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ABSTRACT

OBJECTIVE: Accurate and timely diagnosis of rupture of membranes (ROM) is imperative to allow for gestational age-specific interventions. This study
compared the diagnostic performance characteristics between two methods used for the detection of ROM as measured in the same patient.
METHODS: Vaginal secretions were evaluated using the conventional fern test as well as a point-of-care monoclonal/polyclonal immunoassay test
(ROM Plus®) in 75 pregnant patients who presented to labor and delivery with complaints of leaking amniotic fluid. Both tests were compared to analytical
confirmation of ROM using three external laboratory tests. Diagnostic performance characteristics were calculated including sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and accuracy.

RESULTS: Diagnostic performance characteristics uniformly favored ROM detection using the immunoassay test compared to the fern test: sensitivity
(100% vs. 77.8%), specificity (94.8% vs. 79.3%), PPV (75% vs. 36.8%), NPV (100% vs. 95.8%), and accuracy (95.5% vs. 79.1%).

CONCLUSIONS: The point-of-care immunoassay test provides improved diagnostic accuracy for the detection of ROM compared to fern testing. It has
the potential of improving patient management decisions, thereby minimizing serious complications and perinatal morbidity.
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Introduction

Spontaneous rupture of membranes (ROM) can occur at any
gestational age and presents a particularly serious clinical
problem if it occurs prior to 37 weeks gestation, where it is
responsible for 20%—-40% of preterm births.! Thus, accurate
and timely diagnosis of ROM is imperative to inform and guide
gestational age-specific interventions to optimize perinatal
outcomes and reduce the risk of serious complications, includ-
ing preterm delivery and infections such as chorioamnionitis
and neonatal sepsis.*® An incorrect diagnosis of ROM
(ie, false-positive test) can also have serious clinical ramifica-
tions such as the initiation of unnecessary obstetrical inter-
ventions that may include hospitalization, administration of
medications, and even iatrogenic premature delivery.’

When ROM is suspected, the diagnosis is convention-
ally made using the sterile speculum examination to identify
leakage or pooling of amniotic fluid, coupled with a micro-
scopic evaluation of a collected specimen for evidence of
ferning/crystallization, commonly referred to as the fern test,
and pH testing of the fluid with nitrazine test paper.>®’ While

this approach has remained the standard of care for decades,
the results can be equivocal, especially when more than an
hour has elapsed since ROM.1° Additionally, the sterile
speculum examination is both subjective and labor intensive
and has been shown to have inadequate diagnostic perfor-
mance characteristics for the accurate detection of ROM.>11-14

To address this diagnostic dilemma, there has been a
concerted effort to develop and commercialize rapid, point-of-
care immunoassay tests that accurately detect proteins found
in high concentrations in amniotic fluid but at extremely low
background concentrations in cervicovaginal secretions.!
The first generation of these tests used a monoclonal anti-
body approach focusing on insulin-like growth factor binding
protein-1 (IGFBP-1, aka placental protein 12) and placental
alpha microglobulin-1 (PAMG-1).12! Enthusiasm about this
point-of-care approach for the more accurate diagnosis of ROM
has led to the recent development of a combined monoclonal/
polyclonal antibody immunoassay to detect two different pro-
teins found in amniotic fluid at high concentrations.??> The
current study directly compares this novel immunoassay with
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the traditional fern test, each measured in the same patient

with suspected ROM.

Materials and Methods

This study compared the diagnostic performance character-
istics between two methods used for the detection of ROM
at a single institution: (1) the fern test and (2) a monoclonal/
polyclonal immunoassay test (ROM Plus®; Clinical Innova-
tions). Seventy-five (75) pregnant patients between 14 and
41 weeks gestation presenting with a complaint of ROM
were involved in this study. According to hospital protocol,
a clinician who had demonstrated competency in assessment
of ROM performed a standard sterile speculum examination
upon the patient’s presentation. A swab was first obtained from
the vaginal pooling if present or from the vault if not, and a
slide was prepared for conventional clinical laboratory evalu-
ation of crystallization (fern test). A second swab was then
collected from the vagina for evaluation using the ROM Plus®
immunoassay test. The slides prepared for the fern test and
the ROM Plus® test were sent to the hospital laboratory for
interpretation. Both tests were compared to an analytical con-
firmation of ROM using an independent reference laboratory.

The methodological details of the monoclonal/polyclonal
antibody assay test have been published previously.?? Briefly,
the ROM Plus® is a point-of-care test that accurately detects
the presence of two amniotic fluid proteins, IGFBP-1 and
alpha-fetoprotein (AFP). The threshold of detection for this
assay is 5 ng/mL for IGFBP-1 and 150 ng/mL for AFP. The
concentration of these proteins in amniotic fluid is between
10,500 and 350,000 ng/mL for IGFBP-1?3 and from 2,800 to
26,000 ng/mL for AFP.%

Collected samples were used to establish analytical con-
firmation of ROM using an external reference laboratory
using a composite of three tests: an enzyme-linked immuno-
sorbent assay (ELISA) quantification of IGFBP-1 and AFP, a
competitive rapid immunoassay test for the diagnosis of ROM
(Amnisure®; Qiagen) that detects the presence of PAMG-1
protein, and a repeat of the ROM Plus® test. The final diag-
nosis of ROM was based on all three analytic confirmation
sources being positive. Conversely, the final diagnosis of intact
membranes (no ROM) was based on all three analytic confir-
mation sources being negative.

Both the clinicians and patients were blinded to the
results of the ROM Plus® test. Clinical decision making was
based on the results of the fern test, physical examination, and
the clinical course.

Diagnostic performance characteristics were calculated
for each test, including sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV), and accu-
racy (ie, overall agreement).?® Statistical differences between
the test measurements were computed using McNemars exact
test, two-sided.

The study protocol and methodology were reviewed by
the Memorial Healthcare System IRB. The study design was

Table 1. 2 x 2 data comparison: ROM Plus® vs. fern test.

FERN TEST ROM PLUS TOTAL
POSITIVE NEGATIVE

Positive 1 12 23

Negative 3 49 52

Total 14 61 75

considered to be an internal validation study, and formal IRB
approval was not required as clinical decision making was not
altered by the ROM Plus® test results. The research complied
with the principles of the Declaration of Helsinki.

Results

Table 1 provides the between-test comparison data for all
75 patients. Approximately 79% (11 of 14) of positive results
were in agreement between the two tests. Similarly, only 80%
(49 of 61) of negative results were concordant between the fern
and ROM Plus® tests. The overall lack of concordance between
the test measurements was statistically significant (P = 0.035).

Sufficient quantities of vaginal fluid were available for 67
patients (89%) to allow analytical confirmation with the three
composite measurements. Comparing the ROM Plus® results
with the confirmatory analytical confirmation tests resulted in
overall excellent diagnostic accuracy with a sensitivity of 100%
and a specificity of 94.8% (Table 2). The corresponding PPV
and NPV for the ROM Plus® were 75% and 100%, respec-
tively. Only three measurements were discordant between the
ROM Plus® test and the analytical confirmation, resulting in
an overall accuracy of 95.5% (64 of 67).

Comparing the conventional fern test with the confirma-
tory analytical confirmation tests resulted in lower diagnostic
accuracy with a sensitivity of 77.8% and a specificity of 79.3%
(Table 3). The corresponding PPV and NPV for the fern test
were 36.8% and 95.8%, respectively. Fourteen measurements
were discordant between the fern test and the analytical con-
firmation, resulting in an overall accuracy of 79.1% (53 of 67).

As shown in Table 1, there were 15 cases that had dis-
cordant results between the two test measurements. Thirteen
of these patients had analytical confirmation, and their indi-
vidual results are provided in Table 4.

Table 2. Diagnostic performance characteristics: ROM Plus® vs.
analytical confirmation.

ROM PLUS ANALYTICAL CONFIRMATION TOTAL
POSITIVE NEGATIVE

Positive 9 3 12

Negative 0 55 55

Total 9 58 67

Notes: Sensitivity = 100%. Specificity = 94.8%.
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Table 3. Diagnostic performance characteristics: fern test vs.
analytical confirmation.

FERN TEST ANALYTICAL CONFIRMATION TOTAL
POSITIVE NEGATIVE

Positive 7 12 19

Negative 2 46 48

Total 9 58 67

Notes: Sensitivity = 77.8%. Specificity = 79.3%.

Discussion

Previously published results have shown robust diagnostic
accuracy (sensitivity 99% and specificity 91%) for the ROM
Plus® and low specificity (72%) for the fern test.?? The find-
ings from the current study corroborate and extend these
results and suggest that fern testing is inferior to ROM Plus®,
especially with respect to detecting true-negative results. The
high level of diagnostic accuracy achieved with the ROM
Plus® is particularly important in cases of equivocal ROM as
nearly one-quarter of all patients ultimately diagnosed with
ROM do not present with overt clinical evidence of ruptured
membranes on initial presentation.® Indeed, in the current
study, over 95% of the ROM Plus® results corresponded with
the true analytical confirmation. This excellent level of con-
cordance is in sharp contrast with the fern test that incorrectly
classified specimens more than 20% of the time compared
with external confirmatory tests.

'The high sensitivity consistently achieved with the ROM
Plus® test is due, in large part, to the unique monoclonal/
polyclonal antibody approach where the polyclonal antibodies
combine with multiple (8—12) amino acid peptides contained
in the 259 full-length IGFBP-1 protein chain, while the

monoclonal tests combine with a single epitope site. This may

provide an advantage over other currently available rapid
immunoassay tests that rely on a single monoclonal antibody.

The limitations of the current study include the use of
only one comparator, the fern test, which has historically
provided inadequate diagnostic accuracy for ROM.* Never-
theless, microscopic evaluation of vaginal fluid for evidence
of crystallization using the fern test remains a common
and standard approach, despite the known shortcomings.!
Another limitation is the choice of the confirmatory test. The
gold standard to confirm ROM is to inject indigo carmine
into the amniotic sac during amniocentesis and then assess
whether any blue fluid is visibly leaking from the cervical or
pooling in the vaginal vault.”> As amniocentesis is an invasive
procedure and was not medically indicated in these patients,
this confirmation was not performed. The combined use of
the ELISA for IGFBP-1 and AFP, another immunoassay for
PAMG-1, and repeating the ROM Plus® was considered the
best alternative to indigo carmine injection. The validity of
the confirmatory process is limited by the technical perfor-
mance of these assays. Finally, while the current study does
represent pragmatic, real-world utilization of these tests, it
was conducted at a single center without a rigorous method-
ological protocol.

This unique monoclonal/polyclonal immunoassay can
be performed easily and rapidly at the patients’ bedside by a
variety of caregivers without the need for a speculum exami-
nation. Indeed, it may be particularly useful in low resource
settings where rapid, point-of-care testing has been shown to
be more accurate and cost-effective than a sterile speculum
examination.”? While the results should not be interpreted
in isolation, it is an ideal addition to the current diagnostic
armamentarium for accurately detecting ROM and for guid-
ing correct clinical management decisions to improve obstet-
rical and neonatal outcomes.

Table 4. Data for discrepant patients.

PATIENT ID FERN TEST ROM PLUS ROM PLUS (REPEAT) AMNISURE ELISA COMMENTS

008 - + + + + Delivered within 6 hours
019 + — - - - Induced preterm delivery 21 weeks
031 + — - - - Primary C-section <24 hr
032 + - - - - Vaginal delivery <24 hr
042 + - - - - Vaginal delivery <24 hr
052 - + + + + Vaginal delivery <24 hr
055 + - - - - Vaginal delivery <24 hr
061 + - - - - C-section <24 hr

065 — + - - - Vaginal delivery

071 + - - - - Delivered 3 days later
072 + - - - - C-section

073 + — - - - Discharged

074 + - - - - Repeat C-section

CLINICAL MEDICINE INSIGHTS: REPRODUCTIVE HEALTH 2016:10 l 17


http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-reproductive-health-journal-j114

L\

Rogers et al
Acknowledgments 10. Fri;dma;l MI..l, M;E&inl.TW. Diaino;i;;)f rugturedlfi;aé()n;%rz(bgagzz (Sjéi(;lical
. . . study and review of the literature. Am stet Gynecol. 5 : —. .
We thank Teff}’ Meredith for assistance with data Presenta‘ 11. Reece EA, Chervenak FA, Moya FR, Hobbins JC. Amniotic fluid arboriza-
tion and Peter Shabe for Conducting statistical analyses' tion: effect of blood, meconium, and pH alterations. Obstet Gynecol. 1984;64(2):
248-250.
12. Rosemond RL, Lombardi SJ, Boechm FH. Ferning of amniotic fluid contami-

Author Contributions nated with blood. Obster Gynecol. 1990;75(3 pt 1):338-340.

. . . . 13. Smith RP. A technic for the detection of rupture of the membranes. A review and
Designed and conducted the investigation: LR and LS. preliminary report. Obutet Gynecol, 1976:48(2):172-176,
Analyzed the data: LR, LS, and ]B DCVCIOpCd the structure 14. Gorodeski IG, Haimovitz L, Bahari CM. Reevaluation of the pH, ferning and
and areuments for the manuscript draft: JB Edited the manu- nile blue sulphate staining methods in pregnant women with premature rupture

R g p ! i . of the fetal membranes. J Perinat Med. 1982;10(6):286—292.

script for content and Style3 LR, LS, and JB Agreed with the 15. Mariona FG, Cabero L. Are we ready for a new look at the diagnosis of prema-
manuscript results and conclusions: LR, L.S. and JB Made ture rupture of membranes? / Matern Fetal Neonatal Med. 2012;25(4):403-407.

. . .’ i 16. Lee SE, Park JS, Norwitz ER, Kim KW, Park HS, Jun JK. Measurement of

cr1t1cal revisions and aPPYOVCd ﬁnal version: LR) LS, and JB placental alpha-microglobulin-1 in cervicovaginal discharge to diagnose rupture
All authors reviewed and approved the final manuscript. of membranes. Obstet Gynecol. 2007;109(3):634-640.

17. Rutanen EM, Pekonen F, Karkkainen T. Measurement of insulin-like growth fac-
tor binding protein-1 in cervical/vaginal secretions: comparison with the ROM-
check membrane immunoassay in the diagnosis of ruptured fetal membranes.

REFERENCES Clin Chim Acta. 1993;214(1):73-81.

1. Bulletins-Obstetrics ACoP. ACOG Practice Bulletin No. 80: premature rupture 18. 1R2u.t711ner; EM’ B?htr,l Ig’ ieppa{lﬂabll\/l. dRadlénmmunoafslslaylz)}f plzceliltal protelri
of membranes. Clinical management guidelines for obstetrician-gynecologists. soevelsin am,mo 1 . uid, cor O(_) > -an serum of healthy adults, pregnan
Obstet Gynecol. 2007;109(4):1007-1019 women, and patients with trophoblastic disease. Am ] Obstet Gynecol. 1982;144(4):

| g . e . 460-463.

2 I\/'[er.cer BM, Goldenberg RL, Meis PJ, et al. The Preterm Predlctl.or.l Study: Pre— 19. Palacio M, Kuhnert M, Berger R, Larios CL, Marcellin L. Meta-analysis of
diction of preterm premature rupture of membranes through clinical findings X i ) X X
and ancillary testing. The National Institute of Child Health and Human Devel- studies on biochemical marker tests for the diagnosis of premature rupture of
opment Maternal-Fetal Medicine Units Network. Am J Obstet Gynecal. 20005 membranes: comparison of performance indexes. BMC Pregnancy Childbirth.

’ ’ ’ 2014;14:183.
3 33(3)‘;31_‘8_;45;4 EC. C d £ . . £ fetal 20. Doret M, Cartier R, Miribel ], et al. Premature preterm rupture of the membrane
: m:r)ll‘te)rane’s LCaizrrSet 19.8O.ilzgelsé;)l?w;o_rﬁ;quences O premature rupture ot feta diagnosis in early pregnancy: PAMG-1 and IGFBP-1 detection in amniotic fluid
4. Ananth CV, Oyelese Y, Srinivas N, Yeo L, Vintzileos AM. Preterm premature Wltb biochemical tests. Clin Bzw/.;em.'2013;46(18):1816—18194 .
. L . . Lo 21. Eleje GU, Ezugwu EC, Ogunyemi D, et al. Accuracy and cost-analysis of
rupture of membranes, intrauterine infection, and oligohydramnios: risk factors X i X ) R
for placental abruption, Obstet Gynecol, 2004:104(1):71-77. placental alpha-microglobulin-1 test in the diagnosis of premature rupture of fetal
s Caé)ghey AB Rog)insor‘le Norzvitz IéR Co’ntemp;)rary ciiagnosis and manage- membranes in resource-limited community settings. J Obster Gynaecol Res. 2015;
: ’ ’ : age” 41(1):29-38.
rlnle_r;tzofpreterm premature rupture of membranes. Rev Obstet Gynecol. 2008;1(1): 22. Thomasino T, Levi C, Draper M, Neubert AG. Diagnosing rupture of
L . . L membranes using combination monoclonal/polyclonal immunologic protein

6. DiRenzo GC, Roura LC, Facchinetti F, et al. Guidelines for the management of . ) )
spontaneous preterm labor: identification of spontaneous preterm labor, diagno- detection. J Reprod Med. 2013’58(5_6)‘_18_7_19_4' . = .

" . 23. Lee SM, Lee ], Seong HS, et al. The clinical significance of a positive Amnisure
sis of preterm premature rupture of membranes, and preventive tools for preterm X R .
birth. ] Matern Fetal Neonatal Med. 2011;24(5):659—667. test in women with term labor with intact membranes. J Matern Fetal Neonatal

7. Garite T]. Management of premature rupture of membranes. Clin Perinatol. 2001; Med. 2009;22(4):305,_310' L. L . .

28(4):837-847 24. Seppala M, Ruoslahti E. Alpha fetoprotein in amniotic fluid: an index of gesta-
oo . . - tional age. Am ] Obstet Gynecol. 1972;114(5):595-598.
8. El-Messidi A, Cameron A. Diagnosis of premature rupture of membranes: inspi 25. Bossuyt PM, Reitsma JB, Bruns DE, et al. The STARD statement for report-

ration from the past and insights for the future. J Obstet Gynaecol Can. 2010;32(6):
561-569.

9. de Haan HH, Offermans PM, Smits F, Schouten H]J, Peeters LL. Value of the
fern test to confirm or reject the diagnosis of ruptured membranes is modest in
nonlaboring women presenting with nonspecific vaginal fluid loss. Am J Perinatol.
1994;11(1):46-50.

ing studies of diagnostic accuracy: explanation and elaboration. Ann Intern Med.
2003;138(1):W1-W12.

18 l CLINICAL MEDICINE INSIGHTS: REPRODUCTIVE HEALTH 2016:10


http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-reproductive-health-journal-j114

