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ABSTRACT
Background: When diagnosing premature rupture membranes is query, choosing the appropriate management needs 
additional confirmatory test. Based on their metabolomics, some biochemical markers have been proposed as diagnostic 
aids. A perfect test could be composed of combining more than one marker. Combining markers is not arbitrary as some 
combinations could inversely impact the diagnostic accuracy of the test.
Aim: Improving sensitivity  and specificity of diagnosis of preterm premature rupture of membranes by combining quantitative 
insulin like growth factor binding protein 1 (IGFBP-1) with quantitative βHCG and/or quantitative prolactin in cervico-
vaginal fluid.
Materials and Methods: It is a cross sectional study. IGFBP-1, prolactin and β-HCG concentrations in vaginal fluid were 
examined in 180 patients with sure membrane state and the diagnostic accuracy of each marker and each combination was 
determined. The study was conducted between January 2018 and September 2018 in Ain-Shams University Maternity 
Hospital after the approval of the institutional ethics committee. Informed consent has been obtained from the patients 
before participation.
Results: The sensitivity, specificity, PPV, and NPV of Prolactin with cutoff point 11 µIU/ml are 84.4, 73.2, 73.8,                        
and 79.5, respectively, gives accuracy percentage 75.4%. The sensitivity, specificity, PPV, and NPV of ILGFBP-1 with 
cutoff point 102 µIU/ml are 88.3, 93.5, 100, and 69.4 respectively gives accuracy percentage 81.5%. The sensitivity, 
specificity, PPV, and NPV of Β-HCG with cutoff point 104 mIU/mL are 85.1, 83.9, 96.2, and 72.8 respectively gives 
accuracy percentage 79.9%. The sensitivity, specificity, PPV, and NPV of the combination of IGFBP-1 and β-HCG                  
are 78.4, 100, 100 and 64 respectively gives accuracy percentage 89.7. The sensitivity, specificity, PPV, and NPV of the 
combination of IGFBP-1 and prolactin are 78.4, 100, 100 and 68.7, respectively, gives accuracy percentage 84.2. The 
sensitivity, specificity, PPV, and NPV of the combination of β-HCG and prolactin are 79.8, 100, 100 and 63.6 respectively 
gives accuracy percentage 77.2.
Conclusion:Combining IGFBP-1 and β-HCG is the best diagnostic combination to detect amniotic fluid presence in 
vaginal fluid. Combined IGFBP-1 and prolactin offered very little improvement compared to IGFBP-1 alone. Adding 
prolactin to β-HCG decreased accuracy than each of the other two markers alone.
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INTRODUCTION                                                                 

Metabolomics opens up new avenues for biomarker 
discovery in different branches of medicine, including 
perinatology[1].

The preterm newborn is susceptible to numerous 
serious medical complications both early and later                                        
in life[2].

The maternal decidua and adjacent fetal membranes 
undergo anatomic and biochemical changes that ultimately 
result in a spontaneous rupture of the membranes at term. 
Premature activation of this mechanism due to PPROM 
leads to up to preterm deliveries[3].

The dilemma about the rupture of membranes is 
attributed to the broad range of management choices it 
owns in dealing with[4].
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Failure to identify women with PROM associated with 
failure to implement standard measures and infectious 
morbidities[5].

Delivering easy and accurate measure to diagnose 
PROM to primary care centers would help evading such 
hazardous morbidities to both mother and fetus by aiding 
decision of timely intervention and proper management, 
and would also help avoiding unnecessary cost and pitfalls 
of hospitalization, investigation and intervention when not 
needed[6].

The primary problem in the diagnosis of PROM is to 
distinguish small amounts of amniotic fluid from other 
body fluids which may be present in the vagina. A number 
of non-invasive methods, based on; cytologic, biochemical 
or biophysical differences between amniotic fluid and other 
body fluids, have been proposed and used[7].

The lack of a non-invasive ‘‘gold standard’’ test for the 
diagnosis of membrane rupture has mandated the search 
for alternative biochemical markers[8].

Noninvasive cervicovaginal markers such as fFN, 
alpha fetoprotein, prolactin, human chorionic gonadotropin 
(hCG), placental α-microglobulin 1 (PAMG-1), and 
insulin-like growth factor–binding protein 1 (IGFBP-1) 
have been studied for their ability to confirm or exclude 
membran Receiver-operator e rupture[4].

Human chorionic gonadotropin (hCG) is secreted by 
the placental synctiotrophoblast cell layer[9].

IGFBP1 is highly expressed during the stages between 
zygote and embryo phases, and nearly abolished in the 
normal adult organism[10].

Prolactin is also synthesized in the decidualized stroma 
of endometrial tissue[11].

When multiple tests are involved, the performance of 
the diagnosis may be improved by combining several tests 
as a new composite diagnostic test, since different tests 
may be sensitive to different aspects of case[12].

Strategies for combining information from multiple 
diagnostic predictors are needed, since a combination may 
provide a better tool for diagnosis or screening applications 
than any single marker on its own[13].

The choice of component tests and the rule for 
combining them strongly influences the accuracy of 
composite reference standards. Ideally, the combination of 
test results and the corresponding final diagnosis should be 
specified before the study to prevent data driven decisions. 
However, if there is uncertainty about the best composite 

reference standard, a sensitivity analysis could be planned 
to see how sensitive the results are to the particular choice 
of tests or combination rule[14].

In the current thesis, we tested possible combinations of 
some biomarkers in order to enhance their accuracy. Those 
markers have been already investigated as diagnostic tools 
for equivocal cases of rupture membranes. In spite of being 
significantly diagnostic, none of them has been proven 
ideal yet.

AIM OF THE WORK                                                                               

Improving sensitivity and specificity of diagnosis of 
preterm premature rupture of membranes by combining 
quantitative insulin like growth factor binding protein 1 
(IGFBP-1) with quantitative βHCG and/or quantitative 
prolactin in cervico-vaginal fluid.

PATIENTS AND METHODS                                                                               

Study type: It is a cross sectional study.

Study population : A total number of 180 patients 
with known membranes state between 28 to 36 weeks 
gestation of single viable fetus have been included 
in the study and have been categorized into two                                                                                                 
groups ; group I (the PROM group) inclued 90 patients 
with confirmed ruptured membranes and group II 
(control group) inclucded 90 patients with negative 
history of any leakage per vagina.

The study included 90 patients between 28 to 36 
weeks gestation of single viable fetus with history of a 
leakage of clear water-like fluid from the vagina, which 
have been confirmed by visualization of leakage by 
sterile speculum in lithotomy position. Amniotic fluid 
index has been measured and documented by ultrasound, 
and compared to previous US if available. 

Moreover, 90 patients between 28 to 36 weeks 
gestation of single viable fetus, who have been attending 
for their antenatal visits, with no history of any leakage 
of fluid from the vagina were recruited as control. They 
have been investigated by sterile speculum examination 
and amniotic fluid index by ultrasound have been 
included in the study as control group to confirm the 
cutoff point that was concluded by the researches that 
confirmed the usefulness of each marker (Figure 1).

Patients with any criterion that might alter the 
composition of leaked liquor like blood in vaginal 
secretion from any source, use of vaginal drugs or 
intercourse in the prior night, meconium in amniotic 
fluid, presence of fetal anomalies, intrauterine fetal death, 
diagnosed chorioamnionitis based on clinical factors 
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such as ;  maternal fever >38°C, uterine tenderness and 
maternal or fetal tachycardia or multiple pregnancies 
had been excluded.

Patients with risk factors that mandates expedition 
termination or cesarean section like fetal distress, 
placenta previa, medical complications that mandates 
termination of pregnancy or onset of active phase of 
labor in the form of regular, painful contraction and 
cervical dilatation ≥ 4cm had been also excluded.

Sample size calculations : Considering the given 
accuracy in[7] who investigated 88 patients divided 
into two groups for IGFBP-1,[15] who tested prolactin 
in vaginal fluid of 114 women and[8] tested qualitative  
human chorionic gonadotropin (hCG) on a total of 92 
pregnant women and by using EPI-info 6 based on 95% 
confidence interval, power 80% and P value <0.05 
the sample size was calculated to be 90 patients with 
confirmed rupture membranes.  A control group consists 
of 90 patients with intact membranes is taken to establish 
cut off values.

Ethics statement : The study was conducted 
between January 2018 and September 2018 in                                                  
Ain-Shams University Maternity Hospital after the 
approval of the institutional ethics committee. Informed 
consent has been obtained from the patients before 
participation includes information about risks and 
benefits out of the research.

Study methods : All patients were subjected to 
determining gestational age based on the first day of 
the last menstruation period in reliable cases. Pregnant 
women were examined in lithotomy position, leakage of 
fluid was inspected by sterile speculum and only positive 
results were included. The diagnosis was confirmed 
by ultrasound examination to evaluate four quadrant 
amniotic fluid indexes. 

Collection of biological material: It was done 
with the patient lying in the lithotomy position with 
good illumination. After confirming absence of vaginal 
bleeding, samples were obtained during speculum 
examination from all patients. A cotton tipped swab was 
placed first into the endo-cervical canal and then into the 
posterior fornix of vagina, each for 30s. 

The swab was placed in a tube containing 1 ml of 
saline solution and the tube was shaken for 1 min before 
the swab was disposed. The assay procedure began 
with centrifugation of the solution for 5 min to remove 
particulate matter.

Sample assays : Insulin like growth factor binding 
protein concentration was assessed by ELISA. Also, 
quantitative βHCG in cervicovaginal secretion by 

microplate immunoenzymometric assay was carried 
out. Morover, quantitative prolactin in cervicovaginal 
secretion by microplate immunoenzymometric assay 
was done on all patients.

Outcome : All speculum examinations were 
performed by the same obstetrician and all samples were 
studied in the same laboratory and by the same technique 
in order to eliminate inter-observer sampling difference.

STATISTICAL ANALYSIS:                                                                                 

Data entry and statistical analyses were performed 
using SPSS (statistical package of social sciences) 
version 21 (SPSS Inc., Chicago, IL, USA by baron and 
Kenny 1086). Categorical data were expressed in number 
and percentage. Continuous normally distributed data 
were expressed in mean and standard deviation. The 
quantitative data were examined by Kolmogrov Smirnov 
test for normality of data[16].

Student T-test was used for comparing continuous 
normally distributed data. Comparing of categorical data 
was done using chi square test or fisher exact test used 
whenever appropriate.

Sensitivity, specificity, diagnostic efficiency, positive 
and negative predictive value were calculated and the 
overall diagnostic performance of the test was assessed 
by receiver-operating characteristics (ROC) curve 
analysis. Statistical significance was considered when 
probability (P) value was less than or equal to 0.05.

Receiver-operator characteristic (ROC): Curves 
were calculated the area under the curve (AUC) and 95% 
confidence interval (CI) was calculated for each plot. In 
order to select cutoff value having the best combined 
sensitivity and specificity for each marker (Fig. 1)

Stepwise approach was performed. The first step is 
to determine the accuracy of each marker alone. Second 
step was examining the diagnostic accuracy of markers 
combinations in pairs and computing each pair as if it 
was a new marker. 

Next step was to find the pair if markers whose 
optimal linear combination is best in the sense of having 
maximal AUC (or pAUC) amongst all pairs of markers.

The advantage of the stepwise approach is that 
each step requires computation for only two markers 
at a time, giving better chance of comparing between 
combinations.

Hence, pairing β-HCG with prolactin offered lower 
diagnostic ability than each of them alone, it seemed 
illogic to proceed with combining all the three markers.
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RESULTS                                                                                

In our study, the included women (n = 180)                  
between 28 to 36 weeks  gestation of single viable fetus 
have been selected in the study, n1 (case group) = 90 
with confirmed rupture membranes and n2 (control                       
group) = 90 with no suggestive history of ruptured 
membranes. 

The initial characteristics of both groups of 
women were that they had the mean maternal                                                                                                             
age 25.5 ± 2. 2 years for the study group                                                          
and 27.1 ± 3.4 years for the control group, the mean GA 
at delivery was 31.7 ± 3.1 and 32.9 ± 2.9 weeks for the 
study and the control group, respectively (Table 1).

There was significant difference of prolactin, 
ILGFBP-1 and β-HCG concentration between group I 
(PROM) compared to group II (control) (Table 2).

Receiver  operating  characteristic  (ROC)  curve 
analysis  was  applied  to  assess  the  diagnostic 

performance  of Prolactin (µIU/ml), ILGFBP I (µg/l) 
and β hCG (mIU/mL), the area under the curve                                                                                                             
was 0.756, 0.911, 0.785 for  the three markers 
respectively, which is significant. 

It means that each marker alone could predict 
the presence of amniotic fluid in vaginal fluid with 
sensitivity%, specificity%, PPV% and NPV % as shown 
in the table below. 

The best cut off values to diagnose PROM were 
chosen to be 11 µIU/ml for prolactin, 102 µg/l for 
ILGFBP-1 and 104 mIU/mL for β-HCG.

In this study, same statistic characters were 
investigated by pairing every couple of the markers 
of choice and judging each pair as a new marker                        
(Table 3). 

This table showed the cut off values of each marker 
alone and each pair of markers and compares between 
the diagnostic accuracy of the six markers separately.

Table 1: Background characteristics of both groups 

Variable PROM Control P

Maternal age (years) mean±SD 25.5±2.2 27.1±3.4 0.104

GA (weeks) mean±SD 31.7±3.1 32.9±2.9 0.082

Table 2: Comparison between different outcomes in both groups 

Variable Group I (Case) Group II (Control ) P

Prolactin (µIU/ml) 9.2±5.4 4.2±2.5 <0.001*

ILGFBP-1 (µg/l) 243.2±110.8 76.6±32.9 <0.001*

β-HCG (mIU/mL) 199.7±102.1 64.8±29.6 <0.001*

Table 3: Accuracy of different parameters

Diagnostic 
Accuracy

Prolactin ILGFBP-1 β-HCG ILGFBP-1+ 
β-HCG

β-HCG+ 
prolactin

Prolactin+ 
ILGFBP-1

Cutoff 11 µIU/ml 102 µg/l 104 mIU/mL

AUC 0.756 0.911 0.785 0.846 0.899 0.825
Sensitivity % 84.4 88.3 85.1 78.4 79.8 78.4

Specificity % 73.2 93.5 83.9 100 100 100

PPV % 73.8 100 96.2 100 100 100
NPV % 79.5 69.4 72.8 64 63.6 68.7

Accuracy 75.4 81.5 79.9 89.7 77.2 84.2
95% CI 0.491-0.823 0.691-0.881 0.851-0.971 0.664-0.904 0.583-0.966 0.885-0.979

P values: 0.003, 0.004, 0.001

P values: 0.003, 0.004, 0.001
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DISCUSSION                                                                  

In the current study, there were no significant 
differences in demographic characteristics of both the 
cases and the control groups.

Diagnostic accuracy is generally assessed by the 
receiver operating characteristic (ROC) curve, which 
is defined as the plot of sensitivity against 1-\specificity 
over all possible cut off values. Different tests may be 
compared by the area under ROC curve (AUC), or the 
sensitivity at a fixed common specificity[17].

As a single marker, IGFBP-1 was found in the 
current study to have sensitivity, specificity, PPV 
and NPV of IGFBP-1 with cut-off point 102 µg/l                           
were 88.3, 93.5, 100 and 69.4, respectively, gives 
accuracy percentage 81.5%.

Similar values are concluded in[7]. The study 
examined IGFBP-I concentration in samples obtained 
from the posterior fornix of 54 pregnant women 

with intact membranes, who had been attending for 
routine antenatal care between 24 and 40 weeks, 
against cervico-vaginal fluid of 35 pregnant women 
who had had spontaneous or artificial ruptured 
membranes. They interpreted the values greater                                                                                                     
than 100 µg/l as containing amniotic fluid. They 
reported sensitivity of 75% and a specificity of 97% 
in diagnosis of ROM. The positive predictive value               
was 95% for IGFBP-1 measurement.

Regarding the cut-off value[18] used the actim 
PROM test (Medix Biochemical OY AB, Kauniainen, 
Finland), which interprets 25 µg/l as positive                                                                                    
on 58 healthy pregnant women who were undergoing 
genetic amniocentesis at 15-20 weeks of gestation 
and concluded the sensitivity of the actim PROM 
test compared to that of other commercial tests. 
Interestingly, they concluded values close to the 
studies which used higher cut-off points. Their 
clinical evaluation was recorded as 85% just after 
the procedure. The rate of specificity was 98%, PPV               
was 85% and NPV was 98%.
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This discrepancy in the cut-off value could 
be elucidated by the huge difference in the main 
gestational age of the selected population.

On the contrary[19],who used the same commercial 
kits that have been used by Sucak on 83 patients with 
clinically confirmed membranes state, the sensitivity, 
specificity, PPV and NPV are 81, 71, 89 and 58%, 
respectively. Therefore, they concluded that detection 
of IGFBP-1 has no additional benefit for obstetricians 
to ascertain the diagnosis of ruptured fetal membranes 
in cases in which there is clinical doubts.

This conclusion might be attributed to the lower 
cut-off point that is employed by the actim PROM test, 
(Medix Biochemical OY AB, Kauniainen, Finland), 
which is almost one quarter of the cut-off value used 
by Rotanen et al. and the current study.

In the case of using prolactin solely, the results 
obtained by the current study revealed that the 
sensitivity, specificity, PPV and NPV of prolactin with 
cut-off point 11 µIU/ml are 84.4, 73.2, 73.8 and 79.5 
respectively gives accuracy percentage 75.4%.

That is compatible with[15], who stated that at cut-
off value of 9.50 µIU/ml the sensitivity, specificity, 
positive and negative predictive values and accuracy 
of vaginal fluid prolactin as a marker of ruptured 
membranes had been 87.03%, 75.0%, 75.80%, 86.53% 
and 83.33%, respectively, after they  examined a 
total of 114 pregnant women falling into two groups; 
PROM and control. 

However[20], in their study, which included 80 
women who were divided into two groups  (confirmed 
rupture membranes and intact membranes) mentioned 
that vaginal wash prolactin at cut-off value level                                                                                                         
of 659 ng/l, which equals 14 μIU/mL, could 
significantly predict the occurrence of PROM with 
diagnostic sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV)                   
of 70.0%, 95.0%, 93.3%, 76.0%, respectively.

Elevating the cut-off point seems to enhance the 
specificity on the account of lowering the sensitivity

Although a relatively higher figure was concluded 
as cut-off value by[21], who compared four biomarkers 
in diagnosing premature rupture of membranes in 80 
women divided in two groups and set their cut-off 
value at 23.56 µIU /ml for prolactin. They concluded 
less beneficial results  sensitivity, specificity, PPV, 
NPV and efficiency 78%, 68%, 70.9%, 75.56%                      
and 73%, respectively.

This difference in their results might be explained 
by the high percentage of their patients who had 
established true labour pain (three contractions in ten 
minutes) within the following few hours.

Regarding the last marker to be used in the current 
study ; β-HCG, the sensitivity, specificity, PPV and 
NPV of β-HCG with cut-off point 104 mIU/mL                          
are 85.1, 83.9, 96.2, and 72.8, respectively, gives 
accuracy percentage 79.9%. 

Less optimistic values were concluded                                     
by[8] study, in which they tested qualitative human 
chorionic gonadotropin (hCG) on a total of 92 pregnant 
women and the patients with negative, positive and 
suspected pooling were classified into three groups, 
(hCG) concentration 100 mIU/mL was the chosen 
cut-off value for positive ruptured membranes. The 
sensitivity, specificity, positive predictive and negative 
predictive values were calculated as 71.2, 100, 100, 
and 65.1%, respectively.

This conclusion may be due to the small number of 
candidates in each of their three groups. [22]concluded 
that a Β-HCG cut-off value of 79.5 mIU/mL by 
a research on 123 women divided into confirmed 
ruptured, suspected ruptured and intact membranes. 
Sensitivity of 95% and specificity of 84% had been 
determined to be optimal. The difference in the cut-
off point could be attributed to the patient selection of 
their cases, which included suspected cases beside the 
confirmed cases of rupture membranes.

In a study by[23], analysis was performed                                 
on 177 pregnant women with confirmed membranes 
status, the major cut-off point studied was of 100 
mUI/mL, and it provided a sensibility of 71.2%, a 
specificity of 100%, a PPV of 100%, and an NPV                                                                                                   
of 65.1%; even though there was a high specificity 
with this cut-off point, it showed lower sensibility. 

On the contrary[24], claimed that using commercial 
kits with cut-off value 20mIU/ml had provided 
sensitivity 86.66%, specificity 96.66%, PPV 96.29% 
and NPV=87.87%. They proposed that diagnostic 
accuracy of test had been 91.66% when taking beta 
HCG concentration at 20mIU/ml. In this study, 
exclusion criteria, which were not mentioned, might 
have explained the difference in the results. 

When multiple tests are involved, the performance 
of the diagnosis may be improved by combining 
several tests as a new composite diagnostic test since 
different tests may be sensitive to different aspects of 
case[14].
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Combining results of diagnostic tests will result in a 
trade-off in sensitivity and specificity of the combined 
test relative to the component tests. The trade-off in the 
expected number of additional true positive and false 
positive results (or true negative and false negative 
results) is used as the basis for deciding whether to use 
tests in combination when neither the combined nor a 
component test shows superior test performance based 
on their likelihood ratios[25].

In this study, the sensitivity, specificity, PPV, and 
NPV of the combination of IGFBP-1 and β-HCG 
are 78.4, 100, 100 and 64 respectively gives accur    
acy percentage 89.7. This combination elevated the 
accuracy to 89.7 compared to 81.5 for IGFBP alone 
and 79.9 for β-HCG alone, and elevated specificity          
to 100 and PPV to 100%.

This combination of IGFBP-1 and β-HCG showed 
the best accuracy and diagnostic value compared to the 
other combinations.

The sensitivity, specificity, PPV and NPV 
of the combination of IGFBP-1 and prolactin                                                                                                       
are 78.4, 100, 100 and 68.7, respectively, gives accuracy 
percentage 84.2. This combination mildly elevated 
the accuracy to only 84.2 against 81.5 for IGFBP-1                                                                                                    
and 75.4 for prolactin, and elevated specificity to 100 
and PPV to 100%.

The diagnostic value of combining IGFBP-1 and 
prolactin is better than each test of the three markers 
alone, but not far better than the accuracy of the 
IGFBP-1 alone.

The sensitivity, specificity, PPV, and NPV 
of the combination of β-HCG and prolactin                                                           
are 79.8, 100, 100 and 63.6, respectively, gives 
accuracy percentage 77.2. This combination decreased 
the accuracy from 75.4 for prolactin alone and 79.9 for 
β-HCG alone to 77.2 for the combination but elevated 
specificity to 100 and PPV to 100%.

Adding prolactin to β-HCG ; although being the 
cheapest combination, proposed lower accuracy than 
each of the other two markers alone.

Since combining markers could elevate the 
specificity on the account of sensitivity, while, on 
the contrary, decreasing the cut-off value enhances 
the sensitivity on the account of specificity, selecting 
lower cut-off points of the combined tests might offer 
benefits in both of the sensitivity and specificity.

Being cheap and available, and owing fair             
accuracy, β-HCG alone can be employed as a risk 
factor along with history of vaginal infection and 
query clinical examination. 

Those patients with all the risk factors positive 
are good candidates for performing combined test 
to detect amniotic fluid traces in the vagina. Patients 
who demonstrate positive combined test need level up 
investigations. This level up can include ultrasound 
evaluation, infection screening, evaluation of and 
accelerating (if feasible) fetal maturity, preparing for 
delivery -as PROM at any gestational age may be 
associated with brief latency from membrane rupture 
to delivery- and checking the accessibility of neonatal 
intensive care unit.

CONCLUSION                                                        

In query membrane state, combining IGFBP-1 and 
β-HCG is the best diagnostic combination to detect 
amniotic fluid presence in vaginal fluid. Combined 
IGFBP-1 and prolactin is a little superior to each of the 
three markers (IGFBP-1, prolactin and β-HCG) alone, 
but the offered improvement is very little compared to 
IGFBP-1 alone. Adding prolactin to β-HCG decreased 
accuracy than each of the other two markers alone.
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