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Disclaimer	111 
 112 

The general recommendations in this document: 113 

• Do not imply FDA concurrence for specific applications 114 

• Do not represent the opinion or policy of FDA 115 

• Do not include any specific recommendations to FDA regarding how to review data on capillary 116 
whole blood collected via fingerstick (FS) or how to use the data to support regulatory decisions for in 117 
vitro diagnostics (IVDs). 118 

• Are not a substitute for FDA Guidance documents or for direct engagement with the CDRH staff 119 
regarding the validation of point of care IVDs that use FS samples to support the regulatory decision-120 
making process for a given IVD 121 

To obtain feedback from FDA concerning a specific device, a pre-submission may be submitted per FDA 122 
Guidance “Requests for Feedback on Medical Device Submissions: The Q-Submission Program and 123 
Meetings with Food and Drug Administration Staff,” or a general question may be submitted to 124 
CDRHClinicalEvidence@fda.hhs.gov. FDA is committed to providing timely, least-burdensome feedback 125 
that will accelerate the process to a regulatory decision and enable safe and effective medical devices to 126 
get to market. 127 

  128 
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About	the	Medical	Device	Innovation	Consortium	(MDIC)	129 
The Medical Device Innovation Consortium (MDIC) is the first public-private partnership created to 130 
advance the medical device regulatory process for patient benefit. 131 

MDIC was formed in 2012 to bring FDA and industry together to share vital knowledge that can help 132 
bring safe, affordable, and effective devices to patients and providers more quickly. MDIC membership 133 
and participation is open to nonprofit, industry, and government organizations that are substantially 134 
involved in medical device research, development, treatment, or education; involved in the promotion 135 
of public health; or have expertise or interest in regulatory science. 136 

MDIC was designed to pursue several strategies that support its mission: 137 

• Create a forum for collaboration and dialogue 138 
• Make strategic investments in regulatory science, utilizing working groups to identify and 139 

prioritize key issues, and to request, evaluate, and implement project proposals 140 
• Provide and enable implementation of tools from these projects that drive cost-effective 141 

innovation 142 

The activities and outputs from MDIC are intended to: 143 

• Ensure that innovative technology is readily available to U.S. patients 144 
• Provide industry and government with methods and tools that may be used to expedite medical 145 

device development and the regulatory process 146 
• Reduce the risk and expense of clinical research 147 
• Reduce time and cost of medical device development 148 

MDIC members provide guidance and leadership through collaboration to develop solutions for 149 
regulatory, scientific, health, and economic challenges within the medical device and diagnostic 150 
industry. 151 

MDIC Clinical Diagnostics Program 152 

MDIC’s Clinical Diagnostics Program provides a collaborative environment to drive the creation of tools 153 
and methods based on science that will reduce unnecessary delays and costs and improve the delivery 154 
of better diagnostic tests to help patients. To learn more about current and completed MDIC Clinical 155 
Diagnostics projects, please visit https://mdic.org/program/clinical-diagnostics/ 156 

 157 
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Executive	Summary	159 
MDIC is a 501(c)(3) non-profit organization and the first public-private partnership with a mission to 160 
advance regulatory science in the medical device industry. MDIC coordinates the development of 161 
methods, tools, and resources used in managing the total product life cycle of a medical device to 162 
improve patient access to cutting-edge medical technology. 163 

The Study Design Blueprint for Evaluating Analytical Performance Characteristics of Point of Care In Vitro 164 
Diagnostic Devices with Capillary Whole Blood (Fingerstick) Specimens is a report from the Fingerstick 165 
Working Group within MDIC’s Clinical Diagnostics Program. This program develops new tools and 166 
methods that improve processes to assess safety, effectiveness, and the value proposition of diagnostic 167 
tests. 168 

Purpose of the Blueprint 169 

This document is intended to serve as a study design blueprint for using data from capillary whole blood 170 
collected by fingerstick, herein referred to as “fingerstick” or “FS,” for analytical validation of IVDs. 171 

This document provides general guidance on considerations for study design. Considerations for specific 172 
devices may require modifications to implement these studies. 173 

Reading and following this document does not guarantee either FDA approval/clearance or payment 174 
from insurance companies. 175 

Overview of the Blueprint 176 

The Blueprint is organized into seven key sections: 177 

Section One: Introduction – introduces the scope of the Blueprint, provides key definitions and 178 
explanations of acronyms, and reviews regulatory considerations of point of care testing (POCT) devices. 179 

Section Two: Study Designs for Candidate Device Clearance/Approval as a Non-Waived Test – reviews 180 
design considerations including collection and testing sites and operators, overall study design for FS 181 
and FS and venous whole blood, and detailed considerations for method comparison studies and 182 
precision studies. 183 

Section Three: Study Designs for CLIA Waiver Application for the Candidate Device – reviews design 184 
considerations including collection and testing sites and operators, as well as the sequential and dual 185 
approaches for CLIA waiver studies for non-waived and new devices, respectively.  186 

Section Four: Considerations for the Use of Surrogate Samples – outlines design considerations for 187 
method comparison studies and precision studies that use surrogate samples.  188 

Section Five: Considerations for Data Analysis in Method Comparison Studies – discusses over sampling 189 
in method comparison studies and considerations for data analysis, including visual presentation of 190 
data, regression analysis, and bias and medical decision levels (MDLs).  191 

Section Six: Considerations for Data Analysis in Precision Studies – reviews components of variability and 192 
considerations for visual presentation of precision study data. 193 
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Section Seven: Additional Considerations for Precision Studies with Fingerstick Samples – reviews 194 
additional precision study design considerations not covered earlier in the Blueprint. 195 

 196 

  197 
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1 Introduction	198 
Point of care testing (POCT) is performed near or at the site of a patient and includes settings such as 199 
clinics, pharmacies, physician offices, and pop-up testing sites. POCT provides test results in real time to 200 
the patient or to the patient’s provider, enabling faster decision-making. POCT devices include those 201 
that test for blood glucose levels, infectious diseases, and pregnancy.  202 

Collection of capillary whole blood by fingerstick, herein referred to as “fingerstick” or “FS,” is one 203 
method of sample collection for POCT devices. Collecting whole blood by fingerstick offers advantages 204 
over venous collection, such as a small sample volume, fast sample collection, and ease of sample 205 
collection. As the demand for POCT devices that use fingerstick specimens increases, so does the need 206 
for scientifically sound and practical study design recommendations for evaluating their analytical 207 
performance characteristics.  208 

However, the same characteristics that make fingerstick specimens attractive also complicate the design 209 
and validation of POCT devices that utilize them. Existing study designs are mainly applicable to 210 
specimens with large volumes and longer stability times. Fingerstick specimens have small volumes, 211 
short stability times, a limited number of fingersticks that can be obtained from the same individual, and 212 
within-individual biological variability (random fluctuation of the analyte (measurand) around a 213 
homeostatic point).  214 

MDIC developed this Blueprint to serve as a guide for designing analytical validity studies for POCT 215 
devices that use fingerstick specimens. We hope that this Blueprint will help speed innovation in the 216 
development of medical devices that employ this simple and relatively painless method of specimen 217 
collection.   218 

 219 

1.1 Scope	of	the	Blueprint	220 
This Blueprint describes the design and analysis of method comparison and precision studies in support 221 
of the analytical validation of CLIA-waived and non-waived POCT devices that use either FS specimens or 222 
both FS and venous whole blood specimens.  223 

The studies described in this Blueprint take into consideration the different levels of education and 224 
experience of the operators conducting the testing in point of care environments. For the purposes of 225 
this Blueprint, “untrained operators” refers to a test operator who is not trained on the candidate 226 
device. “Trained operator” refers to a user who is trained on the candidate device and is engaged in a 227 
study described in this document. For CLIA waiver studies, other conditions such as defined in Title 42 of 228 
the Code of Federal Regulations § 493.1423 may apply.   229 

Method comparison studies demonstrate that the candidate device can be used by trained operators 230 
and evaluate the analytical accuracy (systematic difference/error or bias) of the candidate device in the 231 
hands of trained operators against a comparator method. The comparator method is usually an 232 
independent test method that is locally available and may use whole blood. 233 

Precision studies for the candidate device characterize the variability in results from repeated 234 
measurements under different testing conditions. These conditions include the most important sources 235 
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of variability, such as different testing days, testing reagent lots, operators, and testing location and 236 
environment. 237 

This Blueprint covers candidate POCT IVDs:  238 

• that are intended to be used with a fingerstick capillary whole blood indication or with both a 239 
fingerstick capillary whole blood and venous whole blood indication; and 240 

• whose intended users have limited or no training or hands-on experience in conducting laboratory 241 
testing (defined as “untrained operators” for the purposes of studies described in this document).  242 

Capillary blood draw from neonates, self-monitoring blood glucose test systems for over-the-counter 243 
use, medical devices used exclusively for self-testing/monitoring, and IVDs that are not indicated for use 244 
with fingerstick capillary whole blood are beyond the scope of this document. However, the study 245 
designs described in this Blueprint can be used as a guide when designing studies for these applications. 246 

Note: The study designs described in this Blueprint may not be suitable for some test systems and may 247 
need alterations to adequately assess the performance of the system. Please consult with regulatory 248 
agencies before altering the study design. 249 

  250 
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1.2 Definitions	251 
Analytical Measurement Range (AMR): The range of values that a measurement procedure can directly 252 
measure on the sample without any dilution, concentration, or other pretreatment not part of the usual 253 
measurement process. 254 

Capillary Whole Blood: Blood obtained by skin puncture or incision that contains a mixture of 255 
undetermined proportions of blood from arterioles, venules, and interstitial and intracellular fluids. 256 

Candidate Device: A new measurement procedure or test device for which performance characteristics 257 
are to be established and validated.  258 

CLIA Certificate of Waiver/CLIA Testing Site: A testing site for which minimal requirements for CLIA 259 
apply. CLIA personnel requirements for sites that hold Certificates of Waiver do not require specific 260 
training in laboratory technology or science. 261 

Comparator Method (CM): A well-established measurement procedure that has been thoroughly 262 
validated for precision, accuracy, specificity, and other performance characteristics. Legally marketed 263 
devices in the U.S. (e.g., cleared or approved by FDA) and widely recognized reference methods are 264 
examples of comparator methods. 265 

Dual Approach: Protocols designed to support a premarket submission that satisfies (1) the regulatory 266 
requirements to establish substantial equivalence for 510(k) clearance (per § 513(i) of the Federal Food, 267 
Drug, and Cosmetic Act), and (2) simplicity and insignificant risk of erroneous results for CLIA waiver 268 
determinations (as described under 42 U.S.C. § 263a(d)(3)). The dual approach study design is intended 269 
to support the Dual Submission pathway, a mechanism established by FDA for the review of both a 270 
510(k) and CLIA Waiver by Application within a single submission. 271 

Fingerstick Capillary Whole Blood (FS): Capillary whole blood obtained from the finger. 272 

In Vitro Diagnostic (IVD): A test done on samples such as blood or tissue that have been taken from the 273 
human body. IVDs can detect diseases or other conditions and can be used to monitor a person’s overall 274 
health to help cure, treat, or prevent diseases. 275 

Laboratory Professional: A person who works in a laboratory and is skilled in using the test device 276 
and/or the CM by the nature of their profession.  277 

Lower Limit of Quantitation (LLOQ): The lowest amount of measurand in a material that can be 278 
quantitatively determined with stated accuracy (as total error or as independent requirements for bias 279 
and precision) under stated experimental conditions. 280 

Measuring Range: A set of values of quantities of the same kind that can be measured by a given 281 
measuring instrument or measuring system with specified instrumental measurement uncertainty, 282 
under defined conditions. The measuring range is determined by linearity, accuracy, and limit of 283 
detection.  284 

Medical Decision Level (MDL): The analyte concentration determined by consensus of medical 285 
professionals and used for the diagnosis of a disease or condition, treatment, or other clinical 286 
interventions. 287 
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Operator: An individual engaged in a study. 288 

Point of Care Testing (POCT): Testing that is performed near or at the site of a patient with the result 289 
leading to possible change in the care of the patient. 290 

Precision: The closeness of agreement between repeated measurement results on the same or similar 291 
objects obtained under stipulated conditions. 292 

Qualitative Test: A method that provides only two categorical responses (e.g., positive/negative, 293 
present/absent, or yes/no) or a test with multiple outputs that are nominal. 294 

Quantitative Test: A method that generates a spectrum of signal responses that are directly 295 
proportional to the measurand levels. If the analyte preparations with known concentrations are 296 
available for calibration, the actual concentration of the analyte can be determined. 297 

Reproducibility: The closeness of agreement between repeated measurements of the same measurand 298 
carried out under changed conditions of measurement, including different laboratories. 299 

Self-Testing: A process by which an IVD is used by a lay user who is responsible for collecting the data or 300 
specimen, by themselves and on themselves, relying solely on the instructions provided by the 301 
manufacturer. This use can also include performing the test and interpreting the results by themselves 302 
and on themselves. 303 

Sequential Approach: Protocols designed to support two separate regulatory submissions: first, a 304 
premarket submission that satisfies the regulatory requirements for marketing authorization in the U.S., 305 
followed by a separate CLIA Waiver by Application submission to demonstrate simplicity and 306 
insignificant risk of erroneous results for CLIA waiver determinations (as described under 42 U.S.C. § 307 
263a(d)(3)). 308 

Test Complexity: The categorization assigned to a diagnostic test based on the level of difficulty 309 
required to conduct the testing procedure (as described in Title 42 of the Code of Federal Regulations 310 
§ 493.5, 493.15, and 493.17). Diagnostic tests are categorized into three categories, from the least to 311 
the most complex: waived tests, moderate complexity tests, and high complexity tests (refer to 312 
https://www.fda.gov/medical-devices/ivd-regulatory-assistance/clia-categorizations). 313 

Trained Operator: A test operator who is trained on the candidate device, and for the studies described 314 
herein, is also eligible to perform non-waived CLIA testing. For CLIA waiver studies, there are additional 315 
requirements to perform moderate complexity (non-waived) testing as defined in Title 42 of the Code of 316 
Federal Regulations § 493.1423. 317 

Untrained Operator: A test operator who is not trained on the candidate device. For CLIA waiver 318 
studies, there are additional requirements that untrained operators have limited or no training or 319 
hands-on experience in conducting laboratory testing.    320 

Upper Limit of Quantitation (ULOQ): The highest amount of measurand in a material that can be 321 
quantitatively determined with stated accuracy (as total error or as independent requirements for bias 322 
and precision) under the stated experimental conditions. 323 

Venous Whole Blood: Blood obtained by puncture of a vein. 324 
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1.3 Acronyms	325 
AMR Analytical Measurement Range 326 

CLIA Clinical Laboratory Improvement Amendments of 1988 327 

CM Comparator Method 328 

FS Capillary whole blood collected by fingerstick 329 

FSS Fingerstick specimen 330 

IVD In Vitro Diagnostic Device  331 

LLOQ  Lower Limit of Quantification 332 

MDL Medical Decision Level 333 

POCT Point of Care Testing 334 

ULOQ Upper Limit of Quantification 335 

 336 

1.4 Regulatory	Considerations	for	Point	of	Care	Testing	(POCT)	Devices	337 

1.4.1 CLIA	Categorization	of	Test	Systems	338 
Federal regulation of laboratory testing in the United States falls under the Clinical Laboratory 339 
Improvement Amendments of 1988 (CLIA), listed under Title 42 § 493 of the Code of Federal 340 
Regulations.1,2  341 

A test system’s CLIA categorization is determined by the U.S. Food and Drug Administration (FDA) after 342 
it has cleared or approved a marketing submission. Under CLIA, test systems, including POCT devices, 343 
are broadly divided into two categories based on test complexity: waived and non-waived.3 Non-waived 344 
tests include both moderate- and high-complexity tests. CLIA-waived test systems have been 345 
determined by FDA to be simple and to have insignificant risk of erroneous results. Many waived assays 346 
are suitable for performance at the point of care using FS specimens. 347 

Test systems that are listed under Title 42 CFR § 493.15(c) are automatically categorized as waived 348 
following FDA clearance or approval. These are beyond the scope of this Blueprint.  349 

For all other test systems not listed under Title 42 CFR § 493.15(c) and those test systems categorized as 350 
moderate complexity, manufacturers may request categorization of the test as waived through a CLIA 351 
Waiver by Application submission to FDA or by dual submission of a 510(k) premarket submission and a 352 
CLIA Waiver by Application. This document is intended to be useful for either type of submission for 353 
POCT devices using FS specimens. 354 

 355 

1.4.2 CLIA	Regulatory	Pathways	for	Point	of	Care	Testing	(POCT)	Devices	356 
The studies required for FDA clearance/approval and CLIA Waiver by Application of a POCT device are 357 
not identical. Manufacturers can choose a sequential approach, in which clearance or approval of the 358 



  

NON-FINAL VERSION FOR PUBLIC COMMENT 

test is pursued first, followed by a separate CLIA Waiver by Application submission. For devices that 359 
require a 510(k) submission, manufacturers can also choose a dual approach, in which the same studies 360 
are used to support the substantial equivalence decision and the CLIA waived categorization.  361 

A schematic of the two proposed approaches for obtaining a CLIA waiver are presented in Figure 1. In 362 
the sequential approach, the product clearance/approval is obtained first with a study supporting the 363 
performance of the device with trained operators followed by a CLIA Waiver by Application with data 364 
provided for performance in the hands of the untrained operator (Note: Trained and untrained 365 
operators are discussed further in Section 1.4.2.1). In the dual study approach, both components are 366 
combined in the study design. 367 

This Blueprint addresses the types of studies recommended to support the sequential and dual 368 
approaches, including the use of surrogate samples.  369 

The choice of pathway is up to the manufacturer and may be informed by many considerations including 370 
available resources and timing. The sequential approach could potentially achieve FDA 371 
clearance/approval faster, while still allowing the option of pursuing a CLIA waiver. However, if the 372 
manufacturer is committed to obtaining a CLIA waiver, it may save resources to use the dual study 373 
approach.   374 
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Figure 1. Schematic of the approaches for obtaining a CLIA waiver for a POCT device. 
 

1.4.2.1 Operators 375 
The educational background, level of training, and experience of the operators that could be conducting 376 
testing in point of care environments varies significantly and could impact the precision and accuracy of 377 
the test results. Therefore, it is important that POCT devices are evaluated in the hands of the intended 378 
use operator. For example, the operators that conduct non-waived tests at POCT sites must meet CLIA 379 
personnel requirements to perform non-waived testing as described in Title 42 CFR § 493.1423. POCT 380 
sites that perform testing using waived assays are typically staffed with untrained operators with limited 381 
or no training or hands-on experience in conducting laboratory testing.  382 
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The study designs included in this Blueprint consider the differences in operators that are found in POCT 383 
sites that perform waived and non-waived testing versus POCT sites that perform only waived testing. 384 

 385 

 386 
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 402 

TIPS FOR OBTAINING SUFFICIENT FS SAMPLE VOLUME  

It may be difficult to obtain a sufficient volume of blood from patients with poor circulation or 
with cold fingers. In those cases, the following steps may be helpful: 

- Let the hand hang down and flap or shake hands and arms to get blood flowing.  
- Use a warming pad or wash the finger with warm water to improve the blood flow.  
- Check that the lancet depth and lancet gauge are at an appropriate setting.  
- Massage the finger by gently squeezing before puncturing the skin. 
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2 Study	Designs	for	Candidate	Device	Clearance/Approval	as	a	403 

Non-Waived	Test	404 
The study designs described in this section are appropriate for the clearance/approval of the candidate 405 
POCT device, regardless of whether a CLIA waiver will be sought later. 406 

2.1 Collection/Testing	Sites	and	Operators	407 
• Method comparison and precision studies  408 

o Method comparison and precision studies should be conducted at a minimum of three 409 
POCT sites. Sites should be geographically different and representative of the kinds of 410 
POCT sites in the U.S. for the intended use of the test system and as described in the 411 
manufacturer’s package insert or operator’s manual. 412 

o It may be acceptable for the studies to be conducted outside of the U.S. if the foreign sites 413 
have a similar workflow, other related duties, and environment as U.S. POCT sites, and 414 
they are staffed with personnel representative of those encountered in U.S. POCT sites. 415 

o At least two trained operators should be included at each POCT site. 416 
 417 

• Matrix comparison studies 418 
o If plasma/serum or liquid control is used as a surrogate for precision or other studies, a 419 

matrix comparison study is required to demonstrate the required appropriateness of the 420 
sample. 421 

o Matrix comparison studies can be performed at the manufacturer’s laboratory (herein 422 
referred to as an “internal site”). 423 

o Operators at the internal site are considered to be “trained.” 424 

Note: For some test systems, the internal site may not provide samples spanning the dynamic range. In 425 
these situations, matrix comparison studies can be performed by operators from the internal site at a 426 
clinical site. 427 

 428 

2.2 Overall	Design	of	Studies	429 

2.2.1 Fingerstick	Capillary	Whole	Blood	(FS)	430 
In this design, the method comparison and precision evaluation are performed at POCT sites (Table 1). 431 
Precision evaluation can be combined with the method comparison study (Design A) or performed as an 432 
independent study (Design B). The manufacturer selects the study design based on several 433 
considerations, including the site logistics and available resources. If plasma or liquid control is used for 434 
precision evaluation, a matrix comparison study is required to demonstrate the required 435 
appropriateness of the sample for the precision study. Note that FSS1 and FSS2 refer to two different 436 
fingerstick samples and not replicates of the same sample.  437 

Table 1. Studies Required for Method Comparison and Precision Evaluation of Non-Waived POCT Devices That Use FS 438 

Test 
environment 

Site  Studies to be performed at each site 
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POCT site 1 
 
 

 Method Comparison 
Candidate device tested with FS by trained operators 
vs.  
Comparator method tested with plasma/serum or another FS by 
laboratory professionals  
 
Precision Evaluation 

a) Reproducibility study using plasma/serum or liquid control 
AND 

b) Reproducibility study with FS samples 
• Design A (method comparison + precision study) 

OR 
• Design B (a separate precision study) 

2 
 
 

3 

    
Internal site n/a  Matrix Comparison study of FS vs. plasma/serum or liquid control for 

analytical performance evaluation of the candidate device 
Candidate device, FS, laboratory professional (2 measurements with FS 
samples, FSS1 and FSS2)  
vs. 
Candidate device, plasma/serum or liquid control, laboratory professionals 
(2 replicates) 
 
Evaluation of between-lot and between-instrument variability using 
plasma/serum or liquid control 

 439 
 440 

2.2.2 Fingerstick	Capillary	Whole	Blood	(FS)	and	Venous	Whole	Blood	441 
In this design, both FS and venous whole blood are evaluated (Table 2).  442 

• For the venous whole blood samples, the type of anticoagulant that can be used with the device 443 
should be specified. In Table 2, the different anticoagulants are referred to as Tube Type 1, Tube 444 
Type 2, etc.  445 

o Note: In some situations, arterial samples may be used instead of venous blood. Please 446 
consult with the regulatory agency to determine the appropriateness of the test 447 
methods for arterial samples. 448 

• The method comparison study should include at least one of the anticoagulants; other 449 
anticoagulants can be evaluated through a matrix comparison study. 450 

 451 

 452 

 453 
 454 

 455 
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If the anticoagulant in the venous whole blood tubes is similar (e.g., divalent and trivalent EDTA), a study 456 
design that includes both types of tubes and tests each patient either with Tube Type 1 or with Tube 457 
Type 2 may be acceptable. However, performances for each tube type should first be checked 458 
separately and if they are similar, performances for combined data should be estimated (Note: 459 
comparison of different matrices can be evaluated in one study). 460 

Table 2. Studies Required for Method Comparison and Precision Evaluation of Non-Waived POCT Devices That Use FS and 461 
Venous Whole Blood 462 

Test 
environment 

Site  Studies to be performed at each site 

POCT site 1 
 
 

 Method Comparison 
Candidate device tested with FS by trained operators 
Candidate device tested with Tube Type 1 samples by trained operators 
vs.  
Comparator method tested with plasma/serum or another FS by 
laboratory professionals  
 
Precision Evaluation 

a) Reproducibility study using plasma/serum or liquid control 
AND 

b) Reproducibility study with FS and Tube Type 1 samples 
• Design A (method comparison + precision study) 

OR 
• Design B (a separate precision study) 

2 
 
 

3 

    
Internal site n/a  Matrix Comparison study of FS, Tube Type 1 vs. plasma/serum for 

analytical performance evaluation of the candidate device 
Candidate device, FS, laboratory professional (2 measurements with FS 
samples, FSS1 and FSS2), 
Candidate device, Tube Type 1 (2 replicates)  
vs. 
Candidate device, plasma/serum, laboratory professionals (2 replicates) 
 
Matrix Comparison study for different anticoagulant venous tubes: 
Candidate device, Tube Type 2 (2 replicates), laboratory professionals  
vs. 
Candidate device, Tube Type 1 (2 replicates), laboratory professionals 
 
 
Evaluation of between-lot and between-instrument variability using 
plasma/serum or liquid control 

 463 
Note: 464 
If the analyte measured by the candidate device is: 465 
(i) not sensitive to pre-analytical issues of FS sample collection in the hands of trained operators  466 

and 467 
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(ii) the FS collection process is uncomplicated (e.g., there is no elaborate finger preparation or need for 468 
an excessive volume of capillary blood), 469 

then an evaluation of the candidate POCT device with FS samples can be performed with a matrix 470 
comparison study of FS versus venous Tube Type 1 at the internal site (Note: if applicable, additional 471 
anticoagulants can be included in the same study). This study design can be acceptable after 472 
consultation with regulatory agencies and can have the format shown in Table 3. 473 

Table 3. Studies Required for Method Comparison, Precision Evaluation, and Matrix Comparison Study of Non-Waived POCT 474 
Devices That Use FS Versus Tube Type 1 at the Internal Site  475 

Test 
environment 

Site  Studies to be performed at each site 

POCT Site 1 
 
 

 Method Comparison 
Candidate device, Tube Type 1, trained operator 
vs.  
Comparator method, plasma/serum or another FS, laboratory 
professionals 
 
Precision Evaluation 

a) Reproducibility study using plasma/serum or liquid control  
AND 

b) Reproducibility study with Tube Type 1 samples 
• Design A (method comparison + precision study) 

OR 
• Design B (a separate precision study) 

2 
 
 

3 

    
Internal Site n/a  Matrix Comparison study of FS, Tube Type 1 vs. plasma/serum (laboratory 

professionals 
Candidate device, FS (2 measurements with FS samples, FSS1 and FSS2), 
Candidate device, Tube Type 1 (2 replicates) 
vs. 
Candidate device, plasma/serum, laboratory professionals (2 replicates) 
 
Evaluation of between-lot and between-instrument variability using 
plasma/serum or liquid control 

 476 
 477 

2.3 Method	Comparison	Studies	478 
 479 

2.3.1 Patient	and	Sample	Considerations		480 
• Patients at the POCT sites should be from the intended use population. Samples should span the 481 

measuring range (approximately uniformly). 482 
• Note that a distribution of the samples in the method comparison study is usually different from 483 

the distribution of samples in the intended use population because samples in the study should 484 
span the measuring range when data from all sites are combined. The candidate POCT device 485 
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comparison study should recruit a sufficient number of patients and samples to cover as much 486 
as possible of the claimed measuring range. Each site should conduct an all-comers study (within 487 
the intended use population) and after enrolling a sufficient number of patients, evaluate data 488 
for adequate coverage of the analytical measurement range (AMR). 489 

• If there are gaps in the coverage of the claimed measurement range, patients from the intended 490 
use population may be enrolled based on known laboratory data. The scope of the study should 491 
span all intended use patient populations, environments, and levels of education and 492 
experience of testing personnel as reasonably possible.   493 

• Each site should try to include samples with low, normal, and high levels of the analyte, 494 
although the number of samples per each concentration level may vary from site to site. Each 495 
individual site does not necessarily need to evenly cover the entire claimed measuring range 496 
using native samples; however, each site should have some number of samples, which may 497 
include a limited number of surrogate samples, that represent different analyte levels. For a 498 
definition of surrogate samples and how to prepare them, please see the MDIC Surrogate 499 
Sample Framework.4 There may be situations where some sites may give only normal levels and 500 
manufacturers may need to go to specialized sites to source samples from patients with 501 
extreme levels. The combined dataset from all sites should include analyte concentrations that 502 
span as much as possible of the claimed AMR.  503 

• Each site should attempt to obtain and analyze patient samples that represent the patient 504 
population and disease state; however, in some situations, it may be necessary to use specialty 505 
POCT sites to obtain extremes of analyte concentrations. In these situations, overall patient 506 
distribution across all sites should cover the measuring range. 507 

• Obtaining a fingerstick sample from a patient may be complex due to consent requirements. 508 
Using personnel who already attend and have a relationship with potential study participants 509 
may improve the success of recruitment. 510 
 511 

2.3.2 Comparator	Method	(CM)		512 
• The comparator method (CM) can be a legally marketed device (predicate device) or any other 513 

method that is widely recognized as a reference method, a traceable calibration method, or a 514 
well-validated method. 515 

• If multiple traceable CMs are available, it is recommended to select the method with the best 516 
precision. 517 

• The CM should be performed by laboratory professionals in a CLIA-certified laboratory. These 518 
professionals can be different from the trained operators. In the absence of a reliable laboratory 519 
analyzer, the CM can be another cleared/approved POCT device. 520 

• The claimed measuring range of the CM should be at least as wide as the claimed measuring 521 
range of the candidate POCT device. 522 

• Selection of the CM should take into consideration the sample types for which it has been 523 
validated. Ideally, the CM has been validated for use with FS, such as another legally marketed 524 
POCT device that uses the same sample type. Not all comparative measurement procedures (or 525 
the reference measurement procedure) available have been validated for use with FS samples; 526 
thus, a side-by-side comparison using the same sample type (i.e., FS) may not be feasible. 527 

• If another device validated for FS is not available, other methods can be considered, such as 528 
those performed at another CLIA-certified laboratory using venous whole blood (serum or 529 
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plasma) samples. Before performing large method comparison studies, it may be helpful to 530 
conduct literature searches or studies to determine if the concentration of the analyte in other 531 
matrices (e.g., venous whole blood) is similar to the levels found in FS samples and is adequately 532 
addressed. 533 

• If the CM is another POCT device validated for use with FS, then testing can be conducted using 534 
the same sample type. Ideally, the same FS sample is divided and tested using both methods; 535 
however, due to the limited sample volume that can be obtained from a single fingerstick, this 536 
approach may not be feasible. In this situation, two capillary whole blood specimens may be 537 
obtained. 538 

• The method comparison study design should account for the fact that different POCT devices 539 
use different modes to deliver the capillary sample to the instrument. For example, in some 540 
devices, the FS samples are applied into a cartridge directly from the fingerstick site; for others, 541 
the FS sample is collected in a capillary blood collection device (e.g., microtainer) and later 542 
pipetted into the cartridge or the filled capillary collection device is presented to a probe that 543 
aspirates the sample.  544 

• If the FS sample cannot be split into parts (either due to insufficient volume or different delivery 545 
modes), then a second FS from the same patient may be collected within a suitable time 546 
interval, taking into consideration within-individual biological variability (random fluctuation of 547 
the analyte around a homeostatic point), time for pre-analytical steps, and other relevant 548 
factors (Note: a different finger can be used for the second FS). The protocol should provide for 549 
randomization of testing, such that the first fingerstick of each patient is not exclusively used for 550 
testing using the candidate POCT device. 551 

• If the CM has not been validated for use with FS, then it may be possible to compare the results 552 
of the candidate device with FS to specimens that have been validated for the CM (e.g., serum 553 
or plasma). If this approach is chosen, matched samples from the same patients should be 554 
collected, transported under acceptable storage conditions to the testing site (e.g., clinical 555 
laboratory), and tested within the timeframe in which the analyte is stable in the sample. 556 

• The same CM should be used across the three POCT sites. 557 
 558 

2.3.3 Additional	Considerations		559 
• A total of 120 patients (approximately 40 per site) should be enrolled for the method comparison 560 

study. It is desirable to recruit a sufficient number of patients and samples such that the combined 561 
data from all sites uniformly covers the claimed measuring range as much as possible.  562 

o Note: All attempts should be made to achieve uniform distribution across the AMR at 563 
each site. If there is a significant deviation from uniform distribution, discuss the approach 564 
with the regulatory agency prior to execution of the study. 565 

• Surrogate samples are not recommended in the method comparison study.   566 
• At least two trained operators (Op1 and Op2) should be included at each POCT site. It is 567 

recommended to a have a randomization of trained operators for patients with regard to Op1 568 
and Op2: for example, patient 1 is tested by Op1, patient 2 is tested by Op2, patient 3 is tested 569 
by Op1, and so on. 570 

o Example: Consider a device with a claimed measuring range from 10 to 150 ng/dL and 571 
normal levels of the analyte are from 45 to 60 ng/dL, with a medical decision level 572 
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(MDL) of 75 ng/mL. The sample concentrations based on the CM across sites could look 573 
as shown in  574 

 575 

o Table 4. 576 

 577 

Table 4. Example of Sample Concentrations for a Hypothetical Method Comparison Study 578 

POCT site 
Number of samples per concentration range Total 

number 10 - 24 ng/dL 25 - 44 
ng/dL 

45-60 
ng/dL 

61 - 100 
ng/dL 

101-150 
ng/dL 

Site 1 3 6 15 10 6 40 
Site 2 4 3 20 8 5 40 
Site 3 2 7 11 17 3 40 
Combined 9 16 46 35 14 120 
Percent of 
samples 7.5% 13.3% 38.3% 29.2% 11.7% 100% 

 579 
 580 

2.3.4 Matrix	Comparison	Studies	with	Regard	to	Different	Types	of	581 

Tubes	for	Venous	Whole	Blood	Samples	582 
If the claimed types of venous whole blood tubes include different types of tubes (e.g., Tube Type 1 and 583 
Tube Type 2) and the method comparison study included an evaluation of Tube Type 1, then a matrix 584 
comparison study should be conducted at the internal site. 585 

• This study should include at least 40 pairs of results from the candidate POCT device with Tube 586 
Type 2 and from the candidate POCT device with Tube Type 1. Samples should span the 587 
measuring range as much as is possible. 588 

• Repeatability with different types of tubes should be compared; therefore, two replicates from 589 
each type of tube should be performed.  590 

• The study can be conducted at one site, which may be an internal site. 591 
 592 

2.3.5 Matrix	Comparison	Studies	for	Evaluation	of	the	Analytical	593 

Performance	of	the	Candidate	Device	with	Fingerstick	Capillary	594 

Whole	Blood	(FS)	Specimens	595 
Ideally, analytical performance characteristics of the candidate device with FS specimens should be 596 
evaluated with FS patient samples. Because of FS sample stability and volume issues, most of the 597 
analytical studies (e.g., limit of detection, limit of quantitation, linearity, reagent stability) can be 598 
conducted only with more stable types of samples, including plasma or serum as appropriate. Therefore, 599 
a matrix comparison study of FS samples versus plasma/serum samples should be conducted.  600 
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• This study should include at least 40 pairs of results from the candidate POCT device with FS and 601 
by the candidate POCT device with plasma (serum) samples. Both samples should span the 602 
measuring range as much as is possible. 603 

• Repeatability with different types of samples should be compared; therefore, two replicates of 604 
each type of sample should be performed. The study can be conducted at one site, which may 605 
be an internal site. 606 

• Matrix comparison studies should have pairs of samples that cover the measuring range as 607 
much as is possible. 608 

• Information about patient results in the method comparison study can be used to invite these 609 
patients to participate in the matrix comparison studies. 610 
 611 

2.4 Precision	Studies	612 

2.4.1 Overall	Design	of	Studies	613 
The purpose of precision studies of POCT devices that use FS specimens is to characterize the variability 614 
in results from repeated measurements under different testing conditions. The chosen conditions 615 
should include the most important sources of variability. To the extent possible, all potential sources of 616 
variability should be included in the precision evaluation for the device. 617 

Precision studies should be able to provide estimates of following components of variance:  618 

• repeatability 619 
• between-run 620 
• between-day 621 
• between-lot 622 
• between-calibration 623 
• between-instrument 624 
• between-operator  625 
• between-site 626 

Due to the availability and stability of FS specimens, assessing all components of variability using FS 627 
would be difficult or impossible. Thus, it may be necessary to assess some sources of variability using a 628 
surrogate sample, that is, a sample sufficiently similar to capillary whole blood, such as venous whole 629 
blood samples or plasma/serum. However, some components of variability should be evaluated with FS 630 
samples because for most devices, differences in operator technique can affect results. The real-life 631 
imprecision of the candidate device with FS samples can be characterized by a combination of precision 632 
studies. 633 

This Blueprint is intended to provide guidance on which components of the precision studies should be 634 
performed using FS samples and which components will likely require use of venous whole blood or 635 
other stable surrogate samples such as plasma/serum or liquid control materials. See the MDIC 636 
Surrogate Sample Framework to determine the appropriate surrogate samples for the precision study.4  637 

The design of precision studies with regard to different components of variance and sample type is 638 
presented in Table 5. From these various components of the precision study, total precision of the 639 
candidate POCT device in the hands of the operator can be derived. 640 
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• The precision of the candidate POCT device in the hands of the trained operators with FS 641 
samples is evaluated with two studies: the first study with surrogate samples and the second 642 
study with FS. These studies should be performed at three different POCT sites. 643 

o Study 1: In this study of the candidate device with surrogate samples, different 644 
components of variance such as repeatability, between-run (if applicable), between-day, 645 
between-operator, and between-site components can be evaluated. 646 

o Study 2: In this study of the candidate device with FS samples, repeatability with FS and 647 
between-POCT operator components can be evaluated. 648 

• Study 3: In addition, precision between lots and between instruments should be determined at 649 
the manufacturer’s internal site in a separate precision study. 650 

Table 5. Testing Scheme for Precision Studies of the Candidate POCT Device Using FS and Surrogate Samples 651 

Sample Repeatability Between-
day 

Between- 
lot 

Between-
instrument 

Between-
operator 

Between-
site 

Surrogate 
sample 

Study 1 Study 1 Study 3 Study 3 Study 1 Study 1 

Fingerstick 
sample 

Study 2    Study 2  

 652 

 653 

2.4.2 Precision	Studies	Combined	with	the	Method	Comparison	Study	654 

(Design	A)	655 
Precision studies for the candidate POCT device can be combined with the method comparison study. 656 
This design is referred to as Design A in Section 2.2 of this Blueprint. For this design, each patient in the 657 
comparison study is tested by two operators (Op), Op1 and Op2. Each operator tests one fingerstick 658 
specimen (FSS) per patient, FSS1 and FSS2. Note that FSS1 and FSS2 are two different fingerstick 659 
samples and not replicates of the same sample. A general design scheme is presented in Table 6. 660 

• It is recommended to randomize trained operators for patient samples; for example, patient 1 is 661 
tested as (FSS1, Op1) and (FSS2, Op2); patient 2 is tested as (FSS1, Op2) and (FSS2, Op1); patient 662 
3 is tested as (FSS1, Op1) and (FSS2, Op2); and so on. 663 

• It is recommended to blind results from the same patient for different operators. 664 
• If needed, Op1 and Op2 can use different test systems (in this study design, the between-665 

operator component includes variability from operators and test systems). 666 

Table 6. Design of the Combined Method Comparison and Precision Studies (Design A) 667 

POCT site  Studies to be performed at each site 
Site 1 
 
 

 Method Comparison + Precision Study 
Candidate POCT device, FSS1, Op1 
Candidate POCT device, FSS2, Op2 
vs.  
Comparator method, plasma/serum or another FS, laboratory professionals 
 
Precision Evaluation 

Site 2 
 
 

 

Site 3 
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Reproducibility study using plasma/serum or liquid control 
 

 668 
• For each patient, the average value and standard deviation (SD) of two replicates are calculated. 669 

The analytical measurement range (AMR) is divided into three (or four) subintervals (e.g., low, 670 
medium, high), each with approximately 30-40 patients. This study design allows for the 671 
evaluation of repeatability of the candidate device with FS samples and the between-operator 672 
component. The SD for each subinterval is calculated based on the SD of the patients from this 673 
subinterval. Because each patient is measured by two operators, comparing FS values of Op1 674 
and Op2 averaged over all patients from the subinterval allows for estimation of the between-675 
operator component. 676 

2.4.3 Precision	Studies	Independent	of	Method	Comparison	Study	677 

(Design	B)	678 
The reproducibility study can also be executed independent of the method comparison study. This 679 
design is referred to as Design B in Section 2.2 of this Blueprint. A general design scheme is presented in 680 
Table 7. 681 

• The AMR is divided into three subintervals: low, medium, and high. Each site should include at 682 
least five patients from each subinterval. Patients from the intended use population may be 683 
enrolled based on known laboratory data or results from the method comparison study. 684 

• Two replicates for each operator are used to evaluate the repeatability estimates for each 685 
operator and each patient. The between-operator component is also estimated for each patient. 686 
Then, combining data for the patient from the same subinterval, repeatability of the candidate 687 
device with FS samples and the between-operator component are evaluated. 688 

• Randomization and blinding should be considered. 689 
• If needed, Op1 and Op2 use different test systems (in this study design, the between-operator 690 

component includes variability from operators and test systems). 691 

Table 7. Design of the Precision Study Independent of the Method Comparison Study (Design B) 692 

POCT site  Study to be performed at each site 

Site 1  Each subinterval has five patients 
 
Each patient is tested by two operators with two FS 
Total of four FS for each patient 
 
Candidate POCT device, FSS1, Op1 
Candidate POCT device, FSS2, Op1 
Candidate POCT device, FSS3, Op2 
Candidate POCT device, FSS4, Op2 
 
Precision Evaluation 
Reproducibility study using plasma/serum or liquid control 

Site 2  

Site 3  

 693 

 694 
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 695 
 696 
 697 

3 Study	Designs	for	CLIA	Waiver	Application	for	the	Candidate	698 

Device		699 
Typically, in an application for CLIA waiver (CLIA Waiver by Application) a manufacturer submits 700 
evidence to FDA that a previously cleared or approved test, initially categorized as moderate complexity, 701 
meets the CLIA statutory criteria for waiver and requests that FDA categorize the test as waived. This 702 
means that, historically, a CLIA Waiver by Application follows the clearance or approval of an IVD.5  703 

While a clearance/approval and CLIA Waiver by Application each include discrete elements not required 704 
in the other, both submissions generally include comparison and reproducibility studies. For a 705 
clearance/approval, such studies are often performed by trained operators (i.e., test operators who 706 
meet the qualifications to perform non-waived testing). For a CLIA Waiver by Application, such studies 707 
should be conducted by individuals who are representative of intended users.  708 

3.1 Collection/Testing	Sites	and	Operators	709 
CLIA waiver studies should include a minimum of three sites that are representative of both the 710 
intended use patient population and the intended operators typically working in the CLIA Certificate of 711 
Waiver setting. Generally, the sites should include different demographic and geographic locations (e.g., 712 
outpatient clinic, physician’s office), since patient populations and untrained operators typically vary 713 
among different demographic groups and locations. 714 

The study should include one to three untrained operators at each site and at least nine untrained 715 
operators across all sites. The untrained operators represent anticipated operators of the device 716 
proposed for the CLIA waiver. Untrained operators should have limited or no training or hands-on 717 
experience in conducting laboratory testing and should not have previous training or experience with 718 
the candidate test but may have limited experience with other waived or home use tests. Untrained 719 
operators should be personnel currently employed in the selected intended use sites, which for the 720 
purpose of this Blueprint are POCT settings. 721 

Testing should be integrated into the daily workflow of the facility where the untrained operators are 722 
often multitasking between patient care, testing, and other duties. 723 

Operators in this study should be able to independently follow the instructions for testing. Instructions 724 
and materials should include all control procedures that will be recommended to device users when the 725 
device is marketed. The study operator should receive no additional instructions (e.g., written or verbal 726 
training, coaching, or prompting) beyond the materials included with the test system. Likewise, study 727 
operators should have no opportunity to discuss the test with other operators or otherwise coach or 728 
observe each other. 729 

The CLIA waiver studies should be conducted over a period of at least two weeks and can be extended 730 
as necessary to recruit a sufficient number of patients and samples to cover as much as possible of the 731 
claimed measuring range. 732 
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For agreement between untrained and trained operator study approaches, each site should have also 733 
one or two trained operators. 734 

3.2 CLIA	Waiver	Studies	for	a	Non-Waived	Device	(Sequential	735 

Approach)	736 
This approach describes a scenario in which the candidate device is first cleared/approved as a POCT 737 
device in the hands of trained (non-waived) operators. Then, a CLIA waiver study is conducted with the 738 
objective of comparing the results from the candidate POCT device in the hands of untrained operators 739 
with FS samples with the results from the candidate POCT device in the hands of trained operators with 740 
FS samples.  741 

The comparison should be evaluated with regard to systematic differences between candidate POCT 742 
device results in the hands of untrained versus trained operators and with regard to comparing the 743 
precision of the candidate device in the hands of untrained versus trained operators. 744 

• The comparison study should include at least 240 patients. 745 
• Each patient is tested with the candidate device in the hands of untrained operators with FSS1 746 

sample and by the candidate device in the hands of trained operators with FSS2. Note that FSS1 747 
and FSS2 refer to two different fingerstick samples and not replicates of the same sample. 748 

3.2.1 Fingerstick	Capillary	Whole	Blood	(FS)	749 
In this design, the operator comparison and precision evaluation are performed at POCT sites by trained 750 
and untrained operators (Table 8). Precision evaluation can be combined with the comparison study 751 
(Design A) or performed as an independent study (Design B). 752 

Table 8. Studies Required for Operator Comparison and Precision Comparison for CLIA Waiver of POCT Devices That Use FS 753 

CLIA waiver site  Studies to be performed at each site 
Site 1 
 

 Operator Comparison 
Candidate device, FSS1, untrained operator 
vs.  
Candidate device, FSS2, trained operator 
 
Comparison of Precision 
Precision comparison of untrained and trained operators with FS samples 
Design A (operator comparison + precision study)  
or 
Design B (a separate precision study) 
 

Site 2 
 
 
Site 3 

 754 

3.2.2 Fingerstick	Capillary	Whole	Blood	(FS)	and	Venous	Whole	Blood	755 
In this design, both FS and venous whole blood are evaluated (Table 9). 756 

• For the venous whole blood samples, it should be specified what type of anti-coagulant (tube 757 
type) was used, referred to as Tube Type 1, Tube Type 2, and so on.   758 

• It is recommended that claimed venous tubes will be included in the comparison study for each 759 
patient. 760 
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• If the anticoagulant in the venous blood collection tubes is similar (e.g., K2EDTA and K3EDTA), a 761 
study design that includes both types of tubes and tests each patient either with Tube Type 1 or 762 
with Tube Type 2 may be acceptable. First, performances for each tube type should be checked 763 
separately and if they are similar, performances for combined data should be estimated. 764 

Table 9. Studies Required for Operator Comparison and Precision Comparison for CLIA Waiver of POCT Devices That Use FS 765 
and Venous Whole Blood 766 

CLIA waiver 
site 

 Studies to be performed at each site 

 
Site 1 
 
 

 Operator Comparison 
Candidate device, FSS1, untrained operator 
vs. 
Candidate device, FSS2, trained operator 
 
Candidate device, venous Tube Type 1, untrained operator 
vs.  
Candidate device, venous Tube Type 1, trained operator 
 
Candidate device, venous Tube Type 2, untrained operator 
vs.  
Candidate device, venous Tube Type 2, trained operator 
 
 
Comparison of Precision 
Precision comparison of untrained and trained operators with FS samples, venous 
Tube Type 1, and venous Tube Type 2 
Design A (operator comparison + precision study)  
or 
Design B (a separate precision study) 

Site 2 
 
 
 

Site 3 

 767 

3.3 Precision	Studies	768 

3.3.1 Precision	Studies	Combined	with	the	Operator	Comparison	Study	769 
Precision studies with FS can be combined with the operator comparison study. This design is referred 770 
to as Design A in Section 2.2 of this Blueprint. 771 

In this design, there are three untrained operators, A, B, and C, and two trained operators, Op1 and 772 
Op2, at each of three CLIA waiver sites. The total number of FSS for each patient is four: each patient is 773 
tested by two untrained operators (two FSS used) and by two trained operators (two FSS used). 774 

 775 

 776 

 777 

 778 

 779 
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With regard to the three untrained operators, A, B, and C, and the trained operators, Op1 and Op2, the 780 
following randomization should be performed as depicted in Table 10. 781 

Table 10. Patient Randomization for Precision Studies Combined with the Operator Comparison Study for CLIA Waiver of POCT 782 
Devices That Use FS 783 

Patient Untrained operators Trained operators 
Patient 1 FSS1 by A 

FSS2 by B 
FSS3 by Op1 
FSS4 by Op2 

Patient 2 FSS1 by B 
FSS2 by C 

FSS3 by Op2 
FSS4 by Op1 

Patient 3 FSS1 by C 
FSS2 by A 

FSS3 by Op1 
FSS4 by Op2 

Patient 4 FSS1 by A 
FSS2 by B 

FSS3 by Op2 
FSS4 by Op1 

 784 

3.3.2 Precision	Studies	Independent	of	the	Operator	Comparison	Study	785 
The reproducibility study with FS can also be conducted separately from the operator comparison study. 786 
This design is referred to as Design B in Section 2.2 of this Blueprint. 787 

In this design, the AMR is divided into three subintervals: low, medium, and high. Each site should 788 
include at least five patients from each subinterval. Patients from the intended use population may be 789 
enrolled based on known laboratory data or results from the method comparison study. 790 

Samples from each patient are tested by three untrained operators (A, B, and C, for three FSS) and by 791 
two trained operators (Op1 and Op2, for two FSS). The total number of FSS for each patient is five. The 792 
patient randomization for these studies is shown in Table 11. 793 

Table 11. Patient Randomization for Precision Studies Conducted Independently of the Operator Comparison Study for CLIA 794 
Waiver of POCT Devices That Use FS 795 

Patient Untrained operators Trained operators 
Patient 1 FSS1 by A 

FSS2 by B 
FSS3 by C 

FSS4 by Op1 
FSS5 by Op2 

Patient 2 FSS1 by B 
FSS2 by C 
FSS3 by A 

FSS4 by Op2 
FSS5 by Op1 

Patient 3 FSS1 by C 
FSS2 by A 
FSS3 by B 

FSS4 by Op1 
FSS5 by Op2 

Patient 4 FSS1 by A 
FSS2 by B 
FSS3 by C 

FSS4 by Op2 
FSS5 by Op1 

 796 

 797 
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3.4 CLIA	Waiver	Studies	for	a	New	Device	(Dual	Approach)	798 
This approach describes a scenario when the candidate POCT device is a new device that has NOT been 799 
cleared/approved as a non-waived POCT device. The studies recommended here provide a single set of 800 
comparison and reproducibility studies, such that the data generated will support both clearance of the 801 
device and the application for a CLIA waiver.  802 

In this approach, method comparison and reproducibility studies are conducted only with untrained 803 
operators. Then, the data from these studies are used to support the CLIA waiver of the candidate 804 
device in the hands of untrained operators and clearance/approval of the candidate device as a non-805 
waived POCT device in the hands of trained operators. 806 

All study designs for the POCT device described in Section 2 of this Blueprint are applicable, though 807 
“trained operators” would be replaced by “untrained operator.” An example of the dual study design for 808 
a candidate POCT device for FS in the hands of untrained operators is described in Table 12. 809 

Table 12. Studies Required for Method Comparison and Precision Evaluation for New POCT Devices That Use FS 810 

CLIA waiver 
site 

 Studies to be performed at each site 

Site 1 
 
 

 Method Comparison 
Candidate device, FS, untrained operators 
vs.  
Comparator method, plasma/serum or another FS, laboratory professionals 
 
Precision Evaluation (untrained operators) 

a) Reproducibility study using plasma/serum or liquid control 
AND 

b) Reproducibility study with FS samples 
• Design A (method comparison + precision study) 
OR 
• Design B (a separate precision study) 

Site 2 
 
 
Site 3 

   
Internal Site  Matrix Comparison study of FS vs. plasma/serum for analytical performance 

evaluation of the candidate device 
Candidate device, FS, laboratory professionals (2 measurements with FSS1 and 
FSS2)  
vs. 
Candidate device, plasma/serum, laboratory professionals (2 replicates) 
 
Evaluation of between-lot variability using plasma/serum or liquid control 

 811 

3.4.1 Additional	Considerations	812 
• The method comparison study should include 360 patient samples. Samples should span the 813 

measuring range. The measuring range of the candidate device can be divided into three 814 
subintervals: low, medium, and high. The candidate device should be evaluated by untrained 815 
operators. 816 
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• If patient samples for some subinterval of values (e.g., the high subinterval) can be obtained 817 
only from sites where only trained operators perform the test with the candidate POCT device 818 
and FS specimens (e.g., hospitals, emergency departments), then the following study design can 819 
be considered: 820 
(i) Trained operators run the candidate test with FS specimens for the given subinterval at 821 

the sites where only trained operators can perform the candidate test with FS  822 
(ii) Both trained and untrained operators perform approximately 40 tests each on the 823 

candidate device in different subintervals (where patient samples can be tested by the 824 
untrained operators). Data from these 40 tests will be used for comparison of the 825 
performance of the candidate device in the hands of untrained and trained operators 826 
with regard to systematic differences. It is preferable to include patients that cover the 827 
full range of that subinterval. 828 

(iii) Precision of the candidate device in the hands of untrained and trained operators 829 
should also be evaluated and compared as described in Section 3.3.  830 

(iv) Then, using information about candidate test performance with the untrained versus 831 
trained operators in the medium subinterval, inferences can be made about 832 
performance of the candidate test in the hands of the untrained operators for the high 833 
subinterval. 834 

• The reproducibility study with FS samples should be conducted at three CLIA waiver sites. 835 

 836 

 837 

 838 

 839 

 840 

 841 

 842 

 843 

 844 

 845 

 846 

 847 
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4 Considerations	for	the	Use	of	Surrogate	Samples	848 

4.1 Design	Considerations	for	Method	Comparison	Studies	849 
In general, unmodified patient specimens provide the best assessment of candidate device 850 
performance. However, in some cases, it may not be possible to find fresh native samples to cover the 851 
extremes of the claimed measuring range. In some cases, manufacturers can consider modifying the 852 
claimed measuring range to an interval that is clinically relevant. 853 

It may be also possible to use surrogate samples (e.g., spiked or diluted) to support method comparison 854 
studies; however, preparing such samples from FS can be challenging due to instability of the sample, 855 
quick clotting of the sample (if not collected using anticoagulants), inaccurate pipetting, and mixing of 856 
small volumes.  857 

Manufacturers should describe how surrogate samples were prepared and show evidence that these 858 
samples are representative of real FS samples. Recommendations described in the MDIC Surrogate 859 
Sample Framework4 may help identify alternate samples that could be used in method comparison 860 
studies. Manufacturers who wish to use surrogate samples should discuss their approach with the 861 
regulatory agencies prior to the execution of the study. 862 

One possible strategy to show that surrogate samples are equivalent to real FS samples may be to 863 
compare the results of native FS to native and modified (contrived) venous whole blood at 864 
concentrations within the normal range of the analyte, and then extrapolate the expected performance 865 
of the contrived samples at the extreme ends of the measuring range.  866 

• For example, a minimum of 40 native FS, native venous whole blood, and contrived venous 867 
whole blood samples with normal levels of the analyte can be tested using the candidate device 868 
and the comparator method (CM). Additional contrived venous samples at the extreme ends of 869 
the measuring range should also be tested.   870 

o Performance of the contrived venous whole blood samples at the normal range can be 871 
compared with the performance of native FS and venous whole blood samples to 872 
determine if samples exhibit similar behavior or if there is difference between matrices.  873 

o Subsequently, the performance of the native and surrogate venous whole blood 874 
samples at the extreme subintervals (abnormally high or low subintervals) of the 875 
claimed range can be compared with the performance at the normal range. If the 876 
surrogate and native whole venous blood samples show similar performance at each 877 
subinterval, the data may be leveraged to predict performance of native FS samples. 878 

Surrogate samples should be kept to a minimum and should only be used to represent the hard-to-find 879 
concentrations of the measuring range that are not routinely encountered, for example, high or low 880 
concentrations that are only found in very ill patients. It is possible that due to the population 881 
characteristics of a specific POCT site, the native FS samples tested will not include concentrations that 882 
cover a subinterval of the claimed measuring range (e.g., samples with abnormally low levels of an 883 
analyte may not be found in a doctor’s office).  884 

In this situation, leaving the POCT site open until a sample with an extreme high or low concentration is 885 
obtained could lead to over sampling at the normal range, which would misrepresent the performance 886 
of the POCT device.  887 
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In cases where the POCT site has been recruiting and testing for a reasonable period, but concentrations 888 
obtained do not cover the claimed measuring range, a limited number of surrogate samples with 889 
concentrations within the under-represented range can be prepared or brought to that POCT site for 890 
testing by corresponding POCT operators. Native FS samples with concentrations within the subinterval 891 
should be collected and tested at other representative POCT sites. 892 

 893 

4.2 Design	Considerations	for	Precision	Studies	894 
Methodology for precision evaluation is described in Sections 2 and 3. When appropriate, evaluation of 895 
imprecision should be performed using CLSI document EP05. Some of the design and analysis 896 
considerations for precision studies using surrogate samples are described below. 897 

4.2.1 Test	Levels	898 
Estimates of imprecision may depend upon the concentration of the analyte and therefore, the 899 
concentrations for precision evaluation should cover nearly the entire measuring range of the test 900 
device, including medical decision levels (MDLs).  901 

Recommended test levels for devices with measuring range [LLOQ, ULOQ] and MDL are: 902 

i. close to the LLOQ 903 
ii. a level of analyte below the MDL 904 

iii. close to MDL 905 
iv. a level of analyte above the MDL 906 
v. close to the ULOQ 907 

If the candidate device has more than one MDL, imprecision should be evaluated near each MDL (within 908 
a concentration range of ± 10-15%). It is understood that some tests will not have specific MDLs, but 909 
rather a range of values; in such cases, the reproducibility panel should contain at least five 910 
concentration levels covering most of the measuring range of the candidate test. 911 

4.2.2 Test	Samples	and	Test	Sites	912 
• In addition to the FS and venous whole blood samples (or surrogate samples), precision 913 

evaluation should also include stable control materials (e.g., liquid quality control samples). 914 
• A reproducibility study should be conducted at three sites representative of the intended use 915 

sites that were included in the comparison study. 916 
• The reproducibility study should include at least two trained operators for non-waived POCT 917 

devices and at least three untrained operators for CLIA waiver POCT devices. It is recommended 918 
to include the same operators as the method comparison study. 919 

• Each site in the reproducibility study should have the same number of operators (e.g., all three 920 
sites should have three untrained operators per site, or all three sites should have two trained 921 
operators per site). 922 

• The study with plasma/serum samples or liquid quality control should be conducted at least five 923 
days at each site. 924 
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4.2.3 Operator	Variability	925 
With regard to operator variability, different designs of the reproducibility study can be considered in 926 
such a way that the between-operator component of variance can be estimated.  927 

One of the possible designs is that all three operators perform testing on each of the five days of the 928 
reproducibility study. Another possible design is that only one operator performs testing on each day of 929 
the reproducibility study but the total number of days in the study is larger than five days.   930 

For example, for a nine-day reproducibility study, Operator 1 performs testing on days 1, 4, and 7; 931 
Operator 2 performs testing on days 2, 5 and 8; and Operator 3 performs testing on days 3, 6, and 9. 932 
Other designs are also possible, with a main requirement that the between-operator component of 933 
variance can be estimated separately. 934 

4.2.4 Run-to-Run	Variability	935 
With regard to run-to-run variability and number of replicates in each run, each day should include at 936 
least two runs with at least two to three replicates per run. Many POCT devices are “unit-use” design 937 
and can test only one specimen at a time; therefore, “run” and “repeats in the same run” must be 938 
defined.  939 

One approach recommended in CLSI EP05 is that “run” can be defined as testing the sample 940 
consecutively with the same instrument three times, with the time between testing needed for sample 941 
preparation. These three measurements are considered as different replicates at one run. Then another 942 
series of three consecutive measurements is considered as a different run if the time between these two 943 
series is at least two hours.  944 

One of the main requirements is that these two series of measurements should be performed in one 945 
day. For example, for the device that gives a result for a sample after 15 minutes and 5 minutes of 946 
sample preparation, run 1 represents testing of three aliquots of the same sample using the same 947 
instrument during time period of 1 hour (3 aliquots x (15 minutes + 5 minutes) = 60 minutes) in the 948 
morning and then run 2 is performed in the evening with the time interval between the two runs of 949 
more than two hours. 950 

• If only one run per day can be performed, then day-to-day variability also includes run-to-run 951 
variability. 952 

• To evaluate repeatability, at least two replicates for the sample should be obtained under the 953 
same conditions (same site, same operator, same day, same run, and so on). If only one 954 
measurement can be performed for a day (eight-hour working day), then an estimate of 955 
repeatability may include other sources of variability such as different day/run. 956 

4.2.5 Lot	Variability	957 
With regard to lot variability (reagent lot/calibrator lot), the reproducibility study can include the same 958 
lot at each of three sites and the estimation of the between-lot component can be performed in the 959 
internal precision study. A reproducibility study where each site uses a different lot is a generally 960 
undesirable study design, especially for new technologies, because it would be impossible to determine 961 
whether observed differences are lot-related or site-related. 962 
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4.2.6 Instrument	Variability	963 
If a POCT site will have several instruments, a between-instrument component of variance should be 964 
estimated separately. In this scenario, the reproducibility study should include at least two to three 965 
different instruments at each site. 966 

If a POCT site will have one instrument, then the between-instrument variability in the reproducibility 967 
study is included together with the between-site variability. The between-site component of variance 968 
will include variability due to site and instrument differences. The between-instrument component of 969 
variance can be also evaluated at the internal site with two to three instruments.  970 

If the between-instrument component is evaluated separately at the internal site, the between-site 971 
component in the reproducibility study 1, which includes the between-instrument component, should 972 
be recalculated by subtracting the between-instrument component. Otherwise, the between-instrument 973 
component will be included in the total imprecision twice. 974 

 975 

 976 

 977 

 978 

 979 

 980 

 981 

 982 

 983 

 984 

 985 

 986 

 987 

 988 

 989 

 990 

 991 
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5 Considerations	for	Data	Analysis	in	Method	Comparison	992 

Studies	993 
This section describes general considerations for data handling and analysis methods for method 994 
comparison study data.  995 

5.1 Over	Sampling	996 
The data range employed in the comparison study should ideally reflect the entire measuring range with 997 
an even distribution through the measuring range. The regression line is calculated by minimizing the 998 
distances of the data points to the regression line. Therefore, if the data set has a large percentage of 999 
samples from some subintervals (bins), the linear regression equation for the entire measuring range 1000 
will be dominated by the linear relationship in these subintervals and it may not reflect the relationships 1001 
of the samples outside of this subinterval.  1002 

One of the problems with comparison studies with FS samples is potential over sampling at specific 1003 
subintervals of the claimed measuring range. For example, clinical study sites such as doctor offices 1004 
include many patients with values from the normal range. Oversampling may be unavoidable in the 1005 
process of obtaining balanced patient numbers. 1006 

5.1.1 Minimizing	Over	Sampling	in	Study	Design	1007 
To minimize over sampling, some of these approaches can be utilized in the study designs described in 1008 
Sections 2 and 3: 1009 

• Patients’ known laboratory data may be used (if appropriate) to determine the suitability of the 1010 
patient to participate in the study. 1011 

• A distribution of the samples across the analyte concentration ranges is established and once 1012 
the minimum sample required for each one of the ranges is obtained, the remaining samples are 1013 
not used for the analysis. 1014 

5.1.2 Minimizing	Over	Sampling	After	Study	Completion	1015 
If the study is completed without minimizing over sampling and samples in some bins have been 1016 
exceeded, samples can be weighted down to meet needed bin sample distribution or be deleted from 1017 
comparison study. Some of the approaches to achieve this are described below. 1018 

Option 1. Patients are tested with the candidate device with FS. If the results are from the potentially 1019 
overfilled bins, then not all patient samples will also be tested with the comparator method (CM) and 1020 
these samples will be not included in the comparison study analysis. Selection of the minimum required 1021 
patients from the potentially overfilled bins can be performed by 1022 

i) including only patients who were tested on the candidate device until the minimum sample 1023 
requirement is met for testing by the CM and remaining patients are not included for testing 1024 
by CM; or 1025 

ii) obtaining the minimum number of required patients by including patients with values 1026 
spread through the study (e.g., one out of five patients with results on the candidate device 1027 
with FS will also be tested with the CM and therefore included in the comparison study data 1028 
analysis). 1029 
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Option 2. If samples from overfilled bins have results from both the candidate device with FS and the 1030 
CM, then regression analysis should include all samples with the appropriate weights of the overfilled 1031 
bins. This approach has advantages, such as no loss of information and more confidence in the 1032 
regression analysis (regression is less influenced by few data points, referred to as influential points). 1033 

Option 3. A random deletion of excessive samples from the overfilled bins is also an approach for 1034 
minimizing over sampling. This approach is less preferable, but it has the advantage of simplicity, as it is 1035 
easy to check calculations. 1036 

5.2 Data	Analysis	1037 
Data should be analyzed and presented per site and for all data combined. 1038 

5.2.1 Visual	Presentation	1039 
For visual presentation of the data, consider a scatter plot for each site and for the combined data. The 1040 
X-axis shows the results from the CM and the Y-axis shows the results from the candidate POCT device ( 1041 

Figure 2). Both axes should have the same scales and a diagonal Y=X line should be provided as well. 1042 

 1043 
Figure 2: A scatter plot for each site and combined data. The X-axis shows results from the CM and the Y-axis shows the 1044 
results from the candidate POCT device. 1045 
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5.2.2 Regression	Analysis	1047 
Examine the relationship between Y and X. A linear regression model is only valid if the data has a linear 1048 
relationship through the entire range of clinical study samples. 1049 

The relationship may be nonlinear, but this does not prevent the use of regression tools to produce a 1050 
linear fit, estimating values for the slope and intercept. In the presence of some amounts of curvature, 1051 
dividing the data into subsets for linear regression analysis is a valid and useful approach. Also, examine 1052 
the data for outliers and influential points. 1053 

The characteristics of the dataset will determine whether a Deming regression or a Passing-Bablok 1054 
regression is selected. To find parameters for the weighted Deming regression, use information about 1055 
imprecisions (%CV) of the candidate POCT device with the corresponding type of specimens (FS or 1056 
venous whole blood) and the CM. 1057 

For Passing-Bablok regression analysis, see Appendix 1 - Deming and Passing-Bablok Regressions. 1058 
Provide estimates of the slope and intercept of the fitted linear regression line along with their 95% two-1059 
sided confidence intervals (CI). 1060 

5.2.3 Bias	at	Medical	Decision	Levels	(MDLs)	1061 
• The bias should be calculated from the regression line equation at the stated MDLs (either at 1062 

recognized MDLs or at the extremes of the reference interval) along with the two-sided 95% CI 1063 
of each bias estimate. In addition, provide bias calculations at the lower limit of the measuring 1064 
range (LLOQ) and the upper limit of the measuring range (ULOQ). 1065 

• Data from the candidate POCT device should be analyzed in the same manner as directed in the 1066 
labeling (e.g., if singlicate test results are reported by end users, data analysis should be 1067 
conducted by using one single measurement obtained with the candidate device). However, it is 1068 
acceptable to use the average of the multiple replicated on the CM. 1069 

• Samples not included in the regression analysis because either Y or X or both are outside of the 1070 
measuring ranges should be analyzed separately in tables. 1071 

 1072 
 1073 
 1074 
 1075 
 1076 
 1077 
 1078 
 1079 
 1080 
 1081 
 1082 
 1083 
 1084 
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6 Considerations	for	Data	Analysis	in	Precision	Studies		1085 

6.1.1 Components	of	Variability	1086 
For each sample in the reproducibility study, the following components of imprecision should be 1087 
estimated: repeatability, between-run, between-day, between-operator, and between-site. Imprecision 1088 
of the IVD is characterized typically by standard deviation (SD) or coefficient of variation (%CV). 1089 
However, it may be appropriate to evaluate the percentage of repeated test results within an interval 1090 
(2.5th percentile and 97.5th percentile). ANOVA is an appropriate approach for analyzing components of 1091 
variability can be found in CLSI EP05.6 1092 

 1093 

6.1.2 Visual	Presentation	1094 
Results can be presented at each site separately (Table 13, Sites 1-3) and then for combined data (Table 1095 
14)  1096 

Table 13: A Typical Presentation of Precision Data for Each Site Presented Separately  1097 

Within-Laboratory Precision at Site 1 1098 

Sample N Mean Repeatability Between-run Between-day Between-
operator 

Total 

SD %CV SD %CV SD %CV SD %CV SD %CV 
1             
2             
……             

 1099 

Within-Laboratory Precision at Site 2 1100 

Sample N Mean Repeatability Between-run Between-day Between-
operator 

Total 

SD %CV SD %CV SD %CV SD %CV SD %CV 
1             
2             
……             

 1101 

Within-Laboratory Precision at Site 3 1102 

Sample N Mean Repeatability Between-run Between-day Between-
operator 

Total 

SD %CV SD %CV SD %CV SD %CV SD %CV 
1             
2             
……             

 1103 

 1104 
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Table 14. A Typical Presentation of Precision Data for Multiple Sites Presented Together 1105 

Sample N Mean Repeatability Between-
run 

Between-
day 

Between-
operator 

Between-
site 

Total 

SD %CV SD %CV SD %CV SD %CV SD %CV SD %CV 
1               
2               
……               

 1106 
 1107 
  1108 
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7 Additional	Considerations	for	Precision	Studies	with	1109 

Fingerstick	Samples	1110 
The intent of the reproducibility study with FS samples is to evaluate repeatability of the candidate POCT 1111 
device with FS samples and the variation in test results when the same patient is tested by different 1112 
operators (between-operator component). This section covers some additional considerations for 1113 
precision studies with FS samples.  1114 

7.1 Study	Design	Considerations	1115 

7.1.1 Study	Sites	and	Operators	1116 
A reproducibility study should be conducted with at least three POCT sites and at least two intended use 1117 
trained operators for non-waived POCT devices and three untrained operators for CLIA waiver POCT 1118 
devices. 1119 

7.1.2 Testing	Method	1120 
The method in which specimens are tested should be consistent with the intended use of the fingerstick 1121 
testing procedure (i.e., follow the Quick Reference Instructions for use provided with the test device). 1122 
For example, if the testing is done by directly transferring the blood from the finger to the instrument, 1123 
then the fingerstick testing should follow the same method. If the sample is collected from fingerstick in 1124 
a capillary tube and then transferred to the instrument, the testing should follow the same method. If 1125 
both approaches are allowed under the intended use, then the study design should include both 1126 
sampling methods. 1127 

Each patient sample is tested by at least two operators. Each operator should perform all components of 1128 
the test, including sample collection, sample preparation (if any), and testing on the instrument to 1129 
include sources of both pre-analytical and analytical variability (potential errors) in the assessment of 1130 
precision for each test. 1131 

The logistics of fingerstick testing may be influenced by several factors. It is important that the within-1132 
patient concentration of the analyte not vary much between replicate tests. Each test should include all 1133 
the steps that ordinarily occur between patients, for example, cleaning the device, opening a unit-use 1134 
package, and prepping the finger. These steps take time, during which the patient’s analyte 1135 
concentration may vary. If the analyte concentration changes rapidly in the body, the tests may need to 1136 
be completed in quick succession. It is recommended that the same instrument be used by the two 1137 
operators for each patient. However, if the time it takes to complete the POCT and prepare for the next 1138 
analysis is relatively long compared with the physiological variation of the analyte concentration, 1139 
multiple instruments may be used. 1140 

As mentioned, due to the importance of the operators’ technique on fingerstick testing accuracy, it is 1141 
necessary that precision evaluation be performed in the hands of the intended use operators. 1142 

7.1.3 Limitations	of	the	Method	1143 
Because it is difficult or impossible to evaluate some components of variance with FS samples, it is 1144 
reasonable to consider that components such as between-run, between-day, between-lot (between-1145 
instrument), and between-site for FS and liquid control samples are similar. 1146 
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Patients are going to be different at each site; therefore, the between-site component is impossible to 1147 
evaluate. 1148 

7.1.4 Number	of	Instruments	Per	Site	1149 
Ordinarily, each site can have only one instrument, but if the within-patient biological variability 1150 
(random fluctuation of the analyte concentration around a homeostatic point) is large compared with 1151 
the time for obtaining one measurement, then a different instrument for each FS measurement may be 1152 
necessary.  1153 

For example, the candidate POCT device is used to test one patient sample and the time for obtaining 1154 
one measurement, including all pre-analytical steps, is 30 minutes. If 30 minutes is small enough 1155 
compared with the within-patient biological variability, then one FS measurement from the patient can 1156 
be obtained with instrument 1 and the second FS measurement from the same patient can be obtained 1157 
with the same instrument 1 after 30 minutes. For a study design with six FSS from each patient, one site 1158 
needs to have three different instruments. 1159 

Note that it is recommended that only one instrument at each site is used for all FS measurements from 1160 
all patients (if possible) to eliminate the effect of between-instrument variations. If this is difficult, then 1161 
a study design where FS measurements from the same patient are obtained with the same instrument 1162 
but different patients can be tested with different instruments can be considered.  1163 

7.1.5 Number	of	Reagent	Lots	1164 
The reproducibility evaluation of the candidate POCT device with FS should use one reagent lot. Using 1165 
multiple reagent lots will complicate the evaluation of variability between operators and sites. 1166 

7.1.6 Considerations	for	Precision	Studies	Independent	of	the	Method	1167 

Comparison	Study	1168 
If the analyte being tested is commonly measurable in healthy patients at POCT sites, then 1169 
reproducibility testing by multiple operators using the candidate device with FS should include healthy 1170 
patients. The impact of operator technique on imprecision likely would not vary with analyte 1171 
concentration; however, it is possible that repeatability of the device itself may vary by concentration. 1172 
Therefore, reproducibility studies should include the medically important testing interval.  1173 

These considerations are important because it is often difficult to find patients who have very high and 1174 
very low concentrations of the analyte. The selection of patients for a study would depend upon the 1175 
analyte concentrations desired for reproducibility testing and the availability of patients with the desired 1176 
concentrations. Patients should be enrolled to represent the concentration ranges below, at, and above 1177 
the normal reference range or the medical decision level (MDL). An attempt should be made to recruit 1178 
an equal number of patients in each of the three concentration ranges. 1179 

  1180 
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9 	Appendix	1	-	Deming	and	Passing-Bablok	Regressions	1205 
Ordinary least squares regression analysis supposes that one of the methods is without random 1206 
measurement error, and the standard deviation of the error distribution of the other method is constant 1207 
through the measurement range. An assumption about the absence of a random measurement error is 1208 
not fulfilled in the comparison study data because both test methods, X and Y, are subject to random 1209 
measurement errors; therefore, Deming and/or Passing-Bablok regression analyses are recommended. 1210 

An assumption of a constant standard deviation of X and Y methods through the entire measurement 1211 
range does not hold for most tests. For example, very frequently, the standard deviation increases as 1212 
the concentration increases. In situations like this, weighted Deming regression can often be used. The 1213 
analysis of the numeric values in the comparison study data should include an appropriate type of 1214 
Deming regression (e.g., weighted) for each site separately and for all sites combined. 1215 

To apply a Passing-Bablok regression analysis, the comparison study data should adhere to the following 1216 
requirements: CVY / CVX = β, where β = the slope (it is assumed that X and Y have approximately the 1217 
same random measurement errors). Passing and Bablok7 performed simulations to investigate how 1218 
inequality in the random measurement error of X and Y affects Passing-Bablok regression. The authors 1219 
found that if 0.67<CVY/CVX <1.5, then Passing-Bablok regression is acceptable. If 1.5<CVY/CVX <2.5 (or 1220 
0.4<CVY/CVX<0.67) and precision of X is less than 7%, then Passing-Bablok regression is acceptable. In 1221 
addition to the Deming regression, Passing-Bablok regression analysis for each site separately and for all 1222 
sites combined data can be included. 1223 
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