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I.
General Principles of Test Selection and Interpretation


-
Diagnostic tests should be selected only in those clinical circumstances in which their results can be interpreted


- 
In addition, they should have the potential to alter management in a way that can benefit the patient and improve outcome


A.
What is Abnormal?



- 
Few tests provide complete separation between subjects with and without disease in question



- 
A cutoff point must be chosen to provide best separation




- 
Some normals will be "positive"




- 
Some diseased will be "negative"




- 
The point will vary with the population tested (eg, disease-free elderly subjects have a higher ESR, and thus the point should be raised)



- 
Most tests are continuous variables - results should be considered not only whether "abnormal", but to what degree

B.
If the Result is Abnormal, Is Disease Present?



- 
Cutoff point defines "operating characteristics" of the test



- 
Sensitivity = % of subjects with given disease who test pos ("true pos"), or the likelihood of a positive test result in a person with the disease






- 
Highly sens test for a given dis would yield + results in high % of pts with the disease





- 
Thus a neg result would suggest absence of the disease





- 
To "rule out" disease, a test must be highly sens ("SNOUT" - Sens, Neg, rule OUT)




- 
Sens can be increased by moving cutoff pt lower 





- 
But leads to decreased "specificity"



- 
Specificity = % of subjects without the disease who test negative ("true neg"), or the likelihood of a negative result in a person without the disease




- 
Highly spec test for a given dis would yield negative results in high % of subjects without the dis





- 
Thus a pos result would suggest presence of the disease





- 
To "rule in" dis, a test must be highly spec ("SpPIN" - Spec, Pos, rule IN)




- 
Dependent on which group of subjects without the disease (eg, spec of ANA for normals is > 95%, but for RA patients, only 60% - ie, < 5% of normals, but 40% of RA patients will have a false pos ANA result - ANA is indeed present, but not SLE)




- 
Spec can be increased by moving cutoff pt higher





- 
But leads to decreased sens





- 
Cutoff pt usually chosen to optimize sens and spec and to minimize combined # of false pos and false neg results, leading to optimal "accuracy" of test




- 
Post-Test Probability of Disease




- 
If spec = 100%, pos result always indicates disease





- 
If sens = 100%, neg result always excludes disease





- 
But most tests fall short of 100% perfection level, in which case to determine likelihood  of disease given pos or neg result, must consider Pretest Probability (likelihood) of dis in conjunction with sens and spec




- 
Post-test Prob of Disease, given a + test result =        # True Pos                   












# True Pos + # False Pos






- Spec is the major determinant; sens has relatively little effect

  


- 
Post-test Prob of Disease, given a neg test result =         # False Neg             




     
  



       # False Neg + # True Neg



  


-
Sens is the major determinant; spec has relatively little effect




- 
In a low pretest probability setting, a positive result is usually false unless the test is very specific



- 
In a high pretest probability setting, a negative result is usually false unless the test is very sensitive



- 
Value of a test is greatest usually for a mid-range of pretest probability




-
See Illustrative case examples, which follow



-
Likelihood Ratio (LR) (for a positive test result) =




  % of pts with disease who test pos (Sens or TP rate)        



  % of pts without disease who test pos (1-Spec or FP rate)




-
Post-test odds = Pre-test odds x LR





-

Probability easily converted to and from odds:








Odds =
   Prob   









1 - Prob






-
eg:  If prob = 25%, odds =    .25     = 1/3










                 1 - .25





-

The further the LR from 1, the greater the impact of  the test on likelihood of disease; the closer to 1, the less impact.






-
eg: "low probability" lung scan result occurs in comparable percentages of patients with and without P.E.  Thus given such a result, post-test odds (or prob) of P.E. approximately equal the pre-test odds

· Can look at LR for negative results in similar manner: -LR = FN (1-sens)
          TN (spec)





-

Caveat: Beware spectrum bias in general & with use of LRs - when a test has different sensitivities in pts with different clinical manifestations or severity of disease (often higher with more advanced disease) or specificities in non-disease group (usually lower in diseased than healthy persons)




-
See III, Illustrative Case Examples

II.
Tests for Rheumatic Disease


A.
Erythrocyte Sedimentation Rate (ESR)



- 
Inexpensive ($10-15), easily and quickly-performed



- 
Measures distance that rbcs fall during one hour of incubation at room temp



- 
Rate is a function of degree of rbc aggregation, affected chiefly by plasma concentrations of fibrinogen and globulins



- 
Gauge of acute-phase response



- 
Increase suggests inflammation or tissue injury



- 
Westergren or modified West. preferred


      
- 
Upper limit of normal probably increases with age





- 
For > 50, ? 20 for men, 25 for women





- 
At age 80, ? 30 and 35



- 
Don't over-interpret a minimally abnormal result



- 
> 30 in 98% of bx-proven giant cell arteritis, usually > 50




-
For PMR, up to 20% of steroid-responsive pts may have ESR <30 (Helfgott, Arthritis Rheum 39:304, 1996)



- 
50% RA > 30 vs 14% OA



- 
In general, limited role in diagnosis of joint complaints



- 
As for tests in general, abnormal result in an asymptomatic subject usually epiphenomenal



-
May increase in pregnancy, obesity, anemia, macrocytosis



- 
In symptomatic patient, abnormal result consistent with wide variety of diseases      



- 
If ESR > 100 (which is rare), either infection, malignancy, rheumatic disease or monoclonal gammopathy found in 95% cases



-
Some experts favor test for the single C-reactive protein (CRP)
· more direct measure of acute phase response

· independent of RBC #, shape; slightly higher with aging in women

· changes more rapidly

· increased in obese (? 25% of systemic IL-6 is made in fat & IL-6 stimulates acute-phase protein

 
production in the liver) (Visser ’99)

· but more expensive & I remain unconvinced of its greater clinical utility



-
ESR & CRP results may be discrepant; some experts favor checking both.


B.
Rheumatoid Factor (RF)



- 
Definition - an antibody (of any immunoglobulin class) reactive with antigenic determinants of the Fc portion of IgG



- 
All methods in clinical use measure only IgM RF (which is not a problem)



- 
Latex Fixation Test (LFT) - measures RF agglutination of human IgG-coated latex beads



 
Sensitized Sheep Cell Agglutination Test (SSCA or SCAT) - measures RF agglutination of rabbit IgG-coated sheep rbcs




-   Semi-quantitative results reported as highest dilution at which agglut occurs




- 
Normal range must be determined in each lab



- 
At cutoff point excluding 95% nl pop, 75% of RA sera are + by LFT (sens = 75%, spec = 95%); RF rate ? lower in non-academic setting

· SSCA more spec but sensitivity of some assay kits very low



-
Nephelometry may be the most accurate method



- 
Found in other inflammatory conditions




- 
13% active TB, 41% SBE, 35% SLE




- 
Mean titer lower than RA



- 
"Positive" LFT in 10-15% healthy elderly (usually low titers)



- 
"Positive" in low likelihood setting is usually false (i.e. likelihood still low)



- 
Major value is in supporting the dx of RA, which remains a clinical diagnosis (RF is 1 of 7 criteria, 4 of which are needed for formal Dx)



-
RF is a risk factor for future RA, but >95% won't get disease



- 
See Table 1

C. Anti-CCP(Cyclic Citrullinated Peptide)

· Citrulline is an unusual amino acid, a post-translationally modified arginine residue

· Anti-CCP has higher specificity for RA, ? positive earlier than RF

Sensitivity for RA

Specificity (Rheum controls)

 


Study

RF       Anti-CCP           
RF

Anti-CCP



Zeng ’03                -
47%

-

97%




Bas ’02

-
68%

-

96%




Lee ’03

72%
66%

80%

90%


       -   Neg in chronic hep C


-   May be present with neg RF - 34% RF neg pts with RA had +anti-CCP (Lee ’03)

-  Appears to predict persistent arthritis in pts with early undifferentiated inflammatory arthritis  - of  318 pts, at    3 yr f/u, RA in 25% with baseline neg a-CCP vs 93% with pos anti-CCP (OR=38) (Van Gaalen ’04)

 
-  Not clear if it predicts erosive disease

D. Anti-Nuclear Antibody (ANA)



-
A screen for many possible antibodies to different nuclear antigens



-
Critical for each lab to set its own cut point and perform ok in external QA program



- 
Indirect immunofluorescence assay (IFA): serum applied to nucleated cell substrate (usually human tissue culture cells – Hep-2) fixed to glass slide; bound ANA is detected by addition of fluorescein-conjugated anti-human Ig antiserum




- 
Results reported as highest dilution in which ANA detected




- 
Patterns of limited use & subject to misreading





1)
Homogeneous (Diffuse) - many diseases, nls





2)
Peripheral (rim) - most commonly in SLE





3)
Speckled - anti-soluble nucleoprotein






- 
Includes antibody to "extractable" nuclear antigens (ENAs)






- 
Numerous diseases, nls





4) Nucleolar - scleroderma, Sjogren's, nls




 
5) Centromere-CREST



- 
Sensitivity for SLE = 95-98% classically; recent data at 1:160 only about 90%



- 
Specificity varies markedly with non-SLE group tested (good e.g. of spectrum effect) - FP rate in healthy female elderly 10-15% (FP rate probably does not rise in aging men); 40% FP in RA; also seen with neoplasia, infection, drugs (procainamide, hydralazine, minocycline, TNF inhibitors); organ-specific auto-immune dis, esp AI thyroiditis; 40-70% Sjogren’s, 60-80% scleroderma




-
Discrepancies in studies re prevalence of ANA in healthy - ? 3.5-12% “positive”; In Tan ’97, 32%  

                   aged 20-60 had ANA ( 1:40.



- 
Of greatest value given medium probability SLE, where neg excludes, pos makes quite likely (and then anti-DNA should be ordered - see below)



- 
Greater than 20 different ANAs can be classified and many commercial labs offer this ability




- 
But extensive characterization usually not necessary; do not order a “reflexive” ANA




- 
Clinician must differentiate between scientific value in research setting vs clinical utility of test




-
Anti-Sm (25% SLE & very specific though not pathognomic), anti-RNP (MCTD but most come from SLE), anti-Ro (SSA) or La (SSB)(Sjogren's, SLE and infant with 3o heart block), anti-Scl-70 (also called Scl-100 or Topoisomerase I) (scleroderma), anti-centromere (CREST) can be helpful (see Table 2).

· ANA alone confers small risk (? 1%) for future SLE



-
Tan ’97 – 41 SLE, 40 RA, 125 apparently hlthy controls – ANA at 15 internat’l labs;




-
At  1:40, 97% LE, 32% nls, 49% RA (+ LRs only 3 & 2 for SLE vs nl or RA)




-
At 1:80,
97% LE, 12% nls, 38% RA (+ LRs 8 & 3)





     1:160,95% LE,  5%  nls, 14% RA (+ LR 7, -LR .06 vs  RA)




-
Reliability between labs only fair



-
Emlen ’97 - + IFA in 88% SLE vs 33% controls (no CT dis)




-
ANA by 6 commercial ELISA kits sens 62% (GenBio) – 90% (Helix); FP in 3% with Gen Bio vs 46% Helix





-
reliability poor




-
Pressure to keep lab costs down is resulting in switch from IF assay to automated ELISA – lab should use whole nuclear extract assay to maintain sensitivity of ANA for SLE.


E.
Anti-double-stranded (DS) DNA



- 
Indicated when ANA is + in possible SLE setting



-
Marked variability between assays and labs 



- 
Found in 30-70% SLE at single assay, up to 80% with repeated testing; more likely if active



- 
Farr (Radioimmuno-precipitation) Assay, ELISA or Crithidia Luciliae 





immunofluorescence test (CLIF) – Farr may be most specific & is best at predicting LE flare

· ELISA detects low affinity Abs and slight increases may be nonspecific – also may be contaminated by single-stranded DNA; most commonly used



- 
Very specific for SLE if positive in high titer


F.
Anti-Neutrophil Cytoplasmic Antibody (ANCA)



-
Serologic marker for Wegener's, microscopic polyangiitis (MPA) & idiopathic crescentic pauci-immune GN




-
Share pathologic features of necrotizing vasculitis + scant immune deposit



-
Indirect immunofl assay (IFA) or ELISA – as of 2005, do both


-
Remains a specialized, technically difficult test – send to experienced reference lab



-
IFA requires experienced reader (? >1000 samples) to avoid false +





-
cytoplasmic pattern (c-ANCA) - Wegener's; rare FP in infections (SBE), but ? 40% TB (Flores-Suarez ’03)

· perinuclear (p-ANCA) - micro PA, cresc GN; many “FPs”

· “atypical” patterns should be ignored




-
ELISA requires properly purified antigen (& knowledgable lab)

· C-ANCA generally results from anti-proteinase 3 – very specific for Weg (1-3% other CT dis), but ? up to 40% of TB

· anti-myeloperoxidase (MPO) in minority of p-ANCA: specific for pauci-immune GN, micro PA; sens approx 80% for necrotizing  crescentic pauci-imm GN, only 1% RA or SLE

· but concordance for commercial kits was poor (J Immun Meth 208:203, 1997; Csernok ‘02)




-
Sensitivity of c-ANCA for Weg - 91% if active, 63% if inactive; lower if localized; reports vary widely




-
Specificity of c-ANCA 98% for other diseases in Wegener's differential dx




-
Parallels activity of disease ? - literature data discrepant




-
p-ANCA reported in 60% ulc colitis, 30% Crohn's, ? 5% nls, HIV,25% SLE, 10% RA - but not 2o to anti-MPO (instead to lactoferrin and other peptides)




-
? direct role in pathogenesis - neut/mac can be induced (by TNF, IL-1) to express MPO, pr-3 on surface & IgG ANCA can trigger release of pro - inflamm reactive oxygen products




-
Can pos c-ANCA/a-PR-3 ever substitute for biopsy? – maybe in pt with diffuse pulmonary hemorrhage and GN, who starts with at least a medium probability

· in low prob setting, neg rules out – pos would dictate need to bx




-
Indications for ANCA testing: GN (esp RPGN), pulm hem (esp if renal dis), mult lung nodules, chronic 

 



destruction  of upper airways, chronic sinusitis/otitis, subglottic tracheal stenosis, mononeuritis         




 
multiplex, retroorbital mass (Savige ’00)


G.
Anti-Phospholipid Antibody (APL)



-
Anti-cardiolipin (ACL) ELISA (esp IgG), lupus anticoagulant (LAC) 



-
Poorly standardized



-
Antigen for pathogenic “autoimmune” type ACL not actually phospholipid, but (2GPI, which binds PL



-
LAC caused by Ab to phospholipid which blocks formation in vitro of complex required to convert prothrombin to thrombin




-
Detected with PTT (some kits more sensitive than others), Russell-Viper-venom time (RVVT), or Kaolin clotting time - no consensus re minimum  criteria, tests vary



-
APL syndrome: APL + thrombosis (arterial or DVT, recurrent?) or fetal loss; should have Ab at least x 2 >6-8 wks apart



-
In SLE, 44% ACL, 34% LAC (varies by study)




-
Assoc w. hx thrombosis, fetal loss, thrombocytopenia




-
Unclear prognostic value




-
Unclear management implications (most with  Ab don't manifest the syndrome)



-
In non-SLE, little conclusive data (though many uncontrolled reports of thrombosis, fetal loss)




-
Rosove'92 - inc risk of recurrent thrombosis,  ? dec on  warfarin, INR >2.5




-
Ginsburg'92 - inc risk future DVT if ACL >98 percentile in hlthy-but risk still too low (similar magnitude to BCPs, cigs, obesity) to justify warfarin prophylaxis




-
Muir '94 - 22% of 262 unselected stroke pts  + for ACL (13% for IgG vs 8% controls)




-
Khamashta '95 - annual recurrence rates 23% if INR <3, 1.5% if >3 retrospectively (later debunked – INR 2-3 just as for other pts)



-
Up to 7% young nls, higher % infecs, elderly, other dis; 1/3 primigravid women (Lynch '94)


  
-
Pitfalls - tests poor, syndrome rare; no proven Rx & empiric warfarin risky (of course anticoag indicated for thrombi, with or without APL!); positive test might erroneously deter otherwise indicated eval for cardiac embolus, other prothrombotic state; prospective studies sorely needed.


H.
Lyme Disease Testing



-
IgM Ab to Borrelia burgdorferi at 2-4 wks after erythema migrans, IgG at 6-8 wks which peaks at 4-6 months and stays elevated with persistent disease



-
True seronegativity uncommon with clinically disseminated or chronic Lyme



-
Theoretically, best approach to lab confirmation of clinical diagnosis would be ELISA for IgM and IgG, then Western blot to confirm questionable results (unexpected low titer pos)



-
Cross-reacting Ab in mono, RA, SLE, other spirochetal dis (e.g. periodontitis)



-
"False" + in hlthy pop in endemic area



-
Real world: tests are poor, with much variability between and within labs & various (& plentiful) commercial kits 



-
ELISA-false neg 0-56%, 80% in  early disease



-
Western blot - unstandardized, esp re interp; many cross-reactive Abs in other diseases



-
Major problem in evaluating the tests:  How to classify reference pts as Lyme or control?



-
Only consider ordering to confirm dx - try to find lab with aggressive QA program and with which you get familiar; higher titer ELISA, more bands on blot would be more reassuring




-
CDC recommends EIA or IFA first & if (+) or equivocal, Western blot - "pos" requires 2 of 3 specific bands (24 Kd = Osp C, 39 Kd & 41 Kd) on IgM blot (MMWR 44:590, 1995).




-
Of 44 pts with pos culture + erythema migrans, best cut point was any 2 bands: sens = 50% early (later 93%), & spec = 96% (Sivak '96). 



-
Epidemic of Lyme overdx 2o to FP test, esp in pts with fibromyalgia or chronic fatigue (syndrome), for  whom + test (in non-endemic area) yields no more than approx 1% likelihood of Lyme.



-
PCR of syn fluid: sens = 85%, spec = 100%, but only fair reliability 




-
yield may be higher from synovium than syn fluid



-
ACP ’97 Guidelines: Sens of ELISA for early & late = 59 & 95%; FP rates 7 & 19%




-
if hx characteristic of E migrans, Rx indicated without testing




-
order ELISA only in medium prob range; can’t R/I if low, R/O if high prob




-
do Western blot if ELISA equivocal




-
base pretest prob of LD on exposure hx & clinical picture



-
Lyme vaccine (no longer marketed) induces pos serology


I.
HLA B27



- 
Antigen on nucleated cells coded for by HLA B region gene of major histocompatibility complex



- 
Measured by lymphocytotoxicity assay



- 
Present in 90-95% Caucasian patients with ankylosing spondylitis (AS), 75% Reiter's



- 
Present in 8% normal Caucasians (specificity = 92%), 50% Haida, 1% Japanese, 2-3% African-American



- 
Of greatest value in dx of AS, for which SI joint x-ray testing also available, which is less sensitive & has poor reliability unless very abnormal.




- 
thus, I prefer B27 unless long-standing disease present (& X-ray probably would show sacroiliitis)


J.
Synovial Fluid  (see Table 3)



- 
Obtain when bugs or crystals suspected as etiologic




-
e.g., all patients with inflammatory acute monoarthritis, many with pauciarthritis



-
Protein and glucose worthless



-
"Routine" analysis should include only cell ct, diff, G  stain, C&S & crystal exam



-
Higher WBC increases prob of sepsis, but much  overlap; only 1 ml needed for accurate cell ct, but only 1 drop for wet prep - 0-2 WBC/hpf(10 fields) accurately predicts <1300 WBCs by count




- 
Traditionally, manual counting recommended – but may be analytically less precise/reliable than  




      automated counting by flow cytometry-based cell counter (de Jonge ’04)



-
Poor quality control in many labs



-
Pitfalls: 





1) Use heparinized tube for crystals (not calcium oxalate)





2) Previous steroid injection - crystals up to 2 months later; FP crystals from talc on glove





3) Real world sens and spec of crystal exam far from perfect






-
Urate found in only 80% (sensitivity = 80%); specificity = 95%






-
CPPD missed in 84%! (16% sensitivity) (Hasselbacher); other data suggests no better than 70% sensitivity, specificity = 85-95%







-
Alizarin red S stain of cytospin smear may enhance sensitivity, but extracellular staining may be a contaminant






-
Varies with examiner





4)
Avoid clotting of SF, which falsely lowers WBC



-
GC usually not detected by C&S - must minimize time between syn fl aspiration and culture



-
Bacterial detection higher with liquid media inoculation (blood culture bottles) than direct culture methods



-
In obese, medial approach (1 ½” needle) may not reach jt – if dry, go laterally

Table 1.  Post-test Probability of RA Based on Different

          Pretest Probabilities and RF Results*

	Pretest

Probability (%)
	Post-test probability (%)

	
	RF Positive
	RF Negative

	1

15

25

50

75

90
	16

73

83

94

98

99
	0.2

4

8

25

44

70


*  Assumes setting in which RF sensitivity = 75%, 

   specificity = 95%

Table 2.  Specific ANAs and Associated Diseases

	ANA
	Disease
	Frequency (%)*

	anti-DS-DNA

anti-Sm

anti-RNP

anti-Ro (SSS-A)

anti-Scl-70 (100)

anti-Centromere
	SLE

SLE

MCTD

SLE

Sjogren’s

SLE

Congenital 3( AV block

Scleroderma

CREST
	50

25

95-100

30

50-90

35-60

90

20-70 (99% specificity)

80 (98% specificity)


*  Varies widely depending on assay and lab.

Table 3.  Synovial Fluid Tests

	SF Test
	Bacterial
	Crystal
	Misc

	WBC range (x10-3)

% >50,000

% PMN

Gram stain

C&S

Crystals
	6-280

70

>90(in 90%)

2/3+, except GC <25%

(95% except GC <40%

(prob <10%), anaerobes 

Rare + 2( to enzymatic “strip mining”
	1 to >100

11

75

Neg

Neg

Urate-neg needles

CPPD-pos rod/rhomboid
	If <1: trauma,

mechan, OA, isch nec

Steroid

Cholesterol (in RA)


Table 4. Sensitivity and Specificity of Commonly Used Tests for Rheumatic Disease

	Test
	Disease
	Sens(%)
	Spec(%)1
	Comment

	ESR (>30)

RF, LFT

Anti-CCP

ANA,IFA

ANA,EIA

Anti-DS

DNA (RIA)

C-ANCA

HLA-B272
SF crystals

  urate

  CPPD
	GCA

RA

RA

SLE

SLE

SLE

Wegener’s

Ank spond

Gout

CPPD
	99

75

50-70

90

60-90

50-80

60-90

90-95

80

16-80
	?

96

99

95

95

95-98

98

92

95

85-95
	Nl helps to R/O

“FP” in 10-15% of elderly

“FP” in 40% SLE

More specific than RF

“FP” in 10-15% of women >65

“FP” in 40% RA

Rare FP in other AI dis

Frequent FP if “double-stranded”

(DS) DNA prep contains SS DNA

Sens 63% if inactive

Only 50% sens in black population

Markedly varies with examiner


1 -- In healthy, non-elderly population

2 -- In Caucasian population
Table 5.  Disease Likelihood with Positive Tests in Unlikely Settings

	Test
	Disease
	Post-test likelihood (%)

	ESR >100

RF & healthy

ANA & healthy

ANCA

Anti-phospholipid Ab   & healthy

Lyme serology & fibromyalgia,

   Pacific USA

HLA B27 & chronic low back pain
	CA,ID,CT dis or monocl gammop

Future RA

Future SLE

Vasculitis

Future thrombosis

Lyme disease

Ankylosing spondylitis
	95

(5

1

?

<prob of warfarin bleed

1

15-25


Table 6. Charges for Rheumatic Disease Tests, 2005*

	Test
	Charge($)

	ESR

CRP

RF (nephelometry)

Anti-CCP

ANA (screening)

Anti-DNA, EIA

Anti-Sm/RNP

Anti-SS-A

         SS-B

ANCA (IFA)

ANCA (EIA)

Lyme

  Serum IgG/IgM EIA

  West blot

B27

Syn fl cell count

  G st

  C&S

  Crystals
	18.25

56.75

51.75

60.00

56.25

98

98

98

38.26

118.50

38.50

18.95

46.60

24.25

55.75

30.25

45.75

32.50


*Information obtained 4/5/05 and applies

to tests at PPMC or its reference labs

III.
Illustrative Case Examples

1.
CM is a 70 y/o WF with 10 yr hx of mild stiffness of PIPs and DIPs which have become knobby.  There is   minimal AM stiffness.  An RF is ordered and is "positive" (> 1:160 in this lab) at 1:160.  Does she have RA?





To determine the likelihood of RA post-RF test, we must know the sensitivity (75%), specificity, and pretest estimate of RA likelihood.  Specificity is poorer in the elderly - approx 90%.  Based on published and personal experience, we estimate pretest prob to be around 1% (the other 99% will have osteoarthritis).  The determination would go as follows:











       
 1000 patients











(Pretest probability of RA = 1%)








10 with RA





990 with no RA






[10 x 75% true positive rate

[990 x 10% false positive rate







(sensitivity = 75%)]


    
       (specificity = 90%)]








7.5 True Pos






99 False Pos









Posttest probability of RA if RF is positive =









     True pos               =       7.5       =  7%









True Pos + False Pos         7.5 + 99




For every 7 "correct" results, we find 99 that are "wrong"!  Thus a positive result in a low probability setting is usually a false positive, even with an apparently accurate test.



2.
CM is a 70 y/o WF with 6 months of symmetric pain and AM stiffness in PIPs, MCPs and wrists but with   only questionable swelling on exam.  RF is "positive" (> 1:160) at 1:160. Does she have RA?

Sensitivity is unchanged.  Because specificity is derived from subjects free of RA, it varies depending  the population chosen ("spectrum bias").  A control population of normals will lead to a higher specificity than one comprised of patients with other rheumatic disease that may be associated with abnormal test results.  The chosen population must be consistent with the clinical situation in which the test is ordered.  In this case, SLE is possible and RF will be positive in 40% of such patients, thereby increasing the number of false positives.  But for clarity, let's leave specificity constant for now.  Pretest likelihood is estimated now at 50%, given this history.













  1000 Patients










(Pretest probability of RA = 50%)








500 with RA

      


500 with no RA






   (500 x 75% true positive rate)

(500 x 10% false positive rate)
















375 True Pos

       

50 False Pos








Posttest probability of RA if RF is positive =








       True Pos           
  =       375         =  88%








 True Pos + False Pos

 375 + 50


A positive RF increases the RA likelihood from 50 to 88% and is clinically useful. In general, changes in probability of greatest diagnostic value occur in the mid-range of pretest likelihood.

3. PS is a 70 y/o WF with two years of symmetric pain, stiffness and objective swelling of PIPs, MCPs, 



wrists, knees and ankles and a SQ nodule over the proximal ulna.  RF is negative.  Does she have RA?


We estimate a pretest prob of RA in range of 90-95%.  There is a small likelihood this could be SLE, but again for clarity, we will assume non-RA subgroup still has only a 10% false positive rate for RF.  Sensitivity of the test is unchanged.  Now we will determine the post-test probability given a negative result.  Note that in the disease group each subject is either true pos or false neg and in the non-RA group, true neg or false pos.















1000 Patients












(Pretest probability of RA = 90%)









  900 with RA

       
 100 with no RA







[900 x 25% false negative rate
    [100 x 90% true negative rate








(sensitivity = 75%)]

    
  
      (specificity = 90%)]
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  Post-test probability of RA if RF is negative = 









       False Neg                 =       225            = 71%

                                            False Neg + True Neg              225 + 90



Thus RA remains quite likely.  To rule out disease, particularly at a high pretest probability, a test must have a much higher sensitivity than does the RF.  Negative results in a high pretest prob setting are usually false negative.

4.
JL is a 30 y/o WF Oregonian with 6 months of fatigue and myalgia. Exam is normal except for muscle tender points, suggestive of fibromyalgia. Because JL is concerned she may have Lyme disease, serology is ordered and returns positive - does she have it?


Based on a regional incidence of Lyme of less than 1 per 100,000; absence of exposure in a more endemic area, EM rash or objective joint or neuro abnormalities; and typical manifestations of fibromyalgia ("chronic fatigue syndrome"?), we estimate very low pretest prob of Lyme - 1 in 1000 perhaps. Assume testing would be positive if Lyme were present (let’s bias in favor of the test) and that only 5% without Lyme would test false-positive (we should be so lucky!):


            1000 pts with chronic myalgic fatigue












1 Lyme






                999 Not











(1 x 100% true pos rate)
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1 true pos







50 false pos


Post test probability of Lyme (in Oregon) if serology positive


in chronic myalgic fatigue pt = 


  1    = 2% MAX















    1 + 50



And we are not prepared to treat so many patients with FP tests (cost & toxicity) for the rare pt with a TP.

5.
  If Joey D was a musician with recurrent herpes labialis (Type 1), would he more likely play a) trumpet, 

b) accordion, c) guitar, or d) triangle?
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LABORATORY TESTING FOR RHEUMATIC DISEASE:

ILLUSTRATIVE CASES

1.  
  The patient is a 30 y/o woman with a 6-month history of symmetric polyarthritis of hands, feet and knees, accompanied by one hour of morning stiffness. She is otherwise healthy and has a negative review of systems. Exam demonstrates joint swelling. X-rays are normal. Which of the tests that follow would you order?

2. The patient is a 60 y/o with aching and stiffness of shoulder and hip girdles, much worse in the a.m. and present for six weeks. Which tests would you order?

3. The patient is a 30 y/o man with a 6-month history of low back stiffness accompanied by 30 minutes of discomfort in the a.m.  Which tests would you order?

4. The patient is a 40 y/o with three days of pain and swelling of her left knee. She is otherwise healthy.  Which tests would you order?  If this persisted for an additional six weeks, what other tests would you consider?

Tests which can be ordered:

1) Sed rate (ESR)
2) C-reactive protein (CRP)
3) Rheumatoid factor
4) Anti-CCP

5) ANA (screening)

6) “Reflexive” ANA

7) Anti-double-stranded DNA

8) Anti-Smith

9) ANCA

10) Lyme titer

11) HLA B27

12) Tap and synovial fluid analysis

13) “Arthritis panel”

14) Serum uric acid

15) Other:_____________________
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