Chapter 8: Current Practices and Guidelines for evaluation of the newborn infant

Barbara Goldsmith. (Ed. By C R Lee.)

Children aren't just small adults….


The 1997 version of the NACB guidelines devoted to the special issues surrounding the newborn generated about 75 recommendations that spanned a host of topics, including collection of specimens in the newborn; reference intervals, and blood gas analysis.  There were suggestions for stat and optimal turn-around times; the use of appropriate and specific analytes in this population; bilirubin and liver function tests; TM and pharmacokinetics as applicable to the newborn; as well as a discussion on detection of illicit drugs. Many of These recommendations, still stand today,

In the interim, many new point-of-care testing technologies have emerged.  It is therefore worthwhile to include in the guidelines of 2003, the enhanced role of point of care testing within neonatal laboratory medicine. 

With advances in modern medicine, the survival rate of newborns weighing less than 1000 grams has climbed; from  about 0.5 percent, In the 1940s, to 5 to 10 percent by 1970 to current  and by the 1990s, the survival rate in this population was over 60 percent.  However, for the tiniest of infants, those weighing less than 500 grams, the survival rates remain about 1 in 16. (L. Lawson, “Technology and the Future of Neonatal Testing.”)

Why does the neonate die?  The causes most frequently associated with neonatal death include infection, pulmonary complications, CNS damage, renal damage, and water/electrolyte imbalance.


The predominant reasons for admission in the Neonatal Intensive Care Unit (NICU), are preterm deliveries and birth weight less than 1000 grams.  Such infants often require respiratory support, circulatory support, and many have also undergone major emergency surgery.  

Preterm birth rates are rising significantly.  Preterm, defined as less than 37 weeks gestation, is the second leading cause of neonatal mortality in the United States.  In 1999, in the US the prevalence of preterm births was cited as 8 – 12%, and a MMWR publication stated that black infants were about 1.8 times more likely to be preterm than white infants.  From 1989 to 1996, while the overall rate of preterm births per 1000 live born infants increased 4 percent, the rate of multiple births increased 19 percent, thanks in part to increased utilization of fertility enhancement programs.  Certainly, Multiple births are directly correlated with preterm births.  

As the newborn makes the transition from total maternal and placental dependency to independent metabolism, many biochemical markers adjust from values similar to the mother’s circulation to values more reflective of the newborn’s own metabolism.  In the newborn, both fat content and water content differ from values seen in older infants, Water content in a full term infant my be 20% higher.  Fat content is a function of gestational age ranging from about 3.5% in a baby born at 28 weeks to approx 15% in a full term baby.  In premature infants liver function can be affected due to hepatic immaturity, causing a slower rate of metabolism and excretion of drugs.  And infants with immature organs who receive drugs are very susceptible to drug toxicity because their immature organs can't handle both the metabolism and the excretion of those drugs.

Age specific reference ranges.  

This is a challenge for pediatrics in general and for neonates in particular.  Age-specific reference intervals are critical for appropriate interpretation of results.  Due to the growing number of preterm babies, the need becomes even greater for age-related gestational and postnatal reference ranges.  Since "normal" ranges cannot be applied to preterm, and since obtaining informed consent for specimens is increasingly difficult, laboratories are dependent upon published reference ranges [13,14] and validating these ranges as best as possible.  Many of the published reference intervals are defined for specific methods and specific instruments.  Results should be interpreted carefully based on the method and the instrument used. For proper interpretation of results, clinicians must be aware of circumstances where reference intervals for gestational age are not available or adult reference intervals are used

We recommend providing age-related gestational and postnatal reference ranges where available 

Table 1 lists a typical comparison of common markers in the adult with those of a full term infant.

from STAT testing in the neonate” by Barbara Goldsmith, Ph.D.  “Blood Gas News”, vol 11, No. 1.  Note:  reference intervals will vary, depending on instrument and method used. 

	Analyte
	Adult range
	Full term newborn

	Albumin
	3.7  – 5.6 mg/dL
	2.6 – 3.6 mg/dL

	Total protein
	6.3  – 8.5 mg/dL
	3.4 – 7.0 mg/dL

	Alkaline phosphatase
	50  – 175 IU/L
	50 – 400 IU/L

	Ionized calcium
	4.8 – 5.3 mg/dL
	4.8 – 6.0 mg/dL

	Uric Acid
	1.8 – 5.0 mg/dL
	3.0 – 8.6 mg/dL

	Thyroxine
	4.9 – 10.0 (g/dL
	5.9 – 21.5 (g/dL

	Total Bilirubin
	< 1 mg/dL
	<12 mg/dL

	CKmb%
	<2.0 %
	1.5 – 8.0%

	Phosphorus
	2.8  – 4.5 mg/dL
	4.5 – 8.0 mg/dL

	Ammonia
	< 35 (mol/L
	< 50 (mol/L


Alkaline phosphatase.  infants are higher due to rapidly forming bone structure. 

Thyroxine has an upper reference range of 21.5, which declines rapidly during the first couple of hours and drops to adult levels within the first few days.  

Total bilirubin is typically higher due to immature liver function.  

Because of these differences, it is crucial for the laboratory to provide the appropriate reference ranges, as some values change hourly during the first three days into the first month. 

Recommendation:  The laboratory should provide expected ranges relative to adult levels for neonates.

Issues of Particular concern:

Collection of specimens.  This is labor intensive, but critical to the management of NICU laboratories to have dedicated individuals well trained in collecting specimens on these tiny and ill infants

Metabolic diseases.  Pediatric laboratories should have ready access to reference laboratories having equipment needed for  analysis and monitoring of  amino acids, chromatograms, organic acid analysis, metabolic screens.
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Phlebotomy considerations.  The quality of the results is no better than the quality of the specimen collected.  The most common sites for phlebotomy of babies are heel sticks and draws from arterial lines.  In the NICU, most patients have arterial lines, and typically blood is drawn from there by the resident, neonatologist or nurse.  Before drawing the specimen, catheters should be cleared of flush solution, in order to avoid possible dilution and / or contamination of the specimen.

Heelstick.  

The standard for practice for heelstick phlebotomy continues to be the NCCLS approved standard.  This recommendation provides a map for proper placement of the lancet with respect to configuration of the infant’s foot.  (see. Fig X)

We recommend that phlebotomists be trained on and follow the NCCLS document NCCLS – Procedures for the Collection of Diagnostic Blood Specimens by Skin Puncture: Approved Standard – 4 ed. (1999), H4-A4. 
Other Key points of this recommendation include:

The optimum depth of the puncture.  The selection of the lancet should dictate a puncture depth of <2.4 mm.

Avoidance of massage or “milking” the heel is important because interferences from ruptured cellular tissues can be introduced in this manner.  There can be a bias in results between skin puncture and venipuncture of approx. 10% higher with skin puncture for some analytes.  
Because the heels of infants in the NICU are frequently punctured, edema can result.  This can cause contamination with tissue fluid, leading to an increase in certain analytes, particularly hemoglobin, potassium, and LD.

Preanalytical concerns may present more of a challenge in pediatrics.  Many factors may influence results. 

Prolonged crying during collection may be associated with an increased glucose and lactate.

Plasma is preferred over serum, providing a better yield with less risk of hemolysis and lysis of platelets.

Evaporation and transport time should be minimized as much as possible.

If centrifugation is necessary, the tubes should be capped, as; Na, K, CO2, Cl can increase by as much as 30% if spun without caps

(Young DS, Blood Gas News, 11: 14-18 2002)

Capillary blood.  If capillary blood is used, it is important to note a couple of differences.  Due to tissue metabolism,  the pH is higher in capillary blood than in venous blood.  Glucose can be also be about 0.5 millimoles per liter higher than plasma, and 0.4 millimoles higher than whole blood.  TSH, TBG, and T4 are higher than in venous blood.  Capillary tube blood for blood gases must be mixed, sealed, placed in ice water; pH can decrease by 0.005 every 10 minutes at room temperature.  In order to achieve the turn-around time needed, they have to be analyzed very quickly and, optimally, either at the bedside, or in the NIC-U.  

Filter paper specimens for newborn screens should have completely filled circles, or falsely low results may occur.

Preanalytic concerns, in skin puncture.  Once the skin is punctured, the blood should flow freely as droplets into the collection tube, and if anticoagulant is present in the tube, ensure adequate mixing.  Betadyne contamination causes increases in potassium phosphorus chloride, CO2, and uric acid.  Hemolysis is a frequently seen due poorly performed skin punctures.  Hemolysis can cause both method interference (depending on the manufacturer), and a change in observed analyte due to release from the red cells.  Higher Cellular content and release raises potassium, LD, AST, ALT, CK, and triglyceride.  Other analytes like alkaline phosphatase, amylase, and GGT may be decreased due to cellular release of metabolic enzymes.  

Interfering Substances in methods:  It is important to know the degree of interference from high bilirubin, hemoglobin, and lipids.  In particular, the lipids derived from, Total Parental Nutrition.  TPN, (Intralipids) can present interferences in a variety of analytes.  Interference on bilirubin with hemolysis is method dependent.  The Jendrassik-Grof bilirubin procedure exhibits decreases in concentration due to hemolysis. Conversely, an increase in bilirubin is seen with the 2,5 dichlorophenyldiazonium detergent procedure.   

We recommend that manufacturers should provide information concerning the impact of preanalytic factors concerning specific tests, and that laboratories should consider appending them to reports.  

A recent study conducted (Griffith CH, Crit Care Medicine, 25:704-709 1997) in a very busy NICU looked at the test ordering patterns of the house staff of 8 residents and 6 interns.  With data collected on 785 infants, 

no differences were observed in x-ray and electrolyte ordering; but significantly more ABGs were ordered by interns than by more experienced residents.  5

Specimen labeling.  

This may be a challenge for the short blood collection containers that are frequently used.  Particularly, the bullet tubes and the microspecimen containers are difficult to bar code.  In addition, they may not be suitable for some automation devices, preanalytical automation, or total lab automation systems.  Such specimens need to be handled off-line.
The increased prevalence of   multiple births, sometimes presents an identification issue   in nurseries, with babies yet to be named.  (ie, Smith – Twin A, Smith - Twin B)  It is important for the lab and nursery to agree on a naming convention for multiples that is compatible with the Lab information system.


Specimen volume represents a challenge for the laboratory  Formerly, Instrumentation was a bigger concern for small sample sizes and precise pipetting of very small sample sizes. Today, most instrument vendors can accommodate the needed small sample sizes and container dead volumes.Hematocrits in newborns and neonates are frequently 60 percent or higher, which results in a smaller yield of plasma and/or serum.  The blood volume of neonates can be estimated with nomograms (figure 7) factoring in age and size, to help assess how much blood volume is safe to take at any one time.    Frequent blood draws on premature infants create the risk for iatrogenic anemia, and it is estimated that 64 percent of babies of less than 1500 grams, receive transfusions due to excessive blood draws.  


 That also puts the infant at risk for issues arising from blood transfusions. Many nurseries use the following rule of thumb. Transfusion may be required when (10% blood volume is withdrawn in 2-3 days.  That represents about 80 mL/kg of body weight for full term and 100 mL/kg for preterm infant.  In recent years transfusions have decreased due to more transcutaneous monitoring, and new instrumentation requiring less blood.  And with more both in vivo monitoring, and point-of-care testing, the need for transfusion and the requirement for excessive blood is predicted to decrease.

Urine specimens:  .  It is preferable to use random specimens or timed collections rather than 24-hour when urine specimens are necessary.   Since it is extremely difficult to obtain a complete 24-hour specimen from a non-catheterized infant, the preferred specimen would be from catheterization. 

It is recommended that the laboratory work with clinicians to ensure a proper urine specimen, if needed.  

STAT and urgent specimens:  Turn-around times for results.  Turn-around time is defined as the time interval from  specimen collection to the receipt of results For most pediatric laboratories, it is not uncommon to see requirements for stat turn-around times on 50 to 60 percent of the specimens received, compared to 30 to 40 percent in an adult setting.   A test that is performed off-site, even when performed on a device taking 10 minutes can have a TAT as long as a 30 minutes test which is performed in the lab or at bedside.  In critically ill infants, analytes like electrolytes, blood glucose, and blood gases should have a TAT within minutes, with everything else ASAP.  Critical tests should be available 24 hours per day.  Some tests don't require availability 24 hours a day, and daily measurements should be adequate.  

We recommend that the laboratory work with clinicians to ensure appropriate TAT for STAT and non-STAT requests and define the parameters around TAT expectations (e.g. collect to receipt, receipt to verification of results, etc.).

Table #.  Recommended Turnaround Times for Pediatric Analytes.
Dead volume is defined as the volume of specimen that cannot be sampled from the cup or sample container.  Some analyzers are able to achieve very small dead volumes of 40 or 50 microliters, while the dead volume for other analyzers can be up to 250 microliters, depending on the allowed containers, even though the analyte itself might use only 2 to 3 microliters per test.  Most modern instruments are capable of achieving precise pipetting of small specimen volumes

We recommend using narrow, deep containers for very small sample sizes in order to minimize specimen evaporation and to minimize container dead volume.  

Analytical range.  Because so many of these specimens are required on a stat basis, the range of linear response of certain analytes may need to be greater than required in an adult setting.  Bilirubin is a good example, where the linear range should extend to 25 milligrams per deciliter without the need for dilution.

Fluid and electrolytes in neonates.  As mentioned previously, physiologic changes can be significant in the first couple of days, or first week of life.  small changes in water and electrolyte intake or loss can produce proportionally large changes in total body water and electrolytic content.  The preterm infant is more vulnerable to losses through the skin, due to higher permeability, which can lead to dehydration, and abnormal electrolytes.  The extracellular water loss may lead to weight loss   of from 5 to 10 percent in a term infant, and as much as 10 to 20 percent in a preterm infant during the first week of life.

Close monitoring of electrolytes is required.  Avoid reporting potassium on visibly hemolyzed specimens.  a critical electrolyte result obtained from a from a skin puncture should be confirmed with that from a non-skin puncture, preferably from a line, if available, or from a venipuncture.

NEONATAL CARDIAC AND RESPIRATORY FUNCTION

Oxygen delivery to the tissues depends upon the oxygen-carrying capacity and oxygen saturation of hemoglobin, and on cardiac and respiratory function.  Hypoxia is associated with pulmonary hypertension, decreased pulmonary blood flow, acidosis and organ damage [I 5,16), and may be caused by low cardiac output, congenital heart disease, lung disease, anemia or hemoglobin  variants [7].  Hyperoxia, which may occur with oxygen administration in a preterm neonate, is associated with an increased incidence of retinopathy of prematurity and other forms of oxygen toxicity (1 7,181, The therapeutic goal is adequate delivery of oxygen without undue stress on the organs, such as the lung and retina.

Oxygenation, alveolar ventilation, and acid-base status must be monitored during the neonatal period when cardiac and /or respiratory dysfunctions occur.  This can be done both at the bedside and in the laboratory.  Blood gas measurements, often referred to as arterial blood gases (ABG), are necessary in the diagnosis of hypoxia and hyperoxia.  Continuous non-invasive monitoring of oxygen saturation of hemoglobin by pulse oximetry is a useful tool for oxygen monitoring in the NICU [16,19,20].  Caution should be given to interpreting ABG values in patients with hyperbilirubinernia, anemia, or those receiving hyperalimentation.  ABG specimens from patients with these conditions may not correlate with pulse oximetry.

Pulse oximetry measures oxygen saturation (sO2(a)) and transcutaneous oxygen monitors measure the partial pressure of arterial oxygen (pO2(a)).  Though each has limitations, these non-invasive devices monitor trends in oxygenation and are easy to use.  The frequency of validation of quantitative ABG measurement depends on the clinical situation of the infant-S02(a) values obtained by pulse oximetry should be validated by direct CO-oximetry from an indwelling arterial catheter.  Blood gas measurements should be performed every six hours for stable infants and more frequently for critically ill infants [21].  Fetal hemoglobin (HbF) is present in newborns for about six months, it has a higher affinity with oxygen and saturates at a lower pO2, than HbA (22).  Pulse oximetry is less susceptible to this shift than CO-oximetry for monitoring O2 saturation.

Newer technologies for measuring blood gases include continuous in vivo and ex vivo monitoring systems [23-25]. in vivo monitors for blood gases require placement of a sensor/ detector in the patient's radial artery while ex vivo monitors draw blood through a catheter, perform measurements externally, and return the blood to the patient, These systems allow for continuous or frequent monitoring without blood loss.

The balance between metabolic carbon dioxide (CO2,) production and ventilatory CO2, excretion can be estimated by measuring the partial pressure of carbon dioxide (pCO2,) in arterial blood [19].  Management of an increased pCO2 may involve decreasing C02 production (e.g. sedation, reduction of thermal stress) or by increasing ventilation (e.g. -increasing ventilator rate or tidal volume, reducing airway resistance, administering surfactant).  Direct pCO2, can be measured by ABG or by non-invasive monitors using transcutaneous C02 (tCPCO2) or end tidal C02 (PCO2(ET)) monitoring.  Though the tcpCO2 method is preferred for preterm neonates, each device has limitations that require validation by ABG measurements.

The assessment of acid-base status is critical in the compromised neonate.  The most common causes of metabolic and respiratory acidosis and alkalosis are listed in Table IV [32].  Specimens are obtained from arterial puncture, skin puncture (heel or finger) or from an indwelling catheter placed in the aorta via the umbilical artery or a peripheral artery [261.  Blood obtained from indwelling catheters yields the most accurate measurement Of P02(a); however, there are risks associated with thrombosis and infections, Indwelling catheters should be flushed and a few drops of blood discarded before collecting the specimen.  The radial artery is the usual site for performing an arterial puncture; however, these are hurtful to the baby and cause crying, leading to changes in pO2(a).

The amount and type of heparin used to anticoagulate the blood must be considered.  For example, increased amounts of heparin solution dilute the blood and falsely decrease pCO2, and bicarbonate.  Electrolytes measured on the same sample as ABG can yield falsely elevated sodium or potassium, if sodium heparin and potassium heparin are used.  Dry lithium hepa6n is recommended to avoid dilution effects [19,27].  Skin puncture, or capillary blood, is obtained from the heel or, less frequently, the finger. Reliable results come from optimizing techniques for obtaining the specimen, adequate perfusion, avoidance of air bubbles and dilution from anticoagulant [9].  Capillary pO2 measurements are unreliable in ill infants and not recommended [7].  See table IV. 

The volume of specimen required for blood gas measurements varies from 45 (L to 400 (L, depending on the number of analytes being measured (e.g. blood gases, electrolytes, etc.) and the instrument selected. Although a Specimen is considered stable up to 15 minutes for blood gas measurements [19,28], the preferred protocol is a specimen collected in a plastic syringe, not placed on ice, and analyzed within 10 minutes.   All parameters for ABG (measured and calculated) should be reported, including, PO2, PCO2, pH, calculated bicarbonate, and calculated base deficit/excess.  Effective communication between the laboratory and the NICU is essential for establishing mutually acceptable turnaround t times and appropriate age-related reference intervals.

Neonatal jaundice.  This common condition is observed in 60 percent of the term and as much as 80 percent of preterm infants in the first week of life.  It is the visual product of bilirubin deposits in the skin and mucous membranes.  Physiologic jaundice is defined as 13 milligrams per deciliter, or 212 micromoles per liter, (SI units), in the first week of life.

Bilirubin

Serum bilirubin determinations are frequently required for the routine management of the newborn.  Bilirubin measurement is so common that most newborns receive at  least one bilirubin measurement.  Total bilirubin is generally used as the initial indicator of jaundice.  Accurate Bilirubin measurements are vital in the assessment and therapeutic monitoring.  of neonatal jaundice and in providing a differential diagnosis for hepatic immaturity vs. the more life threatening consequences of Rh antibody induced hemolytic jaundice.  Most cases of elevated bilirubin are due to immature hepatic function impacting the conjugation of bilirubin.   Total bilirubin measurements are important in the detection of hemolytic jaundice.  Since only conjugated bilirubin crosses the blood/brain barrier, Direct or conjugated bilirubin measurements and fractionation may be useful in diagnosing hepatic disorders, hemolysis, hereditary disorders of bilirubin metabolism and in the prevention of brain injury or kernicterus, and its associated spasticity, hearing loss, and mental retardation.  

Causes of bilirubin overload are increased production of bilirubin, increased ratio of red blood cell to body weight as compared to adults, A shorter red blood cell lifespan, hepatic immaturity causing decreased conjugation, and decreased hepatic clearance. Bilirubin toxicity in the neonate can be derived from 
impaired impaired albumin binding that can lead to increased bilirubin levels.  There may not be enough binding sites on albumin for bilirubin, which releases bilirubin into the circulation..  An infant can be hypoalbuminemic, again, not providing enough binding sites for bilirubin.  Concurrent acidosis can also lead to increased bilirubin as well as treatment with drugs that displace bilirubin from albumin.  

Recent advances in neonatal therapy on anti-immunoglobulun postive infants indicates that treatment with intravenous immunoglobulin has been suggested as an alternative therapy for isoimmune haemolytic jaundice to reduce the need for exchange transfusion.   

Main results

Seven studies were identified. Three of these fulfilled the inclusion criteria and included a total of 189 infants.  Term and preterm infants and infants with rhesus and ABO incompatibility were included. The use of exchange transfusion decreased significantly in the immunoglobulin treated group (typical RR 0.28, 95% CI 0.17, 0.47; typical RD -0.37, 95% CI -0.49, -0.26; NNT 2.7). The mean number of exchange transfusions per infant was also significantly lower in the immunoglobulin treated group (WMD -0.52, 95% CI -0.70, -0.35).  None of the studies assessed long-term outcomes. 

Reviewers' conclusions

Although the results show a significant reduction in the need for exchange transfusion in those treated with intravenous immunoglobulin, the applicability of the results is limited. The number of studies and infants included is small and none of the three included studies was of high quality. The protocols of two of the studies mandated the use of early exchange transfusion, limiting the generalizability of the results. Further well-designed studies are needed before routine use of intravenous immunoglobulin can be recommended for the treatment of isoimmune haemolytic jaundice. 

Reference:  Alcock and Liley.  

We recommend that liver function be evaluated using a combination of bilirubin testing and liver function enzyme testing.  

Glucose in neonates. 

Glucose is one analyte where high concentrations as well as low concentrations can be dangerous to the neonate.  Neonates are at risk of hypoglycemia immediately after birth (34), with the risk increased in preterm neonates whose hepatic glycogen stores are low [351.  Hyperglycemia, particularly in the preterm infant, may occur following glucose administration due to a sluggish insulin response [36].  Frequent monitoring is required in these patients, often performed using point-of care (POC) glucose monitors.  Because of the higher hematocrit levels in neonates in general, and neonates receiving oxygen therapy in particular, devices and test strips must be evaluated and correlated to laboratory methods for appropriate interpretation of results [37,38).   In addition, there is a difference of about 11 % between whole-blood POC glucose and serum or plasma values.  Although there is no uniform agreement for the cutoff value for hypoglycemia, critical glucose results (generally <40 mg/dL, 2.2 mmol/L) obtained by POC devices should be confirmed by the laboratory,

Management of glucose in the at-risk groups is essential; For moderately preterm, or growth retarded infants, glucose should be monitored with breast feedings and with formula feedings. For Infants with acute illness, fluid management has to be fairly aggressive, and monitoring of blood glucose levels is key.  In unexpected hypoglycemia, the infant should be evaluated for inborn errors of metabolism.  For assessment of hypoglycemia, there is no consensus for the cut off point.  However most Many NICUs try to maintain concentrations between 3 mmol/L (>54 mg/dL) and 10 mmol/L  (<180 mg/dL).  Among neonatologists, Management of hypoglycemia can be modified with changes of 1 mmol/L or 18 mg/dL.  Therefore accurate measurement and close monitoring is essential.

(Hawdon JM, Blood Gas News 11:37-40 2002) 

Creatinine in the first few days of life reflects maternal function.  Interpretation of creatinine results is complicated by rapid changes in extracellular volume and glomerular filtration rate [39).  Changes in creatinine vary with gestational age, and the absence of an expected drop may indicate compromised renal function [40

Lactate.  Lactate can accumulate in tissues, blood and CSF from anaerobic metabolism often caused by crying.    Measurements of lactose provide an indication of adequacy of recent or current oxygen delivery to the tissues, and can be essential in the diagnosis of inborn errors of metabolism.  Small point-of-care systems for whole blood lactates are now available that can be located in a NICU setting virtually at the bedside.

Therapeutic drugs.  Approximately 12 percent of all drugs prescribed in the U.S. are for children less than nine years of age.  For premature infants less 1000 grams, the number of drugs given during hospitalization averages 15 to 20.  Therefore, aggressive monitoring is necessary to prevent toxicity in the smallest patients, as pharmacokinetics are significantly different in babies.  Absorption is altered in the newborn period due to gastric pH and emptying time. There is a Volume of distribution (Vd) difference due to body composition, fat content and water content.   Clearance is slower in premature infants due to immature hepatic and renal function.  And Due to the immaturity of enzymes pathways, and  decreased protein binding, biotransformation of the drugs into   metabolites and the bio-usable form is slower.  

Point-Of-Care Testing. 
The small specimen requirements and the rapid turn-around time make point-of-care very well suited for the neonate.  Many of these devices are capable of performing multiple analytes on a whole blood specimen of 100 microliters or less.  This is less than the requirement to draw, send to the lab, spin down, and aspirate into the analytical device.  

It is necessary to validate these point-of-care devices for neonates with respect to interferences typically seen and the differing range of concentrations seen from adults, (e.g. lipemia from TPN, high hematocrits in newborns.  For glucose, it is important to use a system that is reliable in the low glucose ranges of   40 or less.  It is often difficult for manufacturers to validate every circumstance due to the difficulties in obtaining representative samples.  

Both in vivo and ex vivo monitors for blood gases and electrolytes are available and very applicable to the neonatal population.  Point-of-care Devices, fall in two groups:  electronic-based point-of-care devices and non-electronic based testing.  

The non-electronic have been is use for many years and include manual procedures, are indicator based and might include qualitative positive/negative answers like pregnancy tests or urine dipsticks that gives you semi-quantitative or semi-qualitative 1 plus, 2 plus, 3 plus types of results. 

The electronic can be transportable, portable, hand-held formats, and can be either stationery, as in a NICU or go from patient to patient.  Methods used for point-of-care include electrochemistry, reflectance photometry, and immunology-based methods.  There are non-invasive technologies available for glucose and bilirubin.

The "ideal" point-of-care device is small, robust, lightweight, uses a small sample size, and is easily transported.  Lockout features are  very important.  Some systems require passcodes, so that if an operator isn’t trained, the test can’t  be performed. With QC lockout, the test can’t be performed if QC isn’t done.  And if patient ID isn’t entered, then the test is not performed.
 

Examples of POC analyzers currently used in the NICU setting include the SureStep Probe from LifeScan for glucose,  The Hemocue  from ------ for hemoglobin, the  -- the ITC Hemochron Junior Signature for ACTs, (activated clotting times), and the I-Stat, for blood gases, electrolytes and creatinine.

Differences in results.   The result from a blood glucose meter may not the same as that from laboratory for a number of reasons.  Glycolysis during transport can lower the result in the laboratory vs. the bedside results.  Whole blood can be as much as 11 percent higher than plasma due to spin time and contact with red cells.  Other observed differences may be due to different calibration schemes as well as sample matrix effects.  

Point of care devices may be less precise than the laboratory devices.  CVs typically seen the lab for glucose are 5 percent or less.  FDA approval typically requires 20 percent.  Preanalytic issues can also contribute to the differences as well as staff compliance and competency in performing the point-of-care tests.

potential errors seen in neonates.  There are differences between whole blood values and values expected from plasma.  The high hematocrits often seen in neonates (> 60%) can impact these measurements.  Many devices convert from whole blood to plasma values, and at extreme hematrocrits, predicted whole blood glucose does not correspond with the true whole blood glucose.  With a device that lyses cells, this is not as much of an issue.  

A recent  proficiency survey Proficiency Survey (AAB 2nd Q 2001) compared compared  different glucose meters, and demonstrated a wide spread in recovered values for each sample as shown in Table X. below.

	Proficiency Survey (AAB 2nd Q 2001)

	Sample 1
	Sample 2
	Sample 3

	Bayer Glucometer
	153.7
	76.1
	34.1

	HemoCue
	284.8
	155.4
	68.3

	Lifescan OT II1
	48.8
	91.7
	59.0

	Lifescan Sure Step
	190.6
	116.7
	74.7

	Medisense PCx
	164.6
	96.3
	55.2

	Roche Advantage
	154.7
	88.6
	45.6 



Suggestions for avoiding potential errors in using blood glucose meters would include: (Tang Z. et al. Advance/Laboratory, August 2000)
 Know limits of glucose meter and test strip measurements
Know if measurements reflect plasma (conversion) or whole blood

Understand changes in blood composition in critically ill patients

Use O2 insensitive test strips in patients undergoing O2 ventilation

New technologies are emerging rapidly in point of care testing.  With  continuous in vivo and ex vivo monitoring devices, and an increasing number of minimally invasive devices as well as non-invasive devices, many are particularly well suited to the pediatric population.

A good example of  an in vivo -- or ex vivo monitor with an in vivo line would be the case where blood from an arterial line passes into an ex vivo monitor for blood gases and limited electrolytes  (pH, pCO2, pO2, sodium, potassium, hematocrit)  
and then re-enters the infant circulation.   Minimal blood loss confers a big advantage for this application of continuous monitoring.  Two studies published in Pediatrics, found a very good correlation with laboratory analyzers.  (6, Weiss, et.al, and 7 Widness, et.al) 

The BiliCheck, point-of-care bilirubin is non-invasive hand-held device that uses multi-wavelength spectral analysis to take a  transcutaneous measurement on the baby’s forehead.   
Bihutnai Bihutani, et.al 8.  
looked at 490 pre-discharge term and near-term racially diverse newborns.  A matched sample comparison of heelstick measurement using a gold standard HPLC measurement vs. the Bilicheck from SpectRx, Inc, showed a very good correlation of r = 0.91 in the range of 0.2 to 18.2.  Two other outcomes of the study were noted.  One, skin color was not found to be a significant variable.  Two, infants potentially at high risk for developing hyperbilirubinemia after being sent home within 48 hours were able to be identified..  

The Cygnus GlucoWatch by Biographer is a minimally invasive device for monitoring glucose that is FDA approved.  Glucose is extracted through the skin by reverse iontophoresis, and using an applied electrical potential, and detected by electrochemical enzymatic sensor, three measurements per hour can be obtained.  in one study by Tamada, 8..
 more that 1,500 data points from 28 patients with Type I diabetes over 18 years old, were compared to a the Hemocue point-of-care analyzer with a high degree of correlation of results. R= 0.90.   The black dots are the GlucoWatch and the triangles are the blood glucose point of care, blood glucose measurement, in this case done by the Hemocue.  While there is an apparent bias in actual results, the measurements track very well.  

Tamada JA et al, JAMA, 282: 1839-1844 1999

While this study was not done in a pediatric setting, the device is inherently suitable for pediatrics due to its non-invasive nature. 

OPS, (orthogonal polarization spectroscopy) is another methodology with future potential.  Using sublingual in vivo imaging, the flow rate of blood through the small capillaries in the tongue is measured by a probe placed under the tongue.  It is possible to measure red blood cells and a partial CBC by this technique.  


It is recommended that the laboratory consider the utilization of non-invasive point of care as an alternative to laboratory testing to minimize blood draws.  Small specimen requirements and rapid turn-around time make point-of-care applications well suited for neonatal patients.  However, the effect of interferences (e.g. high hematocrits) and differing concentration of analytes from adults must be validated on POCT devices.  
We recommend that these critical tests be done   prior to the infant’s leaving the hospital 

	these tests may include:

Rubella (German Measles) Immunity
	Newborn Screening Testing mandated by the Governing Body

	HIV
	Toxoplasmosis

	Hepatitis B screen
	RH antibody screen  (citation #3)

	Hemoglobin
	

	Hemoglobin abnormalities screen, based on family/medical history
	


Once the baby is born, the testing performed will provide information needed to give the baby the healthiest start possible.  If the results indicate a problem, treatment can often be administered before the baby is symptomatic.

Testing for congenital or infectious disease

Group B Streptococcus

Group B streptococcus (GBS) is present in the vagina and gastrointestinal areas of 10 – 30% of healthy women, though rarely causing an infection.  Each year infections develop in over 50,000 pregnancies.  If an infection develops, the bacteria may infect the uterus, amniotic fluid, urinary tract, and any incision made during a cesarean section.  During the birth process, the baby may be infected by inhalation or by ingestion of the bacteria.  Approximately 8,000 babies in the United States contract serious GBS disease each year, with a 10% fatality rate and up to 20% of the babies who survive GBS-related meningitis are left permanently handicapped. 

In newborns, GBS is the most common cause of sepsis (infection of the blood) and meningitis (infection of the fluid and lining surrounding the brain) and is a frequent cause of newborn pneumonia. GBS disease is more common than other, better known, newborn problems such as rubella, congenital syphilis, and spina bifida. Some babies that survive, especially those who develop meningitis, may develop long-term medical problems, including hearing or vision loss, varying degrees of physical and learning disabilities, and cerebral palsy. 

GBS is considered as a leading cause of serious neonatal infections and newborn deaths. In a Year 2000 report from The Centers for Disease Control and Prevention (CDC), it was estimated that of the more than 1600 GBS infected newborns in the United States, approximately 80 died.  Schrag et al. concluded in their article of the July 25, 2002 issue of The New England Journal of Medicine, that routine screening for GBS prevents more cases of early-onset disease than the risk-based approach.  In 1996, the Centers for Disease Control, the American College of Obstetrics and Gynecology, and the American Academy of Pediatrics issued aggressive guidelines for prenatal screening and prevention of GBS Disease. Vaccine development is still underway as the ultimate prevention.

Infected infants may display symptoms within six hours following birth or as late as two months of age.  If untreated, the baby may develop a life-threatening systemic blood infection, pneumonia, hearing or vision loss, or varying degrees of physical and learning disabilities.  

Infection in the neonate, particularly in the first day of life, is a life-threatening and relatively common clinical entity (estimated at 8 cases/1000 live births).  However, early diagnosis and initiation of antibiotic therapy in the neonate is often delayed due to the nonspecific, subtle, and often mild clinical signs and symptoms.  Delays in treatment are associated with significant neonatal mortality and morbidity due to rapid progression and severity of infection in the newborn.  The timeframe requisite for definitive microbiologic evaluation is too long to withhold antibiotic therapy; furthermore, multiple cultures may be required for pathogen recovery.  Cultures can also be contaminated, making interpretation difficult.  Initiation of antibiotic therapy is usually based on clinical impression.  

Efforts to identify a sensitive and reliable laboratory parameter have frustrated decades of investigators.  For example, there are no uniformly accepted hematological criteria that effectively distinguish infected from non-infected infants.  The search for a reliable early laboratory indicator for neonatal sepsis is further fueled by the recent rise of antibiotic resistance in pathogenic bacteria associated with indiscriminant use of antibiotics, disruption of infant-maternal bonding related to hospitalization, subjection of newborns to intravenous therapy, and the drive for medical cost containment.

The acute phase proteins (fibrinogen, alpha1-antitrypsin, haptoglobin, ceruloplasmin, C-reactive protein, and alpha1-acid glycoprotein) have been the subject of numerous investigations.  The lagtime between onset of infection and production of acute-phase proteins accounts for disappointing sensitivity and positive predictive values for testing.  Current practice (citation 2) suggests that a combination of CRP, interleukin-6, and procalcitonin testing in the early post natal period may detect infection in a higher risk asymptomatic infant with an infected mother.

Calcium and phosphorus

During the last trimester, calcium and phosphorus are incorporated into the bone matrix. Therefore, the preterm infant has greater needs for these two minerals than term infants.  In Perenteral Nutrition (PN) solutions, the interaction of calcium and phosphate is complex and influenced by many factors.  Calcium and phosphorus requirements many exceed the solubility of these two minerals and lead to precipitation and embolization,  or catheter occlusion. Optimal delivery is restricted by the pH of the solution that in turn is determined primarily by the amino acid concentration of the PN solution.  Because of this inability to meet the increased demands for calcium and phosphorus relative to limitations with solubility, preterm infants on long term PN are also at greater risk of developing osteopenia of prematurity (metabolic bone disease) and subsequent fractures.  Routine lab monitoring of calcium, phosphorus and alkaline phosphatase will identify those patients most at risk.  In metabolic bone disease, alkaline phosphatase levels are elevated; serum calcium may be normal at the expense of bone loss, and the phosphorus level is low.  Urinary phosphorus is low due to renal tubular reabsorption of phosphorus and urinary calcium is elevated.  Serum 25-hydroxyvitamin D levels may also be measured though pediatric multivitamin preparations provide adequate amounts of this vitamin to maintain normal serum levels and prevent both toxicity and deficiency.

Calcium rises in the first hours of life following a parathyroid hormone response, and drops by 24-48 hours.  Total calcium underestimates physiologically active calcium (ionized calcium), if the serum albumin and/ or pH are low.  Therefore, ionized calcium is the preferred measurement when an accurate assessment is needed, particularly in hypocalcemia of the preterm infant [33).

We recommend that ionized calcium is the preferred method for testing of calcium.



We recommend  laboratory confirmation of glucose measurements of less than 40 mg/dL that are performed on POC testing devices.








