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ABSTRACT

The purpose of this study was to compare the AmniSure rapid immunoassay with
standard methods for diagnosing rupture of fetal membranes. Patients presenting with
signs/symptoms of membrane rupture between 15 and 42 weeks of gestation were invited
to participate. Standard/control methods were performed to establish a diagnosis and
compare it with AmniSure results. AmniSure performance metrics and their 95%
confidence intervals were calculated. A total of 203 patients agreed to participate.
Discrepancies between the control method and AmniSure were noted in seven cases. In
these cases, true positives and negatives were determined by retesting with the control
method and AmniSure and by noting sonographic evidence of low amniotic fluid. In the
final analysis, the AmniSure diagnostic test demonstrated a sensitivity of 98.9%, specificity
of 100%, positive predictive value of 100%, and a negative predictive value of 99.1%.
AmniSure is highly accurate in diagnosing fetal membrane rupture.
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Premature rupture of the fetal membranes
(PROM) occurs in approximately 10% of pregnancies.
PROM poses one of the most important therapeutic
dilemmas in current obstetric practice.1 PROM is one of
the most common diagnoses associated with premature
delivery and neonatal complications requiring admission
to a neonatal intensive care unit. The management of the
patient with PROM and preterm PROM (PPROM) is
expensive and remains an important dilemma as the
clinician weighs the risk of prolonging gestation against
the risks of serious neonatal consequences, such as
infection,2 preterm delivery,3 fetal distress, prolapsed
cord, abruptio placenta, and infection.4 PPROM ac-

counts for 20% to 40% of PROM, and the incidence is
doubled in multiple gestations. PPROM is associated
with 20% to 50% of premature births, infectious morbid-
ity in the mother and fetus, pulmonary hypoplasia of the
fetus, prolapse of the umbilical cord, development of fetal
deformities, and postnatal endometritis. These conse-
quences significantly increase fetal and maternal morbid-
ity and mortality.5 Given that PPROM is associated with
20% to 50% of premature births, PPROM is also respon-
sible for neonatal problems resulting from prematurity.3

Failure to identify patients with PROM can result
in the failure to implement salutary obstetric measures.
Conversely, an incorrect diagnosis of membrane rupture
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can lead to inappropriate interventions (such as hospital-
ization or induction of labor). Therefore, the correct and
timely diagnosis of this disorder is of critical importance
to the clinician because PROM and PPROM may be
associated with serious maternal and neonatal conse-
quences.6 Accurate diagnosis of fetal membrane rupture,
however, remains a frequent clinical problem in obstet-
rics. Unfortunately, a noninvasive diagnostic gold stand-
ard is not available at this time. Currently available tests
are inaccurate and require an intrusive examination. The
current diagnostic methods using nitrazine/pH, assess-
ment of pooling, and microscopic fern testing lack
reliability and become progressively less accurate with
passage of time since membrane rupture. In cases of
prolonged PROM, these tests provide no better diag-
nostic information than that obtained by simple clinical
evaluation.7

Ferning has been associated with false-positive
results in 5 to 30% of patients; the result is described
secondary to contamination with fingerprints on a slide
or contamination with semen and cervical mucus.8–10

False-negative results (5 to 12.9%) may be caused by dry
swabs, contamination with blood, and heavy dis-
charge.8,11,12 In the nonlaboring group, sensitivity and
specificity were 51.4% and 70.8%, respectively.13

Nitrazine evaluation is associated with false-pos-
itive results (up to 17.4%) secondary to cervicitis, vagi-
nitis (bacterial vaginosis or trichomonas), alkaline urine,
blood, semen, and antiseptics.8,14 A significant false-
negative rate (12.9%) was also observed for Nitrazine.8

Sensitivity and specificity have been reported at 90.7%
and 77.2%, respectively.15

The absence of a noninvasive gold standard for the
diagnosis of membrane rupture resulted in the appearance
of several tests based on alternative biochemical markers.
Alpha-fetoprotein, vaginal prolactin, fetal fibronectin,
and ActimPROM (an insulin-like growth factor binding
protein-1 immunoassay) have all failed to produce the
accuracy and noninvasiveness required ideally for a gold
standard.16–19 AmniSure is a rapid strip test that can
detect a rupture of the fetal membranes, providing highly
accurate and timely PROM and PPROM diagnosis. The
AmniSure test kit is a self-contained test system that does
not require a speculum examination. It is hypothesized
that AmniSure will provide qualitative results that will
exceed the combined current diagnostic methods of
Nitrazine pH evaluation, ferning, and pooling in sensi-
tivity and specificity, with the potential to serve as the
gold standard for diagnosing ruptured membranes.

MATERIAL AND METHODS

Eligibility

Patients were recruited from the Triage Unit of the
Sharp Mary Birch Hospital for Women (San Diego,

CA) and the Summit Medical Center (Oakland, CA).
Pregnant women between 15.0 to 42.0 weeks gestation
presenting with signs and/or symptoms of membrane
rupture were invited to participate in the study. Patients
with active vaginal bleeding from any source and/or
known placenta previa were excluded from the study.
The study was approved by the Institutional Review
Boards at both hospitals. Informed consent was obtained
from all subjects.

Study Procedures

Participants who provided consent had both the stand-
ard clinical examination and the AmniSure test for
PROM performed. The examinations were performed
by different procedure-competent clinicians blinded to
each other’s results. The diagnosis of membrane rupture
(control method) required the coinciding positive results
of at least two of the following procedures: visual pooling
of amniotic fluid, alkaline pH determination (Nitrazine
test) of vaginal secretions, and microscopic evidence of
ferning. A sterile speculum examination was performed.
A sterile Dacron swab was used to collect fluid from the
posterior vaginal fornix for the Nitrazine and fern test-
ing. The presence or absence of pooling was visually
assessed. Then the AmniSure placental alpha micro-
globulin-1 (PAMG-1) assay was performed by the
second examiner. A Dacron swab was passed along the
distal vaginal sidewall. The swab was left in place for 20
to 30 seconds to ensure swab saturation. The swab was
then agitated in the AmniSure diluent vial for 1 minute.
The diluent-saturated swab was then applied to the
AmniSure slide until one or two lines could be seen in
the control and test windows. The slide indicated a
negative or positive result within 5 to 10 minutes.
(The latest version of AmniSure test simplifies this
procedure by using a test strip that is dipped directly
into the diluent vial, instead of a slide).

After the patient delivered, the clinical record
was reviewed to assess whether the patient had PROM
or PPROM. The study data were collected, analyzed,
and stored by study personnel in a fashion to ensure
patient anonymity and confidentiality. The AmniSure
PAMG-1 specimens were individually assessed for
sensitivity, specificity, positive and negative predictive
values, and false-positive and false-negative rates for
PROM and PPROM. Discrepancies between the
AmniSure and the control method were addressed by
detailed review of the patient’s clinical course by the local
investigator.

Data Analysis

Sensitivity, specificity, and positive and negative predic-
tive values were calculated. Cases with discrepant
AmniSure and control test results were analyzed

2 AMERICAN JOURNAL OF PERINATOLOGY/VOLUME 22 2005



separately. Two datasets were created: uncorrected and
corrected results. The uncorrected results were compiled
assuming that AmniSure gave the wrong result in cases
when discrepancy was observed between AmniSure and
the control method (Table 1). The corrected data results
were collected after case evaluation. This dataset incor-
porated resolution of the discrepancy (Table 2).

RESULTS
A total of 203 consenting patients were evaluated. A
total of 89 (43.8%) were diagnosed with ruptured mem-
branes using the control method. One hundred fourteen
patients (56.2%) were diagnosed as not having ruptured
membranes. In seven cases, the control method and
AmniSure produced discrepant results. Of these seven
cases, four were initially designated as false-positive
AmniSure results (1.9% of total patient population). In
three of the seven cases, AmniSure was initially desig-
nated as false negative (1.4% of total patient sample).
Each of these seven discrepant cases was followed up to
verify the true diagnosis. The true-positive diagnosis was
verified by either retesting with the AmniSure and
control methods, or by sonographic evidence of low fluid
(i.e., oligohydramnios). True-negative diagnosis was
verified by retesting with the control method and with
AmniSure. On final analysis, as it is reflected in the
corrected dataset (Table 2), AmniSure provided more
accurate diagnosis than the control method in all but one
case. In this particular case, where AmniSure provided a
false-negative result, the investigators suspected a de-
fective test kit. Given that there was no way to verify this
suspicion, AmniSure was recorded in the corrected
summary of patients’ diagnosis as a false negative. The
remaining six discrepant cases were resolved in favor of
AmniSure producing the final performance metrics

(Table 3). In four cases, repeat examination concluded
that the control method produced false-negative results,
whereas AmniSure produced true-positive results.

DISCUSSION
In 1975, Dr. D. Petrunin described the PAMG-1
protein isolated from amniotic fluid.20 He obtained
antibodies against the protein and used immunochem-
ical methods to measure the contents of the protein in
amniotic fluid at different stages of pregnancy. He was
the first to isolate and define a protein marker of
amniotic fluid and to measure its concentration in the
blood and different organs of the fetus and adult.

PAMG-1 is a 34-kd protein.21 It was selected as a
marker of fetal membrane rupture due to its unique
characteristics (i.e., high concentration in the amniotic
fluid, low level in blood, and extremely low background
level in cervicovaginal secretions with intact fetal mem-
branes). To minimize the frequency of false results, two
monoclonal antibodies have been selected to set the
sensitivity threshold of AmniSure at the optimal low
level. This level allows the detection of the extremely
small quantities of amniotic fluid in vaginal secretions
(0.0025 to 0.00025 mL [2.5 to 0.25 mL] of amniotic fluid
per 1 mL of vaginal secretion). Background concentra-
tion of PAMG-1 measured by this combination of
monoclonal antibodies is 0.05 to 0.2 ng/mL of vaginal
secretion. When vaginitis or an admixture of blood or
serum is present, the background level of PAMG-1 can
rarely reach the maximum of approximately 3 ng/mL.
PAMG-1 concentration in amniotic fluid ranges from
2,000 to 25,000 ng/mL. When fetal membranes are
ruptured, the PAMG-1 level in vaginal secretions in-
creases significantly. By having its sensitivity threshold
set at 5 ng/mL, AmniSure minimizes the probability of
false-positive or false-negative results.

The presence of increased levels of protein
PAMG-1 in the vaginal secretions is highly predictive
of ruptured fetal membranes. The AmniSure PAMG-1
immunoassay provides qualitative results that exceed in
timeliness, accuracy, sensitivity, specificity, and reliabil-
ity the currently available methods. AmniSure does not
require the speculum examination used routinely for
evaluation for ROM, and can serve as one test that

Table 1 Uncorrected Summary of Patients Tested
with AmniSure and Control Methods

Control Test Results

AmniSure þ � Total

Test þ 86 4 90

Results � 3 110 113

Total 89 114 203

Table 2 Corrected Summary of Patients Tested
with AmniSure and Control Methods

Control Test Results

AmniSure þ � Total

Test þ 90 0 90

Results � 1 112 113

Total 91 112 203

Table 3 AmniSure Performance Metrics

Metric Derivation (all data) Value

Sensitivity TP/(TP þ FN) 90/(90 þ 1) 98.9%

Specificity TN/(TN þ FP) 112/(0 þ 112) 100.0%

PPV TP/(TP þ FP) 90/(90 þ 0) 100.0%

NPV TN/(TN þ FN) 112/(112 þ 1) 99.1%

PPV, positive predictive value; NPV, negative predictive value; TP,
true positives; FP, false positives; TN, true negatives; FN, false
negatives.
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covers the entire spectrum of diagnostic necessity—from
simple cases where confirmatory diagnosis is needed to
the most difficult cases where no visible leakage of
amniotic fluid is evident or detectable by standard
methods (subclinical rupture).

In summary, AmniSure is a rapid, bedside strip
test that can detect rupture of fetal membranes with a
high degree of predictive accuracy (Table 3). Additional
cohort studies are indicated.
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NOTES
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Medical Center, Oakland, CA. Clinical studies were
unfunded.

REFERENCES

1. Alexander JM, Cox SM. Clinical course of premature rupture
of the membranes. Semin Perinatol 1996;20:369–374

2. Philipson EH, Hoffman DS, Hansen GO, Ingardia CJ.
Preterm premature rupture of membranes: experience with
latent periods in excess of seven days. Am J Perinatol 1994;
11:416–419

3. Mercer BM, Goldenberg RL, Meis PJ, et al. The Preterm
Prediction Study: prediction of preterm premature rupture of
membranes through clinical findings and ancillary testing.
The National Institute of Child Health and Human
Development Maternal-Fetal Medicine Units Network. Am
J Obstet Gynecol 2000;183:738–745

4. French JI, McGregor JA. The pathobiology of premature
rupture of membranes. Semin Perinatol 1996;20:344–368

5. Furman B, Shoham-Vardi I, Bashiri A, Erez O, Mazor M.
Clinical significance and outcome of preterm prelabor rupture
of membranes: population-based study. Eur J Obstet Gynecol
Reprod Biol 2000;92:209–216

6. Lockwood CJ, Wein R, Chien D, Ghidini A, Alvarez M,
Berkowitz RL. Fetal membrane rupture is associated with the
presence of insulin-like growth factor-binding protein-1 in
vaginal secretions. Am J Obstet Gynecol 1994;171:146–150

7. Gorodeski IG, Haimovitz L, Bahari CM. Reevaluation of the
pH, ferning and nile blue sulphate staining methods in

pregnant women with premature rupture of the fetal
membranes. J Perinat Med 1982;10:286–292

8. Friedman ML, McElin TW. Diagnosis of ruptured fetal
membranes. Am J Obstet Gynecol 1969;104:544–550

9. Lodeiro JG, Hsieh KA, Byers JH, Feinstein SJ. The
fingerprint, a false-positive fern test. Obstet Gynecol 1989;
73:873–874

10. McGregor JA, Johnson S. ‘‘Fig-Leaf’’ ferning and positive
nitrazine testing: semen as a cause of misdiagnosis of
premature rupture of membranes (letter to the editor). Am J
Obstet Gynecol 1985;151:1142–1143

11. Reece EA, Chervenak FA, Moya FR, Hobbins JC. Amniotic
fluid arborization: effect of blood, meconium, and pH
alterations. Obstet Gynecol 1984;64:248–250

12. Rosemond RL, Lombardi SJ, Boehm FH. Ferning of
amniotic fluid contaminated with blood. Obstet Gynecol
1990;75:338–340

13. Smith RP. A technique for the detection of rupture of the
membranes: a review and preliminary report. Obstet Gynecol
1976;48:172–176

14. de Haan HH, Offermans PM, Smits F, Schouten HJ, Peeters
LL. Value of the fern test to confirm or reject the diagnosis of
ruptured membranes in modest in nonlaboring women
presenting with nonspecific vaginal fluid loss. Am J Perinatol
1994;11:46–50

15. Gaucherand P, Salle B, Sergeant P, et al. Comparative study
of three vaginal markers of the premature rupture of
membranes. Insulin like growth factor binding protein, 1
diamine-oxidase, and PH. Acta Obstet Gynecol Scand 1997;
76:536–540

16. Koninckx PR, Trappeniers H, van Assche FA. Prolactin
concentration in vaginalfluid: a new method for diagnosing
ruptured membranes. Br J Obstet Gynaecol 1981;88:607–610

17. Rochelson BL, Richardson DA, Macri JN. Rapid assay:
possible application in the diagnosis of premature rupture of
the membranes. Obstet Gynecol 1983;62:414–418

18. Lockwood CJ, Senyei AE, Dische MR, et al. Fetal fibronectin
in cervical and vaginal secretions defines a patient population
at high risk for preterm delivery. N Engl J Med 1991;325:
669–674

19. Jeurgens-Borst AJ, Bekkers RL, Sporken JM, van der Berg
PP. Use of insulin like growth factor binding protein-1 in the
diagnosis of ruptured fetal membranes. Eur J Obstet Gynecol
Reprod Biol 2002;102:11–14

20. Petrunin DD, Griaznova IM, Petrunina IuA, Tatarinov IuS.
[Immunochemical identification of organ specific human
placental alpha-globulin and its concentration in amniotic
fluid]. Akush Ginekol (Mosk) 1977;1:64–65

21. Boltovskaia MN, Zaraiskii EI, Fuks BB, et al. [Histochemical
and clinical-diagnostic study of placental alpha 1-micro-
globulin using monoclonal antibodies]. Biull Eksp Biol Med
1991;112:397–400

4 AMERICAN JOURNAL OF PERINATOLOGY/VOLUME 22 2005


