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Biochemical Markers in The Vaginal Washing and Insulin-Like Growth
Factor Binding Protein in The Diagnosis of Membrane Rupture
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OBJECTIVE: The aim of this study was to evaluate the diagnostic significance of IGFBP-1 applied by a
dipstick method in comparison with nitrazine test and AFP/creatinine/HCG in the vaginal fluid.

STUDY DESING: Thirty-six women with definite premature rupture of membranes (PROM) and 35
women without PROM were included in the study. Speculum examination, nitrazine test and IGFBP-1
detection by a rapid strip test and the analyses of AFP, HCG, and creatinine were performed.
RESULTS: Sensitivity of IGFBP-1 test and nitrazine test was estimated to be 97%. Cut-off values for
AFP (21 IU/l), creatinine (0.24 mg/dl) and HCG (702 mlU/ml) were determined by ROC analysis.
Regression analysis revealed IGFBP-1 (p<0.01) as the most accurate test. Combination of AFP and cre-
atinine was beneficial in discriminating membrane rupture (p<0.01). Likelihood ratios of PROM test, AFP,
and combined AFP-creatinine tests were all of the same order of magnitude (=34,=0,05) and likely to be
clinically important but not significantly different from each other in their clinical performance.
CONCLUSION: IGFBP-1, AFP and combination of AFP-creatinine are accurate tests, holding immense

importance with regard to clinical performance.

(Gynecol Obstet Reprod Med;13:2 76-79)
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Premature rupture of membranes (PROM) is a major fac-
tor that is conducive to complicating an important proportion
of pregnancies, thereby significantly increasing fetal-maternal
morbidity and mortality.! The diagnosis of PROM is uncon-
vincing and inaccurate if the leakage of amnion through cervix
is not observed during the physical examination. The accura-
cy of the traditional tests remains controversial. As traditional
tests have high false positive and negative rates, new methods
of diagnosing PROM seem essential. As would the false pos-
itive results cause unnecessary intervention increasing mor-
bidity and mortality, so would the false negative results due to
missed and probably inaccurate diagnosis.

It has been reported that insulin-like growth factor binding
protein-1 (IGFBP-1), alpha-fetoprotein (AFP), human chori-
onic gonadotropin and creatinine in the vaginal fluid are of
diagnostic significance in PROM.!? We studied the accuracy
of IGFBP-1 and the biochemical markers in comparison with
the traditional nitrazine test.
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Material and Metods

Seventy-one single pregnancies of 20-42 gestational
weeks were included in the study conducted during 2002 and
2004. The study has received approval by the Institutional
Ethical Committee. Prior to participation in the study, the
patients were asked for informed consent. Thirty-six patients
out of 71 recruited for evaluation had definitely underwent
PROM, which was diagnosed by the amnion leakage observed
through the cervix, while rest of the 35 participants were
healthy controls. All patients underwent speculum examina-
tion nitrazine test and their IGFBP-1, AFP, HCG and creati-
nine in the vaginal fluid were evaluated. Nitrazine is a test that
depends on the pH measurement of the sample. Vaginal pH is
supposed to be in the range of 4.5-5.5 in healthy women.
However, contamination with amniotic fluid increases the pH,
turning the color of the nitrazine paper to blue.

The IGFBP-1 was detected by a dipstick method- PROM
test (Medix Biochemica, Kauniainen, Finland). The test
involves obtaining the sample from the posterior vagina with
a Dacron® swab or from the cervix in case no leakage is vis-
ible. The swab is allowed to absorb the fluid from the vagina,
followed by extracting the sample using a buffer solution. The
swab is then removed and the absorbing end of the dipstick is
placed in the extracting buffer solution. The PROM test is
based on the use of two monoclonal antibodies to human
IGFBP-1 and immunochromotography. The dipstick embod-



ies a line with immobilized anti-mouse immunoglobulins,
which attracts labeled blue latex particles. The single blue line
result is obtained irrespective of the presence of IGFBP-1. If
IGFBP-1 is present, it binds to antibody-labeled blue latex
particles, which are bound in a second line on the dipstick.
The two blue lines (immobilized and catching) on the dipstick
indicate that the sample contains a minimum of 25-50pgt/1 of
IGFBP-1.

Biochemical markers were studied in vaginal washing of 3
cc of physiological serum. The samples were centrifuged at
3000-4000 rpm/minute. Creatinine was analyzed with Jaffe
method (based on picric acid) by a colorimetric test (Roche
diagnostic GmbH, D-68298, Manheim, Germany) in the
Roche Hitachi Modular system. Color intensity of creatinine-
picric acid has been shown to be directly proportional to the
creatinine concentration and therefore, it can be measured
photometrically. AFP and HCG were studied by chemilumi-
nens method in IMMULITE® 2000 (DPC, Biermann,
Germany). Results of biochemical markers were available in
2-4 hours.

Statistical Analysis

Student’s t-test and Mann—Whitney rank sum test were
employed to compare continuous variables. The chi square
test and risk estimation were used to evaluate the non-contin-
uous data. The sensitivity, specificity and accuracy of each test
were analyzed. Spearman and Pearson correlation tests were
applied to reveal correlation. ROC analysis was performed for
biochemical markers to evaluate diagnostic significance and
to determine the cut-off values. Discriminant analysis was
also performed with biochemical markers. Logistic regression
and linear regression were studied for the predictive ability of
the test on the membrane rupture and for the selection of the
most accurate model. Prevalence, negative and positive likeli-
hood ratios were calculated. An alpha level of 0.05 was con-
sidered statistically significant in all of the analyses. The sta-
tistical package for social sciences for windows version 11.0
and Minitab 13.2 were used for statistical analyses.

Results

Mean age, gestational age and gravida of the patients were
estimated to be 25.5+5.4 years, 30.8+4.5 weeks and 2.4+1.6
respectively and no significant differences between the groups
were observed (p>0.05). The prevalence of PROM in the
study was 50.7%. The sensitivity of nitrazine test was shown
to be 97%, the specificity was 16% and the accuracy was 56%.
The sensitivity, specificity and accuracy of PROM test were
97%. Whereas a positive PROM test qualified to be a signifi-
cant determiner of the PROM status (p<<0.001), nitrazine test
did not (p>0.05) (Table 1).
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Table 1. The tests used in the diagnosis of PROM. The most
accurate test is found to be PROM test followed by AFP in the
vaginal washing.

Accuracy OR
(95% ClI)
Nitrazine test 56% 6,8
(0,7-59)
PROM test 97% 1190
(71-19799)
AFP cut-off 21 [U/I 95% 577
(50-6672)
Creatinine cut-off 0,24 mg/dI 88% 82
(15-438)
HCG cut-off 702 miU/I 76% 22
(4-109)

r: correlation coefficient
OR: odds ratio
Cl: 95% confidence interval

The ROC curve analysis yielded that the most significant
test to diagnose PROM was AFP, followed by creatinine and
HCG (Figure 1). The best cut-off value of AFP was 21 1U/I
with a sensitivity and false positivity of 94% and 2.8% respec-
tively (p<0,001). Contrarily, creatinine with a cut-off value of
0.24 mg/dl had a sensitivity and false positivity of 83% and
5.6% respectively (p<0,001). Moreover, HCG with a cut-off
value of 702 mIU/ml had a sensitivity and false positivity of
57% and 5.6% respectively for the diagnosis of PROM
(p<0,001) (Table 1).
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Figure 1. Assessment of biochemical markers in the vaginal fluid in
the diagnosis of PROM
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All of the diagnostic tests depicted a diagnostic predictive
value, except for the nitrazine test. The most significant pre-
dictor was PROM test (p<<0.001), while AFP contributed to
PROM test as the second single significant predictor
(p=0.001). Analysis of biochemical markers in the regression
model and discriminant analysis of the diagnostic tests are
shown in Table 2. The most precise model of diagnosing
PROM by biochemical markers was found to be a combina-
tion of AFP and creatinine.

Table 2. Regression analysis and discriminant analysis of the
biochemical predictors of PROM. The most precise prediction
model seems to be a combination of AFP and Creatinine,
which fits to data. AFP: alfa-fetoprotein, HCG: human chorion-
ic gonadotropin. Cr: Creatinine.

Number | Diagnostic |Proportion| Proportion |Accuracy
of Tests | Biochemical | of correct | of correct
Included Tests estimates | estimates
AFP | CrlHCG PROM of intact
membranes
1 v 94% 94% 94%
1 v 77% 94% 85%
2 N 94% 97% 95%
2 v 91% 94% 93%
3 NEERY 94% 97% 95%

\: Predictor included into the model.

PROM test results strongly correlated with AFP (r=0.91)
and creatinine (r=0,78). However, there was a weaker correla-
tion between PROM test and HCG. Nitrazine test did not cor-
relate with either of the diagnostic tests.

Vaginal discharge was evident in 56.3% of cases. There
was vaginal bleeding and history of coitus within 48 hours in
12.7% and 17% of patients, respectively. We analyzed the
effect of these situations on the test results of women not man-
ifesting PROM. Nitrazine test results had a significant effect
due to vaginal discharge (p<0.01). However, PROM test and
biochemical markers did not show any effect. Furthermore,
neither bleeding nor history of coitus affected the results of the
tests.

Clinical performance of the diagnostic tests was analyzed
by the likelihood ratio test. PROM test, AFP>21 IU/l and com-
bination of AFP-creatinine generated large, conclusive
changes from pre-test to post-test probability. Clinical per-
formance of these tests was clinically important, as the likeli-
hood ratios were all of the same order of magnitude (Table 3),
but were not significantly different from each other.

Table 3. Comparing PROM test, AFP, and combined AFP-
Creatinine tests the likelihood ratios are all of the same order
of magnitude and likely to be clinically important but not signif-
icantly different from each other in their clinical performance.
Nitrazine and HCG make small changes in the probability.

Diagnosis of PROM by Likelihood Ratio Test

+ -
PROM test 34,97 0,02
AFP>21 U/ 33,94 0,05
Creatinine>0,24mg/dI 14,91 0,18
HCG>702 mlU/I 10,28 0,45
AFP * Creatinine 33,05 0,05
Nitrazine 1,16 0,17

Discussion

The diagnosis of PROM is uncertain if the amnion leakage
through cervix cannot be observed in the physical examina-
tion as there is no single reliable test in practice.> Even occult
membrane rupture or transudation of the amniotic fluid into
the vagina may indicate an increased risk of fetal infection and
preterm delivery. Therefore it is essential that the ideal method
of detecting amniotic fluid in the vagina must be rapid and
accurate. We analyzed the accuracy of new diagnostic meth-
ods, compared them with each other along with the combina-
tion of the tests in order to document the most accurate, prac-
tical way of diagnosing PROM.

Nitrazine test is the most common procedure used to diag-
nose PROM but not without short comes; it has a high false
negative and false positive rate.l** Nitrazine test results are
unreliable in patients with vaginal discharge/ bleeding/
semen.®”8 Vaginal examination with an alkali solution also
increases the false positive rate of nitrazine test. Brian JM et
al. found that nitrazine test has high false positive rates and the
test is affected by blood and semen, although they collected
the vaginal fluid with a special pouch.” In our study, sensitiv-
ity of nitrazine test was estimated to be 97% but the specifici-
ty and accuracy were of limited value to be considered as
effective diagnostic test.

IGFBP-1 is the major protein of amniotic fluid.® The sen-
sitivity and the specificity of the IGFBP-1 detection were
reported to be 75-100% and 90-100%, respectively.>®° This
variation was due to different cut-off values used in the stud-
ies. We used a dipstick test to study IGFBP-1, which can
detect at a minimum of 25-50pugr/l of IGFBP-1 in the vaginal
secretions. Takeyoshi et al. reported that the optimal cut-off
concentration should be in the range of 20.1-148.4pgr/1.8 The
immunochromotographic dipstick method can be easily per-
formed, furnishing reliable results in a few minutes. Darj et al.
reported the sensitivity and specificity of the IGBP-1 detec-
tion by dipstick method as 95% and 93%, respectively.> Both
sensitivity and specificity of the test in our study was 97%.



False positive results of the IGFBP-1 test may be due to
stretching of the fetal membranes.> The PROM test undergoes
a significant effect due to sample collection; a brief duration
of holding the Dacron swab in the cervix and the buffer solu-
tion may cause erroneous results. However, PROM test results
are not affected by infection/blood/semen.>689

The higher concentration of AFP, HCG, creatinine and
other substances in the amniotic fluid makes them suitable
candidates for the diagnosis of membrane rupture. The accu-
racy of the biochemical markers varies with the method used;
it has been reported that the detection of AFP by latex agglu-
tination test was of limited value.!%!! Kishida et al. developed
a kit for rapid detection of AFP in the vaginal secretions. The
sensitivity and the specificity of this kit utilizing anti-AFP
monoclonal antibody is 96.9% and 92.9%, respectively.! In
our study, all of the biochemical markers were significant to
diagnose PROM. However, creatinine and AFP were superior
to HCG. Creatinine, with a good discriminating ability, has the
advantage of being cheap compared to the others. Li H-Y et al.
reported that creatinine and AFP were more accurate than
HCG 2 and the sensitivity and specificity of the biochemical
markers were similar to our results. Contamination of the
specimen may affect the accuracy of the biochemical markers
in the vaginal fluid."" However, contamination had no effect
on AFP, creatinine and HCG tests and the most accurate way
of diagnosing PROM by these markers appeared to be a com-
bination of AFP and creatinine in our study.

The 95% confidence intervals of accuracy of tests overlap
by a large margin. We therefore performed likelihood ratio test
to assess clinical performance of the diagnostic tests.
Evaluation of predictive values was hazardous in this and
other studies because of the dependence of predictive values
on population prevalence. Though PROM test was found to be
the most accurate single test, the likelihood ratios of AFP and
combined AFP-creatinine could be held as alternatives. While
creatinine with an accuracy of 88% generates moderate shifts
in the pre-test to post-test probability, nitrazine and HCG
should not be considered as applicable in the clinic.

Nitrazine test is affected by various factors (vaginal dis-
charge, coitus), which also play a significant role in the etiol-
ogy of PROM. False positive and false negative rates are high
and it seems unreliable in the clinical practice. PROM test,
AFP and combination of AFP-creatinine are accurate tests and
clinical performance of these is important for the diagnosis of
PROM. Diagnosing PROM by HCG levels in the vaginal fluid
was not found to be applicable in this study. Comparing
IGFBP-1 dipstick method with others, the only advantage
observed was of PROM test that it is a rapid bedside test.
However, this method may prove costly in third world coun-
tries and the application of AFP and creatinine could be an
alternative method.
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