
IntroductIon 
 In the united States, about 12.8% of babies (more than half a million a year) are 

born prematurely.1,2 the rate of premature birth has increased by 36% since the early 
1980s,1 and it is now responsible for an estimated $26 billion in costs to the American 
healthcare system annually.2 unfortu nately, little progress has been made to decrease 
prevalence in such a serious condition. 

From a managed care perspective, a premature birth consti tutes a potential high-cost 
episode of care and high-risk preg nancies constitute a major category of high cost. In 
2001, 8% of the total 4.6 million infant stays included a diagnosis of preterm birth/low 
birth weight, yet these accounted for 47% of all infant costs.3 Within that same time 
frame, a separate analysis found that approximately 4% of the Medicaid population 
was responsible for 48% of overall program spending.4 More recently, a 2012 study 
by optumInsight determined that the cost for a high-risk pregnancy can approach 
$57,000, compared with about $8000 for normal birth outcome.5 these high-cost 
members translate into significant budget costs in a highly concentrated, small percent-
age of members. 

In this paper we will identify ways in which new technology can improve the diag-
nostic accuracy of pregnancy-related disorders and assist in managing the costs of 
high-risk ob stetrics.

HIgH rISk PregnAncy And PreterM BIrtH
A pregnancy is considered high risk for a variety of reasons, generally categorized 

into those of maternal or fetal origin. Prevalent maternal factors include age (younger 
than 15 years, older than 35 years), multiple gestation, weight (pre-pregnancy weight 
under 100 lb or obesity), medical comorbidities, and a history of complications during 
previous pregnancies. Prevalent fetal factors include exposure to infection (eg, herpes 
simplex, viral hepatitis, mumps, and rubella), exposure to addictive substances (eg, cig-
arettes, alcohol, and illicit or abused drugs), and exposure to a variety of medica tions. 

Preterm birth is defined as delivery before 37 weeks of ges tation. It is the leading 
cause of neonatal death and infant mortality, often as a result of respiratory distress 
syndrome due to immature lung development.6 Babies who survive are also at high 
risk of neurological disability7 and can experience further breathing, feeding, digestive, 
visual, and hearing problems. observational studies have found that a prior his tory of 
preterm birth significantly increases the risk of another in a subsequent pregnancy.8
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IdentIFyIng AreAS For 
IMProved MAnAgeMent  
oF PreterM BIrtH

Births that follow spontaneous pre-
term labor (PtL) and pre term prema-
ture rupture of membranes (pProM) 
are togeth er designated as spontane-
ous preterm births. Spontaneous pre-
term births account for approximately 
70% of all premature births, whereas 
the remaining 30% are indicated as a 
result of mater nal or fetal infection.9 
of those births classified as spontane-
ous preterm births, 64% are the result 
of PtL and 36% are the result of 
pProM. 

PtL is defined as the onset of active 
contractions at a preterm (<37 weeks) 
gestation. common symptoms sug-
gestive of PtL include: uterine activ-
ity, abdominal discomfort, change 
in vaginal discharge, bleeding and/
or cramping. traditional evaluation 
includes uterine activity monitoring 
and evalua tion of the cervix.10 the 
exact mechanisms of preterm labor 
are largely unknown, but are believed 
to include decidual hem orrhage (eg, 
placental abruption, mechanical fac-

tors such as uterine overdistension 
from multiple gestation, or polyhy-
dramnios), cervical incompetence (eg, 
trauma, cone biopsy), uterine dis-
tortion, cervical inflammation, drug 
abuse, smoking, and alcohol con-
sumption, among others.11

the definition of pProM is spon-
taneous rupture of the membranes 
at less than 37 weeks of gestation 
at least 1 hour before the onset of 
contractions. common symptoms 
include com plaints of leakage in the 
absence of active labor. traditional 
diagnostic methods include nitrazine/
pH, ferning, and ultra sound. Indigo 
carmine intra-amniotic injection may 
be indi cated if status remains ques-
tionable after all other methods are 
performed.12

the exact mechanisms of pProM 
are largely unknown, but are believed 
to include: bacterial production of 
proteases and phospholipases, host 
response to blood or bacteria resulting 
in leukocyte activation and cytokine 
release, uterine weakness from over-
distention, strain from preterm uterine 
activity, direct membrane trauma (cer-

clage or amniocentesis), or a develop-
mental weak spot.11

PtL dIAgnoStIc MetHodS: 
IMProveMentS And tHe 
ASSocIAted coSt IMPActS

Improved diagnostic methods 
leading to improved manage ment 
can directly impact the 70% of pre-
term births caused by both PtL and 
pProM.9 the past decade has seen 
major developments in the diagno-
sis of both condi tions, the latter of 
which is now increasingly considered 
by managed care.

the ability for a clinician to diag-
nose true PtL has taken significant 
strides in the past 2 decades with 
the advent of the fetal fibronectin 
(fFn) biomarker test. the presence 
of fFn in the vagina after the 20th 
week is abnormal and may indicate 
disruption of the attachment of the 
fetal membranes between the uterine 
wall and the decidua.13 Prior to the 
availability of this assay, discerning 
true pre term labor from false preterm 
labor depended on multiple methods 
that were neither sensitive nor specific 

Table 1. Accuracies of Various ROM Methods in Non-Obvious Cases21-28

Biomarker Test Sensitivity (%) Specificity (%)
  PAMG-1 immunoassay21,22 94-100 99-100

  IGFBP-1 immunoassay23 73.9 77.8

Traditional Test     Sensitivity (%) Specificity (%)
  Ferning24,25 51-63 71-76

  Nitrazine (pH)26 88 68

  Pooling, AFI, ferning25 85 79

  Pooling, AFI, nitrazine22 72 98

Traditional Test NPV (%)    Reference
  Pooling, nitrazine, ferning27 46.5  Delivery <48 h

  Pooling, nitrazine, ferning28 54.5 ROM

AFI, amniotic fluid index; IGFBP-1, insulin-like growth factor-binding protein-1; NPV, negative predicted value; PAMG-1, placental alpha 
microglobulin-1; ROM, rupture of membranes.
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enough to accurately predict a time 
to delivery for the patient pre senting 
with complaints of early contractions. 
these meth ods consisted of home 
uterine monitoring and cervical length 
measurements. While they had good 
predictive val ues for obvious cases (ie, 
uterine contractions or cervical chan-
ges), they did not serve a useful func-
tion in predicting time to delivery in 
the absence of pronounced symptoms. 

With approval of the fFn test by 
the uS Food and drug Administration 
(FdA) (Adeza Biomedical, Sunnyvale, 
california) in 1997,14 this situation 
changed due to the high negative pre-
dictive value (99.3%) of the test for 
deliv ery within 14 days.10 Historically, 
the suspected PtL patient typically 
translated into close surveillance and 
home uterine activity monitoring, 
potential admissions, and hospital-
ization. With the use of the fFn test, 
however, evaluation of the patient 
was changed to a screening process 
that resulted in the clini cian’s ability 
to reduce uncertainty and confidently 
rule out PtL with a negative result.

cost-saving implications of this test 
on the diagnosis of PtL can be seen 
in both the avoidance of unnecessary 
hospital admissions and unnecessary 
patient transfers from a medical center 
that does not have a level III nursery. 
Joffe et al reported a savings in hos-

pital admissions costs of $486,000 
annually as a result of the fFn test15 
and giles et al reported a 90% reduc-
tion of transfer costs with the use of 
the fFn test.16

PProM dIAgnoStIc MetHodS: 
IMProveMentS And tHe 
ASSocIAted coSt IMPActS

over the past century, countless 
approaches have been pro posed for 
the diagnosis of premature rupture 
of membranes (ie, ProM).17,18 As 
was the case for PtL, the diagnosis 
of ProM when symptoms are pro-
nounced (ie, gross rupture of mem-
branes with obvious fluid leakage) is 
easy to make. However, in 47% of 
patients presenting with suspicion of 
rupture of membranes (roM),19 obvi-
ous leakage from the cervix cannot be 
visualized and the diagnosis becomes 
difficult to confirm or rule out.19,20 

As demonstrated in Table 1, stan-
dard diagnos tic methods, including 
nitrazine, ferning, pooling, and ultra-
sound, alone or in combination with 
one another, have prov ed inaccurate 
in such cases.21-28 In the absence of an 
accurate test to diagnose or rule out 
roM, the patient is at a greater risk 
for not receiving the necessary inter-
ventions, including appro priate use of 
steroids. Failure to implement salutary 
measures can have both significant 

medical and financial implications 
for the payer, the mother and baby, 
and the hospital and obstetrician. 
conversely, a false positive diagnosis 
can lead to unnecessary hospitaliza-
tions and induction of labor.

As table 1 shows, with the advent 
of the biomarker test based on the 
detection of placental alpha micro-
globulin-1 (PAMg-1) (marketed as 
the AmniSure roM test, manufac-
tured by Am niSure International LLc, 
Boston, Massachusetts),29 the clinician 
now has the ability to diagnose roM 
with a rapid, noninvasive, highly sen-
sitive, and specific test in the esti-
mated 47% of roM cases that are 
not obvious.19 PAMg-1 is a decidual 
protein with very high concentrations 
in amniotic fluid with extremely low 
concen trations in background cervico-
vaginal secretions.29

Insulin-like growth factor-bind-
ing protein-1 (IgFBP-1) is another 
assay for roM detection. the roM 
Plus test (manufactured by clinical 
Innovations LLc, Salt Lake city, 
utah) is commercially available in 
the united States. this product car-
ries the following warning: “the test 
may report positive results in patients 
with intact membranes and therefore 
decisions to induce labor should not 
be based solely on the roM Plus test 
results.”30 In a recent meta-analysis 

Table 2. Costs of Making the Diagnosis of PROM in Non-Obvious Cases12,22,28,31-37

 Percentage of Patients  
 With Non-Obvious ROM 
 That Procedure  2013 Medicare Payment 
Procedure Is Used On CPT/HCPCS  (per patient)32,36

Ferning test 100%12 Q011431,33 $9.83

Vaginal pH/nitrazine test 100%12,22 CPT 83986QW31,32 $4.92

Ultrasound 100%12,22 CPT 7680534-36 $138.34

Indigo carmine amnioinfusion 4.30%22,28 CPT 5907036,37 $13.59

Total cost per non-obvious ROM diagnosis — — $166.68

CPT indicates Current Procedural Terminology; HCPCS, Healthcare Common Procedure Coding System; PROM, premature rupture of membranes; ROM, 
rupture of membranes.
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conducted on prospective observa-
tional or cohort studies investigating 
roM tests based on the detection 
of IgFBP-1 and PAMg-1, sensitivi-
ties, specificities, and diagnostic odds 
ratios were calculated. PAMg-1 out-
performed IgFBP-1 in the equivocal 
group, which comprised patients with 
uncertain rupture of membranes (sen-
sitivity, 96.0% vs 73.9%; specificity, 
98.9% vs 77.8%; PAMg-1 vs IgFBP-
1 tests, respectively). the authors 
concluded that “compared with its 
performance in women with known 
membrane status, the accuracy of 
the IgFBP-1 test decreases signifi-
cantly when used on patients whose 
membrane status is unknown. In this 
latter clinically relevant population, 
the PAMg-1 test has higher accuracy 
than the IgFBP-1 test.”23

the clinical utility of those assays 
rests on their accuracy. Significant 
financial impact may result from the 
use of the PAMg-1 test primarily due 
to: (1) reductions in costs associated 
with false diagnoses using traditional 
methods; and (2) reductions in cur-
rent spending on roM diagnosis in 

non-obvious cases using traditional 
methods.

coStS oF InAccurAte 
dIAgnoSeS

When used alone, or in combina-
tion, traditional methods re sult in 
high costs due to their poor accuracy, 
especially when used in non-obvious 
cases (Table 2).12,22,28,31-37 this leads 
to important economic considerations 
surrounding the implications of inac-
curate diagnoses including: (1) costs 
associated with false negative diagno-
ses that result in the failure to treat in 
a timely manner; and (2) costs associ-
ated with false positive diagnoses that 
result in unnecessary admissions and 
unwarranted induction of labor.

Costs of False Negative Diagnoses
currently, there are 2 main treat-

ments used on patients with the diag-
nosis of ProM: (1) prophylactic anti-
biotics, to fight infection and prolong 
latency; and (2) corticosteroids, to 
help mature the fetal lungs in antic-
ipation of a preterm birth. Table 
322,25,27,28,38-40 summarizes multiple ran-

domized controlled trials that have 
demonstrated that antibiotics have a 
significant impact on the reduction of 
vari ous conditions that may result as 
a consequence of ProM, including 
maternal chorioamnionitis and neo-
natal infection. Failure to administer 
antibiotics could result in increased 
risk of infection that could have oth-
erwise been prevented or treated via 
the timely administration of antibiot-
ics. By reducing the incidence of these 
conditions through the opportune 
administration of antibiotics, the costs 
associated with these conditions may 
be reduced.

As shown in table 3 and demon-
strated in multiple randomized con-
trolled trials, corticosteroids also have 
a significant impact on the reduction 
of the various conditions that may 
result as a consequence of ProM, 
including fetal and neonatal death, 
respiratory distress syndrome (rdS), 
intraventricular hemorrhage, necrotiz-
ing enterocolitis, systematic infection 
within 48 hrs, and cerebral palsy.39 
the model depicted in table 3 illus-
trates real-life drg payments for the 

Table 3. Potential Costs of False Negative PROM Diagnosis22,25,27,28,38-40

False Negative 
Rate of ROM     Incidence DRG 
Diagnosis of   Incidence Incidence Reduction of Cost 
Traditional   Without With Condition of 
Methods 22,25,27,28 Treatment Condition Treatment Treatment With Treatment Condition40 

11%-28% Antibiotics38 Maternal 25% 16% 34% $5892 
  chorioamnionitis

 Corticosteroids39 Neonatal infection 17% 10% 38% $6466

  Fetal and neonatal death 19% 14% 23% $1793

  Respiratory distress  26% 17% 34% $6198 
  syndrome

  Intra-ventricular  11% 6% 44% $3479 
  hemorrhage

  Necrotizing enterocolitis  6% 3% 54% $3479

  Systematic infection 9% 5% 44% $6198 
  within 48 h

  Cerebral palsy  7% 4% 40% $3479

DRG indicates diagnosis-related group; ROM, rupture of membranes.
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various outcomes associated with 
ProM that corticosteroid adminis-
tration can improve. As a more spe-
cific and detailed example related to 
table 3, the incidence of rdS in neo-
nates born to a mother with ProM 
who did not receive corticosteroids 
is 34% higher than the incidence of 
rdS in neo nates born to a mother 
with ProM who received a course 
of corticosteroids.40 consequently, for 
all cases of ProM detected by the 
PAMg-1 test that would have been 
undetected by traditional methods 
(see sensitivities in table 1), a 34% 
reduction in the rate of rdS could be 
achieved. 

By reducing the incidence of the 
various conditions as sociated with 
ProM through an accurate and time-
ly di agnosis that allows for the appro-
priate intervention, the costs associ-
ated with these conditions should also 
be re duced. 

Costs of False Positive Diagnoses 
ProM occurs in approximately 

10% of all pregnancies, with approx-
imately 3% occurring during pre-
term gestations and the remaining 

7% occurring at term.11 therefore, 
close to 70% of patients di agnosed 
with ProM will have their delivery 
induced and approxi mately 30% will 
be admitted into the hospital.

Aside from the administration of 
treatments previously de scribed, 2 
main pathways exist for managing 
patients diagnosed with ProM: (1) 
for patients at term or late pre term 
(≥34 weeks of gestation), induction 
of labor is recom mended; and (2) 
for patients at less than 34 weeks of 
ges tation, hospitalization and obser-
vation is recommended to allow ges-
tation to prolong.12 depending on 
the gesta tional age of the fetus in a 
patient falsely diagnosed with ProM, 
one of these 2 pathways would be 
unnecessarily followed. As the Figure 
shows, given that 2% to 22% of cases 
will be falsely di agnosed using vari-
ous combinations of traditional meth-
odologies,22,24,25,27,28 70% of patients 
will be induced at a cost of $1237 
per induction,4117% of which will 
go on to have a c-section costing 
$11,092.41,42 In the remaining 30% 
of falsely diagnosed patients, if the 
gestational age is less than or equal 

to 34 weeks, the patient will likely be 
hospitalized at a rate of $1800/day.43 
As is often the case, these patients may 
spend multiple days in the hospital 
before a diagnosis is es tablished and 
discharge can occur. 

coStS oF MAkIng roM 
dIAgnoSIS

table 2 outlines the costs associa-
ted with the various pro cedures avail-
able for diagnosing roM. A review 
of the reimbursement amounts 
issued by the centers for Medicare 
& Medicaid Services (cMS), even 
after adjusting for the inci dence of 
some of the less prevalent methods 
(eg, indigo carmine intra-amniotic 
injection), determined that the costs 
of performing a di agnosis per patient 
via the typical combination of tradi-
tional methods remains greater than 
the costs of using the PAMg-1 test 
($166.68 vs $88.54, which is the limit 
of cMS payment for the PAMg-
1 test [coded as cPt 84112]).32,44 
It should be noted that this model 
does not take into account the mul-
tiple iterations that each one of these 
methods may undergo during the full 

Figure. Costs of False Positive Diagnosis of PROM12,22,24,25,27,28,41-43

PROM indicates premature rupture of membranes; pPROM, pre-term premature rupture of membranes.

Induction of Labor
$123741

False (+) pPROM
diagnosis

No C-Section
$721341

C-Section
$11,09241

17%42

83%42

30%12

70%12

>34
 w

ee
ks

<34 w
eeks

2-22%22,24,25,27,28

Hospitalization
$1800/day43
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course of evaluation, which could 
significantly raise the cost of making 
the diagnosis by traditional methods.

concLuSIonS
the widespread use and clinical 

effectiveness of the fFn and PAMg-
1 assays are formally recognized in 
the literature. di renzo et al in the 
Journal of Maternal-Fetal and Neo-
natal Medicine45 stated that “[the] 
PAMg-1 immunoas say is the most 
useful tool in determining women 
at high risk for ProM” and that 
“ultrasonography to determine cervi-
cal length, fFn testing, or a combi-
nation of both [are] the most use ful 
tools in determining women at high 
risk for preterm labor.”

respected American organizations 
like the American Acade my of Family 
Physicians34 and guidelines like 
uptodate46 also mention the utility 
of the PAMg-1 assay in detecting 
ProM. Aside from improving qual-
ity and promoting evidence-based 
practice, payers benefit from the 
fFn and PAMg-1 tests be cause they 
directly translate clinical advantages 
into poten tial cost reductions in the 
management of high-risk patients.

the introduction of the fFn test 
into clinical practice preced ed that 
of the PAMg-1 test by almost 10 
years. over this time, positive cover-
age determinations were issued by all 
major public and private payers on the 
use of the fFn test in the diagnosis of 
preterm labor given its clinical utility 
and cost-effectiveness profile. 

Similarly, PAMg-1, within the 
first few months of having been 
assigned a cPt code (84112; 2011), 
has received positive coverage deter-
minations by the majority of state 
Medicaid agencies and other pri-
vate payers. given the clinical and 
cost-effectiveness parallels that exist 
between the fFn test and the PAMg-
1 test, it is expected that positive 
coverage for the PAMg-1 test will 
follow a similar path to that of the 
fFn test and evolve as the standard of 

care to improve diagnos tic accuracy 
in roM. In turn, this should reduce 
downstream costs through appropri-
ate triage and management. 

dr Maria Lopes is an obstetrician/gyne-
cologist and former chief medical officer at 
gHI/emblemHealth.

Address correspondence to: Maria Lopes, 
Md, MS, 117 truman dr, cresskill, nJ  
07626.

 reFerenceS
1. Martin JA, Hamilton Be, Sutton 

Pd, et al. Births: final data for 2006. 
Natl Vital Stat Rep. 2009;57(7):1-101.

2. Society for Maternal-Fetal Medicine 
and the SMFM Foundation. Maternal-
fetal medicine: high-risk pregnancy 
care, research, and education for over 
35 years. www.smfm.org/attachedfiles/ 
SMFMMonograph3.1.pdf. Ac  cessed 
March 13, 2013.

3. russell rB, green nS, Steiner 
cA, et al. cost of hospitalization for 
preterm and low birth weight infants 
in the united States. Pediatrics. 2007; 
120(1):e1-e9.

4. Sommers A, cohen M. Medicaid’s 
high cost enrollees: how much do they 
drive program spending? Washington, 
dc: kaiser commission on Medicaid 
and the uninsured; March 2006.

5. oPtuMInsight. the high cost 
of adverse birth outcomes in medicaid 
programs (part 2 of our story). www 
.optuminsight.com/resources/browse/
articles/the-high-cost-of-adverse-birth-
outcomes-in-medicaid-programs/. 
Published July 31, 2012. Accessed 
March 15, 2013.

6. crowther cA, Alfirevic Z, Has-
lam rr. thyrotropin-releasing hor-
mone added to corticosteroids for 
women at risk of preterm birth for 
preventing neonatal respiratory disease. 
Cochrane Database Syst Rev. 2004(2): 
cd000019. 

7. Hack M, Horbar Jd, Malloy MH, 
tyson Je, Wright e, Wright L. very low 
birth weight outcomes of the national 
Institute of child Health and Human 
development neonatal network. 
Pediatrics. 1991;87(5):587-597.

8. keirse MJ, rush rW, Anderson 
AB, turnbull Ac. risk of pre-term 

delivery in patients with previous pre-
term delivery and/or abortion. Br J 
Obstet Gynaecol. 1978;85(2):81-85.

9. goldenberg rL, culhane JF, Iams 
Jd, romero r. epidemiology and 
causes of preterm birth. Lancet. 2008; 
371(9606):75-84.

10. Iams Jd, casal d, Mcgregor 
JA, et al. Fetal fibronectin improves 
the accuracy of diagnosis of preterm 
labor. Am J Obstet Gynecol. 1995; 
173(1):141-145.

11. caughey AB, robinson Jn, 
norwitz er. contemporary diagnosis 
and management of preterm premature 
rupture of membranes. Rev Obstet 
Gynecol. 2008;1(1):11-22.

12. Acog committee on Practice 
Bulletins-obstetrics. Acog Practice 
Bulletin no. 80: premature rupture 
of membranes. clinical management 
guidelines for obstetrician-gynecolo-
gists. Obstet Gynecol. 2007;109(4): 
1007-1019.

13. Feinberg rF, kliman HJ, 
Lockwood cJ. Is oncofetal fibronectin 
a trophoblast glue for human implan-
tation? Am J Pathol. 1991;138(3): 
537-543.

14.  uS Food and drug Administra-
tion. Premarket Approval (PMA). www 
.accessdata.fda.gov/scripts/cdrh/ 
cfdocs/cfpma/pma.cfm?id=24393. 
Accessed March 14, 2013.

15. Joffe gM, Jacques d, Bemis-
Heys r, Burton r, Skram B, Shelburne 
P. Impact of the fetal fibronectin assay 
on admissions for preterm labor. Am 
J Obstet Gynecol. 1999;180(3, pt 1): 
581-586.

16. giles W, Bisits A, knox M, 
Madsen g, Smith r. the effect of fetal 
fibronectin testing on admissions to a 
tertiary maternal-fetal medicine unit 
and cost savings. Am J Obstet Gynecol. 
2000;182(2):439-442.

17. el-Messidi A, cameron A. 
diagnosis of premature rupture of 
membranes: inspiration from the past 
and insights for the future. J Obstet 
Gynaecol Can. 2010;32(6):561-569.

18. Smith rP. A technique for the 
detection of rupture of the membranes: 
a review and preliminary report. Obstet 
Gynecol. 1976;48(2):172-176.



clinical Practice Brief

7

19. neil Pr, Wallace eM. Is 
AmniSure® useful in the management 
of women with prelabour rupture of 
the membranes? Aust N Z J Obstet 
Gynaecol. 2010;50(6):534-538.

20. nisell H, Hagskog k, Westgren 
M. Assessment of fetal fibronectin in 
cervical secretion in cases of equivocal 
rupture of the membranes at term. Acta 
Obstet Gynecol Scand. 1996;75(2): 
132-134.

21. Silva e, Martinez Jc. diagnosing 
roM: a comparison of the gold 
standard, indigo carmine amnioinfu-
sion, to the rapid immunoassay, the 
AmniSure roM test. J Perinat Med. 
2009;37(S1):956.

22. Birkenmaier A, ries JJ, kuhle J, 
Burki n, Lapaire n, Hosli I. Placental 
a-microglobulin-1 to detect uncertain 
rupture of membranes in a european 
cohort of pregnancies. Arch Gynecol 
Obstet. 2012;285(1):21-25.

23. ramsauer B, vidaeff Ac, Hosli I, 
et al. the diagnosis of rupture of fetal 
membranes (roM): a meta-analysis 
[published online december 2012]. J 
Perinat Med.

24. 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 is 
modest in nonlaboring women present-
ing with nonspecific vaginal fluid loss. 
Am J Perinatol. 1994;11(1):46-50.

25. 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(1):11-14.

26. Fujimoto S, kishida t, Sagawa 
t, et al. clinical usefulness of the 
dye-injection method for diagnosing 
premature rupture of the membranes 
in equivocal cases. J Obstet Gynaecol 
(Tokoyo, Japan). 1995;21(3):215-220.

27. eriksen nL, Parisi vM, daoust 
S, Flamm B, garite tJ, cox SM. Fetal 
fibronectin: a method for detecting 
the presence of amniotic fluid. Obstet 
Gynecol. 1992;80(3, pt 1):451-454.

28. Lee Se, Park JS, norwitz er, kim 
kW, Park HS, Jun Jk. Measurement of 
placental alpha-microglobulin-1 in cer-
vicovaginal discharge to diagnose rup-
ture of membranes. Obstet Gynecol. 
2007;109(3):634-640.

29. AmniSure roM (rupture of [fetal] 
Membranes) test. directions for in vitro 
diagnostic use. August 2010. Boston, 
MA: AmniSure International LLc.

30. roM Plus test (clinical Inno-
vations). Instructions for use. www 
.romplustest.com/pdfs/rom_ifu_english 
.pdf. Accessed March 13, 2013.

31. tests granted waived status 
under cLIA. centers for Medicare & 
Medicaid Services website. www4.cms 
. gov /cL IA /down load s /cr4305 
.waivedtbl.pdf.

32. cMS clinical laboratory fee 
schedule, 2013. centers for Medicare 
& Medicaid Services website. www 
.cms.gov/Medicare/Medicare-Fee-for-
Service-Payment/clinicalLabFeeSched/
clinlab.html. Accessed March 14, 2013.

33. HIPAASpace. Q0114: fern test. 
www.h ipaaspace . com/Medica l_
Billing/coding/Healthcare.common 
.Procedure.coding.System/Q0114. 
Accessed March 14, 2013.

34. Sayres W. chapter d: preterm 
labor & premature rupture of mem-
branes. www.aafp.org/online/etc/medi-
alib/aafp_org/documents/cme/courses/
clin/also/chapdppt.Par.0001.File.tmp/
chapterd201106.pdf. Accessed March 
13, 2013. 

35. obstetrical ultrasound imaging  
guide lines. MedSolutions, Inc. www.ncdhhs 
.gov/dma/radiology/oBultrasound 
.pdf. Accessed March 14, 2013.

36. Find-A-code website. www.find-
acode.com. Accessed March 2013.

37. Fetal Surgeries: 2004 new codes. 
Society for Maternal Fetal Medicine 
website. www.smfm.org/attachedfiles/
whitepaper04coding.doc. Accessed 
March 14, 2013.

38. kenyon S, Boulvain M, neilson 
JP. Antibiotics for preterm rupture 
of membranes. Cochrane Database 
Syst Rev. 2010;(8):cd001058. doi: 
10.1002/14651858.cd001058.pub2.

39. roberts d, dalziel S. Antenatal 
corticosteroids for accelerating fetal 
lung maturation for women at risk of 
preterm birth. Cochrane Database Syst 
Rev. 2006;3:cd004454. 

40. Blue cross Blue Shield Massa-
chusetts drg grouping. Fiscal year 
2011. 

41. caughey AB, Sundaram v, 
kaimal AJ, et al. Maternal and neonatal 
outcomes of elective induction of labor. 
Evid RepTechnol Assess (Full Rep). 
2009;(176):1-257.

42. grant JM, Serle e, Mahmood t, 
Sarmandal P, conway dI. Management 
of prelabour rupture of the membranes 
in term primigravidae: report of a ran-
domized prospective trial. Br J Obstet 
Gynaecol. 1992;99(7):557-562.

43. False labor. Healthcare Blue Book 
website. www.healthcarebluebook 
.com/page_results.

44. AmniSure International LLc. 
Billing information. www.amnisure 
.com/billing. Accessed March 15, 2013.

45. di renzo gc, roura Lc, 
Facchinetti F, et al. guidelines for the 
management of spontaneous preterm 
labor: identification of spontaneous pre-
term labor, diagnosis of preterm prema-
ture rupture of membranes, and preven-
tive tools for preterm birth. J Matern Fetal 
Neonatal Med. 2011;24(5): 659-667.

46. duff P, Lockwood c. diagnosis 
of premature rupture of membranes. 
www.uptodate.com/contents/preterm-
premature-rupture-of-membranes. 
Accessed March 13, 2013.




