NACB: Laboratory Support for the Diagnosis and Monitoring of Thyroid Disease
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Section 2. Pre-Analytic Factors

Fortunately, most pre-analytic variables have little effect on serum TSH measurements - the most common thyroid test used initially to assess thyroid status in ambulatory patients. Pre-analytic variables and interfering substances present in specimens may influence the binding of thyroid hormones to plasma proteins and thus decrease the diagnostic accuracy of total and free thyroid hormone measurements, more frequently than serum TSH (see Table 1). As discussed in [Section-2 B2 and Section-3 B3(c)viii] both FT4 and TSH values may be diagnostically misleading in the hospitalized setting of severe nonthyroidal illness (NTI). Indeed, euthyroid patients frequently have abnormal serum TSH and/or total and free thyroid hormone concentrations as a result of NTI, or secondary to medications that might interfere with hormone secretion or synthesis. When there is a strong suspicion that one of these variables might affect test results, consulting advice from the expert physician or clinical biochemist is frequently needed.

Table 1. Causes of FT4/TSH Discordance in the Absence of Serious Associated Illness

[image: image5.jpg]Normal
Range





In addition to basic physiologic variability, individual patient variables such as genetic abnormalities in thyroid binding proteins or severe nonthyroidal illness (NTI) may impact the sensitivity and specificity of a thyroid test. Also, iatrogenic factors such as thyroid and nonthyroidal medications such as glucocorticoids or beta-blockers; and specimen variables, including autoantibodies to thyroid hormones and Tg as well as heterophilic antibodies (HAMA) can affect the diagnostic accuracy resulting in test result misinterpretation. Table 2 lists the pre-analytic factors to consider when interpreting thyroid tests.

A.  Physiologic Variables

For practical purposes, variables such as age, gender, race, season, phase of menstrual cycle, cigarette smoking, exercise, fasting or phlebotomy-induced stasis have minor effects on the reference intervals for thyroid tests in ambulatory adults (18). Since the differences in these physiological variables are less than the method-to-method differences encountered in clinical practice they are considered inconsequential.

Table 2. 

A. Physiologic Variables





• TSH/free T4 relationship








• Age








• Pregnancy








• Biologic variation

B. Pathologic Variables







• Thyroid gland dysfunction







• Hepatic or renal dysfunction







• Medications







• Systemic illnesses

C. Specimen-related Variables







• Interfering factors

Guideline 1. General Guidelines for Laboratories & Physicians

· Laboratories should store (at 4-8°C) all serum specimens used for thyroid testing for at least one week after the results have been reported to allow physicians time to order additional tests when necessary. 

· Specimens from differentiated thyroid cancer patients sent for serum Thyroglobulin (Tg) measurement should be archived (at –20°C) for a minimum of six months.

1. The Serum TSH/ FT4 Relationship

An understanding of the normal relationship between serum levels of free T4 (FT4) and TSH is essential when interpreting thyroid tests. Needless to say, an intact hypothalamic-pituitary axis is a prerequisite if TSH measurements are to be used to determine primary thyroid dysfunction  (19). A number of clinical conditions and pharmaceutical agents disrupt the FT4/TSH relationship. As shown in Table 1, it is more common to encounter misleading FT4 tests than misleading serum TSH measurements.

When hypothalamic-pituitary function is normal, a log/linear inverse relationship between serum TSH and free T4 concentrations is produced by negative feedback inhibition of pituitary TSH secretion by thyroid hormones. Thus, thyroid function can be determined either directly, by measuring the primary thyroid gland product, T4 (preferably as free T4) or indirectly, by assessing the TSH level, which inversely reflects the thyroid hormone concentration sensed by the pituitary. It follows that high TSH and low FT4 is characteristic of hypothyroidism and low TSH and high FT4 is characteristic of hyperthyroidism. In fact, now that the sensitivity and specificity of TSH assays have improved, it is recognised that the indirect approach (serum TSH measurement) offers better sensitivity for detecting thyroid dysfunction than does FT4 testing (10).  
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Fig 1. The relationship between serum TSH and FT4 concentrations in individuals with stable thyroid status and normal hypothalamic-pituitary function. Adapted from reference (20).

There are two reasons for using a TSH-centered strategy for ambulatory patients: 1) As shown in Figure 1, serum TSH and FT4 concentrations exhibit an inverse log/linear relationship such that small alterations in FT4 will produce a much larger response in serum TSH (20). 

2) The narrow individual variations in thyroid hormone test values together with twin studies suggest that each individual has a genetically determined FT4 set-point (21, 22). Any mild FT4 excess or deficiency will be sensed by the pituitary, relative to that individual's FT4 set-point, and cause an amplified, inverse response in TSH secretion. It follows that in the early stages of developing thyroid dysfunction, a serum TSH abnormality will precede the development of an abnormal FT4 because TSH responds exponentially to subtle FT4 changes that are within the population reference limits. This is because population reference limits are broad, reflecting the different FT4 set-points of the individual members of the cohort of normal subjects studied.
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Fig 2. The lag in pituitary TSH reset during transition periods of unstable thyroid status following treatment for hyper- or hypothyroidism.

Guideline 2. Thyroid Testing for Ambulatory Patients

· Patients with stable thyroid status: When thyroid status is stable and hypothalamic-pituitary function is intact, serum TSH measurement is more sensitive than free T4 (FT4) for detecting mild (subclinical) thyroid hormone excess or deficiency. The superior diagnostic sensitivity of serum TSH reflects the log/linear relationship between TSH and FT4 and the exquisite sensitivity of the pituitary to sense free T4 abnormalities relative to the individual’s genetic free T4 set-point.

· Patients with unstable thyroid status: Serum FT4 measurement is a more reliable indicator of thyroid status than TSH when thyroid status is unstable, such as during the first 2-3 months of treatment for hypo- or hyperthyroidism. Patients with chronic, severe hypothyroidism may develop pituitary thyrotroph hyperplasia that can mimic a pituitary adenoma, but resolves after several months of L-T4 replacement therapy. In hypothyroid patients suspected of intermittent or non-compliance with L-T4 replacement therapy, both TSH and FT4 should be used for monitoring. Non-compliant patients may exhibit discordant serum TSH and FT4 values (high TSH/high FT4) because of persistent disequilibrium between FT4 and TSH.
Currently, measurement of the serum TSH concentration is the most reliable indicator of thyroid status at the tissue level. Studies of mild (subclinical) thyroid hormone excess or deficiency (abnormal TSH/normal range FT4 and FT3) find abnormalities in markers of thyroid hormone action in a variety of tissues (heart, brain, bone, liver and kidney). These abnormalities typically reverse when treatment to normalize serum TSH is initiated (23-26).

It is important to recognize the clinical situations where serum TSH or FT4 levels may be diagnostically misleading (see Table 1). These include abnormalities in hypothalamic or pituitary function, including TSH-producing pituitary tumors (27-29). Also, as shown in Figure 2, serum TSH values are diagnostically misleading during transition periods of unstable thyroid status, such as occurs in the early phase of treating hyper- or hypothyroidism or changing the dose of L-T4. Specifically, it takes 6-12 weeks for pituitary TSH secretion to re-equilibrate to the new thyroid hormone status (30). These periods of unstable thyroid status may also occur following an episode of thyroiditis, including post-partum thyroiditis when discordant TSH and FT4 values may also be encountered. 

Drugs that influence pituitary TSH secretion (i.e. dopamine and glucocorticoids) or thyroid hormone binding to plasma proteins, may also cause discordant TSH values [Section-3 B3(c)vi].

2. Effects of Chronological Age on Thyroid Test Reference Ranges

(a) Adults 

Despite studies showing minor differences between older and younger subjects, adult age-adjusted reference ranges for thyroid hormones and TSH are unnecessary (18,31-33). With respect to euthyroid elderly individuals, the TSH mean value increases each decade as does the prevalence for both low and high serum TSH concentrations compared with younger individuals (18,34,35). Despite the wider serum TSH variability seen in older individuals, there appears to be no justification for using a widened or age-adjusted reference range (31,32). This conservative approach is justified by reports that mildly suppressed or elevated serum TSH is associated with increased cardiovascular morbidity and mortality (36,37). 

(b) Neonates, Infants and Children

In children, the hypothalamic/pituitary/thyroid axis undergoes progressive maturation and modulation. Specifically, there is a continuous decrease in the TSH/FT4 ratio from the time of mid-gestation until after the completion of puberty (38-43). As a result, higher TSH concentrations are typically seen in children (44). This maturation process dictates the use of age-specific reference limits.  However, there are significant differences between FT4 and TSH measurements made by different methods [see Sections 3B and 3 C]. Since most manufacturers have not independently established age-specific reference intervals, these limits can be calculated for different assays by adjusting the upper and lower limits of the adult range by the ratio between child and adult values, such as indicated in Table 3.

Lower serum total and FT3 levels (measured by most methods) are seen with pregnancy, during the neonatal period, in the elderly and during caloric deprivation (15). Furthermore, higher total and free FT3 concentrations are typically seen in euthyroid children. This suggests that the upper T3 limit for young patients (less than 20 years of age) should be established as a gradient: between 6.7 pmol/L (0.44 ng/dL) for adults, up to 8.3 pmol/L (0.54 ng/dL) for children under three years of age (45).

Table 3*. Relative TSH and FT4 Reference Ranges during Gestation and Childhood

	Age
	TSH Child/
	TSH
	FT4 Child/
	FT4 Ranges

	
	Adult Ratio
	Ranges mIU/L
	Adult Ratio
	pmol/L (ng/dL)

	Midgestation Fetus
	2.41
	0.7-11
	0.2
	2-4  (0.15-0.34)

	LBW cord serum
	4.49
	1.3-20
	0.8
	8-17  (0.64-1.4)

	Term infants
	4.28
	1.3-19
	1
	10-22   (0.8-1.9)

	3 days
	3.66
	1.1-17
	2.3
	22-49  (1.8-4.1)

	10 weeks
	2.13
	0.6-10
	1
	9-21  (0.8-1.7)

	14 months
	1.4
	0.4-7.0
	0.8
	8-17  (0.6-1.4)

	5 years
	1.2
	0.4-6.0
	0.9
	9-20  (0.8-1.7)

	14 years
	0.97
	0.4-5.0
	0.8
	8-17  (0.6-1.4)

	Adult
	1
	0.4-4.0
	1
	9-22  (0.8-1.8)


  *  Data taken from reference (42). FT4 measured by direct equilibrium dialysis.

Guideline 3. Thyroid Testing of Infants and Children

The hypothalamic-pituitary-thyroid axis matures throughout infancy until the end of puberty.

· Both TSH and FT4 concentrations are higher in children, especially in the first week of life and throughout the first year. Failure to recognize this could lead to missing and/or under-treating cases of congenital hypothyroidism. 

· Age-related normal reference limits should be used for all tests (see Table 3).

3. Pregnancy

During pregnancy, estrogen production increases progressively elevating the mean TBG concentration. TBG levels plateau at 2 to 3 times the pre-pregnancy level by 20 weeks of gestation (46,47). This rise in TBG results in a shift in the TT4 and TT3 reference range to approximately 1.5 times the non-pregnant level by 16 weeks of gestation (48-50). These changes are associated with a fall in serum TSH during the first trimester, such that subnormal serum TSH may be seen in approximately 20 % of normal pregnancies (46,47,51). This decrease in TSH is attributed to the thyroid stimulating activity of human chorionic gonadotropin (hCG) that has structural homology with pituitary TSH (52,53). The peak rise in hCG and the nadir in serum TSH occur together at about 10-12 weeks of gestation. In approximately 10 % of such cases (i.e. 2 % of all pregnancies) the increase in free T4 reaches supranormal values and, when prolonged, may lead to a syndrome entitled "gestational transient thyrotoxicosis" (GTT) that is characterized by more or less pronounced symptoms and signs of thyrotoxicosis (52-54). This condition is frequently associated with hyperemesis in the first trimester of pregnancy (55,56). 

The fall in TSH during the first trimester of pregnancy is associated with a modest increase in FT4 (46,47,51). Thereafter, in the second and third trimesters there is now consensus that serum FT4 and FT3 levels decrease to approximately 20 to 40 percent below the normal mean, a decrease in free hormone that is further amplified when the iodide nutrition status of the mother is restricted or deficient (46,47,51). In some patients, FT4 may fall below the lower reference limit for non-pregnant patients (51,57-60). The frequency of subnormal FT4 concentrations in this setting is method-dependent (57,59,60). Patients receiving L-T4 replacement therapy who become pregnant may require an increased dose to maintain normal serum TSH levels (61,62). The thyroid status of these patients should be checked with TSH + FT4 during each trimester. The L-T4 dose should be adjusted to maintain normal TSH and FT4 concentrations. Serum Tg concentrations typically rise during normal pregnancy (46). Patients with differentiated thyroid carcinomas (DTC) with thyroid tissue still present typically show a two-fold rise in serum Tg with a return to baseline by 6 to 8 weeks postpartum.

Guideline 4. Thyroid Testing of Pregnant Patients

Mounting evidence suggests that hypothyroidism during early pregnancy has a detrimental effect on fetal outcome (fetal wastage and lower infant IQ).
· Pre-pregnancy or first trimester screening for thyroid dysfunction using serum TSH and TPOAb measurements is important both for detecting mild thyroid insufficiency (TSH > 4.0 mIU/L) and for assessing risk for post-partum thyroiditis (elevated TPOAb).

· Initiation of levothyroxine (L-T4) therapy should be considered if the serum TSH level is >4.0mIU/L in the first trimester of pregnancy.

· A high serum TPOAb concentration during the first trimester is a risk factor for post-partum thyroiditis.

· Serum TSH should be used to assess thyroid status during each trimester when pregnant patients are taking L-T4 therapy, with more frequent measurement if L-T4 dosage is changed.

· Trimester-specific reference intervals should be used when reporting thyroid test values for pregnant patients.

· TT4 and TT3 measurements may be useful during pregnancy if reliable FT4 measurements are not available, as long as the reference ranges are increased by 1.5-fold relative to non-pregnant ranges.

· FT3 and FT4 reference ranges in pregnancy are method-dependent and should be established independently for each method.

· Measurement of serum thyroglobulin (Tg) in DTC patients during pregnancy should be avoided. Serum Tg rises during normal pregnancy and returns to baseline levels post-partum. This rise is also seen in pregnant DTC patients with remnant normal thyroid or tumor tissue present and is not necessarily a cause for alarm.

Decreased availability of maternal thyroid hormone may be a critical factor impairing the neurologic development of the fetus in the early stages of gestation, before the fetal thyroid gland becomes active. Several recent studies report both increased fetal loss as well as IQ deficits in infants born to mothers with either undiagnosed hypothyroidism, low range FT4 or TPOAb positivity (63-65). However, one study suggests that early identification and treatment of mild (subclinical) hypothyroidism may prevent the long-term effects of low thyroid hormone levels on the psychomotor and auditory systems of the neonate (66).

B. Pathologic Variables

1. Medications 

Medications can cause both in vivo and in vitro effects on thyroid tests. This may lead to misinterpretation of laboratory results and inappropriate diagnoses, unnecessary further testing and escalating health care costs (67,68). 

(a) In Vivo Effects

In general, the serum TSH level is affected less by medications than thyroid hormone concentrations (Table 1). For example, Estrogen-induced TBG elevations raise serum TT4 levels but do not affect the serum TSH concentration, because pituitary TSH secretion is controlled by the FT4 independent of binding-protein effects. Glucocorticoids in large doses can lower the serum T3 level and inhibit TSH secretion (69,70). Dopamine also inhibits TSH secretion and may even mask the raised TSH level of primary hypothyroidism in sick hospitalized patients (71). Propranolol is sometimes used to treat manifestations of thyrotoxicosis and has an inhibitory effect on T4 to T3 conversion. Propranolol given to individuals without thyroid disease can cause an elevation in TSH as a result of the impaired T4 to T3 conversion (72). 

Iodide, contained in solutions used to sterilize the skin and radioopaque dyes and contrast media used in coronary angiography and CT-scans, can cause both hyper and hypothyroidism in susceptible individuals (73). In addition, the iodide-containing anti-arrhythmic drug Amiodarone used to treat heart patients has complex effects on thyroid gland function that can induce either hypothyroidism or hyperthyroidism in susceptible patients with positive TPOAb (74-78).
Guideline 5. Patients taking Amiodarone Medication

Amiodarone therapy can induce the development of hypo- or hyperthyroidism in 14-18% of patients with apparently normal thyroid glands or with preexisting abnormalities.

 Pretreatment –thorough physical thyroid examination together with baseline TSH and TPOAb. FT4 and FT3 tests are only necessary if TSH is abnormal. Positive TPOAb is a risk factor for the development of thyroid dysfunction during treatment.

 First 6 months. Abnormal tests may occur in the first six months after initiating therapy. TSH may be discordant with thyroid hormone levels (high TSH/highT4/low T3). TSH usually normalizes with long-term therapy if patients remain euthyroid.

 Long-term follow-up. Monitor thyroid status every 6 months with TSH. Serum TSH is the most reliable indicator of thyroid status during therapy.

 Hypothyroidism. Preexisting Hashimotos’ thyroiditis and/or TPOAb-positivity is a risk factor for developing hypothyroidism at any time during therapy.

 Hyperthyroidism. Low serum TSH suggests hyperthyroidism. T3 (total and free) usually remains low during therapy but may be normal. A high T3 is suspicious for hyperthyroidism. 

Two types of amiodarone-induced hyperthyroidism may develop during therapy, although mixed forms are frequently seen (20%). Distinction between two types often difficult. Decreased flow on color flow doppler and elevated interleukin-6 suggests Type II. Direct therapy at both Type I and II if etiology is uncertain.

  ••  Type I = Iodine-induced. Recommended treatment = simultaneous administration of   

  thionamides and potassium perchlorate (if available). Some recommend iopanoic acid before 

  thyroidectomy. Most groups recommend that amiodarone be stopped. Seen more often in areas 

  of low iodine intake. However, in iodine-sufficient areas, radioiodine uptakes may be low 

  precluding radioiodine as a therapeutic option. In iodide-deficient regions, uptakes may be 

  normal or elevated.

         -
Type a: Nodular goiter. More common in iodine-deficient areas, i.e. Europe.

         -
Type Ib: Graves’ disease. More common in iodine-sufficient areas, i.e. United States.

  ••  Type II  = amiodarone-induced destructive thyroiditis – a self-limiting condition.

  Recommended treatment = glucocorticoids and/or beta-blockers if cardiac status allows. When

  hyperthyroidism is severe, surgery with pre-treatment with iopanoic may be considered.

  Radioiodine uptake is typically low or suppressed. Type II is more commonly seen in iodine-

  sufficient areas.

· Type 1 AIH appears to be induced in abnormal thyroid glands by the excess of iodide contained in the drug. A combination of thionamide drugs and potassium perchlorate has often been used to treat such cases. 

· Type II AIH appears to result from a destructive thyroiditis that is often treated with prednisone and thionamide drugs. Some studies report elevated IL-6 levels in Type II (79). Serum T3 (free and total) is typically low during therapy. A paradoxically normal or high T3 is useful to support the diagnosis of Amiodarone-induced hyperthyroidism. 

Lithium can cause hypo- or hyperthyroidism in as many as 10% of lithium-treated patients, especially those with a positive TPOAb titer (81-83). Some therapeutic and diagnostic agents (i.e. Phenytoin, Carbamazepine or Furosemide/Frusemide) may competitively inhibit thyroid hormone binding to serum proteins in the specimen, and acutely increase FT4 resulting in a reduction in serum TT4 values through a feedback mechanism [see Section- 3 B3(c)vi].

(b) In Vitro Effects

Intravenous Heparin administration, through in-vitro stimulation of lipoprotein lipase can liberate free fatty acids (FFA), which inhibit T4 binding to serum proteins and falsely elevates FT4 [Section-3 B3(c)vii] (84). In certain pathologic conditions such as uremia, abnormal serum constituents such as indole acetic acid may accumulate and interfere with thyroid hormone binding (85). Methods employing fluorescent signals may be sensitive to the presence of fluorophore-related therapeutic or diagnostic agents in the specimen (86).

2. Nonthyroidal Illness (NTI)

Patients who are seriously ill often have abnormalities in their thyroid tests but usually do not have thyroid dysfunction (87,88). These abnormalities are seen with both acute and chronic critical illnesses and thought to arise from a maladjusted central inhibition of hypothalamic releasing hormones, including TRH (89,90). The terms "nonthyroidal illness" or NTI, as well as "euthyroid sick" and “low-T4 syndrome” are often used to describe this subset of patients (91). As shown in Figure 3, the spectrum of changes in thyroid tests relates both to the severity and stage of illness, as well as to technical factors that affect the methods and in some cases the medications given to these patients. 
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Fig 3. Changes in thyroid tests during the course of NTI.

Most hospitalized patients have low serum TT3 and FT3 concentrations, as measured by most methods (14,97). As the severity of the illness increases, serum TT4 typically falls because of a disruption of binding protein affinities, possibly caused by T4-binding inhibitors in the circulation (91,98,99). It should be noted that subnormal TT4 values only develop when the severity of illness is critical (usually sepsis). Such patients are usually in an ICU setting. If a low TT4 is not associated with an elevated serum TSH (>20mIU/L) and the patient is not profoundly sick, a diagnosis of central hypothyroidism secondary to pituitary or hypothalamic deficiency should be considered. 

Guideline 6. For Testing of Hospitalized Patients with Non Thyroidal Illness (NTI)

· Acute or chronic NTI has complex effects on thyroid function tests. Whenever possible, diagnostic testing should be deferred until the illness has resolved, except when the patient’s history or clinical features suggest the presence of thyroid dysfunction.

· Physicians should recognize that some thyroid tests are inherently non-interpretable in severely sick patients, or patients receiving multiple medications.

· TSH in the absence of dopamine or glucocorticoid administration, is the more reliable test for NTI patients. 

· Estimates of free or total T4 in NTI should be interpreted with caution, in conjunction with a serum TSH measurement. Both T4 + TSH measurements are the most reliable way for distinguishing true primary thyroid dysfunction (concordant T4/TSH abnormalities) from transient abnormalities resulting from NTI per se (discordant T4/TSH abnormalities).

· An abnormal FT4 test in the setting of serious somatic disease is unreliable, since the FT4 methods used by clinical laboratories lack diagnostic specificity for evaluating sick patients.

· An abnormal FT4 result in a hospitalized patient should be confirmed by a reflex TT4 measurement. If both TT4 and FT4 are abnormal (in the same direction) a thyroid condition may be present. When TT4 and FT4 are discordant, the FT4 abnormality is unlikely due to thyroid dysfunction and more likely a result of the illness, medications or an artifact of the test.

· TT4 abnormalities should be assessed relative to the severity of illness, since the low TT4 state of NTI is typically only seen in severely sick patients with a high mortality rate. A low TT4 concentration in a patient not in intensive care is suspicious for hypothyroidism.

· A raised total or free T3 is a useful indicator of hyperthyroidism in a hospitalized patient, but a normal or low T3 does not rule it out.

· Reverse T3 testing is rarely helpful in the hospital setting, because paradoxically normal or low values can result from impaired renal function and low binding protein concentrations. Furthermore, the test is not readily available in most laboratories.

FT4 and FT3 estimate values are method dependent and may be either spuriously high or low, depending on the methodologic principles underlying the test. For example, FT4 tests are unreliable if the method is sensitive to the release of FFA generated in vitro following IV heparin infusion [see Section-3 B3(c)vii] or is sensitive to dilutional artifacts (84,94,97,98,100,101). FT4 methods such as equilibrium dialysis and ultrafiltration that physically separate free from protein-bound hormone usually generate normal or elevated values for critically ill patients [see Section-2 B2 and Section-3 B3(c)viii] (94,102). These elevated values often represent I.V. heparin effects (101).

Serum TSH concentrations remain within normal limits in the majority of NTI patients, provided that no dopamine or glucocorticoid therapy is administered (87,93). However, in acute NTI there may be a mild, transient fall in serum TSH into the 0.02-0.3 mIU/L range, followed by a rebound to mildly elevated values during recovery (103). In the hospitalized setting, it is critical to use a TSH assay with a functional sensitivity <0.02 mIU/L. Without this level of sensitivity, sick hyperthyroid patients with profoundly low serum TSH values (<0.02 mIU/L) cannot be reliably discriminated from patients with merely a transient mild TSH suppression caused by NTI (0.02-0.3 mIU/L). Minor elevations in TSH are less diagnostic for hypothyroidism in the hospitalized setting. Sick hypothyroid patients typically exhibit the combination of a low T4 and elevated TSH (>20 mIU/L) (92).

It is clear that the diagnosis and treatment of thyroid dysfunction in the presence of a severe NTI is not simple, and is best done with the help of an endocrine specialist. Empiric treatment of the low TT4 state of NTI has not improved outcome and is still considered experimental (104-106).  Serum TT4 measurements may be more diagnostically helpful than using current FT4 immunoassay tests with variable diagnostic accuracy for assessing sick patients, provided that TT4 values are interpreted in relation to the severity of illness. For example, the low T4 state of NTI is primarily seen in severely sick patients, usually in an intensive care setting (71). Low TT4 values for hospitalized patients who are not severely sick should prompt an evaluation for hypothyroidism. Although the diagnostic specificity of TSH is reduced in the presence of somatic illnesses, a detectable serum TSH value in the 0.02-20 mIU/L range, when measured by an assay with a functional sensitivity ≤0.02 mIU/L, usually rules out significant thyroid dysfunction, provided that hypothalamic-pituitary function is intact and the patient is not receiving medications that affect pituitary TSH secretion. However, in general it is best to avoid routine thyroid testing in hospitalized patients if at all possible.

C. Specimen Variables

1. Stability

A few studies have examined the effects of storing blood samples on serum concentrations of total and free thyroid hormones, TSH and Tg (107). In general, these studies suggest that thyroid hormones are relatively stable whether stored at room temperature, refrigerated or frozen. Some studies have reported that T4 in serum is stable for months when stored at -4°C or years when frozen at -10°C (108,109). TSH and TT4 in dried whole blood spots used to screen for neonatal hypothyroidism are also stable for months when stored with a desiccant. TSH in serum has been reported to be slightly more stable than T4 (110). It is important to note however, as discussed above, that non-frozen specimens from patients receiving heparin are prone to in-vitro generation of FFA that can spuriously elevate FT4 when measured by some methods (84).

2. Serum Constituents

Hemolysis, lipemia, and hyperbilirubinemia do not produce significant interference in immunoassays, in general. However, free fatty acids can displace T4 from serum binding proteins, which may partly explain the low TT4 values often seen in NTI (100).

3. Heterophilic Antibodies (HAMA)

Heterophilic antibodies may be encountered in patient sera. HAMA fall into two classes (111). They are either relatively weak multispecific, polyreactive antibodies that are frequently IgM rheumatoid factor or may be broadly reactive antibodies induced by infections or exposure to therapies containing monoclonal antibodies (112-114). These are sometimes called human anti-mouse antibodies (HAMA). Alternatively, they can be specific human anti-animal immunoglobulins (HAAA) that are produced against well-defined specific antigens following exposure to a therapeutic agent containing animal antigens (i.e. murine antibody) or by coincidental immunization through workplace exposure (i.e. animal handlers) (115). Either HAMA or HAAA affect IMA methodology more than competitive immunoassays by forming a bridge between the capture and signal antibodies, thereby creating a false signal, resulting in an inappropriately high value (116,117). The inappropriate result may not necessarily be abnormal, but merely inappropriately normal. Manufacturers are currently employing various approaches to deal with the HAMA issue with varying degrees of success, including the use of chimeric antibody combinations and blocking agents to neutralize the effects of HAMA on their methods (118). 

4. Sample Collection and Processing

Most manufacturers recommend serum as the preferred specimen, rather than EDTA- or heparinized-plasma. For optimal results and maximum serum yield, it is recommended that whole blood samples be allowed to clot for at least 30 minutes before centrifugation and separation.  Serum can be stored at 4-8°C for up to one week. Storage at -20°C is recommended if the assay is to be delayed for more than one week. Collection of serum in barrier gel tubes does not affect the results of most TSH and thyroid hormone tests.

Guideline 7. Investigation of Discordant Thyroid Test Results 

Discordant thyroid test results can result from technical interference or rare clinical conditions:

· Technical Interference: Technical interference can sometimes be detected by measuring the specimen with a different manufacturer’s method, since the magnitude of most interferences is method-dependent. Alternatively, non-linearity in dilutions of the specimen may indicate a technical interference with TT4, TT3 or TSH measurements. Note: a 100-fold dilution of a “normal” serum theoretically causes insignificant reduction (<2%) in the FT4 concentration. It is not recommended to dilute the FT4 and FT3 tests used by clinical laboratories because such tests are binding protein dependent and do not give linear dilution responses.
· Rare Clinical Conditions: Unexpectedly abnormal or discordant thyroid test values may be seen with some rare, but clinically significant conditions such as central hypothyroidism, TSH-secreting pituitary tumors, thyroid hormone resistance, or the presence of heterophilic antibodies (HAMA) or thyroid hormone (T4 and/or T3) autoantibodies.
5. Thyroid Test Performance Standards

(a) Biologic Variation 

The serum levels of the thyroid hormones as well as their precursor protein, thyroglobulin (Tg) are quite stable within individuals over a 1 to 4 year period (Table 4) (22,119). All thyroid analytes display a greater inter-individual variability compared to intra-individual variability (Table 4) (33,119,120). The stability of intra-individual serum T4 concentrations reflects the long half-life (7 days) of thyroxine and the genetically imposed free T4 setpoint (21). The stability of intra-individual T3 concentrations reflects autoregulation of the rate of T4 to T3 conversion (121). Inter-individual variability is especially high for serum Tg concentrations, because individuals have differences in thyroid mass, TSH status and may have conditions associated with thyroid injury (i.e. thyroiditis) - all conditions that influence serum Tg concentrations (122). Serum TSH levels also display high variability, both within and between individuals (22). This primarily reflects the short half-life of TSH (~60 minutes) together with its circadian and diurnal variations, the levels peak during the night and reach a nadir sometime between 1000 to 1600 hrs (123,124). The amplitude of the diurnal TSH variability across a 24-hour period is approximately 2-fold (123,124). However, since this magnitude of change lies within the normal TSH reference interval for the population as a whole (~0.4 to 4.0 mIU/L) it does not compromise the utility of a single TSH value for diagnosing thyroid dysfunction. Furthermore, TSH is typically measured during the day in the outpatient setting when the magnitude of TSH variability is the least.

The performance of a laboratory test can be evaluated both biologically and analytically. Table 4 shows the biological variation of various thyroid serum analytes, expressed as inter-individual variability and intra-individual variability, across different periods of time (22,33,119,120,125). Analytical performance is typically assessed in the laboratory by parameters such as:

· Within and between-run precision assessed at different analyte concentrations

· Minimum detection limit (analytical sensitivity) (126,127)
· Functional Sensitivity (defined by % CV, relative to the analyte-specific biologic and methodologic variation) 

· Linearity of measurements made across the reportable range of values

· Recovery of analyte added to the standard matrix

· Normal reference interval (mean +/- 2 standard deviation of values) for a cohort of subjects without disease 

· Correlation with a reference method

Although analytical performance parameters are the foundation of most laboratory quality control and quality assurance programs, it is widely accepted that analytical performance goals should be established on biological principles (within- and between-individual variation) as well as clinical need (33). It has been proposed that total analytical error should ideally be less than half the within-subject biological coefficient of variation (%CV) (33,125,128-130).

Table 4. Intra-individual and Inter-individual Variability in Serum Thyroid Tests

Serum Analyte

Time span

%CV*


%CV**

TT4 /FT4  


1 week


3.5    


10.8





6 weeks


5.3


13.0





1year


9.2


17.1

TT3 /FT3   


1 week


8.7   


18.0





6 weeks


5.6


14.8





1year


12.0


16.8

Thyrotropin (TSH)  

1 week


19.3    


19.7





6 weeks


20.6


53.3





1 year


22.4


37.8

Thyroglobulin (Tg) 

1 week


4.4    


12.6





6 weeks


8.7


66.6





4 months

14.0


35.0

 





 *intra-individual
 **inter-individual

Data taken from references (22,33,119,120,125).

For diagnostic testing, thyroid test results are reported together with a "normal" reference interval that reflects inter-individual variability. This reference range provides for a benchmark for case finding. Reference ranges, however, cannot be used to determine whether differences exist between two consecutive test results made during the monitoring of a patient's treatment constitute a clinically significant change, or merely reflect the technical (between-run imprecision) and biologic (intra-individual variance) variability of the measurement (131). The "normal" reference interval is usually irrelevant during the post-operative clinical management when using tumor markers such as Tg (132). Clearly, method bias and precision goals need not be as stringent when a measurement is used for diagnostic testing compared with using serial measurements for patient monitoring.  While the "normal" reference interval stated on the typical laboratory report helps the physician to make a primary diagnosis, it does not give relevant information to help the physician assess the significance of changes resulting from treatment.

Table 5. Bias and Precision Targets for Thyroid Tests

	Test
	TT4
	FT4
	TT3
	FT3
	TSH
	Tg

	Normal
	nmol/L(µg/dL)
	pmol/L(ng/dL)
	nmol/L(ng/dL)
	pmol/L(ng/L)
	mIU/L
	µg/L(ng/mL)

	Reference Range
	58-160/4.5-12.6
	9-23/0.7-1.8
	1.2-2.7/80-180
	3.5-7.7/23-50
	0.4-4.0
	3.0-40.0

	Within person %CV
	6.0
	9.5
	5.6
	7.9
	19.7
	8.7

	Between person %CV
	12.1
	12.1
	14.8
	22.5
	27.2
	66.6

	W
	3.5
	3.8
	4.0
	6.0
	14.3
	16.8

	X
	1.3
	2.4
	1.4
	2.0
	5.2
	2.2

	Y
	7.0
	7.7
	7.9
	11.9
	28.6
	33.6

	Z
	2.7
	4.8
	2.8
	4.0
	10.3
	4.4


W=  Suggested percentage goal for maximum bias in diagnostic testing 

X=  Suggested percentage goal for maximum bias in monitoring an individual

Y= Suggested percentage goal for maximum imprecision in diagnostic testing

Z= Suggested percentage goal for maximum imprecision for monitoring an individual

Table 5 shows bias and precision goals for the principal thyroid tests for both diagnostic testing and monitoring. The values shown are calculated from studies of within- and inter-individual precision estimates from various studies and are based on well-established concepts (22,33,119,120,130,133,134).

Table 5 and Guideline 8 show the magnitude of change in consecutive results (approximating mean normal analyte concentrations) that constitute a clinically significant difference in each test (22,120). These benchmarks should help the physician gauge the clinical significance of changes seen during serial monitoring the treatment of patients with thyroid disorders.

Guideline 8. Guidelines for Interpreting Thyroid Test Results

· For diagnostic testing (case-finding) thyroid test results are typically reported together with a "normal" reference interval that reflects between-person variability.

· The "normal" reference interval does not indicate the magnitude of difference between test results that constitutes a clinically significant change.

Analytical variability together with between-person and within-person estimates of biological variability suggests that the magnitude of difference in thyroid test values that would be clinically significant when monitoring a patient's response to therapy are:



TT4 = 

28  (2.2) nmol/L (µg/dL)



FT4 = 

6  (0.5) pmol/L (ng/dL)



TT3 = 

0.55  (35) nmol/L (ng/dL)



FT3 = 

1.5  (0.1) pmol/L (ng/dL)



TSH = 

0.75 mIU/L



Tg = 

1.5 µg/L (ng/mL)
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