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Among women with pelvic inflammatory disease (PID), prevention of adverse
reproductive sequelae is similarly achieved by outpatient and inpatient treatment. It is unknown
if outpatient treatment is as effective as inpatient treatment among women in various subgroups
based on relevant categories of age, race and clinical presentation, and if there are short-term
outcomes of PID treatment that predict pregnancy, recurrent PID and chronic pelvic pain.

Women with clinical symptoms of mild-to-moderate pelvic inflammatory disease
(n=831) were randomized into the PID Evaluation and Clinical Health trial, a multicenter trial of
outpatient versus inpatient treatment. Comparisons between treatment groups during a mean of
84 months of follow-up were made for: pregnancies, live births, time-to-pregnancy, infertility,
PID recurrence, chronic pelvic pain, and ectopic pregnancy. Outpatient treatment assignment
did not adversely impact the proportion of women having any of the outcomes among women of
various races; with or without previous PID; with or without baseline Neisseria gonorrhoeae
and/or Chlamydia trachomatis infection; and with or without severe PID.

In analyses of the full study cohort irrespective of random assignment, four short-term
markers (pelvic tenderness at 5 and 30 days, cervical infection at 30 days, endometritis at 30
days) were evaluated in relation to long-term sequelae. Pelvic tenderness at five days (adjusted
HR 1.32, 95% CI: 1.05-1.67) and at thirty days (adjusted HR 2.45; 95% CI: 1.56-3.85)

significantly elevated the relative risk for developing chronic pelvic pain; tenderness at 30 days

il



was also significantly associated with recurrent PID (adjusted HR: 2.11; 95% CI: 1.18-3.79).
However, pelvic tenderness at five days and at thirty days were poorly predictive of chronic
pelvic pain or recurrent PID (positive predictive values 20.5-64.1%). In contrast to pelvic
tenderness, cervical infection and endometritis at thirty days were not associated with chronic
pelvic pain or recurrent PID. Moreover, none of the short-term markers significantly increased
the likelihood of achieving a pregnancy. The public health significance of these findings are that
women with pelvic inflammatory disease will not be adversely impacted by outpatient treatment
and that no short-term marker of pelvic tenderness or infection can be predict the occurrence of

PID-related reproductive morbidities.
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1.0 INTRODUCTION

Pelvic inflammatory disease (PID) is a common condition among reproductive aged women that
results in serious gynecologic and reproductive morbidity. In a landmark long-term study that
enrolled Swedish women with PID between 1960 and 1984, PID was associated with increased
risk of infertility, chronic pelvic pain, recurrent PID, and ectopic pregnancy.'™ Subsequent
smaller studies have found similar increases in risks in these long-term sequelae.”™

The ability of currently recommended treatment regimens to protect against long-term
sequelae after PID is largely unknown. Although the Swedish study had adequate follow-up, it
did not use currently recommended anti-microbial regimens, and few subsequent studies had
adequate follow-up to examine the incidence of long-term sequelae after treatment for PID.
Recently, data from the Pelvic Inflammatory Disease Evaluation and Clinical Health (PEACH)
randomized trial found no differences in the risks of long-term sequelac among women treated as
inpatients or outpatients for PID.’

To examine the ability of treatment regimens to protect against long-term reproductive
morbidity, we will address two questions. First, using the PEACH study, we will determine if
there are subgroups of women for whom inpatient treatment is preferable to outpatient treatment
for the prevention of long-term sequelae. It is essential to determine if there are women for
whom inpatient treatment is optimal to ensure women receive the most effective treatment.

Second, we will determine if women with PID with short-term markers of treatment failure (i.e.



pelvic tenderness or infection) are at higher risk of long-term sequelae than women without such
markers.

This is a prospective study designed to examine the association between treatment for
PID and long-term sequelae and is designed to achieve the following scientific objectives:

1. To determine if there are subgroups of women based on age, race, parity, prior history
of PID, baseline cervical infection, and severity of illness status for whom inpatient treatment is
more effective than outpatient treatment in the prevention of infertility, chronic pelvic pain,
recurrent PID and ectopic pregnancy.

2. To determine if women with persistent cervical infection, tenderness or endometritis
after treatment with current treatment regimens are at higher risk for recurrent PID, chronic
pelvic pain and failure to have a live birth than women without persistent cervical infection,

tenderness and endometritis.



20 BACKGROUND AND SIGNIFICANCE

2.1  DEFINITION OF PID

Pelvic inflammatory disease (PID) is defined as “a spectrum of inflammatory disorders of the
upper female gential tract, including any combination of endometritis, salpingitis, tubo-ovarian
abscess, and pelvic peritonitis” by the Centers for Disease Control (CDC)."" PID occurs after
ascent of microorganisms, commonly of a sexually transmitted origin, from the vagina or cervix
to the upper genital tract including the endometrium, fallopian tubes and ovaries. Symptoms of
acute PID include pelvic pain, fever, chills, vaginal discharge, urinary tract infection symptoms,
nausea and vomiting. The severity of symptoms varies widely and symptoms may be severe, or

completely absent."!

2.2 EPIDEMIOLOGY OF PID

PID is a relatively common condition, affecting 8% of all women and 11% of African American

12

women in the United States. © It has been estimated that annually 750,000 new cases occur in

13,14 . .
’ Rates in other countries are

the US. and nearly two million women seek treatment for PID.
higher, with 15% of Swedish women diagnosed during their lifetime, and are higher still among

developing areas, with up to 32% of an Australian Aboriginal population affected.'>'®



2.3 ECONOMIC IMPACT OF PID

Both acute PID and its long-term sequelae place an enormous burden on the health care system.
In 1998, annual US expenditures for total costs resulting from PID and its sequelac were $1.88
billion and much of these costs were associated with the long-term sequelae.!” According to one
estimate, the average per-person lifetime cost associated with PID is $2150, but these costs vary
according to the specific long-term sequelae and are estimated at: $6350 for women with chronic

pelvic pain, $6840 for ectopic pregnancy, and $1270 for infertility."®

24  PATHOGENESIS OF PID

PID is caused by the intracanalicular spread of several microorganisms into the endometrium and
fallopian tubes.'® Although N.gonorrohoea and C. trachomatis are the major pathogens, there is
increasing evidence that microorganisms that are normally part of the vaginal flora or
microorganisms that are associated with bacterial vaginosis (including anaerobes G. vaginalis,
Haemophilus influenzae, enteric Gram-negative rods and Streptococcus agalactiae) may also
play an etiologic role in the pathogenesis of PID.""**

The major barriers that normally protect the upper genital tract from vaginal and cervical
microorganisms are the cervical mucus plug and the endocervical canal.’* During cervical
infection, the endocervical canal is damaged and the mucus plug commonly breaks down,
facilitating ascending infection.”® Damaged ciliated epithelial cells in the endometrium and
fallopian tubes that result from the infection further contribute to the ascent.”> Westrom and

Mardh proposed that N. gonorrhoeae, C. trachomatis, M. hominis, and other bacteria may adhere



to spermatozoa, potentially promoting ascension to the upper genital tract, although this has not
been verifed.?

Additionally, hormonal levels and menstruation may also contribute to the ascending
infection. Rising estrogen and falling progesterone levels during the mid menstrual cycle cause
the cervical mucus to thin, making it more penetrable to infection; however, after ovulation, as a
result of rising progesterone levels the cervical mucus thickens and again becomes less
penetrable to infection.”* Menstruation results in both the loss of the cervical mucus plug and
retrograde menstruation, which can flush the infection into the upper genital tract. Further, blood
provides a suitable substrate for bacterial replication. The incidence of PID may vary according
to the menstrual cycle. In half of women with N. gonorrhoeae and/or C. trachomatis, the onset
of pain occurred within the first seven days of menses, while for women with neither N.
gonorrhoeae or C. trachomatis PID, the onset of pain occurred 14 or more days following

menses.27

2.4.1 Role of Neisseria Gonorrhoeae in PID

Specific pathways vary slightly according to the organisms involved in the infection. N.
gonorrhoeae usually spreads through a direct route from the endocervix along the endometrial
surface to the tubal mucosa. Through production of IgA proteases, gonococci break down
secretory IgA that normally prevents adherence to mucusoal surfaces.”® N. gonorrhoeae
produces several extracellular products capable of cellular damage, including phospholipase and

peptidase.”



2.4.2 Role of Chlamydia Trachomatis in PID

Chlamydia trachomatis also spreads from the endocervix to the endometrium and thus fallopian
tubes. However, unlike gonococcal PID, the bacterial replication of C. trachomatis does not
produce tissue damage. Instead, tissue damage results from a host immune response, initiated by
chlamydia heat shock protein (HSP). Chlaymdia HSP and human HSP are highly homologus
and capable of producing an autoimmune response resulting in chronic inflammation that may
cause continual damage after resolution.””>* In a monkey model, repeated chlamydial infections
produced salpingitis that persisted until the conclusion of the 16-week observation period.”® A
later study showed that the tissue damage was provoked by immune-mediated mechanisms that
included plasma cell infiltration, lymphoid follicle formation and increased fibroblast activity.”
In a separate study in a monkey model, it was shown that Th-1 cytokines, which promote
inflammatory damage and fibrosis, continued to dominate after repeated chlamydial infections

and a change to dominance of Th-2 cytokines did not occur.*

Further, using monkeys both
previously inoculated and not inoculated with C. trachomatis, CHSP 60 produced a delayed-type
hypersensitivity reaction causing tissue damage.”>~® Additionally, HSP60 may also be a marker
for persistent infection. In a study of human PID, IgA response in the serum was correlated with
CHSP60 IgG response in women with PID, but not among women with acute chlamydial
infection.”” Infection and inflammation associated with chlamydia have been associated with

tubal scarring, tubal obstruction, peritubal adhesions and infertility.***



2.4.3 Role of Aerobes and Anaerobes in PID

Several aerobic, anaerobic and facultative organisms have been associated with the ascent of N.
gonorrhoeae and C. trachomatis to the upper genital tract and thus with the development of PID;
many of these organisms are also associated with bacterial vaginosis, including G. vaginalis,
Haemophilus influenzae, enteric Gram-negative rods and Streptococcus agalactiae.””? 1In vitro
studies have suggested that certain anaerobes, such as Bacteroides fagilis, can promote tubal and
epithelial damage.*' In a cross-sectional study, bacterial vaginosis was associated with nearly a
three fold increase in risk for subclinical PID (OR=2.7; 95% CI: 1.02-7.2).** In a separate cross-
sectional study, 14 of 25 women with bacterial vaginosis had upper genital tract infection,
compared to 27 of 91 of women without bacterial vaginosis (p=0.015)." In a large three year
prospective study, baseline bacterial vaginosis was not associated with the development of PID
(HR = 0.89; 95% CI: 0.55-1.45).** However, in a separate cluster analysis of these women, being
in the highest tertile of growth of bacterial vaginosis-associated organisms was associated with a
two fold increase in risk for development of PID (RR=2.03; 95% CI: 1.16-3.53).* Aerobic and
anaerobic bacteria may be secondary to upper genital tract infection with N. gonorrhoeae and C.
trachomatis, where the bacteria ascend and multiply in immune compromised environments.”
However, upper genital tract infection has been documented in the absence of lower
genital tract infection, suggesting that upper genital tract infection may persist despite lower
genital tract resolution. Among 16 women with acute salpingitis treated for C. trachomatis,
three women had positive endometrial cultures for C. trachomatis despite negative endocervical
culture after treatment,*® and in a separate study of 71 women with laparoscopically diagnosed
PID, four women had positive abdominal cultures for C. trachomatis despite negative

. 4
endocervical cultures.*’



Salpingitis (inflammation of the fallopian tubes characterized by swelling of the mucosal
folds and leukocyte infiltration) and endometritis (inflammation of the uterine lining
characterized by leukocyte infiltration and epithelial necrosis) may develop as a result of the

upper genital tract infection.**

The inflammatory processes may cause fibrin deposits to
formulate. If the infection spreads to the pelvic peritoneum, the organs may adhere to one

another, potentially causing tissue destruction and tubo-ovarian abscess formation.*®

25 RISKFACTORS FORPID

Because most cases of PID result from complications of an initial sexually transmitted infection,
risk factors for PID include risk factors for the acquisition of an initial infection and risk factors
for the ascension into the upper genital tract. Risk factors for the acquisition of an initial
infection include: greater number of current and lifetime partners, younger age at first
intercourse, greater frequency of intercourse, greater rate of acquiring new partners, younger age,
black or minority race, prior history of STD, prior history of PID, less education, being single or

4851 Behavioral and

divorced, non use of barrier contraceptives, and drug and alcohol abuse.
socioeconomic risk factors are commonly surrogate markers of risky sexual behaviors, delay in
seeking care and noncompliance with treatment. Early diagnosis and treatment are important for
reducing the risk for development of PID, as it has been demonstrated that seeking care three or

more days after the onset of pelvic pain was associated with a three fold increase in risk for

infertility or ectopic pregnancy compared to seeking prompt care (OR=2.8, 95% CI: 1.3-6.1).”



Risk factors for the ascension of the infection to the upper genital tract that are
independent of STD acquisition include younger age, greater parity, coitus during menstruation,
recurrent infection, use of an intrauterine device and douching.”' Younger age is associated with
increased cervical ectopy, providing a greater pathogen attachment area.”® Coitus during
menstruation may allow the infection to adhere to spermatozoa and ascend into the upper genital
tract.”® TUD insertion may disrupt the vaginal mucus and flora, allowing transport of organisms
to the upper genital tract.”® Although a large randomized trial of treatment options found no
relationship between IUD use and upper genital tract infection,”® results from a meta-analysis of
studies published between 1974 and 1990 showed a three fold increase in risk for symptomatic
PID among IUD users compared to users of non-IUD contraception (R=3.0; 95% CI: 2.4-3.8)
and a nine fold increase for asymptomatic PID among IUD users compared to users of non-IUD
contraception (RR=9.2; 95% CI: 2.6-24).> Douching may disrupt the vaginal flora and flush the
microorganisms into the upper genital tract.*® However, results from a large randomized trial of
treatment options for PID suggested that douching increases the risk for upper genital tract
infection only in women with normal or intermediate flora, not in those with bacterial vaginosis.
The authors suggested that douching increases the ascension of microorganisms into the upper
genital tract, but because women with bacterial vaginosis may already have high movement of
microorganisms, their rates of upper genital tract infection are less affected than women with

normal or intermediate flora.



26 LONG-TERM SEQUELAE OF PID

PID is associated with major reproductive and gynecologic morbidity. The acute infection leads
to tubal scarring and adhesions, placing women with PID at increased risk for infertility, ectopic
pregnancy, chronic pelvic pain and recurrent PID.'”®7 Some researchers have proposed that
worldwide PID is the leading cause of infertility and may be a reason for the rise in ectopic

pregnancies in the United States.”®

2.6.1 Infertility

Infertility occurs in the absence of conception after one year of sexual intercourse without
contraception. In a landmark long-term study of women with PID conducted in Sweden,
Westrom and colleagues enrolled women with clinically suspected PID from 1960-1984. All
women underwent laparoscopy and treatment; 1844 women had laparoscopic findings of PID
(patients), and 657 had normal findings (controls). Mean follow-up was 13,400 person-years for
patients and 3,958 person-years for controls, after which 16% of patients and 2.7% of controls
were infertile, and 10.8% of patients and 0% of controls developed tubal infertility.! In women
with at least three episodes of PID, over half became infertile.” Furthermore, after twelve years
of follow-up, severity of PID was associated with the probability of having a live birth, where
90% of women with mild PID, 82% of women with moderate and 59% of women with severe
PID achieved a live birth.’

However, there are several reasons why the fertility experiences of the Swedish cohort
may not generalize to American women today. First, approximately 2/3 of women in the

Swedish cohort were infected with N. gonorrhoeae or C. trachomatis,” but more recent studies

10



61-64 Second, the antimicrobial

have documented lower rates of gonorrhea and/or chlamydia.
regimens used in the Swedish study do not concurrently protect against N.gonorrhoeae and C.
trachomatis are not therapies that are currently recommended today.®® Third, the Swedish cohort
was nearly all white, but currently in the U.S., PID affects more African American women than
whites, who may be at a greater risk for adverse outcomes due to higher rates of bacterial

vaginosis and STDs.%*%

Fourth, all the women in the Swedish study had documented
salpingitis, but these women may not generalize to women with signs and symptoms of the
disease who represent real-world clinical experience.” Lastly, differences among health care
systems and utilization may influence results.

Within the US, in a study of 58 women with PID documented by laparoscopy and/or
endometrial biopsy who were interviewed two to nine years following the index episode of PID,
19 of the 49 women (40%) not using contraception were involuntarily infertile following the
index episode.” In another pilot study, after at least one year of follow-up for women with PID,
55.6% (10/18) were involuntarily infertile.’ Rates of infertility in the PID Evaluation and
Clinical Health (PEACH) study that randomized 831 women to inpatient or outpatient treatment

were much lower. After mean follow-up period of 35 months, 71 (18.4%) of outpatients and 67

(17.9%) of inpatients were infertile (p=.85).9

2.6.2 Ectopic pregnancy

Ectopic pregnancy, the most common cause of maternal death, occurs when a fertilized ovum
implants outside the endometrial cavity, commonly in the fallopian tubes. Among a sample of
women with ectopic pregnancies, 55% reported a prior history of PID and over 30% had gross

evidence of PID.”” 1In a case-control study in France, confirmed PID was associated with a five

11



fold increase in risk for ectopic pregnancy (OR=5.4; 95% CI:4.1-7.2) and probable PID was
associated with a four fold risk increase in risk for ectopic pregnancy (OR=4.4; 95% CI:2.1-
9.3).”" In a Swedish ecologic study, a reduction in the rate of PID was strongly associated with a
reduction in the rate of ectopic pregnancy.”’ In the PEACH study, rates of ectopic pregnancy
were lower than would have been expected based on prior literature: 1.0% among outpatients

and 0.3% among inpatients (p=.37).”

2.6.3 Chronic Pelvic Pain

Using a definition of chronic pelvic pain of low abdominal pain lasting at least six months that
required examinations and diagnostic procedures, Westrom and colleagues found that after
treatment for PID 18.1% of women had chronic pelvic pain.* In a British study using record
linkage, women hospitalized for PID were nearly ten times more likely to be subsequently
hospitalized for abdominal pain during follow-up than women with control conditions (RR=9.8,
no CI provided).”

Within the U.S., in the study of 51 women hospitalized for PID during 1985, 24% had
pelvic pain for a minimum of six months after a median 37 month follow-up.® In a retrospective
cohort study of 1,221 pregnant women, women with a prior history of PID had a 13.07 fold
higher risk for chronic pelvic pain compared to women without a history of PID (95% CI: 10.09-
16.04).” However, as women who achieved a pregnancy were less likely to have scarring and
adhesions, these estimates likely underestimate the risk for chronic pelvic pain.

In the PEACH study after a mean follow-up of 36 months, 33.7% of outpatients and

29.8% of inpatients experienced chronic pelvic pain (p=0.66)." Among these women, chronic

12



pelvic pain was associated with reduced scores of physical and mental health.”” Risk factors for
chronic pelvic pain in this study included nonblack race, being married, low SF-36 mental health

composite score, history of PID and smoking.”*

2.6.4 Recurrent PID

Limited data is available concerning the risk for recurrent PID after an index episode. In the
Swedish study, approximately 18% of 1,288 women with laparoscopically confirmed PID had a
recurrent episode.” Among the retrospective cohort of 51 women hospitalized PID in 1985, 43%
had a recurrent episode requiring hospitalization after a median 37 months, which was associated
with nearly a two fold risk compared to women without PID (OR=1.7, 95% CI: 0.9-3.1).°
Among women randomized to the PEACH study, 12.4% of outpatients and 16.6% (p=0.11) of

inpatients experienced recurrent PID by self report during a mean follow-up of 36 months.’

2.7  DIAGNOSIS OF PID

The presence and severity of symptoms associated with PID vary widely and can include pelvic
pain, fever, chills, vaginal discharge, urinary tract infection symptoms, nausea and vomiting.''
Pelvic pain is the most common symptom, although it is not experienced by all women with
acute PID.” The CDC has proposed the following minimal criteria for the diagnosis of PID:
uterine or adnexal tenderness, or cervical motion tenderness.'' To improve the specificity of the
minimum criteria, additional supporting criteria have been proposed including: oral temperature
>101° F, abnormal cervical or vaginal mucopurulent discharge, presence of white blood cells,

elevated erythrocyte sedimentation, elevated C-reactive protein, and cervical infection with N.

13



gonorrhoeae or C. trachomatis.'' Although laparoscopy is considered the gold standard for PID
diagnosis, it is expensive, requires general anesthesia, may not detect subtle inflammation and is
associated with additional patient burden.”” Thus, a diagnosis of PID is commonly based on

clinical findings.

28 TREATMENT FOR PID

Treatment for PID should be initiated in sexually active young women when the minimum
criteria (uterine or adnexal tenderness, or cervical motion tenderness) is met and there is no other
recognized cause for illness.!" However, because requiring both minimum criteria may result in
a low sensitivity, treatment may be warranted in patients with pelvic tenderness and signs of

lower genital tract inflammation."'

If further diagnostic tests are needed (i.e. laparoscopy),
treatment should be initiated prior to additional diagnostic procedures, as delayed treatment is
associated with an increased risk for long-term sequelae.®*

Because of the polymicrobic nature of PID, treatment is broad-based and empiric. The
CDC recommended regimens provide coverage against N. gonorrhoeae, C. trachomatis,
anaerobes, Gram-negative facultative bacteria and streptococci.!' Treatment regimens have all
demonstrated short-term microbiologic success by eradicating the underlying infection(s) and
clinical success by reducing the signs and symptoms associated with PID (i.e. tenderness and
severity scores, fever and white blood cell count). In a 1993 metaanalysis of treatment regimens,
inpatient regimens consisting of: 1) clindamycin and aminoglycoside, 2) cefoxitin and

doxycycline, 3) cefotetan and doxycycline, 4) ciprofloxacin or 5) metronidazole and doxycycline

were found to have pooled clinical cure rates ranging from 75-95% and microbiologic cure rates

14



from 71-100%." The one outpatient regimen consisting of cefoxitin, probenecid and
doxycycline that was included in the metaanalysis had a clinical cure rate of 95% and a

microbiologic cure rate of 91%.”°

2.8.1 Recent Treatment Advances

More recently, the PEACH randomized trial demonstrated that among women with mild-to-
moderate PID, there is no different in short-term clinical improvement or long-term sequelae
including infertility, recurrent PID, chronic pelvic pain or ectopic pregnancy among women
treated on an inpatient or outpatient basis.” However, the CDC recommends hospitalization if
the patient has a: surgical emergency, pregnancy, failure to respond to oral therapy, severe illness
such as vomiting or high fever, tubo-ovarian abscess, or is unlikely to follow an outpatient
regimen.'!

Adequate adherence is necessary for treatment to be successful. In the PEACH study,
using an Electronic Event Monitoring system that recorded the date and time of each bottle
opening, the overall adherence rate was 70% (71% inpatients, 69.2% outpatients); however, only
16.9% of doses were taken within approximately 12 hours (as prescribed) of the previous dose.”’
Factors related to adherence included: working, not bleeding during or after sex and not drinking
hard liquor.”’

Adherence rates from the PEACH trial demonstrate the need to investigate shorter
regimens; three studies have examined such options. First, in South Africa, a single dose of
azithromycin was compared to a seven-day regimen of twice daily doxycycline (100mg). The
microbiologic cure for C. trachomatis and N. gonorrhoeae was 100% for both regimens and

compliance for the single therapy was 100%.”® Second, in India, a short regimen consisting of

15



one tablet fluconazole (150 mg), one tablet azithromycin (1gm) and two tables of secnidazole (2
gms) was compared to a seven day course of ciprofloxacin (500 mg) and tinidazole (600 mg) and
a seven day course of twice daily doxycycline (100mg) and thrice daily metronidazole (200mg).
The clinical cure rates for the short dose and the seven-day doses were similar (94% vs. 96% vs.
91%, respectively).” Adherence rates were similarly high (94% vs. 92% vs. 87%, respectively).
Third, in the U.K., azithromycin (500 mg IV single dose followed by 250 mg oral for 6 days)
was compared to azithromycin and metronidazole and 21 days of two standard drug regimens
(metronidazole/ doxycycline/cefoxitin/probenicid or doxycycline/amoxicillin/clavulanate). The
cure rates were similarly high (97%, 98%, 95% respectively).*® However, it is unknown how

well these regimens protect against long-term sequelae.

2.8.2 Effects of Treatment on Long-Term Sequelae

Concern over fertility preservation have led some researchers to advocate for hospitalization for
nulligravid teenagers and women wishing to protect their future fertility.®' Further, the CDC
recommends hospitalization for women with severe illness or an inability to respond to an oral
regimen.'' However, as hospitalization is expensive, avoiding unnecessary hospitalizations can
result in significant savings. The PEACH study demonstrated no differences between inpatient
or outpatient treatment in long-term sequelae including pregnancy, ectopic pregnancy, recurrent
PID and chronic pelvic pain.” However, young, nulligravid women, or women with severe
disease or a history of PID may be at a higher risk for long-term sequelae, and thus
hospitalization in these cases may be warranted. Inpatient regimens may be superior for these
women for two primary reasons. First, parenteral administration provides higher tissue levels

against infection, ** and second, compliance may be maximized with supervised administration,
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although results from the PEACH study suggest that compliance is similar between inpatients
and outpatients.’

There is limited evidence that despite clinical and/or microbiologic cures, negative
sequelae may persist. In a study involving repeat laparoscopy, after successful treatment of
chlamydia with cefoxitin and doxycycline, persistent tubal inflammation was found in eight of
11 women (73%).”® In other studies after treatment for PID, rates of tubal scarring ranged from
33% to 45%.""**" Persistence of endometritis has been found in nine of twenty (45%) women
successfully treated with minocycline.’’ Thus, despite treatment and clinical improvement,
upper gential tract inflammation may persist, potentially leading to damage of the upper genital

tract. 8%

Furthermore, evidence of short-term clinical cure may not predict long-term sequelae.
Only a handful of studies have actually examined long-term infertility after treatment for
PID with currently recommended anti-microbials. In one study of women randomized to
clindamycin and doxycycline or to metronidazole and doxycycline, 12.5% and 43% of
participants in these retrospective groups were infertile after five to seven months of follow-up.*’
In a separate small pilot study over half of women treated for PID with a variety of
antimicrobials were involuntarily infertile after one year.’ Infertility rates after treatment with
cefoxitin and doxycycline among the PEACH study were 18.4% and 17.9% for outpatients and
inpatients respectively after a mean 36 months of follow-up.” In small Finish study, where
among 39 women treated with doxycycline and metronidazole, 89% achieved conception after a
ten year follow-up.®® However, because the average time to pregnancy was 38 months, many of
these women may have been considered infertile at some point during follow-up. Additionally,

without a true control group, we do not know if fertility after treatment were restored to levels

comparable to women without PID. The Swedish study did not use antibiotic combinations that
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are currently recommended by the CDC; they did not concurrently cover N. gonorrhoeae, C.

trachomatis and anaerobes. **

29 SUMMARY

Pelvic inflammatory is a relatively common condition in the U.S. that results in serious
reproductive and gynecologic morbidity including infertility, chronic pelvic pain, recurrent PID
and ectopic pregnancy. Although several treatment regimens for PID have demonstrated short-
term clinical and microbiologic cures, success is usually defined according to short-term
outcomes. Thus, it remains unknown how well currently recommended treatment regimens
protect against long-term sequelae. The goals of these analyses are to determine how well
currently recommended treatment regimens protect against long-term sequelae associated with

PID.
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3.0 METHODOLOGY

3.1 SUBJECTS

All participants were enrolled in the Pelvic Inflammatory Disease Evaluation and Clinical Health
(PEACH) randomized trial. The methods of participant selection are as follows: between March
1996 and February 1999 women ages 14-37 years were recruited from emergency departments,
clinics, and sexually transmitted disease units at 7 major (over 90% of enrollment) and 6 minor
clinical sites in the eastern, southern, and central regions of the US. Human subject use approval
was obtained at each participating institution and all participants provided informed consent.
Eligibility was based on clinically generalizable criteria that included: 1) a history of pelvic
discomfort for a period of 30 days or less, 2) findings of pelvic organ tenderness (uterine or
adnexal) on bimanual examination, and 3) leukorrhea or mucopurulent cervicitis or both and/or
untreated, but documented gonococcal or chlamydial cervicitis. Leukorrhea was defined as
white blood cells in excess of epithelial cells viewed microscopically and mucopurulent
cervicitis was defined by the presence of grossly yellow/green exudate on a cervical swab.

Subjects were selected from 2941 women screened. Excluded were 346 (11.9%)
women who did not meet the inclusion criteria. An additional 1080 (36.7%) women were
excluded on the basis of a priori criteria, including 141 (4.8%) due to pregnancy; 246 (8.4%)
who had taken antimicrobial agents in the preceding 7 days; 248 (8.4%) with a previous

hysterectomy or bilateral salpingectomy; 51 (1.7%) with an abortion, delivery, or gynecologic
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surgery in the preceding 14 days; 191 (6.5%) with suspected tuboovarian abscess or other
condition necessitating surgery; 163 (5.5%) with an allergy to the study medication; 29 (1.0%)
who were homeless, and 11 (0.4%) who vomited after a trial of antiemetic treatment. There
were 1515 women eligible. Of these, 651 refused participation and of 864 women enrolled, 831

(54.9% of those eligible) were contacted at least once after randomization.

3.2 TREATMENT

The inpatient strategy involved intraveneous cefoxitin (2 g every 6 hours) and intravenous or oral
doxycycline (100 mg twice a day) for at least 72 hours, followed by oral doxycycline (100 mg
twice a day) for a total 14 day course. Outpatient treatment consisted of a single intramuscular
injection of cefoxitin (2 g) plus single oral dose of probenecid (1 g), followed by oral
doxycycline (100 mg twice daily) for 14 days. Participants were advised to have their partners
treated and to abstain from sexual intercourse until the completion of their partners’ treatment.
Random assignment to inpatient and outpatient treatment was generated by the Data
Coordinating Center using random blocking stratified by clinical site. Clinical sites received
assignments in sealed envelopes and opened these after enrollment and baseline data collection.
The Data Coordinating Center ensured correct randomization for all participants. Neither

patients nor providers were blinded to group assignment.
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3.3 DATACOLLECTION

Baseline data on demographic descriptors, gynecologic and reproductive history, lifestyle habits
and clinical aspects of the current illness were obtained by a standardized 20-minute interview
conducted by study nurses at each center. Subsequent follow-ups conducted via telephone every
three to four months elicited self-reported information about pelvic pain, pregnancy and births,
signs/symptoms of PID, sexually transmitted infections, contraceptive use, pattern of sexual
intercourse, and health care utilization.

Standardized physical exams were completed at five days and included tenderness
assessment using the 36-point scaled developed by McCormick et al *’ nausea, vaginal bleeding,
fever, pain and medication compliance. Standardized gynecologic examinations were repeated
at 30 days and included, tenderness assessment, cervical swabs for detection of N. gonorrhoeae
and C. trachomatis by polymerase chain detection (PCR), collection of vaginal swabs for
detection of bacterial vaginosis by Gram stain and aspiration of the endometrium for detection
of N. gonorrhoeae and C. trachomatis. Endometritis was defined by a modification of the Kiviat
criteria, and was indicated in the presence of at least five neutrophils in the endometrial surface
epithelium in the absence of menstrual endometrium, or at least two plasma cells in the

endometrial stroma.

34 FOLLOW-UP

Participants were monitored with in person visits at 5 and 30 days. Subsequent telephone
follow-ups were conducted every 3 months during the first year after enrollment and then every

4 months until June, 2004, at which point we were in contact with and obtained self-reported
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follow-up information for 541 (69.1% of women still alive and consenting), representing a mean
follow-up time of 84 months (range 64-100 months). The mean follow-up was almost identical
among women assigned to inpatient treatment (84.2 months) and outpatient treatment (84.1

months).

3.4.1 Outcomes of Follow-Up

The primary outcomes in this analysis are three long-term outcomes: pregnancy, recurrent PID
and chronic pelvic pain. Pregnancy was defined by positive urine or blood test, or doctor’s
diagnosis. Recurrent PID was collected via self-report and verified whenever medical records
were available. As previously reported, confirmation of recurrent PID was found in 76% of
medical records that could be obtained and rates of recurrent PID by self-report and medical
record review were similar.” Chronic pelvic pain was defined as pelvic pain, measured on the
Von Korff pain scale,* reported during at least two consecutive follow-ups, thus suggesting a

minimum six month duration of pelvic pain.

3.5 ANALYTIC PLAN

3.5.1 Analytic Methods for Subgroup Analysis

Power calculations developed prior to embarking on the additional 49 months of cohort follow-
up revealed that we would have acceptable power to detect differences between treatments
among age, race, and clinical subgroups. For example, among women with a history of PID,

assuming an outcome rate of 50% in the outpatient group, we would be able to detect as
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statistically significant at > 80% power outcome rates of < 37% or > 63% that is a 26% relative
difference in treatment effectiveness. Assuming an outcome rate of 25% in the outpatient group,
we would be able to detect as statistically significant a relative difference between treatments of
44%. Finally, assuming an outcome rate of only 10%, we would be able to detect as statistically
significant a_relative difference between treatment groups of 70%. These calculations assume a
70% follow-up rate, 80% power, and a two-sided alpha of 0.05. Notably, our follow-up rate was
close to 70% and study outcomes (with the exception of ectopic pregnancies) occurred at rates
above 10%.

Baseline differences between groups were analyzed with the student t-test for normally
distributed continuous variables, the Mann-Whitney U test for non-normally distributed
continuous variables, and the y* or Fisher’s exact test for categorical variables. Odds ratios with
95% confidence intervals were the main indicators of association. An intention to treat principle
was followed for all outcomes. Odds ratios adjusted for IUD use and bacterial vaginosis were
derived from logistic regression analyses. Each model was run for a given overall outcome of
interest and then within subgroups. For example, overall pregnancy was the dependent variable
in one logistic model wherein inpatient versus outpatient treatment was the main independent
variable. All subgroups consisting of age (< 19, 20-24, > 25); race (African-American, white,
other); parity (nulliparous, any live birth); history of PID (any, none); evidence of
gonococcal/chlamydial genital infection at baseline (none, chlamydia and/or gonorrhea); and
high temperature/white blood count (WBC)/pelvic tenderness score (no, yes) were defined a
priori. These clinical criteria were defined as presence of any of the following: oral temperature

>38.3° C; WBC > 15,000; or highest quartile for pelvic tenderness (score >14). Time-to-
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pregnancy was analyzed using a Kaplan Meier life table analysis and was stratified on the basis

of the aforementioned subgroups.

3.5.2 Analytic Methods to Determine the Relationship Between Short-Term Markers of

Long-Term Sequelae

Incidence rates of pregnancy (yes/no), recurrent PID (yes/no)or chronic pelvic pain
(yes/no)during follow-up by short-term marker status (Pelvic tenderness at 5 and 30 days,
cervical infection at 30 days, endometritis at 30 days) were estimated by the Kaplan-Meier
method. Subjects who did not experience the outcome of interest were censored at the date of
last follow-up. Cox proportional hazards regression analysis was used to estimate adjusted
hazard ratios of the outcomes of interest by short-term marker status. Covariates selected for
adjustment included those that were significantly associated with the outcome variables and
those considered of clinical or biological relevance. The proportional hazards assumption of
invariant relevant risk during follow-up was assessed and found to be satisfactory. Given 725
women, the study had 80% power with a two-sided alpha to detect a hazard ratio of 0.73 for

pregnancy, 1.41 for chronic pelvic pain and 1.61 for recurrent PID.
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4.0 RESULTS

41 RESULTS FROM SPECIFIC AIM 1: SUBGROUP ANALYSIS OF LONG-TERM
REPRODUCTIVE OUTCOMES

At baseline, women enrolled in the PEACH study were predominately African American (75%)

and less than age 25 (65%) (Table 1).

Approximately one third of participants reported a

previous history of PID, and showed evidence of N. gonorrhoeae and/or C. trachomatis at

baseline. At baseline, the women in the outpatient and inpatient treatment groups were similar,

with the exception that women in the outpatient group were more likely to have an IUD in place

and to have bacterial vaginosis.

Table 1 Baseline Characteristics of women enrolled in the PEACH study by inpatient and outpatient

assignment
Baseline Outpatient Inpatient
Characteristic (n,%) (n=422) (n=409) P-value
Age
<19 108 25.6% 101 24.7% P=.33
20-24 159 37.7% 174 42.5%
> 25 155 36.7% 134 32.8%
Race
African American 315 74.6% 306 74.8% P=.94
White 69 16.4% 64 15.6%
Other 38 9.0% 39 9.5%
Education
< H.S. Graduate 161 38.3% 158 38.6% P=.50
H.S. Graduate 151 36.0% 159 38.9%
>H.S. Graduate 108 25.7% 92 22.5%
History of PID 127 30.5% 124 30.6% P=.96
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Table 1-continued

Baseline Outpatient Inpatient

Characteristic (n,%) (n=422) (n=409) P-value

Live Births

0 148 35.3% 143 35.0% P=97
1-2 197 47.0% 195 47.8%
>3 74 17.7% 70 17.2%

Bacterial vaginosis* 237 65.2% 203 55.2% P=.03

Contraception past 4

weeks'

Oral contraceptives 42 11.8% 38 10.9% P=.69
Medroxyprogesterone 39 11.0% 41 11.7% P=.75
acetate

Intrauterine 12 3.4% 3 0.9% P=.02
device

Tubal Ligation 24 6.8% 37 10.6% P=.07

Baseline GC or CT?

None 226 65.1% 213 59.2% P=.10
Any 121 34.9% 147 40.8%

High Temp/WBC/

Pelvic Tenderness’
None 203 61.5% 211 60.3% P=.74
Any 127 38.5% 139 39.7%

* Eighty-four gram stains were not available

1 127 women had missing information for contraception methods

2 124 women had missing information for baseline GC/CT

3 151 women had missing information for High Temp/WBC/Pelvic Tenderness

After a mean follow up period of 84 months, the frequency of pregnancy was not
significantly different by treatment group either overall or among subgroups based on race,
previous history of PID, parity, baseline gonococcal and/or chlamydial genital infection, or
temperature/ WBC/pelvic tenderness score (Table 2). In particular, with the exceptions described
below, odds ratios both without and with adjustment, were bounded by 95% confidence intervals
that included the null value of 1.0. We also re-categorized women with high
temperature/ WBC/pelvic tenderness score, including only women in the top 10% for tenderness

score, and again found no significant differences between treatment groups in this more strictly

defined subgroup.
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Table 2 Occurrence of a pregnancy during follow-up by treatment assignment and

odds ratios (OR) unadjusted and adjusted comparing outpatient versus inpatient treatment

Baseline Outpatient Inpatient OR OR* 95%
Characteristic CI
(n,%)
Total 414 59.4% 403 55.6% 1.17 1.27 0.92-1.75
Age
<19 108 78.7% 99 64.6% 2.02 2.04 0.99-4.21
20-24 153 64.7% 171 69.0% 0.82 0.79 0.46-1.36
>25 153 40.5% 133 31.6% 1.48 1.85 1.03-3.32
Race
African 311 60.5% 303 55.8% 1.21 1.31 0.90-1.91
American
White 67 56.7% 62 50.0% 1.31 1.62 0.71-3.67
Other 36 55.6% 38 63.2% 0.73 0.57 0.18-1.84
History of PID
No 285 63.9% 276 57.6% 1.30 1.48 1.00-2.21
Yes 124 50.0% 123 50.4% 0.98 1.00 0.56-1.79
Parity
0 142 59.2% 139 53.2% 1.27 1.25 0.72-2.15
>1 270 59.3% 264 56.8% 1.11 1.29 0.86-1.92
Baseline
GC/CT!
None 221 56.1% 211 50.2% 1.27 1.27 0.82-1.97
Any 120 64.2% 145 62.1% 1.09 1.22 0.67-2.22
High  Temp/
WBC/ Pelvic
Tenderness
No 201 60.7% 208 54.8% 1.27 1.26 0.80-1.99
Yes 124 56.5% 137 57.7% 0.95 1.12 0.62-2.01

' 124 women had missing information for baseline GC/Ct

* Adjusted for bacterial vaginosis and IUD at baseline

There were no significant differences in the frequency of live births, infertility or ectopic

pregnancy either overall or within any of the subgroups (Table 3, Table 4 and Table 5).
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Table 3 Occurrence of a live birth during follow-up by treatment assignment and

odds ratios (OR) unadjusted and adjusted comparing outpatient versus inpatient treatment

Baseline Outpatient Inpatient OR OR* 95% CI
Characteristic
(n,%)
Total 414 33.3% 403 33.5% 0.99 1.06  0.77-1.49
Age
<19 108 44.4% 99 40.4% 1.18 1.08  0.57-2.02
20-24 153 39.9% 171 42.1% 0.91 090 0.54-1.51
>25 153 19.0% 133 17.3% 1.12 1.61 0.77-3.36
Race
African 311 31.8% 303 34.0% 0.91 0.94 0.64-1.39
American
White 67 38.8% 62 25.8% 1.82 2.11 0.86-5.16
Other 36 36.1% 38 42.1% 0.78 1.00 0.33-3.04
History of PID
No 285 36.8% 276 34.4% 1.11 1.20  0.80-1.79
Yes 124 25.8% 123 30.1% 0.81 0.89 0.46-1.71
Parity
0 142 35.2% 139 30.2% 1.26 1.17  0.66-2.07
>1 270 32.2% 264 35.2% 0.87 1.01 0.67-1.54
Baseline GC/CT!
None 221 33.0% 211 29.4% 1.19 1.10  0.69-1.77
Any 120 35.8% 145 40.0% 0.84 1.05 0.59-1.87
High Temp/ WBC/
Pelvic Tenderness
No 201 36.3% 208 32.2% 1.20 1.1 0.73-1.89
Yes 124 31.5% 137 35.0% 0.85 1.1 0.63-2.14

' 124 women had missing information for baseline GC/Ct

* Adjusted for bacterial vaginosis and IUD at baseline
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Table 4 Occurrence of infertility during follow-up by treatment assignment and odds

ratios (OR) unadjusted and adjusted comparing outpatient versus inpatient treatment

Baseline
Characteristic Outpatient Inpatient OR OR* 95% CI
(n,%)
Total 414 16.7% 403 20.6% 0.77% 0.88  0.59-1.32
Age
<19 108 12.0% 99 23.2% 0.45 0.51  0.22-1.19
20-24 153 15.0% 171 12.3% 1.26 1.33  0.63-2.81
>25 153 21.6% 133 29.3% 0.66 0.84 0.45-1.55
Race
African 311 18.0% 303 19.8% 0.89 1.06  0.67-1.69
American
White 67 11.9% 62 25.8% 0.39 0.21  0.05-0.78
Other 36 13.9% 38 18.4% 0.71 1.31  0.29-5.87
History of PID
No 285 13.0% 276 18.1% 0.67 0.73  0.43-1.24
Yes 124 24.2% 123 26.0% 0.91 1.12  0.57-2.18
Parity
0 142 23.2% 139 29.5% 0.72 0.84  0.46-1.53
>1 270 13.3% 264 15.9% 0.81 090  0.51-1.59
Baseline GC/CT'
None 221 17.6% 211 21.8% 0.77 098  0.57-1.68
Any 120 14.2% 145 19.3% 0.69 0.68  0.31-1.49
High Temp/ WBC/
Pelvic Tenderness
No 201 15.9% 208 19.2% 0.80 091  0.53-1.75
Yes 124 16.9% 137 19.7% 0.83 093  0.45-1.93

' 124 women had missing information for baseline GC/Ct

* Adjusted for bacterial vaginosis and IUD at baseline
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Table 5 Occurrence of an ectopic pregnancy during follow-up by treatment
assignment and odds ratios (OR) unadjusted and adjusted comparing outpatient versus

inpatient treatment

Baseline Outpatient Inpatient OR 95%ClI
Characteristic
(n,%)
Total 414 1.2% 403 0.2% 491 0.57-42.25
Age
<19 108 0.0% 99 0.0% -- --
20-24 153 0.7% 171 0.6% 1.12  0.07-18.04
>25 153 2.6% 133 0.0% -- --
Race
African 311 1.6% 303 0.3% 494 0.57-42.49
American
White 67 0.0% 62 0.0% -- --
Other 36 0.0% 38 0.0% -- --
History of PID
No 285 1.1% 276 0.4% 2.93 0.30-28.30
Yes 124 1.6% 123 0.0% -- --
Parity
0 142 0.7% 139 0.7% 0.98 0.06-15.80
>1 270 1.5% 264 0.0% -- --
Baseline GC/CT!
None 221 0.9% 211 0.5% 1.92 0.17-21.31
Any 120 0.8% 145 0.0% -- --

High Temp/ WBC/

Pelvic Tenderness
No 201 1.0% 208 0.5% 2.08 0.19-23.12
Yes 124 1.6% 137 0.0% -- --

' 124 women had missing information for baseline GC/Ct
* Adjusted for bacterial vaginosis and IUD at baseline

We further examined time-to-pregnancy using a Kaplan Meier life table analysis for
those women who became pregnant during follow up. The mean time-to-pregnancy was 37
months for inpatients and 39 months for outpatients (p=0.27). Among women with a prior
history of PID, there were no differences between treatment groups in time-to-pregnancy (data

not shown). Furthermore, time-to-pregnancy was not significantly different between treatments
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among women of various age, race, parity, baseline gonococcal and/or chlamydial genital
infection, or temperature/ WBC/pelvic tenderness subgroups (data not shown).

There were no significant treatment-related differences in self-reported recurrent PID
overall or among subgroups (Table 6); nor were there treatment-related differences in chronic

pelvic pain either overall or among any of the study subgroups (Table 7).

Table 6 Self-reported recurrent PID during follow-up by treatment assignment and odds ratios (OR)

adjusted and unadjusted comparing outpatient versus inpatient treatment

Baseline
Characteristic Outpatient Inpatient OR OR* 95% CI
(n,%)
Total 402 18.4% 387 24.3% 0.70 0.70  0.47-1.03
Age
<19 104 21.2% 95 29.5% 0.64 0.70  0.34-1.48
20-24 151 15.9% 166 20.5% 0.73 0.65  0.34-1.27
>25 147 19.0% 126 25.4% 0.69 0.70  0.36-1.38
Race
African 301 20.6% 288 24.7% 0.79 0.79  0.50-1.23
American
White 66 15.2% 61 19.7% 0.73 0.77  0.26-2.27
Other 35 5.7% 38 28.9% 0.15 0.15  0.03-0.79
History of PID
No 278 13.7% 264 19.7% 0.65 0.66  0.39-1.10
Yes 264 18.6% 254 25.6% 0.66 0.68  0.42-1.10
Parity
0 136 17.6% 133 21.8% 0.77 0.74  0.37-1.47
>1 264 18.6% 254 25.6% 0.66 0.68  0.42-1.10
Baseline GC/CT!
None 212 18.4% 203 27.6% 0.57 0.59  0.34-1.01
Any 119 21.8% 140 22.9% 0.94 0.85 0.43-1.66
High Temp/ WBC/
Pelvic Tenderness
No 197 16.2% 200 23.0% 0.65 0.58  0.33-1.03
Yes 119 22.7% 130 26.9% 0.80 0.89  0.45-1.77

' 124 women had missing information for baseline GC/Ct
* Adjusted for bacterial vaginosis and IUD at baseline
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Table 7 Self reported chronic pelvic pain during follow-up by treatment assignment and odds ratios

(OR) adjusted and unadjusted comparing outpatient versus inpatient treatment

Baseline
Characteristic Outpatient Inpatient OR OR* 95% CI
(n,%)
Total 408 44.6% 391 40.7% 1.18 1.21  0.88-1.68
Age
<19 106 36.8% 98 43.9% 0.75 0.87  0.46-1.64
20-24 151 46.4% 164 36.6% 1.50 1.33  0.79-2.23
>25 151 48.3% 129 43.4% 1.22 146  0.83-2.57
Race
African 306 40.5% 295 36.9% 1.16 1.33  0.91-1.95
American
White 67 55.2% 59 45.8% 1.46 091  0.40-2.05
Other 35 60.0% 37 62.2% 0.91 1.05  0.34-3.25
History of PID
No 282 43.6% 269 37.9% 1.27 1.37  0.93-2.04
Yes 121 47.1% 118 46.6% 1.02 0.99  0.55-1.80
Parity
0 140 35.7% 136 34.6% 1.05 1.08  0.62-1.90
>1 266 49.6% 255 43.9% 1.26 1.29  0.86-1.93
Baseline GC/CT!
None 219 52.1% 204 26.6% 1.25 1.26  0.81-1.97
Any 118 37.3% 141 31.2% 1.31 1.35 0.75-2.44
High Temp/ WBC/
Pelvic Tenderness
No 199 45.7% 199 42.2% 1.15 1.21  0.77-1.92
Yes 122 45.1% 135 37.8% 1.35 1.61  0.89-2.91

' 124 women had missing information for baseline GC/Ct
* Adjusted for bacterial vaginosis and IUD at baseline

4.2 RESULTS FROM SPECIFIC AIM 2: ANALYSIS TO DETERMINE IF SHORT-
TERM OUTCOMES ARE RELATED TO LONG-TERM SEQUELAE

The majority of women in the sample were black (73%), younger than age 25 (65%), and had no
more than a high school education (74%). Nearly one third had a previous history of PID (29%)

and a slightly higher percentage had an STD at baseline (36%) (Table 8). Over half of the
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women had tenderness at five days (58%); approximately 19% had tenderness at 30 days, 6%

had gonococcal and/or chlamydial cervicitis at 30 days, and 41% had endometritis at thirty days.

Table 8 Baseline Characteristics

Baseline Characteristic N (726) %
Age

<19 179 24.7%

20-24 289 39.8%

> 25 258 35.5%
Race

African American 533 73.4%

White 122 16.8%

Other 71 9.8%
Education

< High School Graduate 267 36.8%

High School Graduate 271 37.4%

> High School Graduate 187 25.8%
History of PID*

No 509 70.7%

Yes 211 29.3%
Live Births

0 258 35.6%

1-2 344 47.4%

>3 123 17.0%
Baseline GC or CT**

None 451 64.0%

Any 254 36.0%
Tenderness 5 Days

No 306 42.1%

Yes 420 57.9%
Tenderness 30 Days

No 509 80.8%

Yes 121 19.2%
Endometritis 30 Days

No 245 58.8%

Yes 172 41.2%
GC or CT Status 30 Days***

None 410 94.9%

Any 22 5.1%

* 6 women had missing information for history of PID
** 21 women had missing information for baseline GC/CT
*#% 294 women had missing information for 30 day GC/CT
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Tenderness at five days (adjusted HR 1.32; 95% CI: 1.05-1.67) and at thirty days
(adjusted HR 2.45, 95% CI: 1.56-3.85) were significantly associated with the occurrence of
chronic pelvic pain during follow-up (Table 9). However, about half of women with tenderness
at five days did not experience chronic pelvic pain (PPV=47.9%) (Table 11). Tenderness at
thirty days was also sub-optimally predictive for chronic pelvic pain (PPV=64.1%). Negative
predictive values for tenderness at 5 and 30 days for the outcome of chronic pelvic pain were

also in the range of 62-64%.

Table 9 Prediction of Chronic Pelvic Pain and Recurrent PID from Short-Term Outcomes

No

Chronic Chronic Re- No Re-

Pelvic Pelvic current  current
Short-Term Pain Pain PID PID
Outcome N=309 N=398 HR* 959% CI N=141 N=555 HR* 959% ClI
Tenderness 5 196 213 1.32  1.05-1.67 83 322 1.03 0.73-1.44
Day
Tenderness 25 14 245 1.56-3.85 13 24 2.11 1.18-3.79
30 Day'
Cervical 8 6 1.63 0.78-3.40 5 9 1.48 0.57-3.87
infection'
Endometritis' 48 71 1.05 0.72-1.52 26 91 0.80 0.50-1.28

! Based on 298 women with complete information for the 30 day visit
* Adjusted for: age, race, education, history of PID and live births

Tenderness at thirty days was also associated with an increased risk for recurrent PID
(adjusted HR: 2.11, 95% CI: 1.18-3.79). Again, the PPV was modest (35.1%) although the
negative predictive value was higher (79.1%). Tenderness at 5 and at 30 days was not

significantly associated with achieving a pregnancy during the follow-up (Table 10).
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Table 10 Prediction of Pregnancy from short-Term Outcomes

Short-Term Pregnant Not Pregnant

Outcome N=411 N=309 HR* 95% CI
Tenderness 5 Day 21 18 0.89 0.56-1.43
Tenderness 30 Day1 21 18 0.89 0.56-1.43
Cervical infection' 9 5 0.86 0.44-1.71
Endometritis' 74 46 1.22 0.89-1.67

' Based on 298 women with complete information for the 30 day visit

* Adjusted for: age, race, education, history of PID and live births

There were no significant associations between thirty-day cervical infection or
endometritis and any of the long-term sequelae. Positive predictive values for cervical infection

and for endometritis at 30 days were between 22% and 64%.

Table 11 Positive Predictive Value for Each Short-Term Outcome and Long-Term Sequelae

Short-Term Chronic Recurrent

Outcome Pelvic Pain PID Pregnant
Tenderness 5 day 47.9% 20.5% 57.2%
Tenderness 30 day’' 64.1% 35.1% 53.8%
Cervical Infection' 57.1% 35.7% 64.3%
Endometritis’' 40.3% 22.2% 61.7%
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5.0 DISCUSSION

5.1  DISCUSSION FOR SUBGROUP ANALYSIS

Previously published results from the PEACH trial indicated that women with mild-to-moderate
PID did not have worse long-term reproductive outcomes after outpatient than after inpatient
treatment.” However, the power in that analysis was insufficient to allow for a comparison of the
effectiveness of treatments among relevant subgroups of women. The current analysis was
undertaken after an additional 49 months of follow-up and after power calculations supported
our ability to detect clinically meaningful treatment-related differences even within subgroups.
Extending our previous findings, we now report that outpatient treatment assignment did not
adversely impact the occurrence of a follow-up pregnancy, live birth or ectopic pregnancy; time-
to-pregnancy; infertility; PID recurrence; or chronic pelvic pain among women of various ages
and races; with and without a prior birth; with or without previous PID; with or without baseline
Neisseria gonorrhoeae and/or Chlamydia trachomatis infection; and with or without high
temperature/ WBC/pelvic tenderness score. Ectopic pregnancy occurred rarely and more
frequently in the outpatient group, albeit not significantly.

Ectopic pregnancy was a rare occurrence in PEACH participants, reported by less than
1% of women, a surprisingly low rate,''> which may explain why ectopic pregnancies were
detected only in the dominant racial group in the study: African-American women. Explanations

for the greater, albeit non-significant, occurrence of ectopic pregnancy among women assigned
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to outpatient treatment are two-fold. First, a likely possibility is that a limited number of
observations created unstable estimates. Second, intravenous antibiotic therapy, characterizing
the inpatient treatment strategy, may have more effectively reduced ectopic pregnancy. We
believe this is unlikely, however, as it assumes some pathophysiologic mechanism independent
of that involved in outcomes not different between treatments, such as infertility.

Older women were statistically significantly more likely to become pregnant after
outpatient treatment. However, older women assigned to outpatient treatment had neither a
statistically greater likelihood of live births nor a statistically lower likelihood of infertility.
Thus, we infer that this single statistically significant finding is probably a function of multiple
comparisons.

The lack of treatment-related difference in multiple reproductive outcomes and among
subgroups of women strengthens our previous null findings.” The lack of statistical difference
between treatment groups might be interpreted as a poor outcome in both groups or as a good
outcome in both groups, but neither interpretation can be verified in the absence of a control
group without PID. Currently, the CDC recommends hospitalizing women with PID based on
health-care provider discretion and in the following situations: surgical emergencies, pregnancy,
failure to respond to oral antimicrobial therapy, inability to tolerate outpatient therapy, and tubo-
ovarian abscess.”” Women with these conditions were excluded from the PEACH trial so in
these situations, we can make no inference about appropriate treatment. However, the CDC also
suggests that women with severe illness be hospitalized. As the CDC does not define “severe
illness”, we used as surrogate measures an elevated oral temperature, WBC, or abdominal
tenderness score, and found no treatment-related differences in outcomes among women with

these clinical presentations.
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Older CDC recommendations and some researchers advocate treatment of nulligravid
women and teenagers as inpatients. Again, our results do not demonstrate that inpatient
treatment enhances preservation of reproductive health in these relatively large subgroups of
patients.

There were numerous strengths of this study. The randomization resulted in a similar
distribution of most baseline characteristics between the treatment groups, thereby limiting
confounding. The unequal distribution of IUD and bacterial vaginosis would have been expected
to disadvantage outpatients with respect to reproductive outcomes and thereby could not have
accounted for our inability to demonstrate excesses in adverse outcomes among women assigned
to outpatient treatment. Moreover, we adjusted for ITUD use and bacterial vaginosis in
calculating risk estimates. Study generalizability was enhanced by inclusion of women with
mild-to-moderate PID, who comprise approximately 90% of women with PID.*” Finally,
outcomes consisted of important long-term reproductive events, the sequelae that with treatment
we are ultimately attempting to prevent.

The greatest potential limitation of subgroup analyses in the PEACH study is the inability
to detect small treatment-related differences. Despite additional follow-up and a larger number
of endpoints, we could generally, but not always, detect relative differences in the range of 26-
70%. Other limitations include the lack of universal documentation of tubal obstruction among
women with infertility, and self-reported documentation of all outcomes, which, despite our
attempts to validate endpoints, remains a caveat to interpretation of results. Additionally, the
cohort largely involved low-income African American women, who represent only one

component of all women with PID. Finally, because there was no external comparison group,
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we do not know if treatment restores fertility to levels comparable to women without a history of
PID.

Our current findings reinforce our previous conclusion that, without evidence of
unfavorable effectiveness, large cost-savings accrued by treating women outside the hospital
favor outpatient management. In the original comparison of outpatient versus inpatient treatment
from the PEACH Study, the PEACH authors estimated that by switching 85,000 women per year
from inpatient to outpatient treatment, annual cost savings might be in the neighborhood of $500
million.” With the possible exception of an excess of rarely-occurring ectopic pregnancy among
women treated as outpatients, in no relevant subgroups and for no adverse reproductive

outcomes, could we find a disadvantage in using outpatient treatment for PID.

5.2  DISCUSSION FOR RELATIONSHIP BETWEEN SHORT-TERM OUTCOMES
AND LONG-TERM SEQUELAE

The success of treatment for PID is generally gauged by short-term clinical improvement and/or
microbiologic cure. Our results show that these short-term markers (tenderness at 5 and 30 days;
gonococcal/chlamydial cervicitis at 30 days; endometritis at 30 days) are not strongly predictive
of the long-term sequelae from PID that treatment is trying to prevent. Although persistent
tenderness significantly increased the occurrence of chronic pelvic pain and recurrent PID,
positive predictive values were too low to make short-term tenderness a clinically meaningful
intermediate for predicting these long-term outcomes. Moreover, cervicitis and endometritis
were not significantly associated with chronic pelvic pain or PID, and none of the short-term

measures were predictive of the ability to achieve pregnancy.
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We considered several explanations for our findings. First, cervical infection status may
not adequately represent fallopian tube infection.”***” Cervical infection often exists in the
absence of endometrial infection/inflammation. The converse is also true: in two studies, 3.7%
to 10% of women were documented with positive upper genital tract chlamydial cultures, despite
negative cervical culture at baseline.”*’ This has also been documented post-treatment for PID,
where four of 16 women had positive endometrial cultures for chlamydia despite negative
endocervical cultures after second and third generation cephalosporin treatment.® Thus, despite
a negative test for thirty day cervical infection, women may have experienced a persistent
infection in their upper genital tract that contributed to long-term sequelae. The converse is also
true: cervical infection often exists in the absence of endometrial infection/inflammation
resulting in a false positive short-term indicator.

Second, women who delay seeking treatment for PID for three days or more are at nearly
a three fold increase in risk for impaired fertility,”* suggesting that early treatment administration
may be necessary to halt a complete mounting of the inflammatory response. Because the
majority of women in the PEACH study presented with three or more days of pelvic pain
(71%),” they may have been at increased risk for long-term sequelae regardless of short-term
treatment response. Our data suggest that short-term markers do not adequately reflect the
underlying pathophysiology that leads some women to have adverse long-term outcomes while
others do not.

Third, women may have had prior subclinical (silent) PID that resulted in tubal damage
preceding the baseline episode. Prior PID may have contributed, independent of the short-term
markers from the index diagnosis of PID, to adverse reproductive sequelae. In a macaque

monkey model, repeated exposure to chlamydial infections produced a Th-1 type cytokine
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3335 One test of

response that was associated with the progression to fibrosis and infertility.
cervical infection at thirty-days would not capture the women who had repeated exposures
sufficient to produce fibrosis and scarring.

Fifth, PID has a polymicrobial etiology and several non-chlamydial, non-gonorrheal
pathogens have been implicated, including Mycoplasma hominis, Ureaplasma urealyticum,

bacterial vaginosis (independent of gonorrhoea or chlamydia), and Mycoplasma genitalium.?*"

¥ Some of these pathogens (M. hominis and U. urealyticum) are largely resistant to
tetracyclines, and may have persisted following PID treatment.’®> In a previous PEACH
analysis, women with nongonococcal bacteria in the endometrium were more likely to have
reproductive morbidity compared to women with endometrial gonococcal infection (infertility
rates were: N. gonorrhoeae 13%, C. trachomatis 19%, anaerobic bacteria 22%, U. urealyticum
41% and M. hominis 54%).”> Further, Brunham and colleagues demonstrated over a five to
seven month follow-up, 54% of women with non-gonorrheal infections had adverse reproductive
outcomes, compared to none of the women with gonorrheal PID.* Thus, women in the study
may have had non-gonorrhoeal, non-chlamydial pathogens that resulted in long-term sequelae.

One final explanation for the lack of association between short-term markers and long-
term sequelae may result from the mild-to-moderate severity of the PID studied. Severe and
recurrent PID was eight times more likely to fail to have a live birth in a twelve year follow-up
compared to women with mild PID who had a single only episode.”> Thus, among a sample of
women with severe PID, short-term intermediates may be more strongly associated with long-
term sequelae.

This is the first study to examine the associations between short-term markers and long-

term sequelae related to PID. The study has several strengths. First, the prospective design
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allowed actual measurements of all outcomes. Second, the PEACH study had a long-follow up
duration (average follow-up length 84 months) and a sizeable rate of retention (69.1%).” Third,
the study was generalizable, as it enrolled women with mild-to-moderate PID who comprise 90%
of women with PID.”> Fourth, standardized laboratory procedures minimized bias and
misclassification.

One notable weakness is the diminution in sample size between the five and thirty day
visit, with 725 women (out of 831) returning for the five day visit, and only 348 women with
complete information for the thirty day visit. Lack of significant findings may have resulted
from a lack of power. The women who did not return for the thirty day visit were more likely to
be 25 or older, and of race other than African American or white. There were no significant
differences in educational status, history of PID, parity and baseline gonorrheal/chlamydial
status. A second weakness was the reliance on self-report to determine recurrent PID. However,
as previously noted, we found 76% confirmation of recurrent PID in verified medical records.’

Short-term intermediate endpoints are frequently used to determine clinical or
microbiologic cure for PID. However, our results suggest that such markers are generally
unrelated to long-term reproductive morbidity and even when significant associations exist, the
accompanying positive and negative predictive values are less than optimal and thus not
clinically useful. When conducting treatment trials, there are no short-term markers that we
examined that can be used to predict the occurrence of PID-related reproductive morbidity.
Future research should determine if there are other available markers such as non-
gonorrhoeal/non-chlamydial infection status, CHSP 60 that can be used to predict long-term

reproductive morbidity.
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6.0 APPLICATIONS TO PUBLIC HEALTH

Describing the relationships between PID and long-term sequelae contributes new insight into
the complex public health challenges relating to adequate treatment for PID and for long-term
sequelae consisting of infertility, chronic pelvic pain, ectopic pregnancy and recurrent PID. This
thesis adds valuable information to emerging literature pertaining to PID.

First, this is the first work to examine long-term sequelae of PID among subgroups of
women based on age, race, parity and clinical presentation among any population in the world.
Providing evidence that all women can be treated as outpatients for PID will enable health care
providers to treat women with effective methods at a lower cost and burden to the health care
system.

Second, this work contributes important information concerning the role of short-term
treatment markers in predicting long-term sequelae of PID. As we found no short-term markers
of treatment that are associated with significantly altered risk for long-term sequelae, we cannot
recommend any markers to be used in future research. Thus, to adequately determine long-term

sequelae of PID, future research cannot use a short-term design.
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