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Abstract:

Background: PROMs occurs in 10% of all term pregnancies and
about 2- 4% of preterm pregnancies and is associated with
complications such as infection and preterm birth. Vaginal fluid
urea and creatinine levels may be helpful in the diagnosis of
PROM. Objectives: To evaluate the reliability of wvaginal
washing fluid urea and creatinine as biomarkers for diagnosis of
preterm PROM. Subjects and Methods:A prospective case
control study was conducted at the Obstetrics and Gynecology
Department; Benha University Hospital during the period from
September 2018 to September 2019. The study included 100
cases: 50 inpatient cases with preterm PROM and 50 cases from
those attending outpatient clinics for routine antenatal care. All
patients underwent speculum examination, nitrazine paper test,
and U/S. Results: The creatinine levels were 0.35 +0.12 mg/dl
and 0.16+ 0.08 mg/dl
respectively. The urea levels were 6.5 +2.48 mg/dl and 3.4 +1.68

in confirmed cases and controls,

mg/dl in confirmed cases and controls, respectively. There was a

highly significant difference regarding creatinine level and urea level (P < 0.001). Sensitivity,
specificity, PPV and NPV for creatinine level were 100%, 84%, 86,2% and 100%, respectively.
Sensitivity, specificity, PPV and NPV, for urea level was 100%, 80%, 83.3% and 100%,

respectively, with a cut-off value of 0.2 mg/dl for creatinine level and 3 mg/dl for urea level.

Conclusions: Detection of vaginal fluid urea and creatinine to diagnose PROM is a simple,

reliable and rapid test with high sensitivity, specificity, PPV, NPV.
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Introduction

Premature rupture of membranes (PROM)
refers to rupture of the fetal membranes
prior to the onset of labor. It occurs in 10%
of all term pregnancies and about 2- 4% of
preterm pregnancies and is associated with
complications such as infection and preterm
birth ** The risk of fetal infection in patients
with PROM is 5% and reaches 20% in those

with chorioamnionitis.?

Accurate history, clinical examination and
specialized tests are the hallmark for
diagnosing PROM. Failure to identify
patient or false positive diagnosis of PROM
may lead to inappropriate management and
serious maternal and neonatal complications

or unnecessary obstetric interventions®.

Diagnosis of PROM can be made by (1)
Observation of clear amniotic fluid flow or
accumulation of fluid at posterior fornix
with a sterile speculum, (2) Observation of
transition from yellow to blue with pH
indicator paper due to basic amniotic fluid
flow (nitrazine test) and/or 3) Detection of
palm leaf-pattern in dried amniotic fluid

with microscopic method (fern test) 4.

However, these conventional methods are
associated with drawbacks. History is
reliable in 10% to 50% of cases; speculum
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examination of fluid leakage from the cervix
was associated with 12% - 30% false
negative results. Nitrazine test was
associated with false positive results in 28%
and false negative in 12% of cases due to
contamination by urine (alkaline), blood or
meconium, antibiotics, vaginal and cervical
infections. Fern test was also associated with
13-30% false negative and 5-30% false

positive results”.

Assessment of amniotic fluid volume by
ultrasound examination is not a reliable test
to evaluate membrane rupture because it
cannot differentiate  PROM from other
causes of oligohydramnios®.

Intra amniotic dye injection and observation
for fluid passage transvaginal was
designated an ‘“‘unequivocal” diagnostic
method for confirmation of membrane
rupture, but this invasive test -carries

increased maternal and fetal risk.’

The Amnisure ROM test is another new test
that is easy, fast, minimally invasive and
with high sensitivity and specificity.
However, Amnisure is not available in many
centers and it is expensive. ® ° Many
biochemical diagnostic modalities for
PROM have Dbeen described, like
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measurement of vaginal pH, alpha
fetoprotein (AFP), insulin growth factor
protein-1(IGFBP-1), fetal

chorionic

binding
fibronectin ~ tests,  human
gonadotropin (HCG), prolactin, urea, and

creatinine®.

The justification of assessing these markers
is their high concentrations in amniotic fluid
compared with normal vaginal secretions.
However, despite the improved diagnostic
potential of these markers, they have not
become popular due to their complexity and

high cost.*!

Recently, the focus has been on urea and
creatinine in cervico-vaginal discharge. It is
based on the concept that fetal urine is the
prime component of amniotic fluid in the
second half of pregnancy. The fetus starts
excreting urine into the amniotic fluid at 8th
to 11th week of gestation. As there is no
need for extra equipment and reagent,
introduction of this method into routine use

seem to be feasible and practical.

Subjects and methods:

A prospective case control study was
conducted at the Obstetrics and Gynecology
Department, Benha University Hospital
during the period from September 2018 to
September 2019 and approved by the Local
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Ethics Committee of the Department.
Informed consent was obtained from all

participants prior to commencing the study.

The study included 100 cases: 50 cases
admitted to the obstetrics and gynecology
department with preterm PROM and 50
cases from those attending outpatient clinics

for routine antenatal care.
Inclusion criteria:

A total of 100 singleton pregnant women
with GA 24-34 weeks as confirmed by LMP
and/or first trimester sonography) are

included in this study.
Exclusion criteria:

Women with medical disorders (renal or
liver impairment, hypertensive disorder,
diabetes and other complications),women
with  preterm  labor, evidence of
chorioamnionitis, women with vaginal
spotting/ bleeding or meconium in vaginal
fluid leak, congenital fetal malformations
(particularly ~ renal or urinary tract
anomalies), intrauterine fetal death, evidence
of vaginal infection, use of vaginal drugs or

antiseptic or recent intercourse.

Creatinine level in PROM group was 0.35
+0.12 mg/dl and in the control group was
0.16+ 0.08 mg/dl. The sample size had been



calculated at 95% confidence interval and
power 80%. Atotal of 100 cases were
included in the study. The sample was
distributed into 50 cases controls, 50 cases
confirmed PROM. The cases were then
divided according to amniotic fluid and

nitrazine paper result, into the following:

* Group I(50 cases): confirmed PROM
cases by amniotic fluid pooling and positive
nitrazine paper test result

*  Group Il (50 cases):  control  group:
pregnant women without any complaint or
complication with negative amniotic fluid
pooling and negative nitrazine paper test

result.

After explaining about the aim of this study
and procedure to the patients and obtaining
informed consent, the patients were
included. A thorough history was taken, and
physical examination was done. All patients
underwent a sterile speculum examination
and amniotic fluid pooling with or without
Valsalva maneuver. Nitrazine paper test was
done for all cases as a screening test for
amniotic fluid leak and an abdominal
ultrasonography for GA, AFlI, fetal viability,
placental site, and congenital anomalies,
routine investigations: including complete

blood picture, blood group and Rh, C
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reactive protein, random blood sugar and
mid-stream urine analysis and CTG.

Vaginal fluid washing was done through
flushing of 5 ml saline in the posterior
vaginal fornix, and then all the fluid was
aspirated from posterior fornix for detection
of urea and creatinine levels. The collected
samples were sent to the laboratory for assay
of urea and creatinine concentrations. The
colorimetric method for urea assay is based
on  enzymatic  urease  reaction.The
colorimetric method for creatinine assay is
based on the reaction between creatinine in
alkaline solution with picric acid (Jaffé

colorimetric method).
Statistical Methods

Quantitative data are presented as mean *
SD. Quantitative and qualitative data were
analyzed using independent t test, and Chi-
square test, respectively. The data were
analyzed using Statistical Package for Social
Sciences (SPSS version 25(IBM, Armonk,
New York, USA). A p value of less than

0.05 was considered statistically significant.

Results

There was no statistically significant
difference between both groups regarding,

maternal age, weight, parity and gestational
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age (P=0.2,0.1, 0.6 and 0.6 respectively)
(Table 1).

There was a statistically significant
difference between the 2 groups regarding
vaginal fluid creatinine. The mean value of
creatinine was higher in the PROM group
than in the control group (0.35 £+ 0.12mg/dL
vs. 0.16 + 0.08 mg/dL, P< 0.001). There was
a statistically significant difference between
the 2 groups regarding vaginal fluid urea.
The mean value of urea was higher in the
PROM group than in the control group (6.5
+ 2.48 mg/dL vs. 3.4 + 1.68 mg/dL, P<
0.001) (Table 2).

There was a highly significant difference
regarding AFI, Mean AFIt SD was
significantly lower in PROM group (8.75 *
1.14 cm) compared to control group (11.15
+ 1.86 cm), P <0.001(Table 3)

Mean vaginal fluid urea was significantly
higher in patients with gestational age
>33weeks (8 mg/dl) compared to those with
gestational age <33 weeks (5 mg/dl), P
<0.001.

Mean vaginal fluid creatinine was
significantly higher in patients with

gestational age >33 weeks (0.42 mg/dl)
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compared to those with gestational age
<33weeks (0.28 mg/dl), P<0.001.

Mean AFI was significantly higher in
patients with gestational age <33 weeks
(9.1) compared to those with gestational age
>33 weeks (8.4), P = 0.029. (table 4,
figurel).

Sensitivity, specificity, positive predictive
value and negative predictive value for
creatinine level as a screening test for
PROM were 100%, 84%, 86.2% and 100%,
respectively. Sensitivity, specificity, positive
predictive value and negative predictive
value, for urea level as a screening test for
PROM were 100%, 80%, 83,3% and 100%,
respectively, with a cut-off value of 0.2
mg/dl for creatinine level and 3 mg/dl for

urea level (table 5).

Sensitivity, specificity, PPV, and NPV for
AFIl as a screening test for PROM were
100%, 60%, 71.4% and 100%, respectively
(table 6,figure3).

ROC analysis was done for vaginal fluid
urea and creatinine in diagnosis of PROM. It
revealed significant Area Under Curve
(AUC) of 0.895 (P<0.001) and 0.937
(P<0.001) for urea and
respectively (tableb, figure2).

creatinine
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Table 1 : Demographiccharacteristics of the studied groups

PROM group  Control group P value
(n =50) (n =50)
Age (years) Mean £SD 30+2 30+1.5 0.2
Weight (kg) Mean £SD 82+8 80 +6 0.1
Gestational age (weeks) Mean £SD 3219 32 +1.8 0.6
Parity
Primigravida No (%0) 14 (28) 11 (22) 0.6
Multipara No (%) 36 (32) 39 (40)

Table 2 : Vaginal fluid urea and creatinine level in both groups

PROM group Control group P value
(n=50) (n=50)
Urea (mg/dl) Mean +SD 6.5 +2.48 3.4 +1.68 <0.001
Creatinine Mean +SD 0.35+0.12 0.16+ 0.08 <0.001 <0,001

(mg/dl)

Table 3 : Amniotic fluid index in both groups

PROM group Control group P value
(n =50) (n=50)
AFI Mean £SD 8.75+1.14 11.15+1.86 <0.001

AFI = Amniotic fluid index
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Table 4 : Correlation of vaginal fluid urea, creatinine and AFI to gestational age in PROM group

GA <33 GA >33

Mean +SD Mean +SD P value
Urea (mg/dl) 5 1.29 8 2.5 <0.001
Creatinine (mg/dl) 0.28 0.04 0.42 0.12 <0.001
AFI 9.1 0.68 8.4 1.38 0.029
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Figure 1: Vaginal fluid urea & creatinine and AFI according to gestational age

Table 5: ROC characteristics of vaginal fluid urea and creatinine

Urea Creatinine
AUC 0.895 0.937
95% ClI 0.830 - 0.960 0.890 - 0.984
Best cutoff 3 0.2
Sensitivity 100% 100%
Specificity 80% 84%
PPV 83.3% 86.2%
NPV 100% 100%
P, <0.001 <0.001
P, 0.303
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Figure 2: ROC analysis for vaginal fluid urea and creatinine

Table 6 : ROC characteristics of AFI

ROC characteristics

AUC 0.870
95% CI 0.803 - 0.937
Best cutoff <10
Sensitivity 100%
Specificity 60%
PPV 71.4%
NPV 100
P <0.001
10 //
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wn 04 /
."/’
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0.0 02 04 06 08 1.0
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Figure 3: ROC analysis of AFI in diagnosing PROM
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Discussion

This study was conducted to evaluate the
reliability of vaginal washing fluid urea and

creatinine in diagnosis of PPROM.

In the present study, the mean AFI was
significantly lower in PROM group (8.75 +
1.14 cm) compared to control group (11.15
+ 1.86 cm), P <0.001. ROC analysis and
characteristics showed that the best cut-off
value of AFI is < 10 cm with sensitivity,
specificity, positive and negative predictive
values 0f100%, 60%, 71,4%, and 100%

respectively.

A study was done on 102 singleton
pregnancies with PPROM but with
different gestational age from the current
study. The mean gestational age at PPROM
was 29 + 5.3 wks (range 14-36.6 wks). The
mean AFI in the PPROM and the control
groups was 5.8 + 3.6 cm and 13.7 + 3.2 cm,
respectively (P=0.001). An AFI of <10 cm
had sensitivity 89.2%, specificity 88.5%,
positive predictive value 72.2% and
negative predictive value 96% in the
diagnosis of PPROM. *2

An AFI< 9 cm was found in 32 out of 50
patients with confirmed PROM, in 17 out
of 50 patients with suspected PROM and in
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only 4 out of 50patients in the control
group. The difference was statistically

significant that reported in previous study™®.

The mean value of AFI was lower in the
PROM than in the control group (8.41 +
2.91 cmvs. 9.56 = 2.61 cm, p = 0.04), with
a cut-off value of < 7 cm, the sensitivity
and specificity of amniotic fluid index to
diagnose PROM were 30% and 91.84%,
respectively. The PPV, NPV and over all
accuracy were 83.3%, 57.3% and 62 %,
respectively that was reported in previous
study’.

On the other hand, it was concluded that
there was no significant statistical
difference between PROM and control
groups regarding AFI. **

Vaginal fluid urea

In the present study, the mean vaginal fluid
urea in PROM group was significantly
higher than in the control group, 6.5 + 2.48
mg/dl vs 3.4 + 1.68 mg/dl, respectively (P
< 0.001). ROC analysis showed that the
best cut-off value was 3 mg/dl. The
sensitivity, specificity, PPV and NPV of
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washing vaginal fluid urea were 100%,
80%, 83.3%, and 100%, respectively.

These results are consistent with previous
study™® which reported that, with a cut-off
value of 3.5mg/dl, vaginal fluid urea
diagnose  PROM  with
specificity, positive and negative predictive
values of 100%, 76.5%, 70.6% and 96%,

sensitivity,

respectively.

Other study™® found that urea cut-off value
of 3.05mg/dl have sensitivity of 85%,
specificity 100%, PPV 77% and NPV of
100%, with a diagnostic accuracy of 90%of
PROM.

In another study, vaginal fluid prolactin, -
hCG, urea, and creatinine, were studied 2
groups, 80 confirmed PROM patients and
80 controls. ' All the four markers were
significantly higher in the patients with
PROM in comparison to those without
PROM (P< 0.001), with a cut-off level of
3.5 mg/dl for wurea, the sensitivity,
specificity, positive and negative predictive
values to diagnose PROM were 79.7%,
82.5%, 81.8% and 80.4%. They reported
less diagnostic value of urea for detecting
PROM, because of the difference in
laboratory method analysis and cut-off

points. °
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Other studies used different cut-off levels
with different results. It was found that the
mean vaginal fluid urea levels in definite,
suspected and control groups were
34.6+5.3 mg/dl, 2.4+5.3 mg/dl and 1.3+6.2
mg/dl, respectively(P< 0.01).With high cut-
off value of 12 mg/dl, the sensitivity,
specificity, positive and negative predictive

values were all 100%.

A cut-off value of urea in vaginal fluid as
10 mg/dl was used by some researchers, the
sensitivity,  specificity, positive and
negative predictive values in diagnosis of
PROM were 26.7%, 100%, 57.7% and

100%, respectively. *’

It was reported by some colleague that the
mean vaginal fluid urea levels in confirmed
PROM, suspected and control groups were
13.77+ 5.41 mg/dl, 4.71 £ 3.64 mg/dl and
5.13 + 5.97 mg/dl, respectively (P< 0.001).
The cut-off value of washing vaginal fluid
urea was 6 mg/dl with sensitivity,
specificity, positive and negative predictive
values of 90%, 79%, 83% and 87.5%. '

A study was conducted on 200 patients of
which half were controls and other half
were confirmed PPROM cases, with cut-off
level of 6.7 mg/dl for urea, the sensitivity,

specificity, positive and negative predictive



values to diagnose PPROM were 88%,
91%, 90.7% and 88.3%.°

Vaginal fluid creatinine

In the present study, the mean vaginal fluid
creatinine  in  PROM  group was
significantly higher than in the control
group, 0.35 = 0.12 mg/dl vs 0.16 = 0.08
mg/dl, respectively (P < 0.001). ROC
analysis showed that the best cut-off value
was 0.2 mg/dl. The sensitivity, specificity,
PPV and NPV of washing vaginal fluid
creatinine were 100%, 84%, 86.2%and
100% respectively.

The optimal cut-off with best sensitivity,
specificity, positive and negative predictive
values differ from different studies. The
cut-off value ranged from 0.12 mg/dl to
1.05 mg/dl. One study showed 100%
sensitivity,  specificity, positive and
negative predictive values®. Another study
proved a cut-off value of 0.12mg/dl. In a
third study, at cut-off value was detected to
be 0.45 mg/dI*® while the cut-off value was
declared to be 0.6 mg/dl in another
different research *

Other  studies  showed reasonable
sensitivity,  specificity, positive and

negative predictive values above 80% or
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90% as the study®at cut-off value of 1
mg/dl, other study® at cut-off value of 0.5
mg/dl, others?®® at cut-off value of 0.14
mg/dl, also the study™ at cut-off value of
1.05 mg/dl and Li — Chang #at cut-off
value of 0.95.

Conclusion

Detection of wvaginal fluid urea and
creatinine to diagnose PROM is a simple,
reliable and rapid test with high sensitivity,
specificity, PPV, NPV.
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