.80-1.73) * | -

not middle 1/3 (2.7-3.9

cm)

Il Middle 1/3 partly 34 (41.0) 142 (29.3) 2.23 (1.38-3.61)** 1.37(0.77-2.43) -

involved (1.4-2.6 cm)

IV-V Middle 1/3 8 (9.6) 17 (3.5) 3.75 (1.98-7.13)** | 2.14 (1.07-4.30) 2

completely involved or **

no urethravi

b-c Longitudinal 37 (43.0) 129 (24.8) 2.17 (1.61-2.93)** 1.13 (0.79-1.63) -

diameter of bladder < 7

Cmix

< 850% of anterior vagina | 27 (27.3) 303 (64.9) Ref Ref -

involved

> 50% of the anterior 44 (44.4) 209 @B7.9) 1.83 (1.20-2.79)** 1.64 (1.08-2.51) 2

vagina wall involved ”

Obliterated vagina 28 (28.3) 41 (7.4) 3.97 2.65-594H* | 3.16(2.02-3.95) |3

Vi

This category includes mixed vesicovaginal andonginal fistula, cervical and ureteric fistularethral fistula are excluded
from this category since these are measured by ottmeponents, and uniquely rectovaginal fistulaexeuded since our
analyses examine closure of urinary fistula
V' Categories IV (Middle 1/3 completely involved ksatme urethral tissue remains (urethral length €} and V (no urethra)
were collapsed due to the presence of only 1 waméime latter category
% Categories b (Longitudinal diameter 4-7 cm) arfdangitudinal diameter <4 cm) collapsed and equatitd “small” or “no
bladder” in our dataset
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Component Open Closed RR (95% CI) ARR (95% CI) Score
N (%) N (%)
Goh
Type 1 Distal edge of 21 (22.8) 172 (32.3) Ref Ref -
the fistula >3.5 cm from
external urinary meatus
(EUM)
Type 2 Distal edge of 29 34.9) 203 (41.9) 1.44 (0.87-2.38) 1.14 (0.72-1.80) -
the fistula 2.5-3.5 cm
from EUM
Type 3 Distal edge of 27 (32.5) 120 (24.8) 2.13 (1.35-3.35)** 1.52 (0.85-2.72)* -
the fistula 1.5-<2.5 cm
from EUM
Type 4 Distal edge of 15 (18.1) 38 (7.9 3.38 (1.94-5.89) 1.83 (0.83-4.05)* -
the fistula <1.5 cm from
EUM
q Size <1.5cm 16 (17.2) 115 (21.8) Ref Ref -
b Size 1.5-3 cm 36 (38.7) 289 (54.7) 0.95 (0.56-1.59) 0.75 (0.43-1.33) -
C Size >3 cm 41 (44.1) 124 (23.5) 195 (1.11-3.44)** 1.02 (0.57-1.83) -
i. None or only mild | Ref Ref Ref Ref -
fibrosis, and/or vaginal
length >6cm, normal
bladder capacity
i. Moderate or 69 (69.7) 231 (41.6) 2.55 (1.82-3.58)** 2.38 (1.54-3.67)* | 2
severe fibrosis, and/or
reduced vaginal length
and/or bladder
capacity
i Special 59 (69.6) 241 (43.4) 1.66 (0.99-2.80)* 1.25 (0.70-2.21) -
considerations, e.g.
post-radiation, ureteric
involvement,
circumferential fistula,
previous repair
WHO
>1 fistula 14 (14.1) 26 (4.7) 2.33 (1.68-3.22)** | 2.46 (1.60-3.79)** | 2
Site (mixed vvf rvf or 8 (8.1) 48 (8.6) 0.94 (0.66-1.34) 0.91 (0.68-1.21) -
cervical fistulax)
Size (diameter >4 cm) 35 (37.6) 107 (20.3) 1.90 (1.24-2.91)* 1.13 (0.80-1.61) -
Involvement of the 59 (69.6) 213 (38.4) 2.01 (1.36-2.97)** 1.61 (0.99-2.62)* -
urethra / continence
mechanism
Scarring 83 (83.8) 409 (73.8) 2.16 (1.54-3.04)** 1.84 (1.03-3.27)** | 2
Circumferential defectd | 36 (36.4) 78 (14.1) 2.49 (1.76-3.53)** - -
Extensive tissue loss 28 (28.3) 40 (7.2) 2.90 (2.19-3.84)* 2.03 (1.52- 2
2.71)*
Ureter involvementxi 29 (29.6) Q4 (17.1) 1.82 (1.09-3.06)** 1.25 (0.84-1.86)* -

*In this category are included mixed vesicovagaral rectovaginal fistula and cervical fistula. tbral fistula are excluded
from this category since these are measured bydaimponent “involvement of the urethra / continemaehanism.” Ureteric
fistula are excluded as they are measured thrdughkariable “ureter involvement” and uniquely reetginal fistula are

excluded since our analyses examine closure oanyifistula
* This variable was not included in multivariate lgsi since circumferential fistulas are a typeiafthral involvement,

captured by another component
X

involvement was included here to avoid overlap i variable “non-vvf”

This variable is a proxy for the WHO variable “unet draining into the vagina or at edge of thaifést non-specified ureteric
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Component Open Closed RR (95% CI) ARR (95% CI) Score
N (%) N (%)
Previous repair 27 (27.3) 124 (22.3) 1.11 (0.76-1.63) 1.01 (0.70-1.47) -

Table E.2: Additional variables for consideration in a prognostic classifiation system —

outcome at discharge

Component Open Closed RR (95% CI)

N (%) N (%)
Patient characteristics
Age > 25 50 (60.5) 266 (47.9) 0.94 (0.59-1.49)
Duration of fistula (average years, | 4.3 (7.1) 3.2 (5.3) 1.03 (1.01-1.05)**
sd)
Comorbidities present at baseline
Genital cutting 22 (22.2) 113 (20.5) 1.05 (0.61-1.8D)
Malnutrition 13 (d3.1) 32 (5.8) 1.68 (1.17-2.41)**
Anemia 12 (d2.1) 38 (6.8) 1.16 (0.45-3.00)
UTl 0 (0.0) 2 (0.4) -
HIV 0 (0.0) 2 (0.4 -
Malaria 1 (1.0) 3 (0.6) 1.59 (0.89-2.83)
Helminthiasis 12 (02.1) 62 (11.2) 1.03 (0.95-1.12)

Fistula characteristics not included in above classification systems

Necrotic tissue present 15 (156.3) 52 (9.5) 1.40 (0.57-3.46)
No or mild scarring 37 (37.4) 379 (68.4) Ref

Moderate scarring 40 (40.4) 142 (25.6) 2.33 (1.62-3.37)**
Severe scarring 22 (22.2) 33 (6.0) 4.20 (2.68-6.56)**
No urethral involvement 40 (40.4) 342 (61.7) Ref

Partial urethral involvement 22 22.2) 129 (23.3) 1.42 (1.03-1.95)*"
Complete destruction or 37 (37.4) 81 (14.8) 2.75 (1.84-4.11)**
transection / circumferential injury

Any ureteric involvement 29 (29.6) 94 (17.1) 1.82 (1.09-3.06)**
Non-wvf (ureteric, urethral, 68 (68.7) 285 (61.7) 1.94 (1.28-2.96)**
rectovaginal, cervical fistula)

Cervix not visible 23 23.2) 86 (15.7) 1.64 (1.14-2.33)**

Table E.3: Proposed prognostic score — outcome at discharge

Component ARR (95% CI) Score
Smalll bladder 1.21 (1.01- 1.45) 1

>1 fistula 211 (1.41-3.17) 2
Moderate or severe scarring 2.02 (1.57- 2.60) 2
Complete destruction or 2.07 (1.52-2.83) 2
transection / circumferential injury

Table E.4: Performance of selected classification systems — outcome igttarge

Derived cohort Validation cohort

Scoring Proportion failed C-statistic Proportion failed C-statistic
system closures (95%Cl) closures (95%Cl)
Tafesse .67 (0.62-0.72) 66 (0.61-0.71)

0 | 23/317 (7.26) 23 / 289 (7.96)

2 | 41/244 (16.80) 45 /262 (17.18)

3 ]28/75(@37.33) 32 / 85 (37.65)
WHO .68 (0.63- 0.74) .59 (0.54- 0.65)

0 | 26/379 (6.86) 45 /372 (12.10)

2 | 37/186 (19.89) 32 /193 (16.58)




Derived cohort

Validation cohort

Scoring Proportion failed C-statistic Proportion failed C-statistic
system closures (95%Cl) closures (95%Cl)
4 | 29/72 (40.28) 23 /72 @31.94)
Proposed .68 (0.63-0.73) .63 (0.58-0.69)
0 | 17/309 (6.50) 27 ] 293 9.22)
1| 3/46(6.52) 13 / 55(23.64)
2 | 29/126(23.02) 13 / 127(10.24)
3 | 43/156(27.56) 47 /162 (29.01)

Figure E.1: ROC curves —derivation cohort, outcome at discharge
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Appendix F: Distribution of success rates, surgeons, and peri-operatiyocedures across sites

Table F.1: Distribution of success rates, surgeons, and peri-operad procedures across sites

160

Site N (%)

Characteristic Total Site A Site B Site C Site D Site E Site F Site G Site H Site | Site J Site K

(n=1328) | (n=84) (n=48) (n=5) (n=246) | (n=72) (n=93) (n=57) (n=208) | (n=151) | (n=160) | (n=204)
Number of 51 7 5 2 6 6 4 8 2 5 5 10
surgeons
Number of 1274 71 48 5 246 67 68 53 208 146 159 203
patients (95.93) (84.52) | (100.00) | (100.00) | (100.00) | (93.06) | (73.12) | (92.98) | (100.00) | (96.69) | (99.38) | (99.51)
returning for
follow-up visit
Successful 1104 62 34 5 204 40 72 39 189 115 141 203
repair at (84.47) (75.61) | (70.83) (100.00) | (82.93) | (69.70) | (86.75) | (72.22) | (90.87) | (76.16) | (88.13) | (100.00)
discharge
Successful 1039 52 34 3 (60.00) | 185 40 45 37 190 117 138 198
repair at follow- | (81.55) (73.24) | (70.83) (75.20) | (69.70) | (66.18) | (69.81) | (91.35) | (80.14) | (86.79) | (97.54)
up
Repair 485 3 0 0 246 29 38 7 11 7 26 121
conductedin (36.94) @.61) (00.00) (00.00) (100.00) | (43.28) | (42.70) | (12.73) | (.29 4.67) (16.25) | (69.90)
the context of
fraining
(n=1314)
Repair part of 554 0 36 0 246 45 8 17 6 11 21 164
outreach (42.16) 00.00) | (75.00) (00.00) (100.00) | (67.16) | (8.99 (30.91) | (2.88) (7.33) (13.13) | 81.19)
services / camp
(n=1313)
Pre-operative procedures
Pre-operative 541 48 48 3 246 2 46 4 9 33 28 74
antibiotics @17 (67.83) | (100.00) | (60.00) (100.00) | 2.99 ©&1.69) | 7.27) (4.35) (22.00) | (17.50) | (36.27)
administered
prophylactically
(n=1314)
Pre-operative 50 11 0 0 0 0 2 3 9 12 12 1
antibiotics @.81) (13.25) | (00.00) (00.00) (00.00) | (00.00) | (2.25) (5.45) (4.35) (8.00) (7.50) .49
administered
therapeutically
(n=1314)

' Number of unique surgeons
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Site N (%)

Characteristic Total Site A Site B Site C Site D Site E Site F Site G Site H Site | Site J Site K

(n=1328) | (n=84) (n=48) (n=5) (n=246) | (n=72) (n=93) (n=57) (n=208) | (n=151) | (n=160) | (n=204)
Drinking 1053 33 48 0 246 67 0 29 138 150 158 187
regimen (80.32) (39.29) | (100.00) | (00.00) (100.00) | (100.00) | (0O.00) | (61.79) | (66.99) | (100.00) | (100) (92.12)
prescribed pre-
operatively
(n=1311)
Median liters of | 5 (4-8) 5 (6-5) 4 (4-4) N/A 4 (3-5) 6 (6-6) N/A 8 (6-8) 10 (7- 8 (8-8) 3 @3-3) 5 (4-5)
fluid prescribed 10)
(1QR) (n=1057)
Intra-operative procedures
Vaginal route 1253 71 46 5 238 67 89 53 207 151 133 193
(n=1273) (95.29) (85.54) | (95.83) (100.00) | (96.75) | (100.00) | (100.00) | (26.36) | (99.52) | (100.00) | (83.13) | (95.07)
Single layer 820 65 28 5 30 65 26 49 169 92 118 173
suture of (64.52) (80.25) | (89.57) (100.00) | (12.20) | @7.01) | (32.91) | (89.09) | (84.08) | (61.33) | (80.82) | (89.18)
bladder
(n=1271)
Double layer 428 15 19 0 215 1 53 3 17 58 24 23
suture of (33.83) (18.99) | (40.43) (00.00) 87.40) | (1.49) (66.25) | (5.56) (8.54) 38.67) | (16.55) | (11.92)
bladder
(n=1265)
Single layer 1076 73 47 5 244 66 29 44 174 132 120 142
suture of 84.79) (90.12) | (100.00) | (100.00) | (99.19) | (98.51) | (36.71) | (80.00) | (87.44) | (88.00) | (82.19) | (73.20)
vaginal mucosa
(n=1269)
Double layer 14 1 0 0 1 0 2 1 1 0 3 5
suture of a.aim (1.27) (00.00) (00.00) ©.41) (00.00) | (2.56) (1.85) 0.50) 00.00) | .07 (2.60)
vaginal mucosa
(n=1261)
Martius flap 43 4 6 0 17 0 0 0 15 0 0 1
(with or without | (3.41) (56.06) Q2.77) (00.00) ©6.91 (00.00) | (00.00) | (CO.00) | (7.54) (00.00) | (©O.00) | (0.52)
labia skin)
(n=1261)
Relaxing 16 0 2 1 0 0 0 3 6 1 0 3
incision (1.27) 00.00) | (4.26) (20.00) (00.00) | (00.00) | (00.00) | (5.56) 3.02) ©.67) (00.00) | (1.56)
(n=1261)
Posi-operative procedures
Open drainage | 899 0 0 1 95 67 0 41 203 151 147 194
system (68.68) (00.00) | (00.00) (20.00 (38.62) | (100.00) | (00.00) | (74.55) | (100.00) | (100.00) | (91.88) | (95.57)
(n=1309)
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Site N (%)

Characteristic Total Site A Site B Site C Site D Site E Site F Site G Site H Site | Site J Site K

(n=1328) | (n=84) (n=48) (n=5) (n=246) | (n=72) (n=93) (n=57) (n=208) | (n=151) | (n=160) | (n=204)
Median days of | 21.00 21.00 14.00 14.00 15.00 28.00 14.00 29.00 23.00 28.00 14.00 15.00
catheterization | (14-27) (a7-21) | (14-20) (14-14) (14-21) | (28-28) | (13-15) | (28-34) | (21-28) | (28-28) | (14-21) | (14-16)
QR
(n=1261)
Drinking 1148 60 48 0 246 67 0 7 208 150 160 202
regimen (88.04) (74.07) | (100.00) | (00.00) (100.00) | (100.00) | (00.00) | (12.96) | (100.00) | (100.00) | (100.00) | (100.00)
prescribed
post-
operatively
(n=1304)
Median liters of | 5 (4-8) 3 @3-5) 4 (4-4) N/A 3 3-3) 10 (10- | N/A 6(-10) | 10(00- | 8(8-8) 6 (6-6) 5 (6-5)
fluid prescribed 10) 10)
(n=1138)
Bladder fraining | 670 23 7 1 79 44 0 28 13 121 159 195
provided (561.34) (28.40) | (14.58) (20.00) B2.11) | (65.67) | (00.00) | (61.85) | (6.25) (80.13) | (100.00) | (96.06)
(n=1305)
Prophylactic 1122 76 3 2 246 64 83 8 208 151 160 124
antibiotics (85.98) (93.83) | (6.25) (40.00) (100.00) | (96.97) | (100.00) | (14.81) | (100.00) | (100.00) | (100.00) | (61.08)
provided
(n=1305)
Bed-rest 244 5 0 2 151 0 38 0 3 0 15 30
prescribed > 3 (18.37) (5.95) (00.00) (40.00) (61.38) | (00.00) | (40.86) | (00.00) | (1.44) (00.00) | (9.38) aa4.71n)
days
(n=1328)
Patient did 1118 62 12 5 226 48 0 53 202 150 158 202
pelvic-muscle (85.47) (73.81) | (25.53) (100.00) | (91.87) | (72.73) | (00.00) | (96.36) | (97.12) | (100.00) | (98.75) | (100.00)
exercises
(n=1308)
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Appendix G: Propensity score matching for analyses of route of repair anddiula closure
In this appendix, | illustrate the overlap in propensity between participanstegpeising an
abdominal / combined route versus vaginal route of repair. Propensity scordgsiere
calculated using a reduced model comprised of fistula characteriftitte{anal route of repair
indicated, mid-vaginal or juxta-cervical location, partial urethral dgma complete damage /
transaction of the urethra) only. Since no individuals undergoing abdominal repair had a
propensity score <.004, individuals with a propensity score lower than this value wleicedx
from the analyses. Upon visual examination of p-values and distribution of covariatdse
G.2, it appears that covariate balance is somewhat improved (though imbalarios neneams
of some patient and fistula characteristics, surgeon skill, and procedures) tBiga¢maining
imbalance, | matched participants on an expanded set of covariates, includiag fistul
characteristics, parity, site, and surgeon skill. Observations with a propeasey<s0029 or
>.856 were excluded from the analyses. Covariate balance was further improveadyrags
Table G.4, though some imbalances remained; since a large proportion of the lsadnjol be

excluded from the analyses, no further covariates were included.

Table G.1: Overlap in propensity between participants operated using an alominal /
combined route vs vaginal route, propensity scores calculated using redacenodel

Route Obs N Mean Std Dev Minimum Maximum
FAFFFFFFF A A F A FF A FFFF A F A A A A A F A FF A A F A F A A F A A A F A F A F A A F A F A F A A FF A F A A F A FFFFFFFFFFFF

/] 1216 1202 0.0334723 0.0706272 1.3590802E-6 0.6996159

1 57 52 0.2262770 0.1999126 0.0042345 0.6996159

FEF S FFFES S S FFFES S FFF PSS FFFESS S FFF LSS FFF IS FFFESS S FFF LSS FFF PSS FFFFSFSFS

Figure G.1: Overlap in propensity between participants operated usiman abdominal /
combined route versus vaginal route, propensity scores calculated usingduced model
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Table G.2: Assessing balance after matching on propensity for abdominal veisvaginal
route of repair (reduced model)

Tot al Abdom nal / conbi ned Vagi nal
N (9 N K N (9
Tot al 138 ( 100) 46 ( 100) 92 ( 100)
Site
Kumudi ni 15 (10.9) 9 (19.6) 6 ( 6.5)
Lanb 4 (2.9 2 ( 4.3) 2 (2.2
Ki ssi dougou 36 (26.1) 7 (15.2) 29 (31.5)
Mar adi 5 ( 3.6) 0 ( 0.0 5 ( 5.4)
Lanor de 7 (5.1) 0 (0.0 7 (7.6)
Sokot o 1 (0.7 1 (2.2 0 ( 0.0
Zanf ara 13 ( 9.4) 1 ( 2.2 12 (13.0)
Kebbi 5 ( 3.6) 0 ( 0.0 5 ( 5.4)
Kagando 34 (24.6) 20 (43.5) 14 (15.2)
Kitovu 18 (13.0) 6 (13.0) 12 (13.0)
Age >25 86 (62.3) 33 (71.7) 53 (57.6) *
Currently married 86 (62.3) 27 (58.7) 59 (64.1)
Duration of fistula 4.2 ( 6.0) 4.8 ( 6.8) 3.9 ( 5.6)
> Primary education 36 (26.1) 17 (37.0) 19 (20.7) *
Rural residence 124 (89.9) 42 (91.3) 82 (89.1)
Parity >3 63 (47.0) 26 (57.8) 37 (41.6) *
Aver age prognostic scorel.43 ( 1.6) 1.00 ( 1.4) 1.64 ( 1.7) =**
Previ ous repaired 35 (25.4) 12 (26.1) 23 (25.0)
Any scarring 63 (45.7) 20 (43.5) 43 (46.7)
> 1 urinary fistula 16 (11.7) 3 ( 6.5) 13 (14.3)
Uret hral damage
Parti al 22 (16.1) 3 ( 6.5) 19 (20.9) **
Transection or conplete 16 (11.7) 4 (8.7 12 (13.2)
Ureteric invol venment 70 (50.7) 23 (50.0) 47 (51.1)
Smal | bl adder 46 (36.5) 12 (29.3) 34 (40.0)
Conorbidities at baseline
Hel mi nt hi asi s 20 (14.5) 1 (2.2 19 (20.7) **
Mal nutrition 7 (5.1) 3 ( 6.5) 4 ( 4.3)
Anem a 11 ( 8.0) 5 (10.9) 6 ( 6.5)
Urine dermatitis 4 ( 6.9 0 (0.0 4 (11.8) *
Fever 0 ( 0.0 0 ( 0.0 0 ( 0.0) =
uTl 0 ( 0.0 0 ( 0.0 0 ( 0.0
Foot drop 3 (2.2 0 (0.0 3 (3.3
Fi stula | ocation
Juxt a- ur et hral 3 (2.2 1 (2.2 2 (2.2
M d- vagi nal 21 (15.2) 3 ( 6.5) 18 (19.6) **
Juxt a- cervi cal 13 ( 9.4 5 (10.9) 8 (8.7
Intra-cervical 16 (11.6) 7 (15.2) 9 ( 9.8)
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combined route versus vaginal route, propensity scores calculated ugiexpanded model

Approach
0 1216
1 57

N
Obs N

1098 0.0274832

51 0.4083025

Mean Std Dev

0.0709935

0.3219966

2.770879E-10

0.0029727

Minimum

Maximum

FEEESFFFFSSESSFFFFSSSSSFFF PSS FFFFSSSSSFFFESSSSFFFFFSSSFFFFLSSSSSFFFASSSSSFFFFSSSSFFFFSSSFS
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Figure G.2: Overlap in propensity between participants operated usiman abdominal /

combined route versus vaginal route, propensity scores calculated usingpanded model
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Table G.4: Assessing balance after matching on propensity for abdominal versuaginal
route of repair (expanded model)

Tot al Abdom nal / conbi ned Vagi nal
N (% N 9 N (%
Tot al 90 ( 100) 30 ( 100) 60 ( 100)
Site
Kurrudi ni 17 (18.9) 6 (20.0) 11 (18.3)
Lanb 4 (4.4 2 (6.7 2 ( 3.3)
MCH 1 (1.1 0 ( 0.0 1 (1.7
Ki ssi dougou 17 (18.9) 8 (26.7) 9 (15.0)
Sokot o 1 (1.1 1 ( 3.3 0 (0.0
Zanf ar a 2 (2.2 1 ( 3.3 1 (1.7
Kebbi 4 ( 4.4 0 ( 0.0 4 ( 6.7)
Kagando 32 (35.6) 7 (23.3) 25 (41.7)
Ki t ovu 12 (13.3) 5 (16.7) 7 (11.7)
Age >25 65 (72.2) 20 (66.7) 45 (75.0)
Currently narried 55 (61.1) 18 (60.0) 37 (61.7)
Duration of fistula 4.3 ( 6.3) 6.0 ( 7.6) 3.5 ( 5.4 *
> Primary education 23 (25.6) 10 (33.3) 13 (21.7)
Rural residence 82 (91.1) 26 (86.7) 56 (93.3)
Parity >3 39 (43.3) 14 (46.7) 25 (41.7)
Aver age prognostic score 1.2 ( 1.4) 1.2 ( 1.5 1.3 ( 1.3)
Previ ous repaired 24 (26.7) 10 (33.3) 14 (23.3)
Any scarring 43 (47.8) 14 (46.7) 29 (48.3)
> 1 urinary fistula 5 ( 5.6) 1 ( 3.3) 4 ( 6.7)
Uret hral damage
Parti al 9 (10.1) 3 (10.0) 6 (10.2)
Transection or conplete 14 (15.7) 4 (13.3) 10 (16.9)
Ureteric invol verment 31 (34.4) 12 (40.0) 19 (31.7)
Smal | bl adder 27 (34.6) 11 (40.7) 16 (31.4)
Conorbidities at baseline
Hel mi nt hi asi s 9 (10.0) 2 (6.7 7 (11.7)
Mal nutrition 12 (13.3) 2 (6.7 10 (16.7)
Aneni a 12 (13.3) 3 (10.0) 9 (15.0)
Uine dermatitis 5 (11.6) 0 ( 0.0 5 (17.2) *
Fever 1 ( 2.3 0 (0.0 1 ( 3.4
uTl 0 ( 0.0 0 ( 0.0 0 ( 0.0
Foot drop 2 (2.2 0 (0.0 2 (3.3
Fi stula | ocation
Juxt a- ur et hral 12 (13.3) 1 ( 3.3 11 (18.3) *
M d- vagi nal 8 ( 8.9 3 (10.0) 5 ( 8.3)
Juxt a- cervi cal 13 (14.4) 5 (16.7) 8 (13.3)
Intra-cervical 14 (15.6) 5 (16.7) 9 (15.0)
Vesi co-uteri ne 9 (10.0) 3 (10.0) 6 (10.0)
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Appendix H: Propensity score matching for analyses of duration of catheteation and
fistula closure

In this appendix, | illustrate the overlap in propensity between participathisterized for > 14
days and 44 days. Propensity scores for duration of catheterization analysesrstere f
calculated using a reduced model comprised of patient and fistula chatiastertntext of

repair, as well as intra- and post-operative procedures. Since no individbetecagd for 314
days had a propensity score <.038, and no individuals catheterized for < 14 days had a
propensity score > .808, individuals with a propensity score lower or higher than thasse val
respectively, were excluded from the analyses. A comparison of individualedepaginally
and abdominally by covariates is shown in Table H.2. To address remaining icebialan
patient and facility-level characteristics, | matched participantan expanded set of covariates,
including site, and surgeon skill. For reasons described above, observations with atgropensi
score <.006 or >.895 were excluded from the analyses. Covariate balance wafipritnezd,

as shown in Table H.4, though some imbalances remained; since a large proptinecsaaiple
had to be excluded from the analyses, no further covariates were included.

Table H.1: Overlap in propensity between participants catheterized <14ays and > 14
days, propensity scores calculated using reduced model

N

Grp Obs N Mean Std Dev Minimum Maximum

SESSSSSSSOSE S S S S S SS S S SRS SRS S S SRS S S S S B bl
(2] 400 362 0.4553530 0.1969103 0.0381696 0.8339966
1 894 774 0.2547317 0.1837855 0.000694828 0.8086595

T FFFFS S FFF A S S FFF PSS FFFFSSSSSFFFLSSSSFFF PSS FFFSSSSSFFFFFSSSSSFFFFFSSSSFFFFFS

Figure H.1: Overlap in propensity between participants catheterizec14 days and > 14
days, propensity scores calculated using reduced model
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Table H.2: Patient characteristics by duration of catheterization (matckd sample, reduced
model)

Tot al <14 dags >14 days
N (% N (9 N (%

Tot al 806 ( 100) 264 ( 100) 542 ( 100)
Site

Kurrudi ni 22 (2.7 2 (0.8) 20 ( 3.7)
Lanb 38 (4.7 21 ( 8.0) 17 ( 3.1)
MCH 4 ( 0.5) 4 ( 1.5) 0 ( 0.0

Ki ssi dougou 164 (20.3) 63 (23.9) 101 (18.6)

Mar adi 62 (7.7 0 ( 0.0 62 (11.4)
Lanor de 47 ( 5.8) 28 (10.6) 19 ( 3.5)
Sokot o 48 ( 6.0) 0 ( 0.0 48 ( 8.9)
Zanf ar a 62 ( 7.7) 3 (1.1) 59 (10.9)
Kebbi 86 (10.7) 1 (0.4 85 (15.7)
Kagando 120 (14.9) 67 (25.4) 53 ( 9.8)

Ki t ovu 153 (19.0) 75 (28.4) 78 (14.4)
Age > 25 401 (49.8) 146 (55.3) 255 (47.0) >
Currently narried 520 (64.5) 176 (66.7) 344 (63.5)
Duration of fistula 3.4 ( 5.6) 3.7 ( 5.9 3.3 ( 5.5
> Primary education 179 (22.3) 76 (28.8) 103 (19.1) **
Rural residence 680 (85.1) 230 (88.1) 450 (83.6) *
Parity > 3 304 (38.5) 113 (43.3) 191 (36.1) *
Aver age prognostic score 1.2 ( 1.4) 1.1 ( 1.4) 1.3 ( 1.4) *
Previously repaired 199 (24.8) 57 (21.6) 142 (26.3) *
Any scarring 285 (35.4) 95 (36.0) 190 (35.1)

> 1 urinary fistula 55 ( 6.8) 17 ( 6.5) 38 (7.0
Uret hral damage

Parti al 207 (25.7) 60 (22.7) 147 (27.1) *
Transection or conplete 116 (14.4) 35 (13.3) 81 (14.9)
Ureteric invol verment 115 (14.3) 41 (15.5) 74 (13.7)
Smal | bl adder 156 (19.4) 44 (16.7) 112 (20.7) *
Conorbidities at baseline

Hel mi nt hi asi s 92 (11.4) 34 (12.9) 58 (10.7)

Mal nutrition 6 (0.7 2 (0.8) 4 (0.7
Anemni a 12 ( 1.5) 4 ( 1.5) 8 ( 1.5)
Uine dermatitis 26 (11.1) 10 ( 9.5) 16 (12.3)
Fever 5 ( 2.1) 1 ( 1.0 4 ( 3.1)

uTl 1 (0.1 1 (0.4 0 ( 0.0
Foot drop 7 (0.9 2 (0.8) 5 (0.9

Fi stula | ocation

Juxt a-urethral 208 (25.8) 63 (23.9) 145 (26.8)

M d- vagi nal 234 (29.0) 65 (24.6) 169 (31.2)

Juxt a-cervi cal 153 (19.0) 58 (22.0) 95 (17.5) *
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Table H.3: Overlap in propensity between participants catheterized <14ays and > 14
days, propensity scores calculated using expanded model

N

Grp  Obs N Mean Std Dev Minimum Maximum

FHF A A FF A A F A A F S A A FF A A A F A AP F A A F A A FF S A FF S A A F S A FFF A FF A A FF S FF S A A FFFFFFFFFFFFFFFFFFFFFFF
0 400 358 0.6010320 0.1725217 0.0064263 0.8959554
1 894 748 0.1909501 0.2514202 0.000137157 0.9025091

T FFFFS S FFFFSS S S FFF PSS FFFSSSSSFFFLSSSSSFFFFSSSSSFFFFSSSSSFFFFFSSSSSFFFFFSSSFFFFFS

Figure H.2: Overlap in propensity between participants catheterizé <14 days and > 14
days, propensity scores calculated using expanded model
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Table H.4: Patient characteristics by duration of catheterization (matckhd sample,
expanded model)

Tot al <14 dags >14 days
N (% N (9 N (%
Tot al 440 ( 100) 143 ( 100) 297 ( 100) *
Site
Kunudi ni 4 (0.9 2 (1.4 2 (0.7
Lanb 28 ( 6.4) 11 ( 7.7) 17 ( 5.7)
MCH 4 (0.9 4 ( 2.8) 0 ( 0.0
Ki ssi dougou 149 (33.9) 45 (31.5) 104 (35.0)
Lanor de 38 ( 8.6) 20 (14.0) 18 ( 6.1)
Zanf ar a 15 ( 3.4) 2 (1.4 13 ( 4.4)
Kebbi 2 (0.5) 1 (0.7 1 (0.3
Kagando 90 (20.5) 26 (18.2) 64 (21.5)
Ki t ovu 110 (25.0) 32 (22.4) 78 (26.3)
Age > 25 258 (58.6) 94 (65.7) 164 (55.2) >
Currently narried 263 (59.8) 96 (67.1) 167 (56.2) **
Duration of fistula 4.1 ( 6.3) 4.3 ( 6.3) 4.0 ( 6.3)
> Primary education 124 (28.2) 36 (25.2) 88 (29.7)
Rural residence 388 (89.0) 124 (87.9) 264 (89.5)
Parity > 3 177 (40.2) 69 (48.3) 108 (36.4) >
Aver age prognostic score 1.5 ( 1.5) 1.4 ( 1.6) 1.5 ( 1.4)
Previously repaired 109 (24.8) 45 (31.5) 64 (21.5) *x
Any scarring 201 (45.8) 62 (43.4) 139 (47.0)
> 1 urinary fistula 39 ( 8.9) 14 ( 9.8) 25 ( 8.4)
Uret hral damage
Parti al 105 (23.9) 32 (22.4) 73 (24.6)
Transection or conplete 92 (20.9) 21 (14.7) 71 (23.9) *x
Ureteric invol verment 97 (22.0) 33 (23.1) 64 (21.5)
Smal | bl adder 129 (29.3) 36 (25.2) 93 (31.3)
Conorbidities at baseline
Hel mi nt hi asi s 79 (18.0) 20 (14.0) 59 (19.9) *
Mal nutrition 4 ( 0.9 1 (0.7 3 (1.0
Anem a 8 (1.8) 2 (1.4 6 ( 2.0)
Uine dermatitis 10 ( 6.2) 5 (9.9 5 ( 4.6)
Fever 2 (1.2 2 (3.7 0 (0.0 *
uTl 1 (0.2 1 (0.7 0 ( 0.0
Foot drop 3 (0.7 1 (0.7 2 (0.7
Fi stula | ocation
Juxt a- ur et hral 95 (21.6) 34 (23.8) 61 (20.5)
M d- vagi nal 95 (21.6) 28 (19.6) 67 (22.6)
Juxt a- cervi cal 88 (20.0) 31 (21.7) 57 (19.2)
Intra-cervical 43 ( 9.98) 12 ( 8.4) 31 (10.4)
Vesi co-uteri ne 14 ( 3.2) 8 ( 5.6) 6 ( 2.0) *
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Circunferenti al 89 (20.2) 19 (13.3) 70 (23.6) **
Ureteric 5 (1.1) 3 (2.1 2 (0.7
Tri gonal 34 (1 7.7) 9 ( 6.3) 25 ( 8.4)
Supr a-trigonal 17 ( 3.9) 9 ( 6.3) 8 (27 *
Ur et er o- vagi nal 6 (1.4 3 (2.1 3 (1.0
Vaul t 18 ( 4.1) 9 ( 6.3) 9 ( 3.0 *
Surgi cal procedure
Vagi nal route 414 (94.1) 130 (90.9) 284 (95.6) *
1-1 ayer bl adder suture 232 (52.7) 76 (53.1) 156 (52.5)
2-layer bl adder suture 203 (46.1) 65 (45.5) 138 (46.5)
1-1 ayer mucosa suture 361 (82.0) 109 (76.2) 252 (84.8) *x
2-layer nucosa suture 9 (2.0 3 (2.1 6 ( 2.0)
Rel axi ng i nci sion 4 (0.9 2 (1.4 2 (0.7
Martius flap 9 ( 2.0 3 (21 6 (2.0
Post - oper ati ve procedures adm ni stered
Open catheter drainage 269 (61.1) 80 (55.9) 189 (63.6) *
Dri nki ng regi men 396 (90.2) 118 (82.5) 278 (93.9) *x
Bl adder training 255 (58.0) 77 (53.8) 178 (59.9)
Prophy. antibiotics 372 (84.5) 119 (83.2) 253 (85.2)
>1 day vagi nal pack 231 (52.5) 72 (50.3) 159 (53.5)
Nurmber of conplex repairs
< 50 129 (30.2) 46 (33.3) 83 (28.7)
50- 200 167 (39.1) 55 (39.9) 112 (38.8)
200- 1000 51 (11.9) 18 (13.0) 33 (11.4)

> 1000 80 (18.7) 19 (13.8) 61 (21.1) *
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Appendix I: Analyses conducted to test effect modification

In this appendix, | show additional analyses conducted to support evaluation of effect
modification by fistula prognosis. First, | calculated the Youden index, a neeafstive optimal
threshold based on the balance between true and false positives. Based on thesensalcula
(Table 1.1), the optimal measure threshold is a score of 3. However, in my primasyyes |

chose to use a threshold of 1, corresponding to the median percentile distribution of patlents, a
favoring increased sensitivity over specificity. In Table 1.2, | evaltlze influence of vaginal

route of repair on repair outcomes stratified by prognosis of repair. While aw#idgervals

are overlapping, these analyses suggest that among women with a progoostit,svaginal

route of repair may be less associated with failure to close the fistufmoedto the risk of

vaginal route of repair among women with a low prognostic score.

Table I.1: Calculation of Youden index to determine optimal threshold for neasure of

complexity
Not
Score closed Closed | Sensitivity | Specificity | Youden
0 32 239 1 0 0
1 16 61 0.862661 0.229587 | 0.092248
2 24 123 0.793991 0.288184 | 0.082176
3 43 99 0.690987 0.40634 | 0.097327
233 1041

Table I.2: The influence of vaginal route of repair on repair outcome acrossvels of repair

prognosis in the unmatched sample

Prognostic score <1

Prognostic score >1

Closed Not closed Closed Not closed
Vaginal route of repair 462 (93.90) 55 (98.21) 527 (96.17) 172 (97.18)
Abdominal / combined abdominal 30 (6.10) 10.79) 21 (3.83) 52.82)
vaginal
RR (95%Cl) 1.82 (0.66-5.00) 1.18 (0.67-2.06)
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Appendix J: Predictors of route of repair, and the influence of route of epair on fistula
closure, excluding mixed vaginal and abdominal routes of repair

In this appendix, | evaluated whether excluding repairs that were conducted batdlyagid
abdominally introduced any bias in the results. | first evaluated whethectpref
abdominal-only route of repair varied from the predictors of abdominal-only or cainbine
abdominal and vaginal route of repair. These analyses had less power than thes previ
analyses, and it was not possible to adjust for site, due to zero cell-counts. Nesgthdiehe
exception of fistula size greater than or equal to 4, which was significaninahly analyses
excluding combined route of repair, predictors of abdominal-only route of rep&rseitar to
those of abdominal-only or combined route of repair. In terms of the influence obfoefeir
on repair outcome, results of the analyses excluding combined route of repair tigted@s
stronger role of vaginal route of repair in predicting repair failure, exenaintrolling for other
factors. The smaller sample size for these analyses may have rasultsthble estimates;
however, these results indicate that while fistulas repaired using a canalpipp@ach may be
different compared to fistulas repaired using an abdominal approach with regapdito r
outcome, the increased risk of vaginal compared to abdominal repair on repair $ailoreamn
artifact of this difference.

Table J.1: Predictors of vaginal versus abdominal route of repair, excluding mixed vaggl
and abdominal route of repair

Abdominal / Vaginal Unadjusted RR (95% Adjusted RR
combined Ch (95% CI)
N (%) N (%)
Total (n=1273) 47 1216
Patient characteristics at baseline
Parity > 3 28 (62.2) 410 (34.9) 2.94 (1.63-5.31) ** 1.80 (0.90-3.60)*
Age > 25 33 (70.2) 566 (46.5) 2.61(1.41-4.83) ** -
Currently married 33 (70.2) 793 (65.2) 1.25 (0.67-2.31)
Rural residence 43 (91.5) 1035 (85.8) 1.75 (0.63-4.80)
> Primary education 13 (27.7) 246 (20.3) 1.48 (0.79-2.76) ** 1.13 (0.52-2.44)
Mean years with fistula (sd) 3.1 (5.8) 3.2 (5.4) 1.00 (0.94-1.05)
Malnutrition 2 (4.3) 72 (5.9) 0.71 (0.18-2.89)
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Anemia 3 (64) 84 (6.9) 0.92 (0.29-2.91)
Fever 0 (0.0) 20 (4.7) -
uTl 0 (0.0) 2 (0.2) -
Footdrop 0 (0.0) 64 (5.3) -
Female genital infibulation 6 (12.8) 40 (7.8) 1.75 (0.76-4.02)
Prior repair 12 (25.5) 281 (23.2) 1.13 (0.60-2.15)
Fistula characteristics
Abdominal repair indicated: 43 (91.5) 447 (37.2) 16.63 (6.01-46.04) 14.22 (3.98-
50.84)**
Fistula size > 4 cm 3 (7.1 248 (21.3) 0.29 (0.09-0.94)** 0.20 (0.04-
0.87)*
Small bladder 10 (23.3) 326 (28.8) 0.76 (0.38-1.51)
Extensive scarring 2 (4.3) 93 (7.7) 0.55 (0.13-2.21)
Extensive tissue loss 4 (9.5) 127 (10.5) 0.90 (0.33-2.49)
Extent of urethral damage
No damage 40 (88.9) 710 (58.5) Ref Ref
Partial damage 1 (22) 278 (22.9) 0.07 (0.01-0.50) ** 0.16 (0.02-1.23)*
Complete fransection or 4 (9.1) 222 (18.4) 0.34 (0.12-0.94)** 0.70 (0.19-2.52)
destruction
Mid-vaginal location 2 (4.3) 366 (30.2) 0.11 (0.03- 0.45)** 0.32 (0.07-1.46)*
Trigonal location 6 (12.8) 60 (5.0 2.63 (1.16-5.98)**
Supratrigonal location 6 (12.8) 25 (2.1) 5.77 2.65-12.57)**
Juxta-cervical location 3 (6.5) 219 (18.2) 0.32 (0.10-1.03)* 0.61 (0.17-2.10)
Intracervical location 6 (13.0) 74 (6.1) 2.20 (0.96-5.02)*
Vesico-uterine location 10 21.7) 11 (0.9) 16.28 (9.37-28.28)**
Vault location 2 (43) 32 (2.7) 1.59 (0.40-6.30)
Ureter involvement 21 44.7) 183 (15.2) 4,15 (2.38-7.23)**
Other abdominal pathology 1 (2.1) 1 (0.1 13.71 (3.33-56.40)**
Facility level factors / characteristics
Site
A (n=70) 4 (8.5 61 (87.1) 11.13 (4.30-28.80)**
B and C (n=53) 0 (0.O) 51 (96.2) 11.82 (4.51-31.01)
D (n=246) 8 (17.0) 238 (96.8) 9.97 (4.08-24.33)
E. G, and | (n=266) 1(2.1) 265 (99.6) 10.88 (4.48-26.43)**
Fand H (n=276) 1(2.1) 275 (99.6) 5.97 (2.40-14.84) **
J (n=159) 25 (63.2) 133 (83.7) 4.83 (1.85-12.66)**
K (n=203) 8 (17.0) 193 (95.1) Ref
Surgeon performed over 200 6 (12.8) 404 (35.0) 0.28 (0.12-0.65)** 0.42 (0.13-1.35)*
complex repairs

*p-value<.20
**p-value<.05

Table J.2: Association between vaginal route of repair and failure to close thistula at
three month follow-up visit, excluding combined vaginal and abdominal routef repair

Not closed

Closed

RR (95% CI)

ARR (95% Cl)ii

ARR (95% Clii

Vaginal route 227 (98.3)

989 (95.8)

2.19 (0.85-5.64)

2.75 (1.06-7.11)

2.89 (1.12-7.46)

' Female genital infibulation, extensive scarringeasive tissue loss, trigonal, supratrigonal dcérvical, vesico-
uterine location, ureter involvement or concomitaindominal pathology
" Adjusted for indication for abdominal route of aép
" Adjusted for indication for abdominal route of adép surgeon experience conducting complex repaii,

vaginal location




