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Abstract

Objective The purpose of this study was to evaluate the

reliability of vaginal washing fluid creatinine level for the

diagnosis of premature rupture of membranes (PROM).

Method A prospective diagnostic study performed in

Shahid Sedoughi Hospital on 160 pregnant women (30

definite PROM, 30 no PROM and 100 suspected

PROM) at 28–40 weeks of gestation. The vagina was

washed by injection with a syringe filled with 3 ml of

saline solution, and the washing fluid was collected from

the posterior vaginal fornix and send to laboratory.

Creatinine values in vaginal washing were measured and

compared.

Result The mean vaginal fluid creatinine levels in definite

PROM group, suspected PROM and no PROM were

0.40 ± 0.20, 0.16 ± 0.04 and 0.08 ± 0.01 mg/dl, respec-

tively, where the difference was statistically significant

(P = 0.001). The sensitivity, specificity, positive and

negative predictivity values and accuracy were 98.7, 100,

100, 98.8 and 87.1%, respectively, in detecting PROM by

evaluation of vaginal fluid creatinine concentration with

cut-off value of 0.14 mg/dl.

Conclusion This study showed that creatinine determi-

nation in vaginal washing fluid is a useful marker for

PROM diagnosis. It is a reliable, simple, cheap and rapid

test.
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Introduction

Premature rupture of membranes (PROM) is defined as the

rupture of chorioamniotic membranes prior to the onset of

labor and occurs in 10% of all gestations and about 2–4% of

preterm pregnancies, with complications such as infection

and preterm birth [1–3]. PROM is the cause of approximately

one-third of preterm deliveries. It increases the risk of pre-

maturity and leads to a number of other perinatal and neonatal

complications, including a 1–2% risk of fetal death [4].

The diagnosis of PROM is sometimes challenging. A

false positive diagnosis of PROM may lead to inappropriate

intervention and a false negative diagnosis of PROM may

cause maternal morbidities [5]. Diagnosis of PROM is easy

when the rupture is obvious but difficult and indeed

impossible when the rupture is minimal. The diagnosis of

PROM requires a thorough history, physical examination,

and selected laboratory studies [4]. For decades, a combi-

nation of visual pooling of amniotic fluid during speculum

examination, alkaline pH determination and microscopic

evidence of ferning has been widely used to determine

rupture of membranes. Furthermore; these tests are prone to

false positive results secondary to vaginal contamination

with blood, urine, or semen [6]. To reduce false positive

rates, several biochemical markers in the vaginal fluids have

been studied, including alpha fetoprotein (AFP), human

chorionic gonadotropin (hCG), prolactin, and fibronectin;

and alpha microglobulins have been used in clinical studies

to diagnose PROM [4, 7–10]. Such tests are based primarily

on the identification in the cervicovaginal discharge of one

or more biochemical markers that are present in the setting
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of ROM, but absent in women with intact membranes. All

these tests have advantages and drawbacks. Up to now there

is no gold standard diagnostic test for PROM [9].

In the second half of gestation, most of the amniotic

fluid comes from fetal micturition and fetal urine contrib-

utes significantly to the formation of amniotic fluid in the

third trimester. Urea, creatinine, and uric acid are fetal

waste products that are excreted in high concentration in

fetal urine. It has been reported that pregnant women in the

early gestational age has a mean creatinine concentration of

0.6 mg/dl in the amniotic fluid, similar to that found in

maternal serum [2]. Creatinine concentration in amniotic

fluid increases gradually between 20 and 32 weeks of

gestation and more rapidly thereafter when they were two

to four times higher than maternal serum [11].

We hypothesized that vaginal fluid creatinine may be

helpful in diagnosing PROM because fetal urine is the most

important source of amniotic fluid in the second half of

pregnancy. Based on this hypothesis the current study was

performed to evaluate the reliability of vaginal washing

fluid creatinine level for the diagnosis of PROM.

Methods

This paper is the result of obstetrics and gynecology spe-

ciality thesis. A prospective diagnostic study performed in

Shahid Sedoughi Hospital in Yazd, with the complaint of

vaginal fluid leakage at 28–40 weeks of gestation from

May 2009 to October 2010. The adopted protocol was

approved by University Ethical Committee. All women

were interviewed individually by the researcher. Written

informed consent was obtained from all the patients.

Sample size estimations were based on the results of a

previous study, and assuming a level of a = 0.05 and

b = 0.6 and difference 0.3 between definite PROM and no

PROM, 160 patients were needed (30 definite PROM, 30

no PROM and 100 suspected PROM).

The women were excluded if there was the presence of

any amount of vaginal bleeding (either spontaneous or

traumatic due to the speculum examination), infective

vaginal discharge, any prenatal complication (like pree-

clapsia, diabetes or UTI) and multiple pregnancies.

At admission, amniotic index measured by ultrasonog-

raphy for all women. Then all patients underwent a clinical

examination with sterile speculum. Amniotic fluid pooling

with or without valsalva maneuver was noted. The ferning

test was applied for all. PROM patients had documented

confirmatory tests, including visualized pooling of amniotic

fluid in the vaginal exam that was confirmed by nitrazine-

positive result and demonstrated ferning. Patients who were

pooling (?) and ferning (?) were taken as ‘‘definite PROM

group’’. Patients who were pooling (±) and/or ferning (±)

were taken as ‘‘suspected PROM group’’. Patients who were

pooling (-) and ferning (-) were taken as ‘‘no PROM

group’’. All the speculum examinations and ultrasono-

graphic examinations were done by the same physician.

The vagina was washed by injection with a syringe filled

with 5 ml of saline solution, and then 3 ml washing fluid

was collected from the posterior vaginal fornix. The col-

lected fluid was promptly quantitatively tested for the

presence of creatinine with a creatinine assay (Ektachem

Clinical Chemistry Slides, Johnson & Johnson) with a

threshold of 25 mIU/mL. All tests were done by the same

lab and by the same person.

Then all the patients were followed up until delivery and

gestational age at delivery time. The parameters (age, parity,

gestational age at delivery, time interval between sampling and

delivery, vaginal fluid urea and creatinine) were compared.

Data were analyzed by SPSS with the T test, v2, Anova

and Mc Nemar. Roc curve analysis was used to establish an

optimal cut-off concentration. A P value \0.05 was con-

sidered statistically significant.

Results

Demographic data for each group are represented in

Table 1. There were no significant differences in maternal

age, gravidity and parity between groups.

Table 2 shows that gestational age at delivery and time

interval between sampling and delivery was significantly

shorter in definite PROM group than suspected PROM and

no PROM group (35.1 ± 3.8, 38.3 ± 2.1 and 38.5 ± 2.3,

respectively, P = 0.03).

Amniotic fluid index in definite PROM group was sig-

nificantly lower than suspected PROM and no PROM

group (62.7 ± 18.3, 83.3 ± 27.3 and 98 ± 14.5, respec-

tively, P = 0.001). The mean vaginal fluid creatinine lev-

els in definite PROM group, suspected PROM and no

PROM were 0.40 ± 0.20, 0.16 ± 0.04 and 0.08 ± 0.01,

respectively, where the difference was statistically signifi-

cant (P = 0.001) (Table 2).

Receiver operating characteristic (ROC) curve analysis

was used to establish the optimal cut-off concentration for

vaginal washing fluid creatinine levels and it is found that

cut-off value of 0.14 mg/dl is optimal (Fig. 1). The sensi-

tivity, specificity, positive predictably, and negative pre-

dictably were 98.7, 100, 100 and 98.8, respectively, in

detecting PROM by evaluation of vaginal fluid creatinine

concentration with this cut-off value.

Discussion

PROM is an important obstetric problem, the failure of

diagnosis of which can lead to unwanted infectious
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morbidity like chorioamnionitis and imminent term or

preterm labor; on the other hand overdiagnosis can lead to

unnecessary interventions like hospitalization. Therefore,

its correct diagnosis has great importance. The approach to

the diagnosis of membrane rupture is clinical, but clinical

complaint of the patient is not reliable. Therefore, the

current study was performed to evaluate the reliability of

vaginal washing fluid creatinine level for the diagnosis of

PROM. In our study, 130 pregnant women at 28–40 weeks

of gestation with the complaint of vaginal fluid leakage

presence or a suspicious history of it and 30 pregnant

women in the same gestational age with no history of

vaginal fluid leakage as control group were investigated.

Results showed that the mean vaginal fluid creatinine

levels in definite PROM group were higher than suspected

PROM and no PROM groups.

Vaginal fluid creatinine determination has been sug-

gested as a marker for PROM when the diagnosis remains

in doubt after initial speculum examination by recent

studies [9, 11, 12]. Li Hy et al. found that the concentra-

tions of hCG, AFP and creatinine are high in amniotic

fluid. They determined the usefulness of vaginal fluid hCG,

AFP and creatinine measurements in the detection of

PROM and found that creatinine was less expensive and

easier to measure than hCG and AFP, and appears to be

more accurate than hCG [9]. The second study was from

Turkey. In this study Kafali et al. [12] used urea and cre-

atinine determination to diagnose PROM. They reported

Table 1 Demographic data of

the groups
Definite PROM

(n = 30)

Suspected PROM

(n = 100)

No PROM

(n = 30)

P value

Maternal age (years)

(mean ± SD)

26.5 ± 5.1 27.2 ± 4.7 28.0 ± 5.0 0.06

Gravidity, N (%) 0.3

Nuligravid 11 (36.7) 50 (50) 12 (40)

Multigravid 19 (63.3) 50 (50) 18 (60)

Parity 0.1

Nullipara 12 (40) 56 (56) 13 (43.3)

Multipara 18 (60) 44 (44) 17 (66.7

Gestational age (weeks)

(mean ± SD)

35.1 ± 3.8 38.3 ± 2.1 38.5 ± 2.3 0.03

Interval between sampling

and delivery (weeks)

(mean ± SD)

1.4 ± 1.9 4.2 ± 2.1 6.3 ± 3.8 0.001

Table 2 Clinical characteristics

and vaginal creatinine levels of

groups

Definite

PROM

Suspected PROM

(n = 100)

No PROM

(n = 30)

P value

Gestational age (weeks)

(mean ± SD)

35.1 ± 3.8 38.3 ± 2.1 38.5 ± 2.3 0.03

Interval between sampling and delivery

(weeks) (mean ± SD)

1.4 ± 1.9 4.2 ± 2.1 6.3 ± 3.8 0.001

Amniotic fluid index (mean ± SD) 62.7 ± 18.9 83.3 ± 27.3 98 ± 14.5 0.001

Vaginal fluid creatinine (mg/dl)

(mean ± SD)

0.40 ± 0.20 0.16 ± 0.04 0.08 ± 0.01 0.001

Fig. 1 The ROC curve for creatinine levels in vaginal washing
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‘‘Vaginal washing fluid urea and creatinine determination

for the diagnosis of PROM is a reliable, simple and rapid

test’’. In their study both urea and creatinine were high in

confirmed PROM. Criterions for confirmed PROM were

pooling (?) inspeculum examination and nitrazine (?).

The nitrazine test can be ‘‘falsely positive’’ if the vaginal

pH is increased by blood or semen contamination or

alkaline antiseptics, or if bacterial vaginosis is present. Our

study used positive ferning test and pooling for confirming

PROM. The third study was accomplished by Gurbuz et al.

at 2004. Gurbuz et al. [11] reported that the sensitivity,

specificity, positive predictivity, and negative predictivity

were all 100% in detecting PROM by evaluation of vaginal

fluid creatinine concentration with a cut-off value of

0.12 mg/dl. In our study, the sensitivity, specificity, posi-

tive predictably, and negative predictably were 98.7, 100,

100 and 98.8, respectively, in detecting PROM by evalu-

ation of vaginal fluid creatinine concentration with cut-off

value of 0.14 mg/dl. In the study of Gurbuz et al. there

were only two groups: women with the diagnosis of PROM

that established only by inspection of vaginal pooling and

the control group consisted of women with intact mem-

branes. Our study consist suspected PROM that criterions

for confirmed PROM were pooling (±) inspeculum

examination and ferning test (±).

Our data show that vaginal fluid creatinine is an extre-

mely useful marker in doubtful cases of PROM. In these

cases, new methods such as AFP, beta-hCG, prolactin,

insulin like growth factor binding protein 1 (IGFBP-1) and

fetal fibronectin were investigated [7, 9, 13–15]. However,

they have low specificity owing to overlap between the

values of AFP, hCG, and fibronectin in patients with and

without intact membranes. In our study, we were able to

demonstrate an excellent PPV with reasonable sensitivity

by creatinine measurements on cervicovaginal washings in

a sample of patients with the status of the membrane

intactness known. These findings are promising as this

simple and inexpensive test may be helpful in determining

the presence of PPROM in equivocal cases.

Therefore, we recommend vaginal washing fluid creat-

inine measurement for the diagnosis of PROM because of

the following reasons. It has high specificity and reasonable

sensitivity. It has a reasonable cost. Result of the test can be

taken rapidly. This test does not be affected by presence of

any amount of vaginal bleeding.

However, study should be continued with more cases for

obtaining better results and transferring into practical work.

Conclusion

Our study shows that the creatinine measurement of cer-

vicovaginal washings is a nonexpensive and fast method,

and has higher sensitivity and specificity to establish

accurate and valid diagnosis of PROM. It is a possible

candidate to be a gold standard test.
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