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Abstract

Objective: To determine whether urea and creatinine measurements in vaginal fluid could be
used to diagnose preterm premature rupture of membranes (PPROM) and predict delivery
interval after PPROM.
Methods: A prospective study conducted with 100 pregnant women with PPROM and 100
healthy pregnant women between 24 + 0 and 36 + 6 gestational weeks. All patients underwent
sampling for urea and creatinine concentrations in vaginal fluid at the time of admission.
Receiver operator curve analysis was used to determine the cutoff values for the presence
of PPROM and delivery within 48 h after PPROM.
Results: In multivariate logistic regression analysis, vaginal fluid urea and creatinine levels were
found to be significant predictors of PPROM (p50.001 and p50.001, respectively) and delivery
within 48 h after PPROM (p¼ 0.012 and p¼ 0.017, respectively). The optimal cutoff values
for the diagnosis of PPROM were 46.7 mg/dl for urea and 40.12 mg/dl for creatinine.
The optimal cutoff values for the detection of delivery within 48 h were 419.4 mg/dl for urea
and40.23 mg/dl for creatinine.
Conclusion: Measurement of urea and creatinine levels in vaginal fluid is a rapid and reliable test
for diagnosing and also for predicting delivery interval after PPROM.
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Introduction

Preterm premature rupture of membranes (PPROM) is the

rupture of the fetal membranes before 37 weeks gestation

without signs of labor. PPROM occurs in approximately 3–8%

of all pregnancies and it is responsible for the 30–40% of

preterm deliveries [1,2]. The diagnosis of PPROM is gener-

ally made by obtaining history, physical findings like

identification of pooling of amniotic fluid in the vagina and

performing nitrazine and fern tests [3,4]. Correct diagnosis is

essential for avoiding consequences of iatrogenic prematurity

with early delivery and infectious morbidities of the mother

and fetus with delayed intervention. However, accuracy of

classical methods is limited by high false positive and

negative results because of the contamination with semen,

blood or bacterial vaginosis. Gold standard test is accepted as

the intraamniotic injections of dye which is an invasive

procedure with risks of side effects [5].

These potential limitations of the conventional testing

methods and risk of invasive procedures have led to seek

alternative biochemical markers in amniotic fluid such as

alpha-fetoprotein (AFP), b-subunit of human chorionic

gonadotropin, insulin-like growth factor binding protein-1

(IGFBP-1), placental alpha macroglobulin-1 (PAMG-1) and

lactate [6,7]. However, the use of these markers in clinical

practice is precluded by their complexity and high costs [8].

The rationale behind these methods is the presence of the

marker in high concentrations in the amniotic fluid and not in

the cervicovaginal secretions. Amniotic fluid urea and

creatinine are one of these markers that mainly originated

from excretion by fetal kidneys [5] and are found to be

gradually increased throughout pregnancy [9,10]. On the

other hand, urea and creatinine levels in cervicovaginal

secretions are in accordance with serum levels [11].

Therefore, in the presence of PPROM the level of these

fetal originated markers should be higher in the amniotic fluid

than in normal cervicovaginal secretions.

The aim of our study was to evaluate the diagnostic value

of vaginal fluid urea and creatinine levels in patients with

PPROM and also to determine whether these markers could

be used to estimate the duration of the latency period after

PPROM.
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Methods

This is a prospective study conducted with 100 pregnant

women with PPROM and 100 pregnant healthy controls who

were admitted to Tepecik Training and Research Hospital

between January 2015 and September 2015. Singleton

pregnancies with a gestational age between 24 + 0 and

36 + 6 weeks were eligible for the study. Controls were

recruited among women attending routine prenatal care.

Women were not included to the study if they had any

systemic disease, fetal structural or chromosomal malforma-

tions, fetal growth restriction, non-reassuring fetal status,

vaginal bleeding or infection and if their PPROM diagnosis

was doubtful. The study was approved by the local ethics

committee.

PPROM was defined as rupture of membranes without

labor contractions before 37 completed weeks of gestation.

The demographic and obstetric features of women were

recorded at the initial examination. All women underwent

ultrasonographic evaluation which included measurements of

fetal biometry and amniotic fluid volume. Gestational age was

estimated based on the ultrasound measurement of first

trimester crown rump length. Upon admission, one of our

authors (C.G.) carried out sterile speculum examination for

diagnosis of PPROM and sampling procedure. Membrane

rupture was diagnosed by the direct visualization of fluid

leakage from the cervical canal or pooling of fluid in the

posterior vaginal fornix and by positive test for the presence

of IGFBP-1. Detection of IGFBP-1 was performed by a

commercial immunoenzymatic assay kit (actim PROM test,

Medix Biochemica, Kuopio, Finland) which is a sandwich

assay using monoclonal antibodies. A sterile swab was

inserted into the posterior vaginal fornix to collect fluid.

Then, the swab was agitated in the provided solvent for 10 s

and removed from the solvent. A test strip supplied by the

manufacturer was placed into the solvent solution for 1 min

according to the manufacturer’s guidelines and the results

were read. Result was positive if two blue lines appeared and

negative if only one control band appeared. If no lines were

visible, the test result was invalid. The patients were also

evaluated for the presence of blood, meconium, sperm, urine

and cervical changes. Women in the control group were

selected in the same way by confirming absence of amniotic

fluid leakage and negative test for IGFBP-1. All the

ultrasonographic and speculum examinations and sampling

procedures were performed by one of our authors to eliminate

interobserver variability. In all patients of both study and

control groups, vaginal posterior fornix was irrigated with

3 ml of sterile saline and then the fluid was aspirated by a 5-

ml syringe. All samples were obtained within 6 h after

membrane rupture before vaginal examination and the

administration of any drugs. Upon collection, samples were

centrifuged at 3000 rpm for 10 min and supernatant fluid was

separated. Exact concentrations of urea and creatinine were

measured immediately by enzymatic urease method and Rate

Jaffe method, respectively.

Management of PPROM in our center is hospitalization of

the patient until delivery without tocolytic therapy.

Termination of pregnancy is recommended for gestational

ages at or greater than 34 weeks. Pregnancies between 24 and

34 gestational weeks were administered Betamethasone

therapy (two intramuscular doses of 12 mg 24 h apart) for

fetal lung maturation and antibiotic prophylaxis. Surveillance

was performed with daily non-stress test and twice-weekly

ultrasonography. If labor did not start spontaneously between

24 and 34 gestational weeks, labor induction or cesarean

delivery was performed for the indications including placental

abruption, chorioamnionitis and fetal distress. Indications for

delivery included diagnosis of placental abruption or

chorioamnionitis, fetal distress and labor. Of the 100 patients

with PROM, 16 were diagnosed beyond 34 gestational weeks

and 84 were diagnosed between 24 and 34 weeks. In order to

evaluate the association between delivery interval and vaginal

fluid urea and creatinine levels, we excluded those patients

after 34 weeks who delivered without surveillance.

Accordingly, patients with PPROM who were between 24

and 34 weeks were then categorized based on the interval

between rupture of membranes and delivery, that is, into those

who delivered within and after 48 h of PPROM. Data from a

previous study showed that a minimal sample size of 32

women in each group is required to attain 80% power and a

significance level alpha of 0.05 (10).

All data were analyzed using Statistical Package for the

Social Sciences Version 20.0 (Chicago, IL). The normality of

the data was tested by the Kolmogorov–Smirnov test. Data are

presented as mean ± standard deviation for continuous vari-

ables and number of cases and percentages for categorical

variables. Continuous and categorical variables were com-

pared using t-test and chi-square test, respectively.

Multivariate logistic regression analyses were performed to

determine which risk factors were independently associated

with PPROM and delivery within 48 h after PPROM. The

odds ratio and 95% confidence intervals (CIs) were

calculated. Receiver operating characteristic (ROC) curve

analysis was used to establish best cutoff values of the urea

and creatinine concentrations in the vaginal fluid for the

detection of PPROM and for the prediction of delivery

interval within 48 h. Sensitivity, specificity, positive predict-

ive value and negative predictive value were also calculated.

Relationship between vaginal fluid urea and creatinine

concentrations and time from onset of PPROM to delivery

was analyzed with Kaplan–Meier survival analysis. The log-

rank test was utilized to assess the statistical difference

between survival curves. p values less than 0.05 was

considered statistically significant.

Results

Demographic and obstetric characteristics of our study

population are presented in Table 1. There was a statistically

significant difference between both groups in terms of

maternal age (p¼ 0.044), cervical dilatation (p50.001),

cervical effacement (p50.001), amniotic fluid index

(p50.001), cesarean delivery (p¼ 0.041), birthweight

(p50.001), interval between sampling and delivery, 5 min

APGAR score (p50.001) and corticosteroid administration

(p50.001). The mean vaginal fluid urea (22.9 ± 10.5 versus

1.98 ± 4.2) and creatinine (0.51 ± 0.31 versus 0.09 ± 0.17)

levels were also statistically significantly higher in women

with PPROM when compared to women of the control group

2 C. Gezer et al. J Matern Fetal Neonatal Med, Early Online: 1–7
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(p50.001 and p50.001, respectively). A multivariate logistic

regression analysis was performed for risk factors associated

with PPROM (Table 2). Vaginal fluid urea (OR¼ 2.36; 95%

CI: 1.67–4.11; p50.001) and creatinine (OR¼ 2.18; 95% CI:

1.42–3.97; p50.001) levels were found to be significant

indicators of PPROM.

Eighty-four women with PPROM who were between 24

and 34 gestational weeks were divided into two groups

according to delivery interval following PPROM. Of these 84

women, 35 delivered within 48 h and 49 delivered after 48 h.

35.2% (n¼ 12) of patients with latency period shorter than

48 h and 38.8% (n¼ 19) of patients with latency period longer

than 48 h delivered by cesarean section. Mean vaginal fluid

urea and creatinine concentrations in women who delivered

within 48 h were significantly higher compared to women

who delivered after 48 h. After performing a multivariate

logistic regression analysis to diagnose delivery interval, we

found a significant independent association between vaginal

fluid urea (OR¼ 2.14; 95% CI: 1.62–3.75; p¼ 0.012) and

creatinine levels (OR¼ 2.03; 95% CI: 1.51–3.24; p¼ 0.017)

and delivery within 48 h (Table 2).

Next, ROC curves were constructed for estimating the

association between vaginal fluid concentrations of both

markers and diagnosis of PPROM (Figure 1). The ROC curve

analysis revealed an area under curve of 0.944 (95% CI:

0.908–0.980; p50.001) for urea and 0.902 (95% CI 0.857–

0.946; p50.001) for creatinine. The optimal cutoff values

were found to be 6.7 mg/dl and 0.12 mg/dl for urea and

creatinine, respectively. According to these cutoff points, the

sensitivity, specificity, positive and negative predictive values

to diagnose PPROM were calculated as 88%, 91%, 90.7% and

88.3% for urea and 89%, 90%, 89.9% and 89.1% for

creatinine, respectively (Table 3). Furthermore, ROC curves

were generated for vaginal fluid urea and creatinine levels, to

determine the critical values that could predict delivery within

48 h after PPROM (Figure 2). The ROC curve analysis

revealed an area under curve of 0.861 (95% CI: 0.774–0.948;

Figure 1. Receiver operating characteristics curve analysis of vaginal fluid (a) urea (mg/dl) and (b) creatinine (mg/dl) in the detection of preterm
premature rupture of membranes.

Table 1. Demographic and obstetric characteristics of study groups.

PPROM (+)
(n¼ 100)

PPROM (�)
(n¼ 100) p

Maternal age (year) 27.3 ± 4.9 26.1 ± 3.4 0.044
Gestational week 30.7 ± 4.5 31.4 ± 2.9 0.222
Gravidity 2.4 ± 1.4 2.5 ± 1.3 0.434
Parity 0.97 ± 1.1 0.93 ± 0.8 0.768
Abortus 0.3 ± 0.8 0.2 ± 0.5 0.300
History of

Amniocentesis 3 2 0.651
Preterm birth 9 5 0.406
PPROM 6 4 0.746

Cervical dilatation (cm) 1.14 ± 0.97 0.33 ± 0.55 50.001
Cervical effacement (%) 24 ± 27.4 8.3 ± 17.9 50.001
Amniotic fluid index 75.2 ± 43.4 122.9 ± 31.6 50.001
Leukocyte count 12.9 ± 4.5 11.9 ± 3.7 0.11
Urea 22.9 ± 10.5 1.98 ± 4.2 50.001
Creatinine 0.51 ± 0.31 0.09 ± 0.17 50.001
Administration of corticosteroids 84 0 50.001
Delivery interval (d) 3.1 ± 1.89 NA
Cesarean delivery 28 16 0.041
Birthweight 1818 ± 645 3249 ± 445 50.001
5 min APGAR score 6.2 ± 2 7.1 ± 1.3 50.001

Data are presented as mean ± standard deviation or n (%); PPROM,
preterm premature rupture of membranes.

Table 2. Multivariable logistic regression analysis of risk factors
associated with PPROM and delivery within 48 h after PPROM*.

PPROM
(n¼ 100)

Delivery interval�48 h
after PPROM (n¼ 35)

p OR 95% CI p OR 95% CI

Urea 50.001 2.36 1.67–4.11 0.012 2.14 1.62–3.75
Creatinine 50.001 2.18 1.42–3.97 0.017 2.03 1.51–3.24
Amniotic fluid index 0.001 2.01 1.42–2.89 0.025 1.66 1.23–2.34
Cervical dilatation 0.004 1.95 1.23–2.86 0.001 2.54 1.78–4.26
Cervical effacement 0.008 1.57 1.12–2.26 0.002 1.89 1.42–2.67
Gestational week 0.601 1.08 0.95–1.24 0.001 2.15 1.35–4.42

*Adjusted for age, parity, amniocentesis, history of preterm birth and
history of PPROM; PPROM, preterm premature rupture of membranes.
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p50.001) for urea and 0.817 (95% CI 0.719–0.915;

p50.001) for creatinine. The optimal cutoff values for the

detection of delivery within 48 h were 419.4 mg/dl for urea

and 40.23 mg/dl for creatinine. The sensitivity, specificity,

positive and negative predictive values of these cutoff points

to diagnose delivery within 48 h were found as 85.7%, 85.7%,

81% and 89.4% for urea and 88.5%, 83.7%, 79.5% and 91.1%

for creatinine, respectively (Table 4).

The association between delivery interval within 48 h and

vaginal fluid concentrations of urea and creatinine was

presented with Kaplan–Meier survival analysis (Figure 3).

Among those women with urea concentrations of419.4 mg/dl

(n¼ 37), the median time between PPROM and delivery was

significantly lower when compared to those with urea

concentrations of 519.4 mg/dl (n¼ 47) (mean versus days;

p50.001). Similarly, women with creatinine levels of

40.23 mg/dl (n¼ 39) had significantly lower delivery inter-

vals compared to those with creatinine levels of50.23 mg/dl

(n¼ 45).

Discussion

In this study we found that high concentrations of urea and

creatinine in vaginal fluid are significantly associated with

PPROM. Another finding is that vaginal urea and creatinine

levels in patients who underwent delivery within 48 h are

significantly higher than those in patients who delivered after

48 h.

PPROM is a significant risk factor for preterm delivery and

associated maternal, fetal and neonatal infections. Accurate

diagnosis is essential to avoid adverse perinatal outcomes and

unnecessary obstetric interventions. Diagnosis of PPROM is

relatively easy when the amniotic rupture is overt. However,

history alone is reliable only in 10%–50% of the cases and

inspection of fluid leakage is associated with 12%–30% of

false negative results [8]. On the other hand, confirmatory

tests are usually required to definitively diagnose and manage

doubtful cases. Most commonly used methods to determine

PPROM are fern and nitrazine tests which are known to be

affected by several external factors such as blood, meconium,

urine, vaginal infections and antibiotic use [8,12]. Beta-

human chorionic gonadotropin (b-hCG), prolactin and

IGFBP-1 in vaginal fluid were suggested as alternative

methods for diagnosing PPROM. Although these biochemical

markers have found to be more accurate and less affected than

traditional tests [13], clinical usage was limited by their high

costs.

The data from this study suggest that vaginal urea and

creatinine measurements in patients with PPROM might be

used as a predictive test. Urea and creatinine levels in

amniotic fluid gradually increase throughout pregnancy due

to the maturation of tubular function and glomerular

filtration [9,10]. However, both urea and creatinine are

absent or present in low concentrations in cervicovaginal

secretions. Therefore, increased concentrations of these

Figure 2. Receiver operating characteristics curve analysis of vaginal fluid (a) urea (mg/dl) and (b) creatinine (mg/dl) in the prediction of delivery
within 48 h after preterm premature rupture of membranes.

Table 3. Prognostic value of vaginal fluid urea and creatinin levels in the
detection of PPROM.

Cutoff AUC Sensitivity Specificity PPV NPV PLR NLR

Urea 6.7 0.944 88 91 90.7 88.3 9.8 0.13

Creatinine 0.12 0.902 89 90 89.9 89.1 8.9 0.12

AUC, area under curve; NLR, negative likelihood ratio; NPV, negative
predictive value; PPROM, preterm premature rupture of membranes;
PLR, positive likelihood ratio; PPV, positive predictive value.

Table 4. Prognostic value of vaginal fluid urea and creatinin levels in the
prediction of delivery within 48 h after PPROM.

Cutoff AUC Sensitivity Specificity PPV NPV PLR NLR

Urea 19.4 0.861 85.7 85.7 81 89.4 6 0.17

Creatinine 0.23 0.817 88.5 83.7 79.5 91.1 5.4 0.14

AUC, area under curve; NLR, negative likelihood ratio; NPV, negative
predictive value; PPROM, preterm premature rupture of membranes;
PLR, positive likelihood ratio; PPV, positive predictive value.

4 C. Gezer et al. J Matern Fetal Neonatal Med, Early Online: 1–7
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markers may strongly reflect membrane rupture. A literature

search was conducted for reports published between 2000

and 2015 years to identify studies with methodologies

similar to the present study (Table 5) [6,11,14–26]. Findings

of all studies showed that the mean vaginal Fuid urea and

creatinine levels in deEnite PROM group were higher than

the control group. The search revealed that mean values for

vaginal fluid urea concentrations ranged from 0.41 to

13.2 mg/dl, while values for vaginal fluid creatinine con-

centrations ranged from 0.12 to 1 mg/dl.

The performance of urea and creatinine is also compared

with other markers by some authors. Mohammed et al. [16]

and Osman et al. [18] studied urea, creatinine and b-hCG and

reported that b-hCG had lower accuracy than both creatinine

and urea. Tigga et al. [6] studied b-hCG, alpha-feto protein

and creatinine levels in vaginal fluid and reported that AFP

was the most powerful marker for the diagnosis of PROM

followed by creatinine which can be regarded equally reliable.

Li et al. [21] suggested that creatinine was a less expensive

and easier to evaluate than b-hCG and AFP and more accurate

marker than b-hCG.

Our study indicates that urea levels 46.7 mg/dl and

creatinine levels 40.12 mg/dl in vaginal fluid, when present

between 24 and 37 weeks’ gestation, can identify PPROM

in approximately 88% and 89% of women, respectively. Our

cutoff values for PPROM are in accordance with previous

reports, which showed great variation for these markers.

Mohammed et al. [16] and Osman et al. [18] reported

13.2 mg/dl and 0.41 mg/dl as the cutoff values for urea,

respectively. Movahed et al. [23], El-Sabee et al. [11], and

Gurbuz et al. [22] reported 0.9 mg/dl, 0.9 mg/dl and

0.12 mg/dl as the cutoff values for creatinine, respectively.

Table 5. Literature review of the use of vaginal fluid urea and creatinine for the detection of PROM from 2000 to 2015.

Urea Creatinine

Authors
GA range
(weeks)

PROM
group(n)

Control
group (n)

Cutoff value
(mg/dl)

Mean ± SD
(mg/dl)

Cutoff value
(mg/dl)

Mean ± SD
(mg/dl)

Kafal{ et al. [13] 14–41 47 56 12 34.6 ± 5.3 0.6 1.5 ± 0.3
Kariamn et al. [14] 20–41 42 42 7 14.7 ± 4.27 0.55 1.4 ± 0.4
Mohammed et al. [15] 28–40 122 80 413.2 37.8 ± 6.2 0.31 1.23 ± 0.32
Kariman et al.[16] 14–41 60 53 6 13.77 ± 5.41 0.45 1.58 ± 1.01
Osman et al.[17] 28–40 50 50 0.41 1.87 ± 0.45 0.23 1.1 ± 0.38
Tıglı et al. [18] 27–42 75 75 10 8.67 ± 7.3 0.3 0.58 ± 0.59
Mostafa et al. [19] N/A 50 50 12 40.3 ± 9 1 1.45 ± 0.26
El-Sabee et al. [10] 28–40 32 32 9 32.9 0.9 1.7
Li et al. [20] 428 10 10 N/A 0.95
Gurbuz et al. [21] 428 54 34 0.12 0.70 ± 0.55
Movahed et al. [22] 28–42 N/A N/A 0.9 N/A
Sekhavat et al. [23] 28–40 30 30 0.14 0.4 ± 0.20
Zanjani et al. [24] 28–40 60 60 0.5 1.74 ± 0.8
Urdaneta-Garcı́a et al. [25] 20–36 135 135 0.45 1.09 ± 0.35
Tigga et al. [6] 20–40 50 50 0.16 0.26 ± 0.06

PROM, preterm premature rupture of membranes; GA, gestational age; SD, standard deviation.

Figure 3. Kaplan–Meier survival analysis of onset of membrane rupture to delivery interval according to optimal cutoff point for vaginal fluid (a) urea
(�19.4 mg/dl versus419.4 mg/dl) and (b) creatinine (�0.23 mg/dl versus40.23 mg/dl).
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The discrepancy between the cutoff levels of different

studies may be attributed to the difference in the gestational

age of studied patients. In the first half of pregnancy, urea

and creatinine concentrations are similar in maternal

serum and in amniotic fluid. In the second half of

gestation, most of the amniotic fluid comes from fetal

micturition and, hence, the urea and creatinine levels in

the amniotic fluid reflect the amount excreted in fetal

urine. Previous studies have observed that both urea and

creatinine levels in amniotic fluid were significantly

increased throughout gestation [9,10,27,28]. This increase

was found to be gradual between 20 and 32 weeks

of gestation and more rapidly thereafter [9,10,27,28]. It

seems evident that the origin of these two markers is a

function of filtration in the fetal kidneys’ maturation of

tubular function. Therefore, reference values for each

gestational week should be determined for appropriate use

in clinical practice.

Administration of corticosteroid for fetal lung maturation

and magnesium sulphate for neuroprotection is advised to be

used in women at high risk of preterm deliveries especially

within 24 h. Therefore, prediction of labor onset after

PPROM can be helpful in taking appropriate measures to

manage early delivery. The relationship between markers in

vaginal fluid and delivery interval after PPROM was

investigated in some studies previously. A negative correl-

ation was demonstrated between latency period and levels of

monocyte chemotactic protein-1, b-hCG, IGFBP-1 [8,29,30].

Apart from these markers, our study demonstrated that

patients with higher levels of vaginal fluid urea and

creatinine concentrations had earlier onset of labor. In

accordance with this study, only Tigga et al. [6] reported

vaginal fluid creatinine level as a predictor of delivery

interval in patients with PPROM. In the literature, however,

there is no data suggesting a specific cutoff value both for

urea and creatinine levels. Our study revealed for the first

time that patients with vaginal fluid urea and creatinine

concentrations above cutoff levels went into labor early. This

suggests a role of vaginal urea and creatinine levels in the

prediction of early delivery. Higher vaginal fluid concentra-

tions of urea and creatinine in patients with shorter delivery

interval may reflect a larger defect in the amniotic

membrane or an increase production by fetus.

The strengths of our study include a relatively large

sample size, prospective nature of study design and

obtainment of every specimen by one author. The main

limitation of the study is that false positive diagnosis may

occur in cases where visual inspection is uncertain.

However, this limitation is thought to be lessened by

confirmation of PPROM with IGFBP-1 test which is more

reliable than other traditional tests. Another limitation is the

possibility of confounding by unmeasured or unidentified

factors.

In conclusion, our study demonstrated that measurement of

urea and creatinine in vaginal fluid is a cheap and rapid

method with high sensitivity and specificity for the early

diagnosis of PPROM and delivery interval after PPROM.

Therefore, these methods could be integrated as noninvasive

tests for the diagnosis and clinical surveillance of patients

with PPROM.
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