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Abstract 

Inspection by variables is proposed as an acceptance criterion for use in bioanalysis. The criteria currently 
used are deticient either by ignoring the issues of precision (fixed range) and/or accuracy (99% contidcncc 
interval), not being able to provide immediate answers (quality charts), or even not being scientitically 
justitied (tixed range). Inspection (sampling) by a variables procedure was originally developed to drive the 
quality of military supplies (MIL-STD-414) and was consequently incorporated in ISO 3951 as a part of 
industrial quality control. It is based on the concept of acceptable quality level (AQL), which is the 
maxinmnl per cent defective (number of rcsuhs outside of specilication per 100 results) that can be 
considered satisfactory as a process average. It also correlates sample size with batch size. An AQL of 6.50% 
is proposed as a standard with specilication set at + 21)'V, or + 15'V., which should result in coefficients of 
variation of approximately 15% and 12%, respectively. This concept has been applied post htctum to 14 
authentic data sets, thus proving its utility and validity. 
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1. Introduction 

The most c o m m o n  criterion used to accept 
bioanalytical data is the fixed range, which is 
endorsed by both the Conference Report  [1] 
and the DIA  Consensus Statement [2]. It re- 
quires that quality control  samples (QCs) :it 
three levels, including high, medium, and low, 
be analyzed in duplicate with each batch o f  
clinical samples. Additionally,  the back-calcu- 
lated concentrat ions o f  four out o f  the six of  
these QCs, including one QC at each level, 
must be within 20% o f  nominal for acceptance 
o f  an analytical batch ( 4 - 6 - 2 0  rule). The pre- 
cision, measured as coefficient o f  variation, 
should be no greater than 15% at all levels 
cxccpt the lower limit o f  quanti tat ion (LLOQ),  
which is 20%. 

In industrial practice, stricter norms are fie- 
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qucntly used. Very commonly  acceptance crite- 
ria are set at I0, 15, and 20% (from the highest 
QC concentrat ion to the lowest), or  I0, 10, and 
15%, or a similar combinat ion.  Secondary ac- 
ceptance rules may also be used. For  example 
deviations o f  standards from the nominal con- 
centration are set at 15% except tbr the LLOQ,  
where it can be 20%; the number  o f  calibration 
s tandards that can be rejected from regression 
is limited ( too great a number  o f  rejected stan- 
dards suggest a lack o f  robustness and analyti- 
cal problems); a correlation coefficient o f  at 
least 0.99 is required; and drug-free samples 
must be free o f  interferences. Less c o m m o n  are 
some other rules, such as an even distribution 
o f  positive and negative bias. the rejection of  
values between unacceptable QCs, the inclusion 
of  assay-specific secondary quality controls,  
etc. 

reserved 
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In the opinion of  this author and others, this 
element of  the Conference Report invites criti- 
cism and needs improvement. Karnes and 
March [3] presented alternatives to the fixed 
range: a 99% confidence interval. Westgard 
multirules, range charts combined with the 
two-thirds of  run rule (four out of  six QCs) 
and the bracketed approaches. Lang and 
Bolton [4], even before the Washington Confer- 
ence. proposed to use control charts for the 
acceptance of quality control data. Har tmann 
et al. [5] calculated that in order to obtain 

_ ~'7,, with a mean values within the limits of  + 1. o 
probability of  95%. the bias and coefficient of  
variation (CV) should be ~"× o,,, or lower with 
n = 5. Tiffs agrees with the data of  Causey et al. 
[6]. who showed that the two-thirds of run 
approach can be justilicd scicntilically only if 

/ " ) r io /  the rejection criterion is _ 10 .... but not + ....... 
The questionable scientilic and statistic validity 
of the 4 - 6 - 2 0  rule has bccn shown by Kringlc 
[7]. The lixcd range approach accepted by the 
Conference is mostly pragmatic, it describes 
quite well the current state of bioanalysis that 
authors of the report and the industry at large 
wcrc comfortable with. The fixed range criteria 
approach confuses precision and acct, racy. ap- 
plies the same rules to all assays disregarding 
batch sizes imd the needs of  a project, and is 
not based on statistics in any strict sense. 

A good set of  acceptance criteria should bc 
scientifically valid, should be able to detect 
errors (improve quality of  datit) and false 
alarms (improve productivity), sl/ould bc easy 
to use, imd should provide immediate answers. 
The Conference Report recognized that a 
confidence-interval approach is an acceptable 
alternative for acceptance criteria. 

In the opinion of this author, assaying 
biomedical sltmples is no different from manu- 
lacturing a widget of  spccilied parameters. 
l-lento, bioanalysis should reach to the wealth 
of  research and literature on qt, ality control in 
the manuhlcturing industries [8.9]. One of these 
concepts, inspection bv variables, also referred 
to its acceptance sampling by variables, seems 
to bc very attractive and possible to adapt  
easily to bioanalysis [8-10f  The goal of  this 
paper is to apply inspection by variables to 
bioanalysis in such it way as to accept the 
customs and established ways of the industry. 
to show its advantages, and to present it its a 
scientifically valid alternative to the tixed ap- 
proach. To the best knowledge of  the author. 
no one has yet tried this approach. 

2. Inspection by variables 

Sampling systems were developed for mili- 
tary contracts during World War II and are 
currently accepted as British. American. and 
International Standards. most notably as MIL- 
STD-414 [11] and ISO 3951 [12] for inspection 
by variables. The sampling plans for these stan- 
dams are based on three strategies: (I) sample 
size is related to the batch size: (2) an accept- 
able quality level (AQL) dMdes the risks be- 
tween the producer and the consumer 
equitably: and (3) rules are switched from nor- 
mal to tightened which permits quality to be 
driven in the interest of  the consumer. 

A short exphmation of the terms is needed. 
The producer 's  (bioanalyst's) risk, :~, is the 
probability that a " 'good" batch will be rejected 
by the sampling plan. This risk varies from 
0.01 to 0.10, and frequently is fixed at 0.05. 
The consumer 's  (e.g. pharmacokinetist 's,  or 
regulatory authorities') risk. [1, is the probabil- 
ity that a "bad"  batch will bc accepted. The 
term "'good" or "bad"  means that it is within 
or outside of specifications, respectively. AQL 
is the maximum per cent defective (nt, mbcr of  
results outside of  specification pet" 100 results) 
that can be considered satisfactory as a process 
average. AQL cannot bc set by scicntilic rea- 
soning, it is either set by the bargaining be- 
tween the producer and the consumer, or it is 
arbitrarily chosen. AQL can bc cst:tblishcd on 
the basis of  comparing the cost of inspection to 
the costs of  accepting a substandard product. 
The sampling plans can utilize the standard 
deviation, s, or the standard deviation of the 
population, or, if known, or the range, R. There 
arc phms for single, double, or combined spe- 
cification limits. Inspections may be normal. 
tightened, or reduced. Readers interested in the 
details are advised to study books by Juran [8] 
and/or Duncan [9]. 

2. I. Instwction by rariables applied to 
hioa.al.vsis 

The  procedures described in MIL-STD-414 
and ISO 3951 are very similar, but not identi- 
cal. Tile main differences (pertinent to this 
limited application of inspection by variables) 
arc that MIL-STD-414 offers two procedures 
known as Form 1 and 2. whilc ISO 3951 
accepts only Form 1 as the sole procedure. 
Also the military standard provides tabulated 
parameters for AQL up to 15% while ISO 3951 
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Table I 
Data set used in the calculations 

1429 

Statistical Nominal A B 

parameters 
Assa?ed % Assa)ed ",, 

Mean 

Qu 
QI 
k at 2.5O = 1.2'-} 
k at 4,00 = I .II  
k at 6.5{} = 0.916 
,~ at 10.00 = 0.717 
k at 15.{}0 = 0.497 

MSD at 2.50 = 13.28 

3.00 3.27 
3.00 2.90 

50.00 47.56 
50.00 52.59 
90.00 94.3 l 
90.00 84.92 

109.00 3.55 118.33 
96.67 2.41 85.55 
95.12 56.20 I 12.40 

10LIB 57.11 114.22 
104.79 98.90 109.88 
94.36 101.24 112.49 

I00.852 1{}8.812 
6.216 1t.735 

3.080 0.953 
3.355 2.455 

Accept Reject 
Accept R~ject 
Accept Accept 
Accept Accept 
Accept Accept 

Accept Accept 

only up to l(} 'V,,. The sltmpling plan presented 
¢"z (95% probability that a b e l o w  u s e s  ~ = j , o ,  

batch meeting specilication criteria will be ac- 
cepted), and /}' = 10% (10% probability that a 
substandard batch will be accepted anyway). 
Here we limit our  considerations to the stan- 
dard deviation s, althot, gh one may consider n" 
known based on validation results. For A(.,'}I~, 
our  considerations will be limited to A Q L  
2.50-15.00%, where most o f  the bioanalytical 
d,tta seem to fall, its w:ts discovered after a 
quick scanning of  some authc,ltic data. ISO 
3951 docs not support  AQLs  greater th:tn I0'¼,, 
a l though it provides operat ing char~,ctcristic 
curves (OC) for 15'7,. 

Let us try to use this for the acceptance or 
rejection o f  thc hypothetical data shown in 
Table 1: where column A presents very accu- 
rate and precise data,  and column B prcsents a 
much worse set of  data. Thc specilication limits 

"} I) arc set here at + _ 0 / , ,  and only normal inspec- 
tion is considered. 

(1) Upon complct ion of  an analytical run, 
calculate the accuracy of  the QCs and express 
it in per cent according to the following for- 
mula 

Accuracy('¼,) = Assayed concentrat ion 
x 100"//,,,; Nominal  concentrat ion 

One hits an option to use the observed mean 
instead of  the nominal concentrat ion,  its an 
assay bias is rarely zero. Such an observed 
mean should be established after assaying a 

number  o f  QCs (n ~> 6) from the same batch. 

(2) Calculate the mean .f and the standard 
deviation s Ik}r all QCs in this batch. 

(3) Review the data for outlicrs. Do not 
include in the calculations any results dis- 
qualiticd l\}r valid :tnalytical reasons, such its 
bad ch romatography  or errors in processing. 
Carry out a simple outlier test like Dixon's.  Do 
not include the outlicrs in the calculations, if 
present. 

(4) From Table 2 select at code letter accord- 
ing to the batch size and general inspection 
level. Generally, inspection level I1 is used, 
a l though level 1 here is recommended.  The 
number  o f  clinical slmlples (plus QCs, but not 
including calibration standards and blanks) in 
at typical batch is 51-90 ,  hence letter D is 

Table 2 
{'ode letters and inspection le'~els (excerpts from Table I-A. 

IS(} 3951-198~}) 

Lot  or batch size General inspection levels 

I I1 I I I  

2-8  C 

9 15 B D 

16 25 B C E 
26 ~ 50 C D F 
51 - 9{J D E G 
91-150 E F tl 

151 -2S0 F G I 
281 50{7 G tl  I" J 
501 12{}0 t I J K 

"' Use H for  lot size 281 400. ~,nd I for  lot size 401-500.  
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Table  3 " 

Single sampl ing  plans for normal  inspt.x:tion Imaster  table): "'s'" method 

Sample  size Sample  t, ,Acceptable qua l i ty  level Inormal  inspect ion)  ~ 

letter code size 

O. I O. 15 I).25 0.40 0.65 1.00 1.50 2.50 4.00 6.50 10.00 15.00 a 

k k k k k k k k k k k k 

B 3 . . . . . .  1.12 0.958 0.765 0.566 0.341 

C 4 - - 1.45 1.34 1.17 1.0l 0 .8t4 0.617 ).39~; 
D 5 - - 1.65 1.53 1.40 1.24 1.07 0.874 0.675 0.455 

e 6 n a r n a f 1.57 1.45 1.29 I . I I  0.916 0.717 0.497 

E 7 - 2.00 1.88 1.75 1.62 1.50 1.33 1.15 0.955 0.755 0.536 

_._4 I 1.98 I.$4 1.72 1.58 1.41 1.23 1.03 0.828 0.611 F 10 ' " 2.1 

G 15 " ' 2.32 " ' 0  _.4 . . . .  2.06 1.91 1.79 1.65 1.47 1.30 1.09 0.886 0.664 

H 20 2.47 2.36 " " 2.1 _._4 I 1.96 1.82 1.69 1.51 1.33 I.I ~ 0.917 0.695 
l 25 2.50 2.40 2.26 2.14 1.98 1.85 1.72 1.53 1.35 I. 14 0.936 0.712 

J 35 2.54 2.45 2.31 2.18 2.03 1.89 1.76 1.57 1.39 1.18 0.969 0.745 

K 5{) 2.60 "~ ¢, "~ "-~ . _ . .0  2.35 . . . .  2.1)8 1.9~ 1.80 1.61 1.42 1.21 1.00 0.774 

" T;,ble 3 is based on Table  II-A ISO 3951-1989. 
h The sample  size is equal  to the number  of  QCs per batch  which is equal  to n. 

" All ,,\QL vah,cs are in per cent defective. 
,1values  taken rrom MIL-STD-414.  

Not otlicial:  values are ca lcula ted  by the ~,uthor. 

chosen. Note if the batch size is smaller thun 
usual, cithcr letter C or  B can be selected. 

(5) l)ctcrmine the sample sizes and ac- 
ceptance constant,  k, for normal inspection 
using Table 3. The otlicial wbles do not con- 
tain k for n = 6: these h;.tvc bccn calculated by 
the author.  "I'hc generally accepted norm in 
bioanalysis is to 
This corresponds 
pie size 5. The 
insurance against 
of  outlicrs. 

have n = 6 QCs per batch. 
well to size code D and sam- 
sixth QC may serve as an 
loss o f  a QC or the prcscnce 

(6) Calculate the upper quality statistic, Qu, 
and the lower quality statistic, QI, according to 
the formuhte 

Qu = (upper spccitication limit - .¢:)/s 

QI = (5 - lower specification limit)/s 

The upper and lower specification limits are 
here 120% and 80%, respectively. The Qu and 
QI are 3.080 and 3.355 for sct A, and 0.953 and 
2.455 for set B. 

(7) From Table 3, tind the quality constant  k 
at the appropria te  A Q L  and letter code D. If  
both the calculated Qu and QI are greater than 
k from the tuble, the batch will be accepted at 
that AQL;  if either Qu or QI is smaller than k, 
the batch must be rejected (or accepted at a 
different AQL).  Additionally, s must be smaller 
than the maximum standard deviation (MSD).  
MSD is calculated as 

MSD = . f lUppc r  specification limit - Lower 
specification limit) 

The values o f f  arc presented in Table 4. Again,  
values o f f  are not given in these standards for 
n = 6, and were calculated by the au thor  with 
an accuracy of  _ 1%. It is easy to calculate that 
the MSDs at a + 2 0  specilic:ttion limit, n = 6 

and A Q L  2.50"/,, 4.00'¼,, 6.50%, 10.00'¼,, and 
15.00'¼, are 13.28, 14.28, 15.68, 17.36, and 
19.92, respectively. The run is rejected at once 
if Qu or QI is negative, which occurs if the mean 
is greater than 120%, or  smaller than 80%. 

Set A is acceptable at any AQL, while set B 
must be rejected at A Q L  2.5 and 4% and may 
be accepted at A Q L  6.5, 10 and 15"/,. 

2.2. Application oJ" inspection by cariables to 
model data sets 

One may ask how sensitive the sampling 
scheme is toward acceptance or  rejection o f  
typical analytical runs. Several model cases are 
prescntcd in Table 5. The model cases wcrc 
choscn to represent sevcral scenarios, including 
a very good  set o f  data with a CV of  7.7% 
(colt, ran A), sets o f  data that have an increas- 
ingly abe r ran t  result (columns B-E) ,  and sets 
o f  data with two increasingly aberrant  results 
(columns F- J ) .  The specification is set at 8 0 -  
120'7, for each data  set and the resulting A Q L  
is observed. 
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Table 4 
Values o f f  for maximum standard deviation (MSDI:, "'s'" method [excerpt from Table IV ISO 3951-19891 

1431 

Sample Acceptable quality le',el 1normal inspection1 

size 
0.10 0.15 0.25 0.40 0.65 1.00 1.50 2.50 4.00 6.50 10.00 15.00 

3 . . . .  0.436 0.453 0.475 0.502 0.538 

4 . . . .  0.339 0.353 0.374 0.399 0.432 0.472 0.528 

5 . . . .  0.308 0.323 0.346 0.372 0.408 0.452 0.511 

6 ~ - - - 0.332 0.357 0.392 0.434 0.498 

7 - - 0.242 0.253 0.280 0.295 0.318 0.345 0.381 0.425 0.485 

10 0.214 0,224 0.235 0.261 0.276 0.298 0.324 0.359 0.403 0.460 
15 0.188 0.195 0.202 0.21 I 0.222 0.248 0.262 0.284 0.309 0.3.-14 0.386 0.442 
20 0.183 0.190 0.197 0.206 0.216 0.242 0.255 0.277 0.302 0.336 0.377 0.432 

25 0.180 0.187 0.193 0.203 0.212 0.238 0.251 0,273 0.297 0.331 0.372 0426 

35 0.176 0.183 0.189 0.198 0.208 0.232 0.245 I).266 0.291 0.323 0.364 0.416 

50 0.172 0.178 0.184 0.194 0.203 0.227 0.241 0.261 0.284 0.317 0.356 0.408 

" Not ot|icial; values calculated by the author. 

(I) Column A: data are accepted at AQL 
better than 2.50'¼,, i.e. less than 2.5'¼, of the 
results would bc outside the 80-120'¼, limits. 

(2) Column B: one slightly aberrant result at 
120'¼, of  nominal: results still acceptable at 
AQL 2.5%. 

(3) Column C: the aberrant results at 125% 
of nominal, results still acceptable at AQL 
2.5'¼,. 

(4) Column D: at an error of +30'¼,, thc 
AQL is 4%; Dixon's outlier test does not reject 
the aberrant result. 

(5) Column E: the error grows to +35'¼, and 
causes rejection of this data point as an outlier; 
the batch will be accepted at AQL better than 
2.50'¼, using k at n = 5. The same will happcn 
with any other error greater than 35%. 

The conclusion is that a single abcrrant QC 
will not cause rejection of the whole batch. 

(6) Column F: two results are at limits of  
specification and of opposite signs at +20'¼, 
and - 2 0 % ;  the batch can be acceptable at 
AQL 4%. 

(7) Column G: if the two errors grow by an 
additional 5'¼,, the batch can be accepted at 
AQL 10%. 

(8) Column H: two errors of  the same sign 
at +20% arc introduced: the batch is still 
acceptable at AQL 4%. 

(9) Column I: if the two errors grow by an 
additional 5%, the batch can be accepted at 
AQL 10%. 

(I0) Column J: if the two errors grow still 
further, the batch rcaches limits of  acceptabil- 
i t y -  15%. Dixon's outlier test will not iden- 
tify any outliers. 

The conclusion is that the procedure will not 
accept a batch with two large errors greater 
than 25-30% disregarding the sign of error. 
Hence, at least live QCs must be within _+20'¼, 
for the run to be acceptable: and of course at 
least one of them will be tile low QC, where the 
potential tbr crrors is usually the greatest. If 
the results are very accurate, the relative impre- 
cision of a CV of approximately 10% does not 
hurt the run. If the results arc relatively inaccu- 
rate with a bias of  approximately 15'V,,, the 
precision must be much better for a run to bc 
accepted. Inspection by variables will not ac- 
cept batches that are both imprecise and inac- 
curate. 

(111 Column K: a scenario is shown where 
three perfect QCs are present and the other 
three are outside of  specification by a fraction 
of a per cent. The batch would bc rejected by 
the traditional fixed range criteria, but it is still 
acceptable at AQL 6.5°/° according to the sam- 
piing by variables scheme. 

112) Column L: a scenario is shown where 
four barely acceptable QCs are present, while 
the other two are outside of  specilication by a 
large margin. The batch would be acceptable 
by the traditional fixed rangc criteria, but it is 
rcjcctcd using sampling by wlriables due to 
lack of precision. 

Cases K and L are of  particular importance 
to this author, who for a long time has looked 
for acceptance criteria which eliminate such 
irritating nonsense as accepting a run on the 
strength of four barely acceptable QCs, while 
rejecting good data for the missing three QCs 
by a fraction of a per cent. 
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3. ~,Vhat is an appropriate AQL? 

So far, no one has tried to use the inspection 
by variables in bioanalysis, so the correct AQL 
is unknown. If one wants to use the Conference 
Report [I] as the specification (limits _20%: 
CV is approximately equal to 15%), then the 
AQL should be set at 6.5%. In the proposed 
procedure s is approximately equal to the co- 
efficient of variation (CV), and the MSD is the 
limiting factor. For a number of  QCs, n = 6 at 
an AQL of  6.5, the MSD (approximately equal 
to the CV) is equal to 15.68 (see Table 4), 
which is close enough to the specification. 

To verify these acceptance criteria, this 
author analyzed data from 14 completed ran- 
domly chosen bioanalytical projects. Specifica- 
tion was chosen its _ 20%, normal inspection. 
These projects were carried out either internally 
in the Clinical Pharmacology Laboratory at the 
Glaxo Research Institute, or by leading con- 
tract organizations. The projects" results were 
already accepted, mostly by the fixed range 
acceptance criteria at 10, 15, and 20%. A de- 
scription of these projects and results is pre- 
sented in Table 6. 

Out of these 14 projects, two (D and J) raise 
concern in that the general quality is lower 
than in the other projects, and in that sonic 
batches are rejected after all by inspection by 
wtriables, lq project D, one l'ormally acceptable 
batch wits rejected by the proposed procedure; 
the case wits similar to the scenario L above. 

In project J, all five questionable runs (re- 
jected entirely or acceptable at AQL above 
6.50%) had one acceptable low QC at the limits 
of acceptability (mean 87.6"/,,), and the other an 
unacceptable low QC (mean 68.2%). Upon 
close inspection it is evident that either the low 
QC was underspiked, or an inappropriate re- 
sponse model was selected, which resulted in 
underestimated concentrations at low concen- 
trations. This mistake went unnoticed or ig- 
nored, resulting in a general low analytical 
quality of  the project. The verdict delivered by 
the inspection by wtriables is harsh, but seems 
to be fair in this case. 

Worth recommending is the use of stricter 
rules than those endorsed by the Conference, 
such as acceptance limits set at + 15%, which is 
closer to the very common 10, 15, 20% rule. In 
this case acceptable, an AQL could be even 
15%, as the MSD (approximately the CV) at 
this level is 14.94. However, this would do little 
for the quality o1" projects, its the percentage of 

runs accepted at +20%, AQL 6.50 is 97% as 
compared to 95% at _+15%, AQL 15.00. A 
recommendation is made here on the basis of a 
balance between productivity and quality to 
consider AQL at 6.50% as a standard or at 
least a starting point in bioanalysis. The price 
to pay for narrowing the specification range 
from 120-80% to 115-85'¼, is approximately 
11% in sample throughput. 

4. Discussion 

The author would prefer to use the inspec- 
tion by variables exactly as it is recommended 
in ISO 3951, i.e. general inspection level I[, 
which for a typical batch of  51-90 sltmples 
requires seven quality controls. However, the 
accepted practice in bioanalysis is to have six 
QCs. The proposed modification is aimed at 
milking the inspection by vltriables more palat- 
able ['or the bioanalytical community. 

The use of  inspection by variables as accep- 
tancc criterion has several advantages its com- 
pared to othcr systems of acceptance criteria. 
This is the only systcm that incorporates preci- 
sion, accuracy, and agreement with specifica- 
tion, provides immediate answers, and is based 
o,1 solid statistics. Othcr systems lack at least 
one or more of these elements. The fixed range 
is arbitrary, does not include precision, and 
t.ses the same criteria ['or all studies. The 99% 
conlidence interval approach ignores accuracy 
and specification. The quality control chart 
system may not provide immediate answers, its 
even later batches may decide the acceptance 
or rejection of the first run analyzed. 

A bahmce is needed between the quality and 
productivity. According to Caulcutt [13]: "The 
statistician has no desire to tell the chemist 
what constitutes an important change. The 
statistician would certainly not wish the 
chemist to equate statistical significt, nce with 
practical importance. Only the chemist can de- 
cide what is important and he must take into 
account many factors including the possible 
consequences of  his decision". 

Inspection by variables as acceptance criteria 
in bioanalysis offers other advantages. It is 
based on ISO 3951, which has been accepted 
by dozens of technologically leading countries. 
It may permit us to tie the statistical power of 
a pharmacokinetic study with the analytical 
performance of a method, as the ~ and fl may 
be selected by bargaining between the producer 
(analyst) and the consumer (pharmacokinetist). 
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It is well known that variability in the phar- 
macokinetic parameters is rather large and that 
the coefficient of  variation may be as high as 
100% and more. Such a process may warrant 
AQL and specification at 120-80%, while some 
other much more reproducible parameter may 
require AQL of  2.5% and specifications of 
115-85%. Inspection by variables is flexible 
enough to accommodate specifications of vari- 
ous projects and permits the design of consis- 
tent. project-specifc acceptance criteria. 

The system is very flexible. With the advent 
of highly productive analytical technologies, 
such as LC-MS,  batches of analytical samples 
may become very large, even up to 300-400 
samples. Inspection by variables is flexible 
enough to provide for these changes and off'ors 
ready answers regarding the number of QCs 
that should be used and what the acceptance 
criteria should be. 

It should bc also noted that inspections by 
variables also handles satisfactorily mttch 
smaller batches, in which the rot, tine use of six 
QCs is not warranted, but three or tbt, r may be 
appropriate. 

This approach mi, y also be used its a tool in 
deciding the price for an assay at a control 
laboratory. Lower AQLs may command higher 
prices, if needed, while higher AQLs may war- 
rant lower prices. Should productivity and 
sample throughput be the main concern, their 
AQL and/or spccitication limits may be in- 
crcased. All of this could be achieved within 
one and the same statistical system, avoiding 
arbitrary, inconsistent decisions. 

One may notice that the method pc r fo f  
mance during its validation is not mentioned 
here and acceptance criteria are not based on 
the validation results. In the opinion of this 
author, it is ~, matter of  analytical philosophy 
whether or not a link needs to be made be- 
tween the method validation results and the 
execution of a bionalytical project. This at, thor 
believes that the role of the validation is to 
prove that the method/analyst/equipment is 
able to meet or surpass specified criteria of 
precision, acct, racy. speciticity, etc. With this 
proof in hand the acceptance critcria for a 
bioanalytical project should be based solely on 
the specification. 

One strategy of  the inspection by variables, 
the use of switching rules, is not recommended 
hcre for practical reasons. Switching from nor- 
mal to tightened inspection is recommended 
when two out of five successive batches are 
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rejected. Returning from the tightened to nor- 
mal inspection occurs when five consecutive 
batches are accepted at tightened inspection 
[10f Bioanalytical projects are frequently too 
small to fully benefit from the switching rules, 
as a project may be finished after 6 -8  runs. 
Also, the switching rules serve as a pressure 
tactic, which is unnecessary today as the com- 
petition between the internal laboratory and 
several external laboratories may be used to 
drive the quality. Hence, it is probably better 
to accept the normal or tightened inspection 
for the whole project and avoid confusion by 
having different sets of rules. 

5. Conclusions 

Inspection (sampling) by variables is a valid, 
internally coherent tool in accepting results in 
bioanalysis. It provides immediate answers, it is 
based on internationally recognized principles 
(ISO 3951 and MIL-STD-414), it incorporates 
precision, accuracy, and specification into the 
acceptance criteria, and it relates batch size 
with thc sample size. For thc Confcrcnce Re- 
port recommendation to bc in agreement with 
ISO 3951, an AQL of 6.50% or lower must be 
selected. The flexibility of this system permits 
the accommodation of larger and smaller 
batches of samples, and establishes statistically 
valid projcct-spccilic acceptance criteria. It is 
proposed that the fixed range acceptance crite- 
ria be replaced with inspection by variables for 
bioanalysis performed as an application in 
bioawdlability, bioequivalence ,'rod pharmaco- 
kinetic studies. 
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