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“Pre-pre”” and “post-post” analytical error: high-incidence
patient safety hazards involving the clinical laboratory

Michael Laposata®* and Anand Dighe®

Department of Pathology, Massachusetts General
Hospital, Harvard Medical School, Boston, MA, USA

Abstract

Data from recent studies suggest that the highest inci-
dence of laboratory-related errors occurs in the pre-
analytical phase of laboratory testing. However, few
studies have examined the frequency of errors in
laboratory test selection and interpretation. A survey
of physicians who use our clinical laboratory dem-
onstrated that the largest number of test ordering
errors appear to involve physicians simply ordering
the wrong test. Diagnostic algorithms providing guid-
ance for test selection in specific disorders are also
used as the basis for the establishment of reflex pro-
tocols in the clinical laboratory. The provision of an
expert-driven interpretation by laboratory profession-
als resulted in improvements both in the time to and
the accuracy of diagnosis. A survey of our physician
staff has shown that in the absence of such an inter-
pretation, for patients being assessed for a coagula-
tion disorder, approximately 75% of the cases would
have involved some level of test result mis-
interpretation.

Clin Chem Lab Med 2007;45:712-9.

Keywords: diagnostic algorithms; laboratory errors;
patient safety; post-analytical phase; pre-analytical
phase; test interpretation; test selection.

involving errors in clinical laboratories, mistakes are
commonly identified and quantitated in the pre-ana-
lytical, analytical and post-analytical phases of labo-
ratory testing. The data from these studies suggest
that the highest incidence of laboratory-related errors
occurs in the pre-analytical phase of |laboratory test-
ing (3). However, few studies have examined the
frequency of errors in laboratory test selection and
interpretation.

Every day, physicians order and interpret large
numbers of laboratory tests to diagnose and monitor
their patients, and the complexity of these tests has
been increasing substantially in recent years. This
very large and growing test menu has introduced two
service problems for the clinicians ordering the tests:
selecting the correct laboratory test and correctly
interpreting the test resulis (4, 5). These errors involve
the clinical laboratory, but to date neither the clinical
laboratory nor the ordering physicians have assumed
the responsibility for addressing these high-preva-
lence mistakes in test ordering and result interpreta-
tion. These mistakes are commonplace but difficult to
identify (e.g., did the doctor really want a factor V
instead of a factor V Leiden?) and therefore difficult
to quantitate. We have designated the error in select-
ing the wrong tests as “'pre-pre-analytical error”,
because it effectively occurs within the brain of the
ordering clinician, before the blood sample is ever
collected, and before the opportunity for the classic-
ally described pre-analytical error (e.g., specimen col-
lection error). The error of misinterpreting the test
results we have called "post-post-analytical error”
because it occurs after reporting of the results by the
laboratory, after the post-analytical phase.
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WBC

RBC

Parameters WBC | PMIN | Lymph | Mono Eo Baso RBC Hb HCT | MCV | MCH | MCHC | RDW PLT
| ComBlood | 99-301 6126 | 20-111 01-20 002-1.0 0.01-0.6 4565 13.7-188 4765 98-125 3137 33936 133-182 180-428
. 41-81% 20-36% 04-10%
1-Tdays 91-34 15105 | 2117 0118 0:02-2.0 0.01-06 3962 13522 4250 93-123 3137 33938 133182 180-550
- 35:75% | 2141% 4-13% 2.6% 0-1%
8-14days 59-23 1195 | 21-165 01-18 0.1-09% 00106 3660 115205 3960 §6-120 3137 33936 13176 180-550
25.55% | 28-47% 6-19% 2.6% 0-1%
1530days | 51219 | 1089 | 25165 02-11 010,99 00106 3355 10.5-202 3155 85112 25.34 330353 15176 210-640
18500 | 3].56% 6-18% 2.7% 0-1%
10-85 | 32135 | 030-L1 0.1-0.84 0.01-0.6 3145 9.5-14.1 2842 77-110 2523 339355 | 146162 210580
s1°; 719 411% 2.7% 0-1%
1055 | #0165 | 02511 0.1-10 0.01-02 3651 10.5-139 39 7492 2531 339355 | 146162 210-560
1745% | 44-77% 4-11% 2.6% 0-1%
1-2 years 12-7.5 1585 0.15-12 01119 00202 3752 10.9-14.1 3343 7480 2430 339352 | 146162 210-560
1545% | 44-74% 4-10% 2-4% 0-1%
335 years 3935 | 1572 1575 01312 0.1-14 0.01-02 3952 109-148 3343 7488 2430 342357 13155 200-500
2557% | 35-65% 4.9% 2-4% 0-1%
67 vears 4412 1579 15-60 01512 0.08-1.10 0.01-02 3933 118154 35.843 7590 2533 342357 13155 180-480
31-68% | 25-54% 4-9% 2-4% 0-1% _
$13 yeas | 39-115 | 1880 1455 01512 0.08-1.01 0.01-02 3954 12816 3746 7792 2534 342357 13155 170-450
38-70% | 28-48% 4-9% 2-4% 0-1%
1418 bay | 35110 | 17-57 12-52 01512 0.04-0.76 001-03 3358 13.0-17 3749 8192 2534 324356 13155 183-345
14-18 Gl 4377% | 2545% 4-9% 1-7% 0.3-1.3% 39-54 12.3-154 3546 79-92 2533 324356 13-155 160-400
1849 (M) 35105 | 1761 1032 0209 0.06-0.46 0.0103 1357 135175 3§51 8195 2733 3236 115-156 145420
43:78% | 1545% 9% 1-7% 03-1.3%.
1849(F) 39111 | 1775 1.0-32 0.2.0.9 0.06-046 0.01-03 39-51 118153 1546 5198 2733 31.6:36 115155 155.440
43-78% | 1545% 4-9% 1:7% 03-1.3%
2363 1028 0206 0.1-05 00103 3754 11.7-166 3948 79-98 37734 3136 115-156 125-385
43.78% | 1545°% 4-9% 1-7% 03-13% ‘
207.7 1030 0206 01-05 00103 3452 105153 3145 80100 | 27635 3136 115-155 145440
41.78% | 13459% 4-9% 1-7% 03-1.3%
3763 1027 0307 0306 00103 3053 95-15.9 3746 82101 3736 3136 115-15.6 85385
43.78% | 1545% 49% 1-7% 0.3-1.3%
20-7.7 10-29 02:06 02-06 00103 7933 90-149 2545 78102 | 26353 3136 1135-153 117-390
43.78% | 1545% 4.9% 1-7% 03-13%




<l .
T Wiy e d B-Thal minor (IDA)
Chitd/Adult
: MCV-RBC-5Hb-K ' _
England and Fraser Index (EFl) < ori =S ror b 51/78
{1973) (k=3.4)
Mentzner Index (M) MCV/RBC <133 Mf11.2 F *£3.3 MJ11.2 F =1
Hermiston-and Mentzer [1973) Mean (12.5MSF) (L2 5M/F} /
2 ; MCH/RBC
Bevington-Srivastava Index [BS51) 38 —3s 57/ 63
(1973)
Shine-Lal Index [S&L1) MEV’RMEﬂfilJD <1530 o~ 10 91
{1977) MCVEMCHR0.01
Ricerca Index (Ri) RDW/RBC _ a4 14/56
[1587)
RDW Index [RDWI) MCV=RDW/RBC o o —_—
1987
Green &Kil’lﬁ Inidex [E&H“ ME‘L"EHRDW;Hhﬂiﬂn
Or Discriminant Factor (DF) <G5 =65 56/ B3
{1989)
MCHD=RBL M<lOy:>1 752012 MelOy:=175
MDHL Index” (MCHxRBC/MCV) F<lOy »1.9840.11 FolOy <198 34/ 54
(1999) M>10y>1 8120 12 M>10y:$1.8
(MCHD =*= MCH/MEV) Fally:>1. 7a20.11 F?lﬂﬂllil.?ﬁ
Kerman index 1 (Ki-1) MCWV=MCH/RBC <300 : ~400 55/ 73
{1996) (Mentzers MCH] 300-400-1DA+Tha!
Ke index 2 (Ki-2 KI-1x=10/MCHC <35 :
rman index 2 (KI-2) . 107 71/76
(19597) 85-105-31DA+THal |
Rordier udex (BO-MCV)(27-MCH) 24476 <4475 72/78
(2003)
Ehsani Index (El)
MCV{10=RE <15 =15 &8/ 7a
(2015) H €) i3
iegsimon e {Rl RDWey <16 >16 10/15
{2006)
Sirdah Index (S1) =
MEV-REC-3Hb <27 =27 65/64
(2007) i ' i /8
RBC Index (Rl)
REC 3 <5 65/77
"Mean Density of Ho/Liter of Blood (MOHL) index, **Mean Call Hb Density
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theranes

1 Sources of Laboratory errors

Laboratory Errors

Top Pre-analytical Errors (62%)

* Specimen collection tube not filled
properly — 13%

* Patient ID error - 9%

* |nappropriate specimen collection
tube/container — 8%

* Test request error = 7%

* Empty collection tube — 7%

* Others —18%

Source: Carraro P, Plebani M. Errors in a stat laboratory: Types and frequencies 10 years later. Clin Chem. 2007;53:1338—
1342
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Pre-analytical errors
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Preanalytical errors in o Which (aboratory parameters
clinical chemistry laboratory ara affected by haemolysis?

0.1 0.25 0.5
Hasmoaglobin {g/dl)



Table 1

Influence of hemolysis on routine clinical chemistry testing. Differences are given as absolute values and percentage relative bias (mean+SD) from the baseline sample (no lysis).

Values are compared with current analytical quality specifications for desirable bias (15). Statistically significant differences were evaluated by Student’s paired t-test (*p<0.05; "p <0.01).
Results with hemolysis-induced variations exceeding the relative desirable bias are marked in bold.

Analyte Desirable Free serum hemoglobin
blesi % Nolek  0a8gL 03 gL 0.6 gL 13 gL 26 gL 5.1 g/L 103 glL 206 g/L

Albumin, g/L +1.3 44.9+11 44.8%1.0 44.6+1.3 44.5+1.1 44.3+1.0 443+1.2 44.2+1.1 43.7+1.1 42.2+1.1

(-0.1£0.4%) (-05£09%) (-0.8+0.4%) (—-1.1£07%) (-1.310.8%) (—1.4-£0.7%) (—2.5+£0.4%) (—5.9+1.0%)
Alkaline phosphatase, U/L +6.4 52+8 52+8 52+7 51+8 504+7" 47+7° 43+ 7° 36+7° 24+6"

(0.0 +1.0%) (—0.4+1.6%) (—1.44£2.1%) (—3.041.4%) (—-9.2+2.0%) (-18.0+£2.3%) (—-31.4%3.6%) (—53.7+5.3%)
Alanine aminotransferase, +12.0 20+13 20413 20+13 20+13 20+13 22413 23+13" 26+13° 32+13°
U/L (+1.6+2.8%) (+2.2+8.0%) (+23+7.2%) (+2.9+7.8%) (+10.2+11.9%) (+18.2+11.6%) (+37.1+£16.3%) (+73.8+28.2%)
Aspartate aminotransferase, +5.4 2244 2344 2544 27+ 4> 314+ 4° 40+5° 59+ 7° 95+ 11° 169-+22°
U/L {+4+3%) {+12£5%) (+24+7%) (+4249%) (+84+ 14%) {+169+ 25%) (+336+ 48%) (+677+:87%)
Bilirubin (total), pumol/L +10.0 20.8+103 20.8+10.4 20.6+10.4 20.6+10.0 20.4+10.8 20.4+10.9 20.3+10.2 20.3+9.6 20.2+9.3

(=0.1£0.8%) (—=1.1£29%) (—03+£2.2%) (—4.0+59%) (—4.2+7.4%) (—2.8+4.9%) (—0.6+7.7%) (—1.3+9.2%)
Caleium, mmol/L +0.8 2.40+0.09 2.40+0.10 2.40+0.09 2.40+0.09 2.41+0.09 2.41+0.09 2.42+0.09 2.42+0.10 2.40+0.09

(+0.1£0.9%) (+0.1+£05%) (+0.1+£07%) (+0.3£0.5%) (+0.4+0.8%) (+0.6+0.7%) (+0.6+0.7%) (—0.1+£0.7%)
Chloride, mmal/L +0.5 105.5+19 105.5+1.9 105.0+1.7 104.8+1.6 104.6+1.5 104.3+1.3 1040+15 1036+19 102.5+1.6

(0.0 £0.0%) (~0.5+05%) (—0.7+0.6%) (—08+0.6%) (—1.2+0.6%) {(—1.4+0.8%) (—1.8+0.7%) (—2.84+0.9%)
Creatine kinase, U/L +11.5 118146 120+ 47° 121+47° 125+ 47" 131 48 145+47° 175 £47° 240+ 50° 380+ 55"

(+2 +2%) (+3+2%) (-++7 £4%) (+13+4%) {+27 +10%) {+56+22%) (+120+46%) (+259+102%)
Creatinine, pmol/L +3.4 81410 82+11 82411 82+10 83+ 10° 85+11° 86+ 10° 86+ 10° 87+9°

(+0.2+1.8%) (+03£23%) (+04+2.0%) (+15+1.4%) (+4.4+2.4%) (+5.8+2.4%) (+6.3 +2.3%) (+7.5+3.6%)
y-Glutamyltransferase, U/L +10.8 17 +8 16+8° 16+8° 16+8° 16480 15 +8> 1548 147> 12+7°

(—4.7 +4.6%) (—6.0£3.9%) (—6.4£37%) (-7.8+3.1%) (-11.1£53%) (-145+57%) (—183+5.4%) (-355+9.7%)
Glucose, mmol/L +2.2 5.02+0.66 5.02+0.68 5.02+0.66 5.02+0.64 5.02+0.64 5.02+0.64 5.01+0.64 4.97 +0.65" 4.95+0.65"

(—-0.2+0.6%) (—0.1£0.4%) (0.0+0.8%) (0.0 £0.5%) (—0.1+0.3%) (—0.2+0.9%) (—1.0+0.4%) (—1.44+1.0%)
Iron, pmol/L +8.8 18.4+5.8 18.4+58 18.6+5.6 18.6+5.7" 18.8+5.8° 19.245.70 20.1+5.8° 22.2+595 27.3+6.10

(+0.1£0.9%) (+1.5£2.1%) (+1.5+1.3%) (+2.1+0.6%) (+4.7+2.0%) {(+10.6+3.9%) (+23.1+8.3%)  (+53.1+16.0%)
Lactate dehydrogenase, U/L ~ +4.3 338437 369+36" 397+38" 451+ 39" 550 +42" 746 +52° 1203 +69° 1906+ 116" 3804 + 140"

{+9+£2%) {+17 £2%) {(-+34+4%) (+63+7%) (+122 +13%) {+259+34%) (+470+69%) (+1039+132%)
Lipase, U/L +10.1 28+6 28+6 29+6 29+5 31+5° 35+6° 39450 43+5b 45+ 50

(0.0 +£0.0%) (+0.5+13%) (+2.2+4.0%) (+82+7.8%) (+23.1+7.7%) (+38.0£9.9%) (+53.1+12.7%) (+60.7+15.9%)
Magnesium, mmol/L +1.8 0.92+0.04 0.92+0.04 0.92+0.04 0.92+0.03 0.93+0.,03" 0.94 +0.04" 0.95+0.03° 0.98+0.047 1.02+0.03°

(0.0 £0.4%) {0.0+0.8%) (+0.4+2.1%) (+1.5+2.1%) (+2.3+0.7%) (+3.5+1.0%) (+6.8+1.6%) {+11.6 +2.3%)
Phosphorus, mmol/L +3.2 1.17£0.12 117 £0.11 1.17£0.11 1.18£0.12 1.18+0.11 1.20+0.11" 1.23+0.11° 1.29+0.11° 1.42+0.11°

(+0.1£1.3%) (+0.6+1.3%) (+0.8%1.0%) (+1.411.6%) (+2.9%1.7%) {+5.5 £2.0%) (+10.9£3.4%)  (+22.117.4%)
Potassium, mmol/L +1.8 4,12+0.22 4.15+0,22° 4,18+0.23" 4,25+0,21° 4.37 £0.22" 4.65 £0.24" 5.22 +0.25" 6.36+0.30° 8.78+0.42"

(+0.7£0.7%) (+1.5+0.8%) (+3.2+1.2%) (+6.111.1%) (+12.9+:1.4%) (+26.7+£1.6%) (+54.4+3.1%) (+113.215.6%)
Sodium, mmol/L +0.3 140.1£1.5 139.6+1.1° 139.3£1.0° 138.9 +0.8" 138.6 £0.9° 138.3%1.2° 137.9 £1.4° 136.5 £0.9" 133.5+£1.0°

(—0.4+0.4%) (—-0.6+0.4%) (—09%+0.6%) (—1.1+0.5%) (—1.3+0.5%) (—1.6 +0.5%) (—2.6 +0.5%) (—4.7 +0.8%)
Urea nitrogen, mmol/L +5.5 6.3+1.2 6.341.1 63+1.0 6.311.1 6.311.1 6.41+1.1° 6.5%1.1° 6.6+1.2° 6.8+1.1"

(-0.4+2.3%) (-0.4%+2.6%) (-0.6+2.3%) (-05+1.5%) (+1.4+1.6%) (+3.0+2.4%) (+3.9+2.2%) (+8.9+2.6%)
Uric acid, pmol/L +4.8 305+89 303+89 303+89 303+88 302 +89 301+89 296 +89 290+ 87 275+86

(—0.6+£1.0%) (—=0.8+1.1%) (—=09+11%) (=1.0x11%) (—1.3%1.1%) (—32+1.4%) {=5.1+2.0%) {—10.3 +2.4%)
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Intra run vs Inter run Validation

Testing CD 3 Testing CD 3

10 runs 1 slide each

| |
1

similar staining pattern and intensity of all slides

Inter Vs. Intra

® inter: between or among
®m intra: within or inside of
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Accuracy and Precision

» Accuracy = the degree of closeness of
measurements of a quantity to the actual (or
accepted) value

» Precision (repeatability) = the degree to which
repeated measurements show the same result
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Normal Quantile Plot
Model 1 for CASES_18PK (1 variable, n=52)
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Sources: World Economic Forum; World Bank 2015.
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number of Irue Positives

Sensiti =
e number of True Positives + number of False Negalives

number of True Negatives
number of True Negatives + number of False Positives

Specificity =

Condition
(as determined by "Gold standard")
| Positive Negative
False Positive

Positive | True Positive — Positive predictive value
Test (Type | error, P-valug)

outcome False Negative |

(Type !l eror)

Negative

True Negative =—~ Negative pradictive value |

J |
-

Sensitivity Specificity
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Sensitivity =

PPV =

‘outcome |

‘ Condition
(as determined by "Gold standard”)

Positive
| Positive | True Positive
Test |
= [False Negative
’ (Type Il emor)

|
Sensitivity

true positive

(true positive + false negative)

true positive

(true positive + false positive)

positive predictive value (PPV)
negative predictive value (NPV)

Negative

False Positive

(Type | error, P-value)

True Negative

Specificity

x 100

100

Specificity =

NPV

— Positive predictive value

i— Negative predictive value |

true negative

(true negative + false positive)

true negative

= X
(true negative + false negative)

Youden’s index = (sensitivity + specificity) — 100.

x 100

100

Sensitivity Specificity PPV NPV Youden's
Indices (%) (%) (%) (%) index
Red blood cell (RBC) count
IDA 91.0 86.0 86.6 90.5 77.0
B-TT 86.0 91.0 90.5 86.6
RBC distribution width (RDW)
IDA 99.0 6.0 512 85.7 5.0
B-TT 6.0 99.0 85.7 511.2
Mentzer index (M)
IDA 68.0 82.0 79.0 719 50.0
B-TT 82.0 68.0 71.9 79.0
Shine and Lal (S&L) index
IDA 97.0 91.0 915 96.8 88.0
B-TT 91.0 97.0 96.8 9.5
England and Fraser (E&F) index
IDA 100.0 78.0 81.9 100.0 78.0
B-TT 78.0 100.0 100.0 81.9
Srivastava (S) index
IDA 44.0 74.0 62.8 56.9 18.0
B-TT 74.0 44.0 56.9 62.8
Green and King (G&K) index
IDA 100.0 83.0 85.4 100.0 83.0
B-TT 83.0 100.0 100.0 85.4
RBC distribution width index (RDWI)
IDA 95.0 83.0 84.8 94.3 78.0
B-TT 83.0 95.0 94.3 84.8
Ricerca (R) index
IDA 68.0 98.0 97.1 75.3 66.0
B-TT 98.0 68.0 75,3 70
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Mote on abbreviations:

CVw = within-subject biolegic variation
CWg = between-subject biologic variation
| = desirable specification for imprecision
B = desirable specification for inaccuracy
TE = desirable specification for allowable total error

:r-lmhﬂ Eiu]_u-gii[:al I]esil:attte_
Anzlyte Fapers Variation Ep-EI:Iﬁ.i.'-ﬂIlﬂl‘l

_ cvw cvg i !!ﬂf%} . TECA)
S- ' 11-Desoxycorisol 1z 213|315 |07 |55 274
S- 17-Hydrowy progestemne 2 196 504 |38 |[ 13.5  |[29.F
U- 4-hydroxy-3-methoximandetate (VMA) 1 222 jJazo 111 [130 313
s- |[5 Nusleotdase 2 [»z Jies [us 75 e
.L.I— S-Hydroxyindolacetate, concentration i 20,3 X i 102 |59? 265
s a1-Acid Glycoprotein s 113|249 |57 [es 162 |
s- a1-Antichymotrypsin 1 135 [[183 |68 |57 |68 |
Is- || 1-Antitrypsin 3 53 163 30 43 |lg2 |
lIs- a1-Globulins 2 |[114 228 [57 g3 157 |
U- n‘]—M_icl-‘C-glubulin, concentration, frst 1 5.0 | B | .15_5 157 |l433
I aZ-Antiplasmin 1 6.2 = 31—
s- [a2-Globuline 2 10.3  |[127 2 a1 |[[12se
|s- |a2-Macroglobulin |4 34 |87 [1.7 [l475 |[7.s6 |
U- [[o2Microgicbuiin output, fistmoming [t J220 326 fres Jine 547 |
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Number ‘ Biological

Desirable

B-

|

Hemoglobin &1 C |ﬂ

o —

R A

[ ]

of
Ecw [cva M%) [B(%) [TE(%)
B- Hematocrit '|11 IE 41 1.35 174 [[3.97

|1_5 | 30

liB- lIHemoalobin A2 L E S l0.35 193 [l2:51
iﬂ- |IF.B:I cell distribution wide (RDW ) ![4 las ||5.? I[m |1_? |4.E.
Is- Iiﬁeticuhv:yta highly fluerescent, count ||1 100 |82 |5.0 157 ||24.0
5 ][Héti:uE_yfe low Auorescent, count |E't ]L‘E-E 49 ][n_ﬂ 13 |28
- 1 i ;|

5 Sededlocyle medum Rumacen, |[1 130 |[33.0 ”5.5 g9 s
S- Reticulocyte, count 11.0 ||29.0 | ] 78 168
P- Plasminogen II1 [77 ||3 3 - =

B- |Piatelets, count 7 |H 1 '| 214 ||4 & 50 [[13.4
[ ]'Paate;et distrbution wide |5 [EX [14 = =

B- Plateleterit 2 e [|= |CE = =

T Tz T p

B- |I_J__Ie_u59:_@ count 114 13 |[s73fjs.0s |[15.49
5- jELl:pEE;E: 3 322 [31:8 | 16 1]; 11.31||37.88
(B)Erythr- | Mean comuscular hemogiobin (MCH) 14 [1.4 5.2 o7 135 25

BIEythr | oncentration (MCHE)

| Mean corpuscular hemogiobin :

R p— _l

1.2

D-ﬂ]lﬂ.l& “ 1.27 ‘

i ||‘| A4 :4.55

(B} r- |Mean corpuscular volume (MCY)
(B)Plat- | Mean platelet volume (MPV) 3 a3 lls1  J215]200 [5es |
|- Neutrophyles, count E 171 328 |[8ss|les [[233s
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A B

12
12.1
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122

12

12.1
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12.2

12.2

12.1

12.1

12.1

12.2

12.1

12.1

12

12.1

12.2

12.2
12115 Mean
| 0.067082 SD
| 0.553711 €V

Hb Control

1.1

Bias= Lab mean - Target Control X100

Target Control
Bias=12.11-12.1x100/12.1=0.082

TE Lab=K CV%+Bias%
TE=1.7 X 0.55 +0.079 = 0.935+0.082=1.017

el gYe J-_]l_q'.ﬂ lj.&l_u..- uu}ﬂ}nﬂmudl}_r J.lj_h'_n Sl J.I:rl_l:l'_.ﬂ

Cv(imp) = 1.43
Bias = 1.84
TE=4.19

et VY W T atﬁ.@u,:i._:.mu;ﬁ
CV=0.55 Yes
Bias=0.082 ves
TE=1.017  ves



A E
1| a2 Bias= Lab mean - Target Control X100
- ;g Target Control

s B Bias= 93-89.1x100/93=4.19

5 91

z a0 .

, 27 TE Lab=K CV%+Bias%

g 88

= 5 TE=1.7x2.1+419=7.76

L. JEjaloals Jgas 53 e polis

11 9 Cv (imip) = 2.8

12 86 Bias=2.34

13, 91 TE=6.96

14, 392 :

15 ap g Gauslan o dulajl wsla aals L Ll a8
= :l_-l._l..l.ll_:l,!_] E‘_J.-.uﬂ.l &E_uul..ﬂﬁ LSl -E|:||_'|f|.
16 90

17| 88

18| 89 Cv=21 Yes

19, &8 Bias=4.19 NO

20 [0 8 TE=7.716 NO

21| 891 Mean

22 | 1.889026 SD

23| 2.12012 ¢V

24 |
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A
41
42
42
41
40
40
40
41
41
40
a0
41
41
40
38
42
41
42
41
40
42
41
41
41
39

0.879394
| 2.157492

B
41
42
42
41
40
41.2
0.83666
2.030728

40.76

51 57 53 54 585 Mean 5D CV-
Dayl a1 40 40 42 42 41 1.0 2.43
Day2 42 4 41 a1 41 41 0.7 .7
Day3 42 41 41 42 41 A1.2 0.54 1.31
Day4 41 41 40 a1 41 40.8 0.44 1.07
Days 40 40 39 40 39 39.6 0.54 1.36
Mean 41.2 40.4 40.2 41.2 40.8
sD 0.83 0.54 0.83 0.83 1.09
CV-B 2.01 1.33 2.06 2.01 2.67
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Please let us know what vou think of them

* Alonthly Mean, Standard Deviation, €V Caleulator

¢ Cumulative Mean, Standard Deviagon, CV Calculator

¢ (Control Limit Calenlator

See QC - The Calenlations for an explanation znd equations for theze caleulations <
See QC Caleulator Problem Set if you want to work with some zample data.
XOTE: These Javascript Calculators only work on browsers that support Javascript!

Fill these blanks in if vou want to print out a hard copy of vour data after vou

enter it

Analyst

Test

Control Material

Meorith

Monthly Mean, Standard Deviation & CV

Enter up to 40 measurements, then click the buttons to obtain the calculated values for the mean,
standard deviation, and CV. Blank entrv boxes are not included in the calculations but zeros are.

132 |32 136 28 65 1134 135 136 |
1135 36 |36 (34 30 a7 |36 a7 '|
al [ 1 T T T -
31 I | | I I | I |

| Load Example Of 20 Values | Reset |

| Caleulate Contrel Mean |I35

| Calculate Standard Deviation

| Caleulate Coefficient of Variation, CV ||1 512




kLIA Requirements for Analytical Quality

Routine Chemistry

Test or Analyte

Acceptable Performance

Alanine amnotransferase

Target value = 20%

Albumin Target value = 10%
Alkaline phosphatase Target value = 30%
Amvlase Target value + 30%

Aspartate aminotransferase

{AST)

Target value £ 20%

Bilirubin, total Target value = 0.4 mg/dL or = 20% (greater)
Blood ga= p0?2 Target value = 3 5D

Blood gas pCO2 Target value = 5 mm Hg or = 8% (greater}
Blood gas pH Target value = 0.04

Calcium, total Target value = 1.0 mg/dL

Chlonde Target value = 3%

Cholesterol. total

Target value = 10%

Cholesterol, high dens.
lipoprotain

Target value = 30%

Creatine kinase

Target value = 30%

Creatine kinase 1sosnzvmes

MB elevated (present or absent) or Target
value £ 3 5D Creatinine

Creatinine Target value = 0.3 mg/dL or = 15% (greater)
Glucose Target value = 6 mg/dL or = 10% (greatar)
Iron. total Target value = 20%

Lactate dehvdrogenase

Taraat sralie +— A
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Note: Analytical Quality Requirements are a plus/minus percentage. Some browsers may not display the plus/minus character (it

should appear right here, = If it does not, your browser does not support this character).

Hematology
Test or Analyte Acceptable Performance
Cell identification 90% or greater consensus on identification
White cell Target + 3 SD based on percentage of different types of
differentiation white cells
Erythrocyte count Target £ 6%
Hematocrit Target £ 6%
Hemoglobin Target + 7%
Leukocyte count Target £ 15%
Platelet count Target £ 25%
Fibrinogen Target + 20%
I'-.‘artlai thromboplastin Target £ 15%
time
Prothrombin time Target + 15%




Note: Analytical Quality Requirements are a plus/mmus percentage. Some browsers may not
display the plus/minus character (it should appear right here_+ If it does not, your browser does
not support this character).

Biogenic Amines
Test or Analyvte Lower Goal Upper Goal
Adrenaline = 30 amol/day < 130 nmol'day =33% > 130 nmol'day
Dopamine = 0.25 umol'day < 1.0 umol'day =25% > 1.0 umol'day
SHIAA = 20 uymol/'day = 100 umol'day + 20% > 100 uvmol/'day
HMMA = 20 umol'day = 100 umol/'day = 20% > 100 umol'day
HVA = 8 umolday = 32 umol'day = 23% > 32 umol'day
Metanephrine = 0.3 umol'day < 1.5 umol'day =33%> 1.5 umol'day
Noradrenaline = 30 nmol/day = 300 nmol'day + 10% > 300 nmol/'day
Nommetanephrine = 1.0 umol'day =3.0 umol/'day =33% > 3.0 umol'day
Serotonin = 0.3 umol'day = 1.0 umol'day =30% > 1.0 umol'day
Back to top

RCPA Allowable Limits of Performance for
Biochemistry

Royal College of Pathologists of Australasia Analytical
Quality Requirements

AlcohollAmmonia

Test or Analyte Lower Goal Upper Goal

Alcohal + 2.2 mmolL < 21.7 mmol/L + 10% > 217 mmol/L
Ammonia + 3 umol/l = 30 umol/L + 10% = 30 umol/L
Back to top

Note: Analytical Quality Requirements are a plus/minus percentage Some browsers may not
display the plus/minus character (it shouldappear right here. +. If it does not. your browser
doesnot support this character).

Note: Analytical Quality Requirements are a plus/iminus percentage. Some browsers may not
display the plus/minus character (it should appear right here, . If it does not, your browser does
not support this character).

Blood Gas

Antibiotics
Test or Analyte Lower Goal Upper Goal
Amikacin +2.0 mgiL = 20.0 mg/L + 10% >20.0 mg/L
Gentamicin + 0.5 mg/L = 5.0 mgiL +10% = 5.0 mgfL
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No. Measurement d=(x-&) &= (x-X)
1 142 2.6 6.76
2 141 3.6 12.96
3 146 1.4 1.96
4 144 0.6 0.36
5 143 1.6 2.56
6 140 4.6 21.16
7 146 1.4 1.96
8 150 5.4 29.16
9 150 54 29.16
10 143 1.6 2.56
11 146 1.4 1.96

Al e Jad F oL T
Mean (x) = B« s
Yd= 110.56
2

SD = 2d 11.05

n-1-=

2
SD = ,1‘ 4 1 J/11.05 = 3.32
n - =

gy = 2322 100 _ 530 i, 23%

144.6
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I'?.m,..“:. S5 13320 gl o S 135 @ OBL uj D yp 4 Uged | ¢ o CeSL B WBC @by S1:diues Jo

Specimen 1stcount 2ndcount d [\
1 5.4 5.8 0.4 0.16
2 8.3 10.5 22 4.84 Yd*=6.54
3 17.2 13.0 0.8 0.64
4 54 54 0 0 d_z _ 5654 0.327
5 12.2 11.8 04 0.6 2n 20
6 14.3 13.8 0.5 0.25 oy
7 6.2 6.4 02  0.04 _
8 8.2 8.6 04  0.16 2n e
9 1.3 1.5 02 0.04
10 54 5.9 0.5 025 Therefore SD =0.57 2SD = 1.14
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Confidence Level
t Table 0% 50% 60% 70% 80% 90% 95% 98% 99% 09.8% 99.9%
cum. prob t_'u t,'m f._“ tﬂ f_in tu t-’}'ﬂ t_ﬂ lm f—_m f.ﬂ!ﬂl
two-tails 1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01 0.002 0.001
df
1 0.000 1.000 1.378 1.983 3.078 8.314 12.71 31.82 63.66 318.31 636.62
2 0.000 0.818 1.061 1.386 1.888 2.920 4.303 6.985 9925 22327 31503
3 0.000 0.765 0.878 1.250 1.638 2.353 3.182 4 541 5.841 10.215 12.924
4 0000 0741 0.941 1.190 1.533 2.132 2776 3.747 4.604 7473 B8.610
5

1.156
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2015
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Westgard Sigma Rules ™

2 Levels of Controls

Report Results

60 ] 50 | 40 | 30
Sigma Scale= (% TEa-%Bias)/%CV

Cn first glance, it locks just like the Westgard Rules diagram except there is no 2 SD warning rule. That
is an important distinction, but the most important change is the Sigma-scale at the bottom of the
diagram That scale provides guidance for which rules should be applied based on the sigma guality
determined in your laboratory,



« B-sigma quality requires only a single control rule, 13, with 2 control measurements in each run one
on each level of control). The notation N=2 R=1 indicates that 2 control measurements are needed in
a single run. See Figure 2.

Westgard Sigma Rules ™

2 Levels of Controls

Report Results

60 | 50 I 40 | 30
Sigma Scale = (% TEa-%Bias)/%CV



« 5-sigma quality requires 3 rules, 13¢/275/R4s, With 2 control measurements in each run (N=2, R=1).
See Figure 3.

Westgard Sigma Rules ™
2 Levels of Controls

_Report Results

6o | 50 |l 40 | 30
Sigma Scale = (% TEa-%Bias)/%CV



4-sigma quality requires addition of a 4! rule and implementation of a 14./2,./Ry./44 multirole,
preferably with 4 control measurements in each run (N=4, R=1), or alternatively. 2 control
measurements in each of 2 runs (N=2, R=2), using the 4+ rule to inspect the control rules across

both runs. This 2nd option suggests dividing a day's work into 2 runs and monitoring each with 2
controls. See Figure 4.

Westgard Sigma Rules ™

2 Levels of Controls

Report Results

60 I 50 Il 40 | 3o
Sigma Scale = (% TEa-%Bias)/%CV



» <4-sigma quality requires a muitirule procedure that includes the 8x rule, which can be implemented
with 4 control measurements in each of 2 runs (N=4, R=2) or alternatively with 2 control
measurements in each of 4 runs (N=2, N=4). The first option suggests dividing a days’ work into 2
runs with 4 control measurements per run, whereas the second option suggests dividing a day's work
into 4 runs and monitering each with 2 controls. See Figure 5.

Westgard Sigma Rules ™

2 Levels of Controls

Report Results

60 | 50 Il 40 | 30
Sigma Scale = (%TEa-%Bias)/%CV
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