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Although there are a number of medical conditions that can affect the pregnant 

patient, these laboratory medicine guidelines review two high-risk pregnancy topics: (1) 

preterm birth and (2) fetal lung maturity.  

 

 

Clinicians commonly classify pregnancies as low- and high-risk. Many causes 

contribute to the high-risk classification (see Table 1).  

 

Table 1. High-risk pregnancies 

Preterm Birth 

Premature Rupture of Membranes 

Twins and higher multiples 

Isoimmunization Disease 

Liver Disease 

Pre-eclampsia (including HELLP) 

Fetal anomalies 

Infections (e.g. Group B streptococcus, HIV) 

Maternal conditions (e.g. Graves) 

 

 

Preterm Birth 



 

Normal human gestations are approximately 40 weeks in duration. Preterm birth 

is delivery of the infant prior to 37 weeks’ gestation. Those births before 32 weeks’ are 

classified as very preterm birth. Newborns can also be classified by birth weight. Any 

infant <2500 g is classified as low birth weight (LBW) and those <1500 g are very low 

birth weight (VLBW). Preterm birth and LBW are the most common of the high-risk 

pregnancies.1 Although from 1981 to 2000, the incidence of very preterm birth in the 

U.S. has been constant at 1.9 %, the incidence of preterm birth has increased from 9.4 to 

11.6%.1 

 

A variety of obstetrical and maternal conditions precede preterm birth, Table 2. 

Some of these conditions are causative and others are merely associations. 

 

Table 2. Conditions associated with preterm birth 

 

Obstetical Maternal  

Preterm Labor Previous preterm birth 

Preterm ruptured membranes Diabetes 

Pre-eclampsia Asthma 

Abruptio placenta Drug abuse 

Multiple gestation Pyelonephritis 

Placenta previa Maternal race (higher in African 

Americans) 



Fetal growth retardation Poor nutrition 

Excessive or inadequate amniotic fluid 

volume 

Low pre-pregnancy weight 

Fetal anomalies Inadequate prenatal care 

Amnionitis Strenuous work 

Incompetent cervix High personal stress 

 Anemia 

 Tobacco use 

 Infections 

 

 

Preterm birth is categorized as spontaneous or indicated. Spontaneous preterm 

birth is more frequent, accounting for about ¾ of the cases, and occurs unplanned. The 

causes of spontaneous preterm birth include preterm labor, preterm premature rupture of 

membranes, amnionitis, and incompetent cervix. In ¼ of preterm birth cases the mother 

or fetus has a disorder that improves following delivery, for example pre-eclampsia or 

fetal distress. Early delivery in these cases is apt to improve both maternal and fetal 

outcomes. The clinician may therefore elect an early delivery. These preterm births are 

therefore indicated. 

 

Even though the preterm birth rate has worsened, the infant morbidity and 

mortality rate for the preterm birth has improved. In 1980 the infant mortality rate in the 

United States was 12.6 per 1,000 live births. This declined to 6.9 per 1,000 live births in 



2000.2 Morbidity following preterm birth includes respiratory distress syndrome (RDS), 

bronchopulmonary dysplasia, intraventricular hemorrhage, patent ductus arteriosus, 

necrotizing enterocolitis, and sepsis. Most preterm infants have extended hospital stays.  

 

Tests for predicting preterm birth 

 

Several tests have been advocated to predict preterm birth, including fetal 

fibronectin (fFN), cervical length by ultrasound, salivary estriol (Sal-Est), alkaline 

phosphatase, and maternal serum alpha-fetoprotein, and granulocyte colony stimulating 

formation.  

 

Fetal fibronectin (fFN) 

 

Fibronectin is adhesive glycoprotein that cross-links collagen to bind cells 

together. The fetal form has a unique epitope. Labor increases fFN in cervical and vaginal 

secretions. The specimen is obtained by collecting vaginal secretions in a specially 

designed Dacron swab. When fully saturated, the swab contains approximately 150 µL of 

secretions. fFN  is measured by immunoassay; vaginal secretion fFN concentrations less 

than 50 ng/mL indicate that delivery is not imminent. Amniotic fluid is rich in fFN, 

therefore the test cannot be used in women with ruptured membranes. The FDA has 

approved fFN for the diagnosis of impending premature delivery in symptomatic women 

who are 24.0 to 34.9 weeks’ gestation. For asymptomatic women who are 22 to 30.9 

weeks’ gestation, fFN is FDA approved for predicting the risk of preterm delivery. In this 



group, the positive predictive value is a low 13%, but the negative predictive value is 

high at 99.5%.3 

 

Half of mothers thought to be in preterm labor deliver at term without treatment. 

Without fFN testing, 20% of those sent home, deliver preterm. For predicting delivery 

within 7 days, in symptomatic women, studies4, 5, 6, 7 have determined the sensitivity to be 

57-93% and specificity to be 73-92% in women 24 to 34.9 weeks’ gestation. The positive 

predictive value has varied from 9 to 29%, whereas the negative predictive value is much 

higher at 97-99.6%.  

 

Recommendation: Use of fFN to veto the decision to admit a symptomatic patient to the 

hospital who is thought to be 24.0 to 34.9 weeks’ gestation is cost effective. 

 

Using fFN as a test to overrule the medical decision to admit a suspected preterm 

labor patient to the hospital appears to be cost-effective.8 The baseline costs were 

estimated in women without the use of fFN. If fFN is used in women with mild preterm 

labor symptoms, more than twice as many would be admitted to the hospital, nearly 

doubling the cost. When used to exclude admissions in women with more significant 

preterm labor symptoms, fFN would decrease costs by about 18%. Thus, proper use of 

fFN is necessary to prevent unnecessary admissions and increasing health care costs. 

 

Recommendation: although some studies report that fFN might be useful in predicting 

which women could have labor induced therapeutically, more outcome studies are needed 



to determine the cost-benefit of this use. 

 

Use of fFN has been proposed at term (38 to 42 weeks’ gestation) to predict 

probability that delivery can be induced (reviewed in reference 9). Most clinicians rely on 

the Bishop score10 or cervical dilatation11 for this assessment. 

 

Salivary Estriol (Sal-Est) 

 

Esteriol is a steroid hormone made by placenta from 16α-hydroxyl 

dehydroepiandosterone sulfate (16α-OH DHEA-S). This intermediate requires 

functioning fetal liver and adrenal glands. Esteriol is excreted in milligram amounts per 

day and rises throughout pregnancy. Salivary estriol reflects unbound, unconjugated 

serum estriol and is approximately 1.00 ng/mL at 30 weeks and 3.00 ng/mL at term. 

There is a surge in salivary esteriol about 5 weeks prior to delivery.12 Salivary estriol is 

“still under assessment and should not be used outside research protocols.”13  

 

Recommendation: there is insufficient evidence to recommend the routine use of salivary 

estriol during pregnancy. 

 

 

Predicting Spontaneous Preterm Birth 

 



A large multicenter trial14 termed the Preterm Prediction Study was conducted to identify 

a population at risk for preterm birth. Twenty-eight biologic markers were included. The 

study subjects were asymptomatic at 23-24 weeks’ gestation. The outcomes were preterm 

delivery at <32 and <35 weeks’ gestation.  

 

Table 3. Predictors of preterm birth <35 wks* 

Predictor Odds Ratio 

Fetal Fibronectin (>50 ng/mL) 6.6 

Alkaline phosphatase (>90th percentile) 4.0 

History of preterm birth 4.0 

Cervical length (≤25 mm) 3.9 

Maternal serum alpha-fetoprotein (>90th percentile) 3.9 

Granulocyte CSF (>75th percentile) 3.1 

*From reference 14. 

 

Recommendation: Preterm birth interventions are not effective in asymptomatic women, 

therefore tests, such as fFN and salivary estriol, that predict preterm birth in this group 

are not useful outside of the research setting.  

 

 

Fetal Lung Maturity 

 



Neonatal Respiratory Distress Syndrome (RDS) is a common disease of preterm infants 

and infants with delayed maturation, such as those born to poorly controlled diabetic 

mothers. This disorder is caused by a deficiency of surfactant. Treatment has improved 

dramatically and requires increased oxygen and mechanical ventilation. Treating the 

newborn with exogenous surfactant at birth can often ameliorate the symptoms. 

 

The lungs make surfactant in the form of lamellar bodies (LB) inside Type II 

pneumocytes. These hydrophobic structures are 1-5 microns in diameter15 and contain 

surface tension reducing phospholipids and three specific proteins, SP-A, B, C, and 

D.16,17 The LB are excreted by exocytosis, and in the aerated lung, unravel to coat the air 

surface interface. Production starts as early as 28 weeks gestation, but there is a surge in 

production at about 36 weeks for most fetuses. The newborn lung contains about 100 

times more surfactant per lung volume than the adult lung. 

 

The phospholipid content of LB is mostly lecithin (phosphatidylcholine [PC]), 

phosphatidylinosital (PI), phosphatidylglycerol (PG), and phosphatidylethanolamine 

(PE), but little, if any, sphingomyelin (S). Low PC concentrations are present in amniotic 

fluid up to 36 weeks’ gestation, when production surges. PG production starts at this time 

in most normal pregnancies.18  

 

Testing for FLM has declined over the past 10 years. Surfactant therapy and clinical 

adherence to obstetrical guidelines have lessened demand. The clinician uses FLM results 

to assess whether best infant survival will be achieved in utero or following an early 



delivery. Knowing that fetal lung is producing adequate surfactant sways the decision 

toward delivery. The clinician can delay delivery by using tocolytic drugs such as 

ritodrine, can accelerate fetal surfactant production by administering steroids to the 

mother and delivering after 3 days, and can enhance labor and early delivery with the use 

of pitocin.  

 

FLM testing is not indicated in normal pregnancies if the gestational age is accurately 

known to be at least 36 weeks.19 The best evidence for determining fetal maturation is an 

early positive pregnancy test at least 36 weeks in the past. Fetal heart tones for 20 weeks 

or ultrasonographic evidence of a fetal heartbeat for 30 weeks, are also good indicators of 

a fetus that is old enough to have achieved pulmonary maturity. Also useful is ultrasound 

dating at 6 to 11 weeks’ gestation that supports a pregnancy of at least 39 weeks, or 

measurements at 12-20 weeks’ gestation that confirm a pregnancy of at least 39 weeks. 

 

An ideal FLM test would be an imaging test available at the bedside. Such a test does not 

exist currently. All valid tests require analysis of amniotic fluid. This is best collected by 

amniocentesis even in the presence of ruptured membranes. The method should be 

available in most laboratories, not affected by blood or meconium, with results available 

rapidly at any time. False mature results have more dire medical consequences than do 

false immature results, because the former may tip the scales toward an unwarranted 

early delivery decision.  

 

Tests for predicting Fetal Lung Maturity 



 

Available tests for predicting fetal lung maturity are listed in Table 4.  

 

Table 4. Use of fetal lung maturity testing methods (2002)* 

Method 

 

Source Number of 

Laboratories a 

Surfactant/albumin ratio (TDx FLM II) Abbott Laboratories 462 

Phosphatidylglycerol (AmnioStat-FLM) Irving Scientific 447 

Lecithin/sphingomyelin ratio Helena Laboratories, and 

“laboratory developed test” 

138 

Phosphatidylglycerol (1 dimensional 

TLC) 

“laboratory developed test” 92 

Phosphatidylglycerol (2 dimensional 

TLC) 

“laboratory developed test” 18 

Lamellar body counts (LBC) “laboratory developed test” 59 b 

Foam Stability “laboratory developed test” Fewer than 50 c 

Fluorescence polarization (NBD-PC), 

FPol 

“laboratory developed test” 9 

 

* Modified from Handbook of Clinical Laboratory Testing during Pregnancy, Gronowski 

AM, Ed., Humana Press, New York, 2004, page 58. 

a Data from reference 20, unless stated otherwise 

b Data from reference 21. 



c ERA’s estimate 

 

 

All FLM tests have high (~95%) sensitivity, having immature results in RDS cases. All 

also suffer from mediocre (~65%) specificity, yielding mature results in most, but not all, 

cases with adequate fetal pulmonary development. The clinical outcome studies of L/S 

ratio,22, 23, 24, 25, 26 FPol,22, 27, 28, 29 TDx FLM II,30, 31 and LBC24, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 

have very similar results in clinical outcome studies. The quantitative results of these 

tests reveal the degree of pulmonary maturation and are therefore more prognostically 

useful to the clinician than the qualitative tests. The foam stability test43, 44, 45, 46, 47, 48 is no 

longer available commercially and is used as a “laboratory developed test” by few 

laboratories. The turn-around time for L/S ratio is much greater than the other tests. Many 

laboratories have switched from L/S ratio testing to one of the rapid tests. The 

AmnioStat-FLM49, 50, 51, 52, 53 is a qualitative test offered by over 400 laboratories, but in 

late 2003, the manufacturer was unable to supply reagents, making this test unavailable 

for at least 4 months. 

 

Although there are no controlled trials evaluating cost-effectiveness of using an 

FLM test, there many studies, cited above, on their effectiveness of predicting fetal 

pulmonary status. Even though use is decreasing, there remain many FLM test requests. 

 

Recommendation: Fetal lung maturity (FLM) testing should be available in hospitals that 

deliver infants. The FLM test should be available routinely once per day and in emergent 



settings within an hour of specimen submission. The choice of rapid test depends on 

patient population: 

Low risk population: qualitative PG (AmnioStat-FLM), TDx FLM II, LBC, or 

Foam Stability 

High risk population: TDx FLM II, F Pol 

 

 

Recommendation: If a rapid FLM test is available, referral of L/S ratio requests to 

another laboratory is acceptable practice. 

 

Predictive Value 

 

Because of the high sensitivity and low prevalence of RDS, the predictive value of a 

mature result is very good, about 98%. Conversely, the poor specificity and low 

prevalence produces a poor predictive value of an immature result. For example, analysis 

of 488 cases at the University of Utah from 1988 to 1993 showed that 43 of 135 infants 

with an immature L/S developed RDS. Thus, the predictive value of an immature L/S in 

this setting is about 32% (note that while sensitivity and specificity can be applied to 

different settings, predictive value can not – it depends of the prevalence of RDS). During 

this same time period, 7 of 353 infants with a mature L/S developed RDS. Thus the 

predictive value of a mature L/S is 98% in this setting. 

 



The manufacturer of TDx FLM II (Abbott Laboratories) recommends three interpretation 

categories: immature (≤39 mg/g), intermediate (40-54 mg/g), and mature (≥55 mg/g). 

Clinical outcome studies indicate that the upper mature limit could be safely lowered.30, 31 

Using a limit of Therefore, contrary to the manufacturer’s recommendation, an upper 

decision limit of ≥45 mg/g should improve specificity to about 85% while maintaining 

sensitivity at >95%.  

 

Recommendation: use of 45 mg/g as the maturity decision threshold for TDx FLM II 

reduces the number of false immature results without adversely increasing the number of 

false mature results. 

 

 

LBC tests are rapid, but the results differ by instrument.32 LBC maturity thresholds vary 

dramatically from 19,000 to 50,000/µL and are caused by use of different centrifugation 

protocols54 and different analyzers.55 

 

Recommendation: laboratories using LBC for FLM should determine there reference 

values by 

(A) performing a clinical outcome study 

(B) comparing their method to a method used in an outcome study using paired 

amniotic fluid specimens and then adjusting the threshold or transforming the 

results to agree with the primary method.  

 



 

Recommendation: laboratories using LBC for FLM should not use centrifugation in order 

to improve precision. 

 

 

Blood Contamination  

 

Blood contains a high concentration of phospholipids as compared to amniotic fluid. 

Therefore, the FLM results of bloody amniotic fluid specimens are altered. The exception 

is PG.56,57  Even though blood contamination alters the FLM results, it does not produce 

false mature results.58 

 

Recommendation: bloody amniotic fluid specimens should be tested for FLM. Mature 

and very immature results are trustworthy, whereas borderline immature results could be 

falsely low or high.  

 

 

Meconium Contamination 

 

The presence of heavy meconium contamination (greater than 15 g/dL) interferes with 

most FLM results.59 Moderate meconium contamination (about 5 g/dL) can produce 

erroneous L/S ratio values from immature to mature60, 61 and interferes with fluorescence 

polarization methods (TDx FLM II and FPol),62 but does not cause false mature 



AmnioStat-FLM PG results.56, 57 LBC results increase by less than 5000/µL with light 

contamination.33 

 

Recommendation: amniotic fluid specimens contaminated with moderate meconium 

(greater than 5 g/dL) should not be tested for FLM except by using PG.  

 

 Diabetes 

 

Tight glycemic control and new treatment algorithms have significantly reduced the 

incidence of RDS in the diabetic pregnancy.63, 64 While some reports indicate more RDS 

cases despite mature L/S ratio results,65 others indicate no additional risk.66, 67 For poorly 

controlled diabetes, the gestation at which the L/S ratio begins to rise has been reported to 

be both delayed68 and not delayed18 as compared to non-diabetic pregnancies. Agreement 

exists in recent studies of well-controlled diabetics, the time of the L/S ratio surge is not 

affected by diabetes.18, 69 

 

Several TDx FLM II studies have shown that these results are reliable when used in 

diabetic pregnancies.70, 71, 72 

 

Regardless of degree of diabetic control, the detection of PG is delayed about 1.5 

weeks.18, 73, 74 Even though many clinicians rely exclusively on PG for management of 

diabetic patients, there are no modern studies to support this practice. 

 



There are insufficient outcome studies to evaluate the effect of diabetes on LBC and foam 

stability. 

  

Recommendation: in diabetic patients, separate reference values are not required for TDx 

FLM II, FPol, L/S ratio, and PG. There are insufficient studies to evaluate the effect of 

diabetes on LBC and foam stability test reliability. 

 

Twin pregnancy 

 

RDS is a frequent complication in twin pregnancy and can be discordant, especially prior 

to 31 weeks.75  

 

Recommendation: If testing for FLM prior to 32 weeks’ gestation, sampling both sacs 

should be sampled. 

 

 

 

 

References 

 

1. Martin JA, Hamilton BE, Ventura SJ, Menacker F, Park MM. Births: Final data for 
2000. National vital statistics reports; vol 50 no 5. Hyattsville, Maryland: National 
Center for Health Statistics. 2002. 

 



2. Miniño AM, Arias E, Kochanek KD, Murphy SL, Smith BL. Deaths: Final data for 
2000. National vital statistics reports; vol 50 no 15. Hyattsville, Maryland: National 
Center for Health Statistics. 2002. 

 
3. Goldenberg RL, Mercer BM, Iams JD, Moawad AH, Meis PJ, Das A, McNellis D, 

Miodovnik M, Menard MK, Caritis SN, Thurnau GR, Bottoms SF. The preterm 
prediction study: patterns of cervicovaginal fetal fibronectin as predictors of 
spontaneous preterm delivery. National Institute of Child Health and Human 
Development Maternal-Fetal Medicine Units Network. Am J Obstet Gynecol. 1997 
Jul;177(1):8-12. 

 
4. 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 
Mar;180(3 Pt 1):581-6.   

 
5. Iams JD, Casal D, McGregor JA, Goodwin TM, Kreaden US, Lowensohn R, 

Lockitch G. Fetal fibronectin improves the accuracy of diagnosis of preterm labor. 
Am J Obstet Gynecol. 1995 Jul;173(1):141-5.   

 
6. Peaceman AM, Andrews WW, Thorp JM, Cliver SP, Lukes A, Iams JD, Coultrip L, 

Eriksen N, Holbrook RH, Elliott J, Ingardia C, Pietrantoni M. Fetal fibronectin as a 
predictor of preterm birth in patients with symptoms: a multicenter trial. Am J Obstet 
Gynecol. 1997 Jul;177(1):13-8.   

 
7. Luzzi V, Hankins K, Gronowski AM. Accuracy of the rapid fetal fibronectin TLi 

system in predicting preterm delivery. Clin Chem. 2003 Mar;49(3):501-2.   
 
8. Sullivan A, Hueppchen NA, Satin AJ. Cost effectiveness of bedside fetal fibronectin 

testing varies according to treatment algorithm. J Matern Fetal Med. 2001 
Dec;10(6):380-4. 

 
9. Kiss H, Ahner R, Hohlagschwandtner M, Leitich H, Husslein P. Fetal fibronectin as a 

predictor of term labor: a literature review. Acta Obstet Gynecol Scand. 2000 
Jan;79(1):3-7. 

 
10. Bishop EH. Pelvic scoring for elective induction. Obstet Gynecol. 1964 Aug;24:266-

8. 
 
11. Williams MC, Krammer J, O'Brien WF. The value of the cervical score in predicting 

successful outcome of labor induction. Obstet Gynecol. 1997 Nov;90(5):784-9.   
 
12. Hedriana HL, Munro CJ, Eby-Wilkens EM, Lasley BL. Changes in rates of salivary 

estriol increases before parturition at term. Am J Obstet Gynecol. 2001 
Jan;184(2):123-30. 

 



13. Goffinet F, Maillard F, Fulla Y, Cabrol D. Biochemical markers (without markers of 
infection) of the risk of preterm delivery. Implications for clinical practice. Eur J 
Obstet Gynecol Reprod Biol. 2001 Jan;94(1):59-68. 

 
14. Goldenberg RL, Iams JD, Mercer BM, Meis PJ, Moawad A, Das A, Miodovnik M, 

Vandorsten PJ, Caritis SN, Thurnau G, Dombrowski MP. The Preterm Prediction 
Study: toward a multiple-marker test for spontaneous preterm birth. Am J Obstet 
Gynecol. 2001 Sep;185(3):643-51 

 
15. Oulton M, Martin TR, Faulkner GT, Stinson D, Johnson JP. Developmental study of 

a lamellar body fraction isolated from human amniotic fluid. Pediatr Res 
1980;14:722-728. 

 
16. Hawgood S, Clements JA. Pulmonary surfactant and its apoproteins. J Clin Invest 

1990;86:1-6. 
 
17. Persson A, Chang D, Crouch E. Surfactant protein D is a divalent cation-dependent 

carbohydrate-binding protein. J Biol Chem 1990;26510:5755-5760. 
 
18. Moore TR. A comparison of amniotic fluid fetal pulmonary phospholipids in normal 

and diabetic pregnancy. Am J Obstet Gynecol. 2002;186:641-650. 
 
19. American College of Obstetricians and Gynecologists, Committee on Educational 

Bulletins: Assessment of Fetal Lung Maturity. ACOG Educational Bulletin No. 230. 
Washington, DC, American College of Obstetricians and Gynecologists, 1996. 

 
20. College of American Pathologists: CAP Surveys, Lung Maturity Survey, Set LM-B. 

Northfield, IL, College of American Pathologists, 2002. 
 
21. College of American Pathologists. Supplemental questions on lamellar body counts. 

Surveys 2000;LM-C:4-5. 
 
22. Ashwood ER, Tait JF, Foerder CA, Franklin RW, Benedetti TJ. Improved 

fluorescence polarization assay for use in evaluating fetal lung maturity. III. 
Retrospective clinical evaluation and comparison with the lecithin/sphingomyelin 
ratio. Clin Chem 1986;32:260-264. 

 
23. Tsai MY, Shultz EK, Williams PP, Bendel R, Butler J, Farb H, Wager G, Knox EG, 

Julian T, Thompson TR. Assay of disaturated phosphatidylcholine in amniotic fluid 
as a test of fetal lung maturity: experience with 2000 analyses. Clin Chem. 1987 
Sep;33(9):1648-51.   

 
24. Ashwood ER, Palmer SE, Taylor JS, Pingree SS. Lamellar body counts for rapid fetal 

lung maturity testing. Obstet Gynecol 1993;81:619-624. 
 



25. Bender TM, Stone LR, Amenta JS. Diagnostic power of lecithin/sphingomyelin ratio 
and fluorescence polarization assays for respiratory distress syndrome compared by 
relative operating characteristic curves. Clin Chem. 1994 Apr;40(4):541-5. 

 
26. Wijnberger LD, Huisjes AJ, Voorbij HA, Franx A, Bruinse HW, Mol BW. The 

accuracy of lamellar body count and lecithin/sphingomyelin ratio in the prediction of 
neonatal respiratory distress syndrome: a meta-analysis. BJOG. 2001 Jun;108(6):583-
8.   

 
27. Tait JF, Foerder CA, Ashwood ER, Benedetti TJ. Prospective clinical evaluation of 

an improved fluorescence polarization assay for predicting fetal lung maturity. Clin 
Chem 1987;33:554-558. 

 
28. Chen C, Roby PV, Weiss NS, Wilson JA, Benedetti TJ, Tait JF. Clinical evaluation of 

the NBD-PC fluorescence polarization assay for prediction of fetal lung maturity. 
Obstet Gynecol 1992;80:688-692. 

 
29. Ruch AT, Lenke RR, Ashwood ER. Assessment of fetal lung maturity by 

fluorescence polarization in high-risk pregnancies. J Reprod Med 1993;38:133-136. 
 
30. Fantz CR, Powell C, Karon B, Parvin CA, Hankins K, Dayal M, Sadovsky Y, Johari 

V, Apple FS, Gronowski AM. Assessment of the diagnostic accuracy of the TDx-
FLM II to predict fetal lung maturity. Clin Chem 2002;48:761-765. 

 
31. Kesselman EJ, Figueroa R, Garry D, Maulik D. The usefulness of the TDx/TDxFLx 

fetal lung maturity II assay in the initial evaluation of fetal lung maturity. Am J 
Obstet Gynecol 2003;188:1220-1222. 

 
32. Neerhof MG, Dohnal JC, Ashwood ER, Lee IS, Anceschi MM. Lamellar body 

counts: a consensus on protocol. Obstet Gynecol. 2001 Feb;97(2):318-20.   
 
33. Dubin SB: Characterization of amniotic fluid lamellar bodies by resistive-pulse 

counting: Relationship to measures of fetal lung maturity. Clin Chem, 35:612-616, 
1989. 

 
34. Greenspoon JS, Rosen DJ, Roll K, Dubin SB. Evaluation of lamellar body number 

density as the initial assessment in a fetal lung maturity test cascade. J Reprod Med 
1995;40:260-266. 

 
35. Bowie LJ, Shammo J, Dohnal JC, Farrell E, Vye MV. Lamellar body number density 

and the prediction of respiratory distress. Am J Clin Pathol 1991;95:781-786. 
 
36. Dalence CR, Bowie LJ, Dohnal JC, Farrell EE, Neerhof MG. Amniotic fluid lamellar 

body count: a rapid and reliable fetal lung maturity test. Obstet Gynecol 1995;86:235-
239. 

 



37. Fakhoury G, Daikoku NH, Benser J, Dubin NH. Lamellar body concentrations and 
the prediction of fetal pulmonary maturity. Am J Obstet Gynecol 1994;170:72-76. 

 
38. Lee IS, Cho YK, Kim A, Min WK, Kim KS, Mok JE. Lamellar body count in 

amniotic fluid as a rapid screening test for fetal lung maturity. J Perinatol 
1996;16:176-180. 

 
39. Pearlman ES, Baiocchi JM, Lease JA, Gilbert J, Cooper JH. Utility of a rapid lamellar 

body count in the assessment of fetal maturity. Am J Clin Pathol 1991;95:778-780. 
 
40. Dilena BA, Ku F, Doyle I, Whiting MJ. Six alternative methods to the 

lecithin/sphingomyelin ratio in amniotic fluid for assessing fetal lung maturity. Ann 
Clin Biochem. 1997;34:106-108. 

 
41. Neerhof MG, Haney EI, Silver RK, Ashwood ER, Lee IS, Piazze JJ. Lamellar body 

counts compared with traditional phospholipid analysis as an assay for evaluating 
fetal lung maturity. Obstet Gynecol 2001;97:305-309. 

 
42. Beinlich A, Fischass C, Kaufmann M, Schlosser R, Dericks-Tan JS. Lamellar body 

counts in amniotic fluid for prediction of fetal lung maturity. Arch Gynecol Obstet 
1999;262:173-180. 

 
43. Sher G, Statland BE, Freer DE, Kraybill EN. Assessing fetal lung maturation by the 

foam stability index test. Obstet Gynecol 1978;52:673-677. 
 
44. Sher G, Statland BE, Freer DE. Clinical evaluation of the quantitative foam stability 

index test. Obstet Gynecol 1980;55:617-620. 
 
45. Sher G, Statland BE, Knutzen VK. Diagnostic reliability of the 

lecithin/sphingomyelin ratio assay and the quantitative foam stability index test: 
results of a comparative study. J Reprod Med 1982;27:51-55. 

 
46. Sher G, Statland BE.  Assessment of fetal pulmonary maturity by the Lumadex Foam 

Stability Index Test. Obstet Gynecol 1983;61:444-449. 
 
47. Lockitch G, Wittmann BK, Snow BE, Campbell DJ. Prediction of fetal lung maturity 

by use of the Lumadex-FSI test. Clin Chem 1986;32:361-363. 
 
48. Lipshitz J, Whybrew WD, Anderson GD. Comparison of the Lumadex-foam stability 

index test, lecithin: sphingomyelin ratio, and simple shake test for fetal lung maturity. 
Obstet Gynecol 1984;63:349-354. 

 
49. Halvorsen PR, Gross TL. Laboratory and clinical evaluation of a rapid slide 

agglutination test for phosphatidylglycerol. Am J Obstet Gynecol 1985;151:1061-
1066. 

 



50. Weinbaum PJ, Richardson D, Schwartz JS, Gabbe SG. Amniostat FLM: a new 
technique for detection of phosphatidylglycerol in amniotic fluid. Am J Perinatol 
1985;2:88-92. 

 
51. Lockitch G, Wittmann BK, Mura SM, Hawkley LC. Evaluation of the Amniostat-

FLM assay for assessment of fetal lung maturity. Clin Chem 1984;30:1233-1237. 
 
52. Garite TJ, Yabusaki KK, Moberg LJ, Symons JL, White T, Itano M, Freeman RK. A 

new rapid slide agglutination test for amniotic fluid phosphatidylglycerol: laboratory 
and clinical correlation. Am J Obstet Gynecol 1983;147:681-686. 

 
53. Towers CV, Garite TJ. Uselessness of the phosphatidylglycerol assay for prediction 

of lung maturity [reply].  Am J Obstet Gynecol 1989;161:1419. 
 
54. Dubin SB. Assessment of fetal lung maturity. Practice parameter. Am J Clin Pathol 

1998;110:723-732. 
 
55. Szallasi A, Gronowski AM, Eby CS. Lamellar body count in amniotic fluid: a 

comparative study of four different hematology analyzers. Clin Chem 2003;49:994-
997. 

 
56. Farquharson J, Jamieson EC, Berry E, Buchanan R, Logan RW. Assessment of the 

AmnioStat-FLM immunoagglutination test for phosphatidylglycerol in amniotic fluid. 
Clin Chim Acta 1986;156:271-277. 

 
57. Benoit J, Merrill S, Rundell C, Meeker CI. Amniostat-FLM: an initial clinical trial 

with both vaginal pool and amniocentesis samples. Am J Obstet Gynecol 
1986;154:65-68. 

 
58. Grenache DG, Parvin CA, Gronowski AM. Preanalytical factors that influence the 

Abbott TDx Fetal Lung Maturity II Assay. Clin Chem 2003;49:935-939. 
 
59. Lenke R, Ashwood E. Lung Maturity Testing. In: Current Therapy in Obstetrics and 

Gynecology, 5th ed. Quilligan EJ, Zuspan FP, eds. Philadelphia, WB Saunders Co, 
2000, page 419. 

 
60. Longo SA, Towers CV, Strauss A, Asrat T, Freeman RK. Meconium has no lecithin 

or sphingomyelin but affects the lecithin/sphingomyelin ratio. Am J Obstet Gynecol 
1998;179:1640-1642. 

 
61. Weitzner JS, Strassner HT, Rawlins RG, Mack SR, Anderson RA Jr. Objective 

assessment of meconium content of amniotic fluid. Obstet Gynecol. 1990 
Dec;76(6):1143-4.   

 



62. Tait JF, Franklin RW, Simpson JB, Ashwood ER. Improved fluorescence polarization 
assay for use in evaluating fetal lung maturity: I. Development of the assay 
procedure. Clin Chem 1986;32:248-254. 

 
63. Robert MF, Neff RK, Hubbell JP, Taeusch HW, Avery ME. Association between 

maternal diabetes and the respiratory-distress syndrome in the newborn. N Engl J 
Med 1976;294:357-360. 

 
64. Mimouni F, Miodovnik M, Whitsett JA, Holroyde JC, Siddiqi TA, Tsang RC. 

Respiratory distress syndrome in infants of diabetic mothers in the 1980s: no direct 
adverse effect of maternal diabetes with modern management. Obstet Gynecol 
1987;69:191-195. 

 
65. Cruz AC, Buhi WC, Birk SA, Spellacy WN. Respiratory distress syndrome with 

mature lecithin/sphingomyelin ratios: Diabetes mellitus and low Apgar scores. Am J 
Obstet Gynecol 1978;126:78-82. 

 
66. Gabbe SG, Lowensohn RI, Mestman JH, Freeman RK, Goebelsmann U. 

Lecithin/sphingomyelin ratio in pregnancies complicated by diabetes mellitus. Am J 
Obstet Gynecol 1977;128:757-760. 

 
67. Tabsh KM, Brinkman CR 3rd, Bashore RA. Lecithin:sphingomyelin ratio in 

pregnancies complicated by insulin-dependent diabetes mellitus. Obstet Gynecol 
1982;59:353-358. 

 
68. Piper JM, Langer O. Does maternal diabetes delay fetal pulmonary maturity?  Am J 

Obstet Gynecol 1993;168:783 786. 
 
69. Berkowitz K, Reyes C, Saadat P, Kjos SL. Fetal lung maturation. Comparison of 

biochemical indices in gestational diabetic and nondiabetic pregnancies. J Reprod 
Med 1997;42:793-800. 

 
70. Del Valle GO, Adair CD, Ramos EE, Gaudier FL, Sanchez-Ramos L, Morales R. 

Interpretation of the TDx-FLM fluorescence polarization assay in pregnancies 
complicated by diabetes mellitus. Am J Perinatol 1997;14:241-244. 

 
71. Livingston EG, Herbert WN, Hage ML, Chapman JF, Stubbs TM. Use of the TDx-

FLM assay in evaluating fetal lung maturity in an insulin-dependent diabetic 
population. The Diabetes and Fetal Maturity Study Group. Obstet Gynecol 
1995;86:826-829. 

 
72. Tanasijevic MJ, Winkelman JW, Wybenga DR, Richardson DK, Greene MF. 

Prediction of fetal lung maturity in infants of diabetic mothers using the FLM S/A 
and disaturated phospatidylcholine tests. Am J Clin Pathol 1996;105:17-22. 

 



73. Tsai MY, Shultz EK, Nelson JA. Amniotic fluid phosphatidylglycerol in diabetic and 
control pregnant patients at different gestational lengths. Am J Obstet Gynecol 
1984;149:388-392. 

 
74. Cunningham MD, McKean HE, Gillispie DH, Greene JW: Improved prediction of 

fetal lung maturity in diabetic pregnancies: A comparison of chromatographic 
methods. Am J Obstet Gynecol 1982;142:197-204. 

 
75. Whitworth NS, Magann EF, Morrison JC. Evaluation of fetal lung maturity in 

diamniotic twins. Am J Obstet Gynecol 1999;180:1438-1441. 
 


	Obstetical
	Maternal
	Tests for predicting preterm birth
	Fetal Lung Maturity

