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Objectives

1. Describe the pathophysiology and treatment of 
respiratory distress syndrome

2. Compare and contrast the different types of fetal 
lung maturity tests and discuss their clinical utility

3. Discuss contemporary issues facing fetal lung 
maturity tests

4. Plan a successful validation of the lamellar body 
count test
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Fetal Lung Development

http://www.embryology.ch/anglais/rrespiratory/phasen01.html

Presenter
Presentation Notes
The development of the human lung is a highly regulated and coordinated process that begins in the 3-week-old embryo with the creation of two lung buds during the embryonic phase.  During the pseudoglandular phase these buds undergo successive rounds of branching morphogenesis to produce the lung lobes: three on the right and two on the left.  Following branching morphogenesis, the canalicular phase is characterized by increased angiogenesis and the appearance of type I and II pneumocytes that will permit gas exchange.  In the final stages of development, the fetal lung is prepared for its function as a gas exchange organ in an atmospheric environment. The most important of these saccular phase events is the production of surfactant that functions to decrease the surface tension at the alveolar air–liquid interface.  Lung maturation is indicated by the appearance of fully mature alveoli during the final alveolar phase although new alveoli will continue to form for approximately three years.
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Surface Tension & Surfactant

• Internal surface of the alveolus is covered with a 
thin coating of fluid

• Water in this fluid has a high surface tension which 
promotes collapse the alveolus

• Pulmonary surfactants decrease surface tension of 
water
– Increases lung compliance

– Prevents collapse of alveoli during expiration

Presenter
Presentation Notes
The production of pulmonary surfactant marks a critical point in lung development.  Due to a hydrated inner layer, the surface tension of the alveoli is high which promotes their collapse.  Pulmonary surfactants decrease this surface tension so that alveoli remain open upon exhalation and increases lung compliance.
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Surfactant Metabolism

Am Rev Respir Dis 1987;136:426

Presenter
Presentation Notes
Surfactant is synthesized in the rough endoplasmic reticulum (RER) of the alveolar type II cell and are packaged into lamellar bodies, which are subsequently secreted by exocytosis.  The secreted lamellar body unfolds to form tubular myelin (TM) that produces a phospholipid surface film at the air-liquid interface with the hydrophilic heads in the aqueous phase and the hydrophobic tails in the air phase.  During the respiratory cycle as the film is compressed during exhalation, the film pressure rises, and a compressed, closely packed monolayer of nearly pure DPPC is formed.  Some phospholipids are excluded from the monolayer and form small aggregates that are ingested by macrophages or endocytosed and reprocessed by alveolar type II cells.



7

Pulmonary Surfactants

• Phosphatidylcholine (76%)

• Phosphatidylglycerol (13%)

• Phosphatidylinositol (4%)

• Phosphatidylethanolamine (3%)

• Sphingomyelin (2%)

• Other phospholipids (2%)

Presenter
Presentation Notes
Surfactant is primarily composed of phospholipids, the majority being phosphatidylcholine (lecithin), the critical component of surfactant and the one that contributes the most to the low surface tension.  Because most of the PC has the saturated fatty acid palmitate in both acyl positions it is more accurately described as dipalmitoylphosphatidylcholine or DPPC.  Additional components of surfactant include neutral lipids (cholesterol and fatty acids) and protein.
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Temporal Expression of Surfactant

Williams Obstetrics, 22nd edition

Presenter
Presentation Notes
As shown earlier, surfactant production begins at approximately 30 weeks.  PC (lecithin) and PI appear at the same time but the concentration of PI peaks at 35 weeks while lecithin continues to increase to term.  Notably, PG is the last surfactant to be synthesized which begins at approximately 35 weeks.
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Respiratory Distress Syndrome 
(RDS)

• Also known as hyaline 
membrane disease

• Caused by a deficiency in 
pulmonary surfactant

• Most common cause of 
respiratory failure in 
neonates

• Incidence is indirectly 
proportional to gestational 
age at delivery

Weeks gestation 
at birth

Incidence 
(%)

<28 60-80

32-36 15-30

>37 5

Term Rare

~20,000 newborns/year (US)

Presenter
Presentation Notes
Respiratory distress syndrome (RDS) is defined as respirator distress that occurs in the newborn within the first few hours of life.  It is also known as hyaline membrane disease and it is caused by a deficiency in pulmonary surfactant.  It is the most common cause of respiratory failure in neonates and occurs with increasing frequency with decreased gestational age such that it is very common in infants born before 30 weeks and very rare in term infants.  It’s estimated that approximately 20,000 infants develop RDS each year in the United States.
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Pathophysiology of RDS

Reduced surfactant

Alveolar 
collapse

Hypoventilation

Hypoxemia, CO2
retention, acidosis

Pulmonary 
vasonstriction

Alveolar 
hypoperfusion

Impaired cellular 
metabolism

Epithelial damage

Plasma leak into alveoli

Fibrin + necrotic cells 
(hyaline membrane)

Presenter
Presentation Notes
The pathophysiology of RDS is a viscious circle that begins with reduced pulmonary surfactant.  This results in collapsed alveoli that are perfused but unventilated. This leads to hypoxia, hypercapnia, and a respiratory acidosis; conditions that produce vasoconstriction of pulmonary arteries and decreased pulmonary blood flow.  The resulting ischemic injury to the lung creates a secondary surfactant deficiency that exacerbates the disease.  In addition, the pulmonary vasoconstriction causes epithelial cell damage.  Plasma leaks into alveoli leading to the accumulation of fibrin which, together with necrotic cells, creates a hyaline membrane for which RDS was formerly named.
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RDS Risk Factors

• Prematurity (<37 weeks)

• Male sex

• Caucasian race

• Delivery by C-section

• 2nd born infant of twins

• History of RDS in sibling

Presenter
Presentation Notes
Among risk factors for RDS, prematurity is the obviously the most important, especially in infants born at less than 37 completed weeks.  There is a higher male-to-female ratio in incidence, morbidity, and mortality, which may be related to differences in sex steroids (testosterone decreases and estrogen increases phospholipid synthesis).  Caucasian infants are at increased risk for unknown reasons.  RDS is more common in C-sections as labor is known to increase fetal surfactant production.  The second born infant of a twin gestation is at higher risk that is likely due to longer exposure to acute perinatal stress.  And a history of RDS is a poorly understood risk factor and suggests a genetic predisposition.



12

Clinical Manifestations of RDS

• Tachypnea

• Prominent, audible grunting

• Nasal flaring

• Subcostal and intercostal retractions

• Cyanosis unresponsive to oxygen administration

• Progressive worsening of cyanosis and dyspnea

• Apnea and irregular respirations

Presenter
Presentation Notes
Signs of RDS usually appear within minutes of birth with characteristic tachnypnea, prominent (often audible) grunting, nasal flaring, retractions, and cyanosis that is unresponsive to oxygen administration.  The natural course of RDS is characterized by progressive worsening of cyanosis and shortness of breath.  If inadequately treated apnea and irregular respirations occur as the infant tires.
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Prevention/Treatment of RDS

• Antenatal prevention
– Prevention of preterm delivery
– Maternal administration of corticosteroids stimulates fetal 

synthesis of surfactant

• Surfactant replacement
– Credited for largest drop in infant mortality in 25 years
– Prophylaxis of preterm infants at risk for RDS
– Treatment of infants with RDS

• Continuous positive airway pressure (CPAP) or 
assisted ventilation
– Keeps alveoli open at expiration

Presenter
Presentation Notes
Preventing premature birth is the most effective way to prevent RDS.  Alternatively, administration of steroids to the mother can be used to accelerate surfactant production.  Treatment of neonates immediately after birth with exogenous surfactant delivered endotracheally can be effective if early delivery cannot be prevented.  Surfactant replacement therapy has been credited with the largest drop of infant mortality in 25 years and they are approved for use for both prophylaxis in at-risk infants and as treatment for RDS in effected newborns.  Continuous positive airway pressure (CPAP) may also be used to deliver a stream of compressed air to the lungs.
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RDS Statistics

Annual Deaths from RDS (US)
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Source: CDC National Vital Statistics Reports

Presenter
Presentation Notes
In 1997, RDS was responsible for 4.5% of all infant deaths and was the 4th leading cause of infant death in the US.  In 2005 that had decreased to 3% of all infant deaths so now RDS is the 7th leading cause of infant death.  As I just mentioned, this decrease has been attributed largely to the development and use of surfactant replacement therapy.
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Tests for Fetal Lung Maturity (FLM)

• Performed on amniotic fluid
– 32-386/7 weeks of gestation (ACOG 2008)

• Used for decision making
– Allow or delay delivery w/ steroid administration
– Uncertain gestational age
– Transfer mother to facility with NICU

• Must have high sensitivity for immaturity & high 
negative (mature) predictive value

• Performed rapidly (ideally)

Presenter
Presentation Notes
Because fetal lung liquids contribute to amniotic fluid, the amount of surfactant in fetal lungs can be estimated by measuring the amount of surfactants in amniotic fluid.  If they are to be performed then current recommendations call for evaluating lung maturity between 32 and 39 weeks of gestation.  The purpose of testing is for appropriate decision making regarding delivery.  To be clinically useful, tests for fetal lung maturity should have a high diagnostic sensitivity for immaturity and a high negative (mature) predictive value.  As with all diagnostic tests, maximizing sensitivity is achieved by sacrificing specificity.  As such, many infants with immature fetal lung maturity test results are born without RDS.  And, ideally, FLM tests should be able to be performed rapidly.
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FLM Test History

1983 1986 1988

PG by TLC

1972

Foam Stability

PG by agglutination

S/A Ratio

Lamellar Body Count

19791971

L/S Ratio

1980

OD 650

Presenter
Presentation Notes
This slide shows the history of FLM tests.  Over a period of almost 20 years, several tests were developed.  Only 7 are shown here because at one time or another, these were widely used in clinical laboratories.  Some of them, like the lecithin/sphingomyelin (L/S) ratio and the surfactant/albumin (S/A) ratio are biochemical tests designed to quantify the amount of surfactant in amniotic fluid while others, like the OD650 and foam stability tests, exploited the biophysical properties of surfactant.  Of the 7 shown here, 6 appear to still be in use in the US.
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FLM Tests Offered by Labs
Percent of total

CAP Survey Data (2007-2009)
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Presenter
Presentation Notes
The figure on the left was compiled from recent CAP survey data.  The most commonly used FLM test is the commercially available S/A ratio followed by detection of PG by agglutination, the L/S ratio, and then the detection of PG by TLC.  A survey of laboratorians that I conducted earlier this year with Dr. Ann Gronowski at Washington University School of Medicine produced data consistent with the CAP survey data but it also shows that the lamellar body count is used by about 10% of laboratories and, interestingly, that the foam stability test is still in use in a small number of laboratories.  These two tests aren’t reflected in the CAP data because, in 2009, the CAP did not offer PT for these tests although it subsequently has begun offering an LBC challenge.  Additional details about each of these tests follows.
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Surfactant/Albumin (S/A) Ratio

• Fluorescence polarization
– Decrease in light polarization due to partitioning of a 

fluorophore between surfactant and albumin

• Change in polarization is a function of the rate of 
molecular rotation of surfactant and albumin

Presenter
Presentation Notes
The S/A ratio is determined using fluorescence polarization.  When added to amniotic fluid, a fluorophore partitions between surfactant and albumin.  Polarized light is used to excite the fluorophore and the net decrease in polarization is measured.  The change in polarization is a function of how rapidly the fluorophore is rotating and this is a function of the molecular masses of surfactant and albumin molecules.
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time

Low Surfactant: 
High Net Polarization

albumin surfactant fluorophore

Presenter
Presentation Notes
In a specimen with low amounts of surfactant relative to albumin, the net polarization remains high because rotation of the albumin molecules (with their greater molecular mass) is slower than the rotation of the surfactant molecules which have a much lower molecular mass and therefore rotate more rapidly.
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time

High Surfactant: 
Low Net Polarization

albumin surfactant fluorophore

Presenter
Presentation Notes
In contrast, in a specimen with high amounts of surfactant relative to albumin, the net polarization is low.
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S/A Ratio

Advantages
• High sensitivity for 

immaturity
• Rapid and precise 

(CV ~5%)
• Quantitative
• Standardized
• QC/PT available

Disadvantages
• Affected by blood and 

meconium
• Wide grey zone
• Single vendor

Mature >55 mg/g
Indeterminate 40-54 mg/g
Immature <39 mg/g

Presenter
Presentation Notes
The S/A ratio has many advantages.  It has a high sensitivity for immaturity, it is rapid and precise, the result is quantitative, and it’s essentially standardized because the test is commercially available from only one vendor.  Commercial QC materials and PT challenges are also available.  However, the test is affected by blood and meconium contamination and there is a wide, diagnostic grey zone for results that are between 40 and 54 mg/g which makes results in that range a challenge to interpret.  Because the test is available from a single provider, laboratories that offer the test have limited options for alternative ways of determining the S/A ratio although ~9 US laboratories do perform a “home brew” version of this test.
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Reference N Cutoff 
(mg/g)

Sensitivity 
(%)

Specificity 
(%)

Immature PV 
(%)

Mature PV 
(%)

Clin Chem
1997 43:S196 50 40 100 60 14 100

Clin Chem
1998 44:A157 94 55 100 71 29 100

Clin Chem
2002 48:761 185 55 100 72 24 100

Clin Chem
2002 48:761 185 45 100 84 36 100

Clin Chim Acta 
2002 326:61 303 55 96 70 36 99

S/A Ratio Performance

Presenter
Presentation Notes
The S/A ratio has high sensitivity for predicting immature lungs and, therefore, has a high predictive value for maturity but it is not very specific and does a poor job at predicting lung immaturity.
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S/A Ratio and Gestational Age

• Risk of RDS decreases with increasing GA
– Suggests a single cutoff for maturity is inappropriate

• GA-specific cutoffs improve the interpretation of S/A 
ratio result

Presenter
Presentation Notes
Because the risk of RDS decreases with increasing gestational age, the use of a single cutoff for maturity has limited utility.  A few studies have confirmed that incorporating gestational age with the S/A ratio result improves the performance of the test.
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37 weeks considered term Odds Ratio >1 at increased risk
70=median S/A ratio at 37 wks Odds Ratio <1 decreased risk

Presenter
Presentation Notes
This table is from a report that combined data from the 3 largest outcome-based studies of the S/A ratio.  The researchers used logistic regression analysis to model the odds of RDS as a function of the two variables and generated this table of relative risk.The risks are shown relative to that of a 37 week gestation (considered term) and the median S/A ratio at that age (70 mg/g).  You can appreciate the value of the table by looking at the relative risk of RDS for a 34 week old fetus with an S/A ratio result of 70 mg/g and see that, despite the result being mature, the infant would have a 3-fold greater risk of developing RDS.  Conversely, a fetus at 34 weeks with an S/A result of 90 mg/g would be at decreased risk.
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PG by Agglutination

• Qualitative agglutination test
– PG is incorporated into lipid particles

– Anti-PG antibodies induce agglutination

Presenter
Presentation Notes
The qualitative detection of PG can be accomplished using a commercially available test and is the second most widely used test after the S/A ratio.  Equal volumes of amniotic fluid and a lecithin/cholesterol reagent are mixed together and combined with anti-PG antibody reagent.  Agglutination is determined by visible inspection and indicates the presence of PG.  Results for this test are reported as either “negative” (immature) or “low” or “high” positive (mature).  Note that this nomenclature is opposite that used for other tests of fetal lung maturity (with positive meaning immature).  A low positive result is one that produces small agglutinates with definite background clearing while a high positive result consists of obvious agglutinates of varying size with a distinctly clear background.  Interpretations are facilitated by the inclusion of a negative, a low positive (0.5 μg/mL of PG) and a high positive (2.0 μg/mL of PG) control specimen for comparison with the test sample.
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PG by Agglutination

Advantages
• High sensitivity for 

immaturity
• Quick & simple to 

perform
• Unaffected by blood 

or meconium
• QC/PT available

Disadvantages
• PG is last surfactant 

to increase
• Subjective test 

interpretation
• Single vendor

Presenter
Presentation Notes
This test has a high sensitivity for immaturity and it’s quick and simple to perform.  It’s unique among FLM tests in that it is unaffected by the presence of blood or meconium contamination and commercial QC and PT are available.  However, PG is a late marker of pulmonary maturity which limits its utility as a lung maturity test and the interpretation of the qualitative result can be subjective.  It too is available from a single vendor and supply issues can be problematic.
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Reference N Sensitivity 
(%)

Specificity 
(%)

Immature PV 
(%)

Mature PV 
(%)

AJOG
1983 147:681 74 100 80 38 100

Obstet Gynecol 
1984 63:52 150 92 73 23 99

Clin Chem
1984 30:1233 49 100 68 39 100

Am J Perinatol 
1985 2:88 91 100 48 21 100

AJOG
1985 151:1061 119 100 88 26 100

AJCP
1989 1:293 40 83 85 50 97

AJOG
1989 160:298 67 100 50 9 100

PG Performance

Presenter
Presentation Notes
Like the S/A ratio, the detection of PG is sensitive and has a high mature predictive value but it is not specific and has a low immature predictive value.
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Lecithin/Sphingomyelin (L/S) Ratio

• Thin-layer chromatography
• First test of fetal lung maturity
• Undeserving gold standard

35
Weeks of Gestation

Lecithin

Sphingomyelin
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PG

Presenter
Presentation Notes
The L/S ratio describes the relative change in the concentration of lecithin to that of sphingomyelin in amniotic fluid as determined by thin-layer chromatography.  Although low, the concentration of amniotic fluid sphingomyelin remains largely constant throughout the last trimester of pregnancy and therefore serves as an internal standard against which the concentration of lecithin can be compared.  Because is was the first test of fetal lung maturity, it became the de facto gold standard and everything that came after it was compared to it.  However, some consider it to be an undeserving gold standard and, when based on outcome, other FLM tests perform as well or better than the L/S ratio.  Despite this, the L/S ratio maintains its status in the minds of many physicians as the “best test” for assessing lung maturity.Among all the FLM test, the L/S ratio is the most difficult to perform and requires considerable skill and expertise.  The surfactants in the specimen are first extracted using methanol and chloroform which are then concentrated by dehydration and then spotted onto a silica gel TLC plate.  After a 90 minute separation, the phospholipids are visualized with cupric acetate and charring and then quantified by scanning densitometry.
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L/S Ratio

Advantages
• High sensitivity for 

immaturity
• Quantitative
• QC/PT available

Disadvantages
• Large sample volume
• Affected by blood and 

meconium
• Time consuming
• Technically difficult
• Imprecise (CV ~20%)
• Wide grey zoneImmature ≤1.5

Transitional 1.6-2.4
Mature ≥2.5

Presenter
Presentation Notes
Like the other FLM tests, the L/S ratio has high sensitivity for immaturity and commercial sources of QC and PT are available.  As indicated in the previous slide, the test is time consuming, is technically difficult to perform, and is notoriously imprecise, even in laboratories that perform the test frequently.  It does require a larger volume of specimen than the other FLM tests and it, too, is affected by the presence of blood and meconium.  Like the S/A ratio, there is a wide diagnostic grey zone that can be difficult to interpret.
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Reference N Cutoff Sensitivity 
(%)

Specificity 
(%)

Immature PV 
(%)

Mature PV 
(%)

AJOG
1980 136:222 74 2.0 50 93 29 97

AJOG
1982 144:167 311 2.0 90 74 19 99

Obstet Gynecol
1984 63:52 131 2.5 100 77 26 100

Clin Chem
1984 30:1233 47 2.0 63 97 83 92

Obstet Gynecol
1984 63:349 205 2.0 100 87 31 100

Clin Chem
1986 32:260 88 2.0 84 87 57 97

Obstet Gynecol
1993 82:1004 140 2.0 83 60 53 86

J Perinat Med
1996 24:355 41 2.0 100 81 36 100

L/S Ratio Performance

Presenter
Presentation Notes
As with all FLM tests, the L/S ratio is sensitive but not specific and has a high mature predictive value and a low immature predictive value.  Interestingly, despite it being considered the gold standard test, its performance is actually less robust than many of the other FLM tests.
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PG by TLC

• Performed as part of the L/S ratio
– Original method was 2-D TLC

– 80% of labs performing use 1-D

• Developed to decrease false-immature results of L/S 
ratio
– Mature result is L/S ratio greater than cutoff and PG >2% of 

total phospholipid

Presenter
Presentation Notes
In 1979, 8 years after the introduction of the L/S ratio, the qualitative detection of PG by TLC, as part of the L/S ratio, was described using a modification of the L/S ratio from a 1-dimensional procedure to a 2-dimensional one.  However, of the labs that still perform this test, 80% utilize the 1-dimensional method of the L/S ratio and report the presence or absence of the PG band.  The test was developed in an effort to improve the poor specificity of the L/S ratio by decreasing the number of “false immature” results with a mature result being one that had an L/S ratio greater than the established maturity cutoff and a PG that was >2% of the total phospholipid content.



• LB’s similar in size to 
blood platelets
– 1 to 5 μm vs. 2 to 4 

μm

• Enumerate with 
automated cell 
counter

Lab Invest 2000 80:395–403

Lamellar Body Count (LBC)

Presenter
Presentation Notes
The most recent FLM test developed was the lamellar body count (LBC) in 1989 when it was noted that lamellar bodies were similar in size to blood platelets and so could be enumerated using an automated cell counter.
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Reference
Cutoff
(/µL)

RDS/
Total

Sensitivity (%)
Specificity

(%)
Mature 
PV (%)

Immature 
PV (%)

J Reprod Med
1995 40:260

<46,000 7/62 100 89 100 54

Int J Gynecol Obstet
2005 89:19

<50,000 23/52 100 74 100 64

Arch Gynecol Obstet
2005 271:325

≤37,000 17/102 95 37 98 34

AJCP
2006 126:894

<50,000 12/184 92 60 99 14

Obstet Gynecol
1993 81:619

≤55,000 28/247 100 59 100 24

AJOG
1994 170:72

≤30,000 4/24 100 100 100 100

J Perinatol
1996 16:176

<50,000 14/170 100 90 100 56

J Obstet Gynecol
2005 25:257

<50,000 20/80 85 70 93 48

J Perinat Med
2005 33:156

≤22,000 61/178 73 82 86 66
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LBC Performance

Presenter
Presentation Notes
Numerous outcome-based studies have been published investigating the clinical utility of this method using the Coulter brand of cell counters and some of the larger studies using these types of cell counters are shown here.  Here, the studies are separated into those that did not centrifuge specimens and those that did.  Centrifugation of specimens before testing has been shown to be unnecessary and is no longer recommended.  The LBC is a sensitive test for immaturity but is not very specific and so the predictive value of mature results is high but not those of immature results.
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Lamellar Body Count

Advantages
• High sensitivity for 

immaturity
• Quick and simple to 

perform
• Widely available and 

inexpensive
• Low sample volume
• PT available

Disadvantages
• Affected by blood and 

meconium
• Lab-developed test
• No commercial QC 

available
• Instrument-specific 

cutoffs for maturity

Presenter
Presentation Notes
The LBC is sensitive for immaturity and is quick and easy to perform on instruments (automated cell counters) that are widely available and requires only a small volume of specimen.  Unfortunately, the test is affected by blood and meconium and its considered a lab developed test which some may consider to be a disadvantage.  There are no commercial sources of QC or PT materials for the LBC although the CAP will introduce a PT challenge for the LBC in 2010.  Importantly, due to differences in counting methods, the same maturity cutoff cannot be used across all brands of automated cell counters.
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Testing Strategies

• A mature result from any FLM test is highly predictive of 
lung maturity

• Multiple tests should not be ordered routinely

Rapid test
(FLM or 

LBC)

Stop testing
OK to deliver

Mature

Stop testing
OK to deliver

Mature

Stop testing
OK to deliver

Mature

L/S ratioImm2nd rapid test
if available
or L/S ratio

Imm

ACOG Educational Bulletin #230 (1996) 

Presenter
Presentation Notes
In 1996, the ACOG recommended a sequential approach to FLM testing.  Because a mature result from any test was strongly predictive of lung maturity, little additional information was to be gained by the performance of multiple assays.



CONTEMPORARY 
ISSUES

36

Presenter
Presentation Notes
Let’s move on to some contemporary issues that are likely to impact FLM testing.
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Presenter
Presentation Notes
Last year, the ACOG updated its practice bulletin on FLM.
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Sequential Test Strategy

• Acknowledges high mature predictive values of all 
FLM tests

• No longer specifically mentions sequential testing

• Select FLM test on basis of specimen quality
– Presence or absence of contaminants

Presenter
Presentation Notes
While the new guideline acknowledges the high mature predictive value of all FLM tests, it no longer specifically mentioned the sequential testing approach and instead suggests that an FLM test be utilized on the basis of specimen quality.  That is, the test(s) performed should be selected based on the presence or absence of contaminants such as blood and meconium.  This doesn’t mean a sequential testing approach isn’t valuable and it remains a sensible approach given that many labs offer a variety of FLM tests and that there is an increasing need for appropriate utilization of laboratory resources.
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Incidence of RDS
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• 13,258 C-sections

• Delivery before 39 weeks 
associated with adverse respiratory 
outcomes

• Elective delivery at <39 weeks 
discouraged unless fetal lungs are 
mature

Presenter
Presentation Notes
In January of 2009, the New England Journal of Medicine published an article about the timing of elective repeat C-sections and neonatal outcome.  The results clearly demonstrated that delivery at <39 weeks of gestation was associated with adverse respiratory outcomes and they concluded that elective delivery before 39 weeks be discouraged unless FLM was demonstrated.  This is consistent with the current ACOG guidelines that a scheduled delivery at <39 weeks not be performed unless FLM is confirmed.
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• Noted a decline in FLM tests performed in their lab

• Surveyed SMFM docs regarding FLM test utilization
– 60% indicated ordering had decreased
– 14% indicated no change in ordering
– 24% indicated ordering had increased

• Tests “not needed for patient care” was most common 
response as to the decreased utilization

Presenter
Presentation Notes
A few years ago, investigators at the University of Mississippi Medical Center published a paper that noted a decrease in the number of FLM tests that were being performed in their laboratory.  In response to this, they surveyed members of the Society for Maternal Fetal Medicine regarding their use of FLM tests and 60% of them commented that their use had declined.  When asked why they were ordering fewer tests, the most common response was that the tests were not needed for patient care.
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Lab Survey

• Spring 2009

• 6,137 AACC Members/CLN Subscribers (USA)
– Lab Directors, Supervisors, Managers

– 251 responses (4.1%)

• What is the annual number of FLM tests your lab 
performed each year by test?
– 118 responses (2.0%)

Unpublished data

Presenter
Presentation Notes
Intrigued by that report, Dr. Gronowski and I surveyed laboratorians to find out if other labs were seeing similar trends.  More than 6,000 individuals were invited to take the survey and 4.1% responded.  Of these 4%, 2% provided their FLM test volume data.
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Unpublished data

Decreasing Utilization of FLM Tests

Presenter
Presentation Notes
As shown here, these data did indicate a slight decrease in the number of FLM tests being performed each year in US laboratories which was significant when adjusted for the number of FLM tests performed per site.Still, it doesn’t seem as though FLM tests are going to go away any time soon.
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OB/Gyn Survey

• Spring 2009

• 2,067 Fellows of the Society for Maternal-Fetal 
Medicine (USA)
– 66 responses (3.2%)

Unpublished data

Presenter
Presentation Notes
We also decided to survey Fellows of the Society for Maternal Fetal Medicine to get additional information about their use and opinons of FLM tests.  Of just over 2,000 individuals who were invited to take the survey, 3.2% responded.
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Unpublished data

Is the frequency with which you are ordering FLM 
tests increasing, decreasing, or staying the same?

Presenter
Presentation Notes
When asked about the frequency with which they ordered FLM tests, only 26% indicated their use of FLM tests was decreasing with most indicating that there had been no change in overall use.For those who did indicate decreased utilization, 82% cited that the results were not needed for patient care.
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Could you provide your current level of care 
without any FLM test results?

Practice without
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Unpublished data

Presenter
Presentation Notes
However, when asked if they could provide their current level of care without the benefit of ANY FLM test results, only 9% responded that they could.
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Unpublished data

Based on gestational age, how frequently do 
you order FLM tests?
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Presenter
Presentation Notes
Consistent with ACOG guidelines, most physicians do not order FLM tests before 32 or after 39 weeks of gestation and FLM tests are either always or sometimes ordered more than 50% of the time between 34 and 39 weeks.
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Unpublished data

Indicate the performance of FLM tests based 
on your impression of their clinical accuracy.

Presenter
Presentation Notes
When asked their impressions of the clinical performance of the various FLM tests, all but the foam stability test were considered excellent or good by more than 50% of respondents.
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Loss of S/A ratio?

• In 2008 Abbott Diagnostics announced difficulty in 
maintaining support of their “legacy systems” including 
the TDx

• Retirement of assays performed on these platforms 
underway

• No formal announcement regarding the fate of S/A 
ratio

• Abbott has indicated that will provide a minimum of 12 
months notice before retiring the S/A ratio

Presenter
Presentation Notes
In 2008, Abbott Diagnostics announced that it was going to retire its legacy systems, including the TDx and TDx/FLx instruments that performs the S/A ratio.  While many of the assays performed on these instruments have been moved to other Abbott platforms, there has been no formal announcement by Abbott regarding the fate of the S/A ratio, however they have committed to providing its customers a minimum of 12 months notice before retiring the test.  Labs that currently offer the S/A ratio will need to consider how this change will impact their FLM test menu.
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What might this mean for labs?

• Refer specimens to a performing lab

• Within how many 
hours do you require 
FLM test results?
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Unpublished data

Presenter
Presentation Notes
If the S/A ratio is the only FLM test currently offered, then labs may opt to send FLM tests to a referral lab.  However, results from our survey of SMFM Fellows indicated that most physicians prefer to have FLM test results within 12 hours of ordering the test and this turn-around time may be difficult to achieve if using a referral laboratory.
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What might this mean for labs?

• Provide an alternate FLM test

• Which FLM test would 
you likely order if the 
S/A ratio were no 
longer available?
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Unpublished data

Presenter
Presentation Notes
Labs may opt of offer an alternate FLM test, particularly if the S/A ratio is currently the only FLM test they provide.  In that case, it would be a good idea to include physician users of FLM tests in the discussions of possible replacement tests.  Fellows of the SMFM indicated more frequently that they would prefer either the L/S ratio or the LBC over the other test options if the S/A were not available.
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Alternate Test Issues

• L/S ratio
– Not recommended unless ≥15 specimens tested per week 

(Ashwood ER, Clin Chem 1997;43:211)
• PG

– Late marker of maturity
– Qualitative
– History of reagent supply issues with manufacturer of 

agglutination test
• Foam stability

– Lab developed test
– Qualitative/semi-quantitative result

• LBC
– Lab developed test
– Quantitative result

Presenter
Presentation Notes
There are some notable caveats to consider when choosing possible replacement tests.  Due to the technical expertise required to perform the test well, laboratories should not offer the L/S ratio unless 15 or more specimens per week are tested.  As a replacement test, the detection of PG isn’t as robust as the S/A ratio because it is a late marker of maturity and it’s a qualitative result.  There has also been a history of reagent supply issues for the rapid agglutination test.  The foam stability test is not commercially available and needs to be developed by the laboratory.  Furthermore, the test requires the use of absolute ethanol that absorbs moisture easily which can compromise test performance and the results are not quantitative.  The LBC is also a lab developed test but the instrumentation to perform it is readily available and requires minimal technical expertise to perform correctly.In my opinion, the LBC is probably the most suitable test to replace the S/A ratio and so I want to spend the rest of this webinar discussing it in more detail.
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LBC Consensus Guidelines
Neerhof, at al. Obstet Gynecol 2001;97:318

• AF grossly contaminated with blood or meconium should be 
rejected

• AF should not be centrifuged (lowers the LBC)

• Cutoffs

– Mature >50,000/μL

– Intermediate 15-50,000/μL

– Immature <15,000/μL

Did not address the impact of using different 
cell counters to quantify LBC

Presenter
Presentation Notes
As mentioned previously, consensus guidelines for the LBC were published several years ago.  Some of the key points are shown here. The consensus was that centrifugation of specimens should not be performed and, furthermore, cutoff counts were recommended.  However, these cutoffs did not consider possible differences in counts obtained from cell counters other than those manufactured by Coulter which were the hematology analyzers most often used in outcome-based studies of the LBC.
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Sysmex

Advia

Cell-dyn

Concordance

36/42 (86%)

31/40 (78%)

21/32 (66%)~80k

Cell Counters and LBC Cutoff

Clin Chem 2003;49:995-997

Presenter
Presentation Notes
The influence of cell counter on the LBC has been investigated by Dr. Gronowski and colleagues.  They compared the Sysmex XE-2100, Advia 120 and Cell-dyn 3500 hematology counters to the Coulter GenS counter.  In the figure, the panels on the left show a concordance plot with results from Coulter on the x-axis and the comparative method on the y-axis.  The two vertical and horizontal lines represent the consensus cutoffs of 15,000 and 50,000/uL.  The panels on the right are Bland-Altman plots of the concordance data.The Sysmex counter compares very favorably to the Coulter method with an overall concordance of 86% and, similarly, the Advia also compares fairly well to the Coulter with a concordance of 78%.  However, counts from the ADVIA appear to plateau at ~50,000/uL and so further comparisons are needed to know if different cutoffs are needed for that instrument.  The Cell-dyn was only 66% concordant with the Coulter counter with clear differences as the LBC increases suggesting that a higher cutoff for maturity (possibly 80,000/uL) would be needed for LBCs determined on this instrument.
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• N=209 (5 w/ RDS)

• LBC at GA of 35-38 weeks

• Cutoff of 72,000/μL was 
100% sensitive

J Maternal-Fetal Neonatal Med 2009;22:419-422

LBC on Cell-dyn

Presenter
Presentation Notes
A recent study has reported data that supports the use of a higher maturity cutoff with the Cell-dyn instrument.  This retrospective cohort study determined the LBC on a Cell-dyn in 209 singleton pregnancies, 5 of which had infants with RDS.  The authors report that a cutoff of 72,000/uL was needed to correctly classify all RDS infants.
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Counter Brand
(Manufacturer) Platelet Counting Method

Coulter
(Beckman) Conventional impedance

Sysmex
(Sysmex) Conventional impedance    

ADVIA
(Siemens) Optical light scatter

Cell-dyn
(Abbott)

Conventional impedance &
Optical light scatter

Methods of Platelet Counting

Presenter
Presentation Notes
Likely reasons for LBC differences between cell counters is the method utilized for counting platelets.  Conventional impedance is the method invented by Wallace Coulter and is still commonly used, however, some counters may employ alterative methods such as optical light scatter.Regardless of the reason, the fact remains that the consensus cutoffs cannot be applied indiscriminately and this is such an important issue I want to go into a bit more detail.
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cutoff

Result

RDS No RDS

Immature
cutoff

Indeterminate

RDS No RDS

Mature
cutoff

Cutoff Issues

Presenter
Presentation Notes
The purpose of a cutoff is to discriminate two populations, in this case those that will develop RDS and those that will not.  If the LBC was a perfect test it would separate these two populations as shown here in the upper left.But the LBC is not a perfect test and there is overlap between these two populations.  If the overlap is as shown in the lower right, then the use of two cutoffs: a mature AND an immature cutoff would make sense.  Everyone below the immature cutoff would have RDS, everyone above the mature cutoff would not, and those in between the two cutoffs would be classified as indeterminate.However, the overlap of the RDS and healthy populations is not as it is shown on the lower right.
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The Immature Cutoff

AJCP 2006;126:894-899

S/A Ratio LBC

Presenter
Presentation Notes
Here is published data for the S/A ratio (on the left) and LBC (on the right).  It should be apparent that one can establish a mature cutoff for both tests and any patient with a result above that cutoff would have a low risk of developing RDS.However, there is really no place one could draw an immature cutoff that would identify a patient as having an increased risk for developing RDS.  That is, based on the distribution of results, there is no acceptable immaturity cutoff.
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cutoff

Result

RDS

No RDS

Cutoff Issues

Presenter
Presentation Notes
So, this is really a more accurate representation of the two populations which suggests that only a single cutoff is useful.The cutoff shown has been set to achieve maximum SENSITIVITY so that no RDS cases are missed.  Patients with results above the cutoff have very low chance of delivering a child with RDS.  Importantly, while those with results below the cutoff do have a greater chance of developing RDS, many will not will not develop RDS and so the specificity of the test is not great which I have shown you earlier.Because FLM tests have traditionally used an immature and a mature cutoff, changing to a single cutoff won’t be a simple task.  Still, for the rest of the presentation, I’m only going to refer to the mature cutoff because, clinically, it is the most important one.
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LBC vs. S/A Ratio: Clinical Utility

AUC
0.88
0.83

Sensitivity Specificity Immature 
PV Mature PV

LBC 92% 60% 14% 99%
TDx-FLM II 83% 65% 14% 98%

12 RDS
172 non-RDS

AJCP 2006;126:894-899

Presenter
Presentation Notes
Earlier, I showed you a table of how the LBC performed in outcome studies.  This ROC curve is from one of the more recent investigations which directly compared the LBC to the S/A ratio.The AUCs are nearly identical which indicate the two tests perform similarly.  Indeed, you can see that for yourself in the table.  Both tests had high sensitivity for immaturity and mature predictive values that were 98% or greater.
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What are laboratories doing?

Unpublished data

Presenter
Presentation Notes
In the laboratory survey I already told you about, we also asked if labs were performing the LBC and, if so, what cell counter they were using.  As shown here, not many labs are currently performing the LBC.  Fewer than 20% of laboratorians indicated they were offering the test and of those that did, 80% used a Coulter brand cell counter with Sysmex counters in a very distant second.
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Unpublished data

How are specimens processed 
and interpreted?

Presenter
Presentation Notes
As recommended, the majority of labs that do perform the test do not centrifuge their AF specimens and while most utilize a mature cutoff of 50,000, there is wide variability in both it and the immature cutoffs that are used.
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Unpublished data

What do laboratories plan to do?

Presenter
Presentation Notes
When laboratorians that don’t currently perform the LBC were asked if they had plans to do so in the future, >80% indicated that they did no with the remainder planning to offer it within 2 years.When asked why they had no plans to offer the LBC, lack of familiarity with the test, a decreased demand for FLM testing, and the fact that the LBC was a lab-developed test were the top three reasons cited.
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What do laboratories plan to use?

Cell Counter to Use
N=33

Bec
km

an
 C

oulte
r

Sys
mex

Advia

Abbott
0

20

40

60

Pe
rc

en
t

Unpublished data

Presenter
Presentation Notes
For the few labs that were planning to offer the LBC in the future, our survey indicated that most planned to use either a Coulter or Sysmex brand of analyzer, which is in contract to what is currently done.
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LBC Method Validation

• Protocol

• Imprecision

• Cutoff (reference interval)

• Analytical specificity

• Sample stability

• QC & proficiency testing

Presenter
Presentation Notes
Over the last several months, I’ve received frequent requests from labs regarding validating the LBC so let me wrap up the presentation with a brief discussion on each of the items shown here.
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Protocol

Obstet Gynecol 2001;97:318-320

Presenter
Presentation Notes
First, the protocol.  Part of the appeal of the LBC as a possible replacement test for the S/A ratio is how simple it is to perform.  If you can perform a CBC then you can perform the LBC which is essentially the result from the platelet channel of your hematology instrument.
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Imprecision

Counter Mean SD CV

Coulter Gen-S 18,400 500 2.9%

Sysmex XE-2100 13,900 600 4.6%

Siemens ADVIA 120 12,965 855 6.6%

Abbott Cell-dyn 3500 31,300 2,100 6.7%

Clin Chem 2003;49:995-997

Presenter
Presentation Notes
As you might expect, the LBC is a precise test and shown acceptable imprecision with CVs <7% at results that are well below the maturity cutoff.
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1. Outcome based (gold standard)

2. Comparison with existing FDA-cleared method

3. Comparison with a well-validated LBC method

Establish/Verify Maturity Cutoff

Presenter
Presentation Notes
As I alluded to earlier, one of the most important elements of an LBC validation is identifying or verifying the appropriate maturity cutoff.  Essentially, there are 3 ways to do this.The first is to perform an outcome study at your institution.  While this would be considered the gold standard way to identify the cutoff it is exceedingly difficult to do because it requires careful chart review and a significant number of RDS cases.  Because the incidence of RDS is quite low, this approach would take years to complete and so it’s virtually impossible to do.A second approach is to compare the LBC to an existing FDA-cleared test like the S/A ratio. However, because the LBC and S/A ratio are completely different tests based on very different methodologies, its unrealistic to expect that the two tests will compare well-enough to determine the LBC cutoff.The third option is to compare apples to apples.  That is, compare your LBC results with a laboratory that is performing the LBC and that has well-established cutoffs.  Fortunately, maturity cutoffs of 50,000 have been well-established in the literature using Coulter brand instruments so I would recommend split sample testing with a Coulter-brand counter.The second and third approaches are discussed in more detail in the following slides.
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LBC vs. S/A Ratio: Comparison

AJCP 2006;126:894-899

r = 0.46

Concordance:
145/184 (79%)

Presenter
Presentation Notes
I realize that labs that currently perform the S/A ratio and that are considering offering the LBC will want to compare the two methods.  Be forewarned that you are not likely to see something very pretty!  As shown here, the correlation between the LBC and the S/A ratio is not good but it’s important to remember that the methods are completely different from each other.  The S/A ratio is a biochemical test and the LBC is a biophysical test.What is important is the clinical performance of the two tests.  As shown here, in a population of 184 patients, the overall concordance between the two tests was 79%.  While that may not seem great, in the 12 RDS cases (shown as the dark circles), both the LBC and the S/A ratio gave a non-mature result in 10 and the LBC result of 2 cases identified as mature by the S/A ratio were very close to the 50,000 cutoff such that one was just below it and the other just above it.
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LBC vs. LBC: Comparison

Clin Chem 2003;49:995-997

Sysmex

Advia

Cell-dyn

Presenter
Presentation Notes
I’ve already shown this figure but include it here again to demonstrate that when LBC methods are compared to each other, there is generally good correlation although (as I mentioned earlier) the agreement between LBC methods is a function of the brand of cell counter used.So, when selecting a maturity cutoff, it probably makes better sense to compare your LBC method to an established LBC method rather than comparing it to another FLM test.
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Analytical Specificity: Whole Blood

Unpublished data

Presenter
Presentation Notes
Because the presence of blood and meconium in AF are occasionally encountered it’s important to appreciate the impact these have on the LBC.  This is unpublished data from my lab showing that whole blood can falsely decrease the LBC.This may seem counterintuitive as one might expect that the presence of blood platelets would elevate the LBC.  However when we added blood to AF pools we observed the opposite.  When blood was present in only small amounts (left) the blood was so diluted that the platelets had decreased to a number that were so low they had a negligible and undetectable influence on the LBC.  As the amount of blood increased to give a ratio of 1 part WB to 80 parts AF, small clots were observed to form which we hypothesize trapped the platelets and the LBs and resulted in the lower counts.These data suggest that AF samples containing blood should not be used for the LBC unless the RBC count is 0.031M/uL of less.  Unfortunately, many cell counters can’t enumerate RBCs when they are this low which adds complexity to evaluating AF samples containing blood.  Alternatively, visual inspection could be used.  The next slide shows what this amount of blood looks like and you’ll note that It is visibly red. 



72

Analytical Specificity: Whole Blood

RBC (103/μL):       4         7         15       30 60      120      240
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Analytical Specificity: Meconium

Unpublished data

Presenter
Presentation Notes
And this figure shows the effect of meconium contamination on the LBC.  Not surprisingly, meconium causes dramatic increases in the LBC such that specimens containing meconium should be rejected.
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Sample Stability: 4 C

Unpublished data

Presenter
Presentation Notes
When stored refrigerated, LBs are quite stable.  This is good news because in facilitates specimen sharing between laboratories.  Due to decreased utilization of FLM tests, one of the challenges to validating the LBC that many labs face is obtaining specimens to do the validation.



Presenter
Presentation Notes
However, LBs are not stable when stored frozen.  Considering that they are packages of phospholipds that’s not at all surprising.  These two graphs show the same set of data from samples that were tested before and after a freeze-thaw cycle.  Although the two counts show are well-correlated, as shown on the left, they do not agree well.  This is better represented by the difference plot on the right which shows that the LBC from thawed samples is, on average, 25% lower than never-frozen samples but that there is also wide, and unpredictable, variation in just how much the LBC decreases.



Presenter
Presentation Notes
Because there is no commercially available QC material for the LBC, laboratories offering the LBC will have to find alternatives.  Options include using standard hematology controls that include a platelet count and I know some laboratories also choose to dilute this material in order to decrease the platelet count to a lower value than is typically used for platelets but more similar to the LBC.Until recently, there had been no commercial PT challenges available but the CAP has begun offering an LBC proficiency test this year.



Presenter
Presentation Notes
While the LBC is not a complicated test to perform, there are some barriers to its implementation.  The first hurdle is education.  Many physicians and laboratorians are not familiar with the test or how it performs clinically.  Fortunately, there are quite a few publications about the LBC and its clinical utility that can help education both communities.-From a practical perspective, the largest barrier is access to AF samples to perform a validation.  Many labs that offer FLM testing only perform a few tests each month and so access to clinical samples is limited.-As I discussed earlier, the low prevalence of RDS means that using outcome-based strategies for identifying maturity cutoffs is impractical if not impossible.-There is currently no matrix-appropriate, commercial QC available for the LBC and, because it’s not an “off the shelf” test, some labs may be wary of offering it on their menu.-And finally, a commonly encountered barrier is the fear of using non-WB specimens on a hematology analyzer.  My lab has been performing the LBC for many years on our cell counter and we have not encountered any issues directly related to the use of AF.



Presenter
Presentation Notes
So, if you think you want to transition to the LBC where do you start?First, I urge labs that currently offer the S/A ratio to contact the OBGYNs in their institutions ASAP to have a discussion about the discontinuation of that test.  A consensus will need to be reached about what test will fill its place.Second, It is clear from the surveys I did with my colleagues, that both physicians and laboratorians are not familiar with the LBC test.  Yet it has excellent clinical utility and I do believe it’s the most practical test to replace the S/A ratio and I would recommend its use before that of either the L/S ratio and PG testing for both its high clinical utility and rapid TAT.And last but not least, an LBC validation is going to take a fair amount of time, again due to limited to access to AF specimens.  If your lab doesn’t perform many FLM tests, then I urge you to start early and consider the benefits that can be realized by partnering with colleagues who wish to do the same.



Presenter
Presentation Notes
In summary, RDS is a serious problem in premature infants but its incidence is decreasing steadily.  All currently available FLM tests are excellent predictors of lung maturity but not of lung immaturity.  While the overall frequency of FLM testing appears to be on the decline, FLM tests are not likely to become obsolete any time soon.  The potential loss of the widely used S/A ratio means that many laboratories will need to offer a replacement FLM test.  Of the possible replacement tests, the LBC is an easy and rapid test to perform but, as a lab developed test, it requires a thorough validation with special attention paid to cutoff values for maturity and there are some considerable barriers to be addressed, chief among those are education of  physicians and access to specimens for test validation.



Presenter
Presentation Notes
That wraps up my presentation.  I’d like to acknowledge and thank ARUP Laboratories for organizing this webinar and inviting me to participate.  I’d also like to recognize the efforts of Dr. Ann Gronowski at WU whom I have collaborated with on many occasions and who worked with me to do the surveys I discussed.  Mr. Chance Crompton performed the whole blood and meconium interference studies that I presented and Ms. Theresa Kunzler has been an invaluable asset to me in all aspects of the experiments we have performed for which I am very grateful.Thank you very much for your time and attention. I look forward to receiving and answering your questions!
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