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If your fentanyl assay is not detecting norfentanyl...

True positive samples could be
slipping through your fingers.
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NEXT GENERATION ASSAYS

If your fentanyl assay does not detect the major compounds that are present in urine,
your facility may already be losing the fight against fentanyl abuse.

The opioid epidemic is a serious global crisis affecting public 
health as well as social and economic welfare. Fentanyl abuse, 
misuse and diversion is a major contributor to this crisis.

Fentanyl is a potent synthetic opioid used in pain management, 
that can produce euphoric effects with rapid onset but short 
duration. While it is a useful prescription pain medication, it is 
also made illegally and used recreationally, often with heroin 
and cocaine.

Fentanyl is metabolized to norfentanyl and other metabolites. 
About 90% of the dose is excreted in urine as norfentanyl, 
while parent fentanyl accounts for less than 7%. Detection of 
both parent and this major metabolite is essential to determine 
fentanyl use and is an integral part of combating the opioid 
depidemic.

Exceptional analytical sensitivity at a 1ng/mL cutoff level

Detection of both the parent and major metabolite to identify 
more true positives

Crossreactivity to norfentanyl extends the window of 
detection

Liquid, ready-to-use convenience improves lab efficiency

Three suitable kit sizes for low, moderate and high volume 
laboratories

Application protocols for most general chemistry analyzers

ARK Diagnostics, Inc. now offers an FDA 510(k) cleared,
CE-marked immunoassay that detects fentanyl in urine.
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The opioid epidemic is a serious global crisis affecting public 
health as well as social and economic welfare. Fentanyl abuse, 
misuse and diversion is a major contributor to this crisis.

Fentanyl is a potent synthetic opioid used in pain management, 
that can produce euphoric effects with rapid onset but short 
duration. While it is a useful prescription pain medication, it is 
also made illegally and used recreationally, often with heroin 
and cocaine.

Fentanyl is metabolized to norfentanyl and other metabolites. 
About 90% of the dose is excreted in urine as norfentanyl, 
while parent fentanyl accounts for less than 7%. Detection of 
both parent and this major metabolite is essential to determine 
fentanyl use and is an integral part of combating the opioid 
depidemic.

Exceptional analytical sensitivity at a 1ng/mL cutoff level

Detection of both the parent and major metabolite to identify 
more true positives

Crossreactivity to norfentanyl extends the window of 
detection

Liquid, ready-to-use convenience improves lab efficiency
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■
MEDICARE NOTCHES SAVINGS AS 
COSTS SURGE FOR PRIVATE 
HEALTH PLANS

With several leading candi-
dates for the Democratic 

Party’s nomination for president 
supporting a “Medicare for All” plan 
to tackle the growing burden of 
healthcare costs, the Centers for 
Medicare and Medicaid Services 
(CMS) administrator Seema Verma is 
defending the administration’s 
emphasis on competition and a move 
away from central planning after 
recent news of Medicare program 
cost savings.

In a speech to members of the 
American Hospital Association, Verma 
cited her agency’s success in driving 
down Medicare Advantage premi-
ums—which are expected to decline 
14% in 2020—as proof that her focus 
on deregulation and increasing the 
transparency around price and quality 
is working. 

“Over several decades, government 
has concocted a complex system of 

rules—a time-sucking morass that has 
contributed to obscene administra-
tive costs and sti� ed innovation and 
competition,” Verma said. “One of the 
hallmarks of bureaucracy is a regula-
tory hodgepodge, requiring armies of 
expensive experts to untangle. Central 
planning can never match the free 
market’s ef� ciency, so bureaucrats 
continuously tinker, trying to attain 
regulatory perfection. It never works.”

Verma also outlined the pro-
grams that CMS will tackle next in 
its deregulation push. These include 
a continued drive to publish more 
hospital pricing information, revamp-
ing the hospital comparison tool that 
tracks quality ratings, and updating 
Medicare’s information technology 
platform that allows bene� ciaries to 
electronically receive, store, and share 
healthcare information.

Meanwhile, a report from the 
Kaiser Family Foundation (KFF) found 
that annual family premiums for 
employer-sponsored health insurance 
rose 5% to average $20,576 in 2019. 
During this time wages rose 3.4% 

and in� ation grew at 2%. The report 
found that workers contribute $6,015 
on average toward the cost of family 
coverage, with employers paying the 
remainder. This marks a 54% increase 
for family premiums since 2009.

“The single biggest issue in health-
care for most Americans is that their 
health costs are growing much faster 
than their wages are,” KFF President 
and CEO Drew Altman said in a 
statement about the report’s � ndings. 
“Costs are prohibitive when workers 
making $25,000 a year have to shell 
out $7,000 a year just for their share 
of family premiums.”

The KFF report also found growing 
deductibles for insurance that mean 
greater out-of-pocket spending for 
patients. Now 82% of workers have 
a deductible in their health plan—up 
from 63% a decade ago. More than 
a quarter, including 45% of those at 
small employers with fewer than 200 
employees, are now in plans with a 
deductible of at least $2,000. That is 
almost four times the share who faced 
a high deductible in 2009.

First Health System Pays Fine for Not Sharing Records 
With a Patient
The Department of Health and Human Services (HHS) Office for Civil Rights 
(OCR) announced the first enforcement action and settlement in its Right of Access 
Initiative. This program aims to “vigorously enforce” the rights of patients to receive 
copies of their medical records promptly and without being overcharged.

Since 2014, an HHS rule also has required clinical laboratories to provide results 
directly to patients who request them within 30 days of a request. Before the 2014 
rule, CLIA regulations that did not speci� cally provide for sharing results with 
patients meant that laboratories in many states only would send results to the 
ordering clinicians. HHS’ 2014 � nal rule made changes to both CLIA and the Health 

Insurance Portability and Accountability Act (HIPAA) that had exempted labs 
from the requirement to share records.

In the recent OCR settlement, Bayfront Health St. Petersburg paid an $85,000 
� ne and adopted a corrective action plan to settle a potential violation of the 
right of access provision of the HIPAA rules. According to OCR, the health 
system failed to provide a mother timely access to prenatal records for her child.

OCR began investigating based on a complaint from the mother. It took the 
hospital 9 months to provide the requested records, according to the settlement.

“Providing patients with their health information not only lowers costs and 
leads to better health outcomes, it’s the law,” said OCR Director Roger 
Severino. “We aim to hold the healthcare industry accountable for ignoring 
peoples’ rights to access their medical records and those of their kids.”

BÜHLMANN fCAL® turbo Automated Calprotectin Test Receives
FDA 510(k) Clearance

fCAL® turbo
BÜHLMANN
Speed: fastest calprotectin test in the market, time-to-first-result 
within 10 minutes
Quality: standardized against BÜHLMANN fCAL® ELISA, uses 
highly precise and reproducible PETIA technology
Flexibility: can be applied on most open chemistry platforms 
streamlining your workflow using random access automation*

*BÜHLMANN fCAL® turbo currently has validated application notes for the Roche c501/502
for use in the U.S. Other major chemistry system validation packages are in process. 

Please contact BUHLMANN Diagnostics Corp for a complete list of validated applications
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Shawn Silver, 
DO

Jaime Noguez, 
PhD, DABCC

The U.S. military has long recognized 
the importance of using force 

multipliers to leverage resources and 
enhance the probability of a 
successful mission, and this 
same concept can be applied 
in laboratory medicine. A 
force multiplier is a factor 
that dramatically increases 
the power of the forces or 
resources at a team’s 
disposal. This synergistic 
element increases 
effectiveness and 
potentially provides a 
competitive advantage. 
For example, military 
intelligence such as 
satellite images gives 
insights about an opponent’s 
position and use of advanced 
weaponry. Having this informa-
tion can make a small unit of 
skilled soldiers even more effective 
by equipping the unit to successfully 
take on and defeat a much larger opponent. 

On the laboratory medicine front, with 
increasing demands being placed on clinical laboratories 
amid a persistent workforce shortage, we have much to 
gain by taking a page from the military playbook and 
strategically implementing force multipliers to maximize 
our limited resources and minimize our productivity 
constraints.

SELECTING THE RIGHT TOOL FOR THE JOB
In clinical labs, force multipliers implemented without 
focus might not be enough to break the bottleneck(s) in 
a process and can be expensive exercises in futility if not 
well matched to needs. Laboratorians absolutely should 
take a holistic view of a process and decide which 
specific activities and tools are critical to its success. 
This will enable lab leaders to narrow down the types of 
force multipliers that should be taken into consideration 
and the degree of multiplication required to reach the 
output goal. 

Workforce multipliers in laboratory settings might 
include advanced instrumentation, highly trained staff 
members with specialized skill sets, or cognitive software 
that performs tasks historically reserved for humans. 
Selecting the appropriate tool(s) to adequately multi-
ply the effect of physical force, thought, or attention 

required to 
complete the 

job at hand is crucial. 
Using a combination of carefully 
selected multipliers potentially cre-
ates synergy—a total effect that is 
greater than the sum of the indi-
vidual effects of each multiplier.

A tool’s effectiveness centers 
on how well it amplifies a team’s 
efforts. For example, if a lab seeks 
to decrease bottlenecks in sample 
accessioning and processing, 
implementing an electronic positive 
patient identification product with 
bedside barcoding for phlebotomy 
and/or nursing staff can be far more 
effective than hiring a few more 
lab-based specimen processors. 

In general, the higher a system’s 
or process’s workforce multiplication 
potential, the higher the price tag. 
But that shouldn’t dissuade imple-
mentation of these projects. Investing 
in the right force multiplier(s) can 
give labs capabilities that would oth-
erwise be out of reach!

Using Force Multipliers to 
Maximize Our Workforce 

04-05 Bench Matters.indd   4 9/27/19   10:37 AM
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USING A WINNING C OMBINATION 
Beyond the overall philosophy 
of force multiplication, the U.S. 
military also has adopted and further 
developed as a key component of 
warfare strategy the concept of a 
high-low mix of multipliers. This 
principle holds that a small number 
of advanced personnel/equipment 
(high) can be made much more 
effective if supplemented by a large 
number of less advanced person-
nel/equipment (low). Employing 
this approach to resource allocation 
potentially allows for greater success 
than using either of these elements 
individually and has proven suc-
cessful not only for the military but 
also for the automotive, financial, 
and manufacturing industries. One 
of the best illustrations of its power 
involves deployment of industrial 
robots in manufacturing, which 
automate the tedious, repetitive tasks 
on assembly lines, leaving humans to 

perform higher-level tasks requiring 
judgment, creativity, or innovation. 
A parallel in clinical laboratories 
involves using automation lines to 
process, sort, and deliver samples 
to the appropriate instruments for 
testing, which frees lab personnel to 
complete value-added activities like 
data analysis and interpretation.

In our laboratory, we have 
implemented not only this type of 
automation but also other robotic 
force multipliers. We have used these 
systems to create sample aliquots for 
a variety of testing and to transfer 
specimens into different sampling 
formats with positive patient identi� -
cation (for example, 96-well plates). 
This has signi� cantly cut the amount 
of hands-on time required by our 
staff. We’ve also adopted cognitive 
technologies such as rule-based 
engines that have been programmed 
to mimic functions of the human 
brain and may even be more capable 

than our high-performing team at 
detecting errors, trends, and patterns. 

Supplementing our small but 
mighty workforce with these force 
multipliers has enabled us to accom-
plish tasks that otherwise would 
not be possible. As we continue our 
journey into the robotic revolution, 
we encourage other labs to join us in 
harnessing the power of technology 
to maximize their workforce and 
effectiveness.

Shawn Silver, DO, is a pathology 
resident at Case Western Reserve 
University in Cleveland. 
+EMAIL: Shawn.Silver@UHhospitals.org

Jaime Noguez, PhD, DABCC, is 
director of clinical chemistry and 
toxicology at University Hospitals 
Cleveland Medical Center and an 
assistant professor of pathology at Case 
Western Reserve University.
+EMAIL: Jaime.Noguez@UHhospitals.org
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ARK introduces its homogeneous enzyme immunoassay 
technology for the next generation of clinical laboratory testing.

ARK assays are in liquid, stable, ready-to-use formulations that deliver 
convenience for routine use.

ARK produces assays of high-quality that yield rapid and reliable results on 
automated clinical chemistry analyzers.
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Federal Panel Expands Breast Cancer Risk Assessment 
Recommendations
The U.S. Preventive Services Task Force (USPSTF) in an updated guidance has 
expanded its recommendations for testing women for BRCA mutations 
associated with increased risk of cancer (JAMA 2019;322:652-65). USPSTF 
now recommends that primary care providers screen asymptomatic women 
for their risk of BRCA1/2 mutations when they have either a personal or 
family history of breast, ovarian, tubal, or peritoneal cancers or Ashkenazi 
Jewish heritage. 

In this “B” rating signifying moderate to substantial net bene� t of screening, 
the panel outlined a three-step process for determining a woman’s risk: a brief 
risk assessment with one of six tools deemed “accurate” for identifying women 
with increased risk of BRCA1/2 mutations; referral to a genetic counselor if 
the assessment proves positive; and � nally BRCA1/2 testing, if warranted. 

The panel’s recommendation in comparison 
to its 2013 update includes women who have 
been treated successfully for the cancers in 
question and makes more explicit the 
connection to ancestry as a screening criterion. 

USPSTF recommended against screening 
women who do not have a personal or family 
history or ancestry associated with pathogenic 
BRCA1/2 mutations, as the bene� ts of doing 
so would be “small to none.”   

The panel did not recommend multigene 
panel testing, and instead focused only on 
BRCA1/2 mutations, based on the available 
evidence about and prevalence of these 
variants, as well as their clinical actionability. 
USPSTF noted that “the clinical signi� cance of 
identifying pathogenic variants in multigene 

panels requires further investigation.” Evidence is “limited on moderate 
penetrance genes, given their relatively low incidence in the population,” 
wrote the panel. 

One of a series of editorials issued in conjunction with the updated 
statement called it a “missed opportunity” that the document does not 
recommend BRCA-associated cancer risk assessment in men (JAMA Oncol 
2019; doi: 10.1001/jamaoncol.2019.3431). “It is increasingly being recognized 
that additional cancers, including prostate cancer, pancreatic cancer, and 
possibly melanoma, are part of the spectrum of disease associated with BRCA 
mutations,” wrote the editorialists. 

USPSTF cited the need for more information about mutation prevalence 
and effects on the general population as well as on ancestries and ethnicities 
associated with BRCA1/2 mutations. The panel also called for a registry of 
patients counseled about or tested for BRCA1/2 mutations “to provide useful 
information about predictors of cancer and response to interventions.”

06-07 The Sample.indd   6 9/27/19   10:37 AM
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■
ELEVATED MARKERS OF 
INFLAMMATION, 
IMMUNOSUPPRESSION TIED TO 
POOR LONG-TERM OUTCOMES IN 
SEPSIS SURVIVORS

Persistently elevated markers of 
in� ammation and immunosup-

pression signal increased risk of poor 
long-term outcomes, including death, 
after surviving hospitalization for 
sepsis (JAMA Network Open 
2018;2:e198686).

In this prospective study of 483 
patients hospitalized for sepsis at 12 
institutions, the researchers tracked 
values of nine biomarkers during 
patients’ index hospitalization for 
sepsis and at 3, 6, and 12-month 
follow-ups, but they found the trajec-
tories of two tests—high-sensitivity 
C-reactive protein (hs-CRP) and 
soluble programmed death ligand 1 
(sPD-L1)—particularly informative in 
identifying those most at risk.

Patients with high levels of both 
hs-CRP and sPD-L1—dubbed the 
hyperin� ammation or immunosup-
pression phenotype—had an 8.26 
adjusted odds ratio of 1-year mortal-
ity in comparison to those with a 
normal phenotype, who had normal 
hs-CRP and sPD-L1 levels. More than 
two-thirds of patients � t the hyper-
in� ammation or immunosuppression 
phenotype, while nearly 30% were 
in the normal phenotype. Just a few 
patients had only hyperin� ammation 
or only immunosuppression. 

The authors also analyzed markers 
of hemostasis (D-dimer, plasminogen 
activator inhibitor 1), endothelial 
dysfunction (E-selectin, intercellular 
adhesion molecule 1, and vascular cell 
adhesion molecule 1), and oxidative 
stress (nitrate). Elevated hs-CRP levels 
persisted 1 year after hospitalization in 
about a quarter of patients, while nearly 
half had high sPD-L1 levels after 1 year.  

■
NEW REFERENCE REAGENT 
PROMISES REDUCED VARIABILITY 
AMONG ANTI-DS DNA TEST 
METHODS 

A validation study of the new 
World Health Organization 

reference reagent for anti-double-
stranded DNA (anti-dsDNA) shows 

that this standard, 15/174, can be 
used to align and improve the many 
test methods for quantifying anti-
dsDNA (Ann Rheum Dis 
2019;0:1-4).

The � rst international standard for 
anti-dsDNA was established in 1985 
to assign international units (IU) to 
diagnostic tests, but this standard, 
Wo/80, was exhausted more than 10 
years ago and needs a replacement. 

In all, 42 laboratories in 
the European League Against 
Rheumatism Autoantibody Study 
Group blindly evaluated 15/174, a 
plasmapheresis specimen obtained 
from a female patient diagnosed with 
systemic lupus erythematosus accord-
ing to 1997 classi� cation criteria 
that had been transferred to 4,300 
ampoules and lyophilized. The British 
National Institute for Biological 
Standards and Control subsequently 
prepared 15/174 as a candidate 
reference material. In a second study, 
36 laboratories from 17 countries 
analyzed 15/174 in comparison to 
local standards and the three patient 
samples to evaluate commutability. 

The labs used 26 different 
methods, including Crithidia luciliae

immuno� uorescence test (CLIFT), 
enzyme-linked immunosorbent assays, 
chemiluminescence immunoas-
says, � uoroenzyme immunoassays, 
addressable laser bead immunoassays, 
and Farr immunoassays, and found 
high variability in their analyses. For 
example, estimates of 15/174 against 
kit standards ranged from 56 IU/mL 
to 847 IU/mL. The end-point titers 
for CLIFT were even more variable, 
ranging from 50 to 1,000 for 15/174. 
Similar variability occurred in their 
analyses of the patient samples, 
according to the authors. 

Comparing estimates reported in 
terms of kit standards versus those 
calculated against 15/174 showed 
reductions in the percentage of 
geometric coef� cients of variation for 
two of the three patient samples. 

“This international evaluation 
showed that although the perfor-
mance of 15/174 was not perfect, the 
current situation with large differ-
ences between different anti-dsDNA 
assays would be improved by use of 
15/174 as a reference reagent,” said 
senior author Johan Rönnelid , MD, 
a professor at Uppsala University in 
Sweden, in a separate statement.

06-07 The Sample.indd   7 9/27/19   10:37 AM
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B
ig data and bioengineer-
ing advances are fueling 
rapid changes in diabetes 
technologies, which offer 

the promise of better self-management 
and quality of life for individuals with 
the disease, and easier care oversight by 
physicians. With the incidence of 
diabetes rising, these innovations are 
coming into use when “the ability of an 
individual living with diabetes to have 
human-to-human contact with their 
healthcare provider is not keeping pace 
with the number of people developing 
diabetes,” according to a recent review. 

Continuous glucose monitors 
(CGM) and related sensor, pump, 
and information technologies have 
taken off, with patients embracing the 
empowerment they offer to self-track 
and manage glucose levels throughout 
the day. Between 30% and 40% of 
individuals with type 1 diabetes—and 
a growing number of those with type 
2 diabetes—use CGMs. Manufacturers 
continue to re� ne these complex 
systems, but challenges remain around 
wider adoption and correct use of this 
evolving technology.

“These are mainly outpatient tools, 
and we’re not sure how useful they 
will be for treating patients,” said 
David Klonoff, MD, medical direc-
tor of the Dorothy L. and James E. 
Frank Diabetes Research Institute of 
Mills-Peninsula Medical Center in San 
Mateo, California, and the founder and 
president of the Diabetes Technology 
Society. “The technology may turn 
out to be extremely useful. It’s under 
investigation right now.”

Demand Drivers
Several factors are pushing demand for 
CGMs and their associated systems, 
said Roman Hovorka, PhD, professor of 
metabolic technology at the University 
of Cambridge in the U.K. Patients and 
providers are looking for management 
devices that seamlessly pair glucose 
sensing and insulin delivery to control 
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As well-accepted as open-loop 
systems are becoming, the future of 
CGM technology lies with closed-
loop systems, also called an arti� -
cial pancreas, according to experts. 
Designed to mimic a healthy pancreas, 
these systems, only one of which—the 
Medtronic 670G—has been approved 
for use in the U.S., meld glucose sens-
ing technology with insulin pumps 
(Table 2). Supported by special algo-
rithms, they analyze glucose levels and 
determine appropriate insulin doses, 
which users need to check and con� rm 
before they are administered. Single-
hormone systems provide only insulin; 
double-hormone systems will offer 
insulin and glucagon.

For users, an arti� cial pancreas 
provides the full circle-of-care from 
immediate glucose management to 
clinician involvement, said Hovorka. 
“It’s the combination of more diabetes 

glucose levels more ef� ciently around 
the clock. These tools help individuals 
make better food and activity choices 
to better maintain normal glucose 
levels, he suggested. 

Noninvasive convenience is also 
driving CGM use, according to Klonoff. 
Many patients struggle with gathering 
blood samples via � ngerprick several 
times daily. This bene� t also applies 
to other wearable technologies, such 
as patches and microneedle devices. 
“People don’t want to prick their � ngers 
very much, and no one can prick their 
� nger enough times a day to identify 
every time their blood sugar is too high 
or too low,” he said. 

Improved connectivity and user 
experience also are prompting more 
people to jump aboard the CGM 
bandwagon. Bluetooth technology 
transmits glucose readings to patients’ 
smartphones which then transmit the 

data to electronic medical records 
for clinician review or to pediatric 
patients’ parents.

Current and Future Technologies
CGM products have been available 
for approximately 20 years, offer-
ing an alternative to standard blood 
glucose monitoring systems that rely 
on � ngerprick samples. In recent years, 
they’ve improved in accuracy and 
ease-of-use, said Klonoff, though still 
need re� nements. 

Overall, CGM devices are con-
sidered either “open loop” or “closed 
loop” (Table 1). Open-loop monitors 
measure glucose levels subcutaneously 
at regular intervals, generally every 1 to 
5 minutes. Users in most cases still have 
to self-check and calibrate their values 
via capillary blood glucose readings and 
adjust their insulin pump settings based 
on data from the monitor.

Company/Product(s) Approved Ages for Use Fingerstick Calibration Requirements Approved Sensor Duration

Abbott
FreeStyle Libre 14-Day System
FreeStyle Libre System

18+
18+

None
None

14 days

10 days 

Dexcom
G5 Mobile
G6 CGM System

2+
2+

Every 12 hours
None  

7 days
10 days

Medtronic
GuardianSensor 3
MiniMed 630G*
MiniMed 670G*

14+

14+ a/ 16+ b 
7+c

Every 12 hours

Every 12 hours
Every 12 hours

7 days

6 days
7 days

Senseonics
Eversense CGM System 18+ Every 12 hours 90 days

Tandem 
Diabetes Care
T:slim X2** 6+ None 10 days

* Hybrid closed-loop system; functions as both insulin pump and continuous glucose monitor (CGM)
** Functions as both an insulin pump and a CGM, once integrated with the Dexcom G6 sensor and transmitter
a with Guardian Sensor 3
b with Enlite Sensor
c in individuals with type 1 diabetes

Sources:
American Diabetes Association Consumer Guide 2019 Continuous Glucose Monitors. http://main.diabetes.org/dforg/pdfs/2019/2019-cg-continuous-glucose-monitors.pdf 
(Accessed September 2019).
diaTribe. Continuous Glucose Monitors https://diatribe.org/continuous-glucose-monitors (Accessed September 2019).
Diagnostics 2019;9: doi:10.3390/diagnostics9010031.

T1 Overview of Continuous Glucose Meters

New FDA Regulations, Hospital Glucose Meters

FDA Product Code PZI, 2019:
“Blood Glucose Meter for Near-Patient Testing”

FDA Product Code NBW, 2016:
“Blood Glucose Test System, Over the Counter.” “These device types are 
not intended for use in healthcare or assisted-use settings such as hospitals, 
physician offices, or long-term care facilities because they have not been 
evaluated for use in these professional healthcare settings.”

Use of a meter cleared by the FDA as NBW is considered  
“OFF LABEL” when used anywhere in a hospital. Is your  
hospital glucose meter cleared as FDA Product Code PZI for  
hospital use or NBW cleared and off label for hospital use?

	 	U.S. Food and Drug Administration. Product classification [Product Code PZI]. https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpcd/classification.cfm?id=678

	 	 U.S. Food and Drug Administration. Product classification [Product Code NBW]. https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpcd/classification.cfm?id=631 

	 			U.S. Food and Drug Administration. Self-monitoring blood glucose test systems for over-the-counter use. Draft guidance for industry and Food and Drug Administration 
staff. Silver Spring, MD: 2018.https://www.fda.gov/media/119828/download

GLUCOSE

novabiomedical.comCleared as FDA Product Code PZI.
Intended for use in near-patient testing.
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monitoring technologies and more col-
lection of data that can be pushed into 
a system that can share information 
with healthcare professionals and with 
guardians and loved ones that is mak-
ing these systems and devices as usable 
as possible,” he elaborated.

To that point, a recent American 
Diabetes Association review of 
diabetes technologies stressed that 
optimal use of either standard blood 
glucose monitoring systems or CGMs 
depends on both users and provid-
ers reviewing and interpreting these 
devices’ data output (Ann Intern 
Med 2019; doi:10.7326/M19-1638).  

Ongoing work will make these 
systems smaller, Klonoff added, and 
they likely will deliver a more con-
centrated form of insulin currently 
under development. Additionally, 
future generation artificial pan-
creas systems will require fewer 
component replacements, fewer 
recalibrations, and less meal-time 
bolus insulin, predicted Natalie 
Allen, MD, a pediatric endocri-
nology and metabolism fellow at 
Virginia Commonwealth University 
in Richmond. 

Challenges Ahead
According to Michael Hill, vice 
president of science, technology, 
and clinical affairs at Medtronic, the 
CGM market is currently growing 
between 20% to 30% annually, but 
the technology still presents chal-
lenges. “From customers, we always 
get feedback to make these tools 
smaller and last longer,” he said. “And 
there’s always the request to make 
them easier to use, particularly for 
kids and elderly patients.” 

Like most new technologies, the 
devices can be cost prohibitive for 
patients who are un- or underin-
sured. Not only must they pay the 
initial sensor and transmitter costs, 
but they also shoulder the weekly, 
monthly, and yearly replacement 
expenses. These costs—and the pro-
jected bene� ts of CGM—would need 
to be weighed against the purchase 
of test strips for and level of glyce-
mic control possible with standard 
blood glucose monitoring.

Additionally, interstitial glucose 
level measurements lag bloodstream 
measurements by approximately 10 
minutes, and exercise can make it 
harder to secure accurate real-time 
readings, Allen cautioned. 

A review Hovorka co-authored 
found that the latest sensor 
technologies have a mean absolute 
relative difference (MARD) versus 
lab-based tests of 8% to 14%, but that 
“accuracy is lower when measuring in 
the [hypoglycemic] range and when 
glucose levels are changing rapidly.” 
He added that with a MARD <10%, 
these systems are accurate enough “to 
allow patient self-adjustment of insulin 
dosage without con� rmatory capillary 
blood glucose measurements” (Nat 
Rev Endo 2018;14:464-75).

Early studies of the Medtronic 
670G hybrid closed-loop system 
show that users had improved 
HbA1c levels and time in range. 
However, research also suggests this 
technology is not a panacea: A small 
study of mostly pediatric patients 
found that nearly 40% stopped using 
this system mainly due to forced 
exits from the closed-loop auto-
mated basal delivery mode, frequent 

alarms, sensor supply and accuracy 
issues, and skin adhesion issues.

Cybersecurity involving CGMs is 
another concern, Klonoff said, because 
sensitive patient information is trans-
mitted wirelessly to both families and 
clinicians. Further research is needed 
to ensure suf� cient precautions exist 
to prevent data hacking.

In Hovorka’s view, perhaps the 
most dangerous challenge involves 
patients’ and families’ growing frustra-
tion with the progress of arti� cial 
pancreas development. Many have 
created do-it-yourself systems. In 
some cases, these closed-loop sys-
tems, pieced together with approved 
and unapproved components, have 
delivered unsafe amounts of insulin, 
and a case report of one system doing 
so prompted the Food and Drug 
Administration earlier this year to 
warn against their use. Consequently, 
clinician-patient conversations about 
safety are critical, he emphasized. 

Monitoring and Improving 
Performance
While CGM devices make it easier 
for patients to control their day-to-
day glucose levels, this information 
is best viewed as a trend over time, 
said James Nichols, PhD, DABCC, 
FAACC, medical director of clinical 
chemistry and point-of-care testing 
at Vanderbilt University School of 
Medicine in Nashville. Because the 
values are based on interstitial � uid 
readings, they are less precise than 
clinical laboratory measurements and 
are not robust enough to be used in 
treatment decisions.  

“It’s important from a laboratory 
perspective that we engage physicians 

T2 Emerging Diabetes Monitoring Technologies

Device manufacturers are actively pursuing development of devices that combine continuous glucose monitors (CGM) with insulin pumps. In addition to 
the Medtronic MiniMed 630G/670G—the � rst hybrid closed-loop system to gain Food and Drug Administration (FDA) approval—several others are in 
various stages of commercialization.

• Diabeloop Generation 1: Approved by the European Medicines Agency in June 2018 for patients with type 1 diabetes.  

• Beta Bionics: Under development; to be used with Senseonics Eversense CGM; insulin-only product expected 2020; insulin-and-glucagon product 
anticipated in 2022.

• OmniPod Horizon Automated Glucose Control System: Under development; to be used with Dexcom G6 CGM; anticipated 2020.

• Tandem Control-IQ: Under development; to be used with Tandem X2 insulin pump, Dexcom G6 CGM, and TypeZero arti� cial pancreas technology; 
anticipated 2019. Algorithm submitted to FDA for approval.
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and let them know that continuous 
glucose monitors are not laboratory 
devices,” he stressed, adding that 
clinical and laboratory staff should 
assume glucose monitoring for 
patients admitted to hospitals. “These 
devices are not quality controlled the 
same way a glucose meter or a core 
laboratory analyzer are.”

Consequently, he said, it’s incum-
bent upon clinical laboratory profes-
sionals to ensure physicians under-
stand the margin-of-error and accuracy 
differences between CGM and 
lab-based methods. With that knowl-
edge, clinicians can appropriately 
educate patients on the importance of 
being engaged in their own diabetes 
care, teaching them how to use CGM 
devices to monitor themselves and 
dose their own insulin. 

Accuracy challenges, in fact, cover 
the gamut of diabetes self-monitoring 
technologies. Klonoff and Nichols 
co-authored a study that found that 

just six of 18 standard blood glucose 
meters cleared for personal use met a 
prede� ned accuracy standard on three 
of three studies, while four did not 
meet this standard on any of the stud-
ies (Diabetes Care 2018;41:1681-8). 

Clinical laboratory professionals 
also should play a broader role in 
improving CGM performance by 
being part of CGM product develop-
ment, suggested Ping Wang, PhD, 
DABCC, FAACC, associate professor 
of pathology and laboratory medicine 
at The Hospital of the University of 
Pennsylvania in Philadelphia. “CGM 
vendors should reach out to clinical 
laboratory professionals to build 
CGM devices with better accuracy,” 
she said. “Rather than conducting 
retroactive studies to determine 
accuracy, the industry should be more 
proactive. Collaborating with clinical 
professionals can improve accuracy 
during the early phases of product 
development itself.”

Even with some imperfections CGM 
devices are valuable tools for better 
managing glucose levels, she suggested. 
“In many cases, these devices can predict 
an upcoming drop in glucose, triggering 
an alarm for the patient,” she said. “Even 
though the tools aren’t as accurate, that’s 
a bene� t that a clinical lab can’t offer.” 

Con� icts of Interest:
Dr. Hovorka reports receiving speaker 
honoraria from Eli Lilly and Novo 
Nordisk and license fees from B Braun 
and Medtronic. He also serves on advisory 
panels at Eli Lilly and Novo Nordisk and 
is a consultant to B Braun.

Dr. Klonoff reports being a consultant for 
Abbott, Ascensia, Astra Zeneca, EOFlow, 
LifeCare, Merck, Novo Nordisk, Roche, 
and Voluntis.

Whitney J. Palmer is a freelance journalist 
in Holly Springs, North Carolina.
+EMAIL: whitneyljhowell@gmail.com

“It’s the combination of more diabetes monitoring 
technologies and more collection of data that can 
be pushed into a system that can share 
information … that is making these systems and 
devices as usable as possible.” 
– ROMAN HOVORKA, PHD
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A complementary tool kit for the diagnosis of Mendelian disorders
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T
he fact that our genome 
encompasses 
approximately 20,000 
genes indicates that the 

huge variety of existing proteins in 
the human body cannot be explained 
by our species’ gene repertory alone. 
This means that if we want to 
understand the work of the many 
players acting in a given dynamic 
biological system, we should look 
beyond mere DNA sequencing.

The term transcriptome refers to 
the entire collection of sequences 
that are transcribed from DNA into 
RNA. For protein coding genes, 
transcriptome analysis provides 
information on how often a gene 
is transcribed, how the nascent 
transcript is processed into mature 
mRNA, and how stable the 
messenger (mRNA) is in a cell. The 
transcriptome is unique to cells, 
tissues, conditions, and physiological 
states. The transcriptome of diseased 
cells has features not found in the 
transcriptome of their healthy 
counterparts.

Thus, by analyzing the 
transcriptome of affected cells or 
tissues it is possible to identify 
differences that reveal the many 
paths leading to disease, offering new 
opportunities for diagnosing diseases 
and monitoring their progression.  

RNA Analysis by Hybridization-
Based Methods 
Northern blot was the first 
laboratory method created to 
identify specific RNA molecules 
within a mixture of RNA. Northern 
blot involves denaturing RNA and 
separating it by gel electrophoresis, 
transferring RNA onto a blotting 

membrane, and hybridizing it 
with a nucleic acid probe labeled 
with either a radioactive atom or a 
fluorescent dye. Although laborious 
and time-consuming, Northern blot 
remains a reliable method to study 
any type of RNA.

Reverse transcription-polymerase 
chain reaction (RT-PCR) came 
on the scene after PCR. RT-PCR 
converts RNA into complementary 
DNA (cDNA), which then serves 
as a template for PCR. RT-PCR 
provides results much faster than 
Northern blot but quanti� cation can 
be dif� cult. Real-time quantitative 
reverse transcription PCR (qRT-PCR) 
overcame this limitation, by enabling 
reliable detection and measurement 
of products generated during each 
cycle of the PCR process. Compared 
to Northern blot, qRT-PCR is easier 
to perform and requires less time 
because it’s possible to run the PCR 
simultaneously at different melting 
temperatures using a gradient 
thermocycler. More recently, PCR 
combined with micro� uidic devices 
has enabled parallel quanti� cation of 
multiple distinct RNAs. 

Despite these advances, the � rst 
molecular biology tool capable of 
quantitating hundreds or thousands 
of RNAs from a given cell or 
tissue sample simultaneously was 
microarray technology. A microarray 
has thousands of oligonucleotides 
of known sequences arrayed on a 
chip, and quantitation relies upon 
hybridization of sample RNA that has 
been reverse-transcribed and labeled.

Although microarray technology 
� ourished to become the main 
platform for high-throughput analysis 
of RNA in biological systems, it shares 

a major limitation with all other 
hybridization-based methods in that 
it requires previous knowledge of the 
RNA molecules to be analyzed, thus 
limiting the potential for discovery.

Additional drawbacks of 
hybridization-based approaches 
include high background levels 
resulting from cross-hybridization 
and a limited dynamic range of 
detection due to both background 
and saturation of signals. For these 
reasons, transcriptomic analysis based 
on microarrays typically failed to 
provide relevant information that 
could be transferred directly into 
clinical applications.  

The Advent of RNA-Seq  
In contrast to hybridization methods, 
sequence-based approaches directly 
determine the cDNA sequence. 
Initially, Sanger sequencing of 
cDNA was used, but following the 
development of next-generation 
sequencing (NGS) and deep-
sequencing technologies, RNA 
sequencing (RNA-Seq) emerged 
and revolutionized the way entire 
transcriptomes would be analyzed.

NGS differs from conventional 
capillary-based (Sanger) sequencing 
in being able to process millions of 
sequence reads in parallel. Deep 
sequencing is an NGS approach that 
sequences the same cDNA region 
hundreds or even thousands of times.

The RNA-Seq work� ow (Fig. 1) 
starts with selecting a method for 
RNA puri� cation best adapted to 
the biological sample being analyzed. 
After assessing the quantity and 
quality of the puri� ed RNA, the 
next step consists of converting the 
population of RNA molecules into 
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F1 A Typical RNA Sequencing Work� ow

In a typical RNA-Seq experiment, RNAs are converted into a library of cDNA fragments of an appropriate size for 
sequencing through either RNA fragmentation or complementary DNA (cDNA) fragmentation. Sequencing adaptors 
are added to each fragment. Each fragment is further tagged with a unique molecular identi� er (UMI) sequence 
chosen from approximately 10,000 combinations, so that two identical molecules become distinguishable; this 
provides a digital measurement of absolute numbers of each RNA species, irrespective of PCR ampli� cation biases. 
Index sequences are also introduced, enabling sequencing up to 96 different samples on a single run. In the 
Illumina sequencing platform, oligonucleotides complementary to the adaptor sequences are immobilized on the 
surface of a � ow cell. Attached cDNA fragments anneal to a nearby read primer for polymerase chain reaction (PCR) 
ampli� cation. Repeated cycles form colony-like clusters, each containing approximately 1,000 copies. The 
sequencing reaction (sequencing-by-synthesis) is then carried out with � uorescently labeled modi� ed nucleotides 
that act as reversible terminators. Thus, only a single � uorescent nucleotide can be added by a polymerase to each 
growing DNA copy. Images are recorded to identify the � uorescent base incorporated in each cluster. Next, the 
� uorophores are cleaved off and the terminators are removed, allowing another round of nucleotide incorporation.

a library of cDNA fragments. This 
involves a reverse transcriptase-
mediated � rst strand synthesis 
followed by a DNA polymerase-
mediated second strand synthesis.

Depending on the NGS 
sequencing platform, speci� c adapter 
sequences are attached to one or both 
ends of each cDNA fragment. Short 
(typically 50-150bp long) sequence 
reads are then obtained from either 
one end (single-end sequencing) or 
both ends (pair-end sequencing) of 
each cDNA. Finally, bioinformatics 
methods are used to align the 
individual reads to the reference 
genome or transcriptome.

RNA-Seq provides more 
precise qualitative and quantitative 
information than previous 
technologies and has already reshaped 
our view of several organisms’ 
transcriptomes. RNA-Seq has 
revealed many novel transcribed 
regions in every genome analyzed, 
from yeast to human, as well as 
many novel human mRNA isoforms 
resulting from alternative splicing, 
alternative polyadenylation, and/or 
alternative promoter use. Moreover, 
pro� ling the transcriptome of 
thousands of human cancer samples 
has unraveled speci� c gene fusions 
and gene expression signatures 
with demonstrated prognostic and 
predictive value.    

RNA-Seq: Maturing Method for 
Diagnosis
The current rate of molecular 
diagnosis of Mendelian diseases 
is low and between 25% and 
50%. The vast majority of known 
genetic alterations associated with 
Mendelian disorders have been 
identi� ed by sequencing the protein-
coding regions of genes (exome 
sequencing). However, evidence is 
mounting that hereditary diseases 
can also be caused by mutations 
located within non-coding regions 
of the genome, such as introns, 
transcriptional regulatory sequences 
of protein-coding genes, and non-
coding regulatory RNA genes (1).

Mutations leading to down-
regulation of gene expression can 
be better identi� ed by combining 
DNA and RNA sequencing (2). The 
de� nitive functional identi� cation 
of mutations that interfere with 
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splicing also requires RNA analysis. 
Indeed, the correct removal of introns 
from the nascent precursor mRNAs 
is a tightly controlled process that 
depends upon combinatorial cross-
talk between the splice site sequences 
and regulatory sequences located 
within exons and introns. Thus, 
not only mutations located deep 
within introns (that are not detected 
by exome sequencing), but also 
exonic mutations may alter splicing. 
Identi� cation of both intronic and 
exonic mutations affecting splicing 
will increase the overall mutation-
detection rates, which ultimately 
will facilitate more patients carrying 
disease-causing mutations to receive 
the right diagnosis.

However, a major downside of 
using RNA-Seq for human studies 
is that gene expression is cell-type 
specific. Thus, it may be necessary 
to extract RNA from the tissue or 
organ that is specifically affected 
in a particular disease, and many 
tissues in the human body are not 
easy to access.    

Despite this drawback, RNA-
Seq is starting to offer new hopes 
for many patients and families 
carrying a hereditary disease for 
which DNA sequencing failed to 
provide a diagnosis (3). For instance, 
a recent study (4) used RNA-Seq to 
analyze RNA extracted from muscles 
obtained from biopsy samples of 
63 patients with a range of muscle 
disorders. While some patients already 
had a de� ned diagnosis and were 
included in the study to validate 
the � ndings obtained with RNA-
Seq, others had not yet received 
a diagnosis. RNA-Seq was able to 
correctly determine the molecular 
diagnosis for 66% of patients whose 
samples already had undergone DNA 
sequencing and for which strong gene 
candidates were indicated.

In contrast, RNA-Seq identi� ed 
aberrant splicing isoforms and 
provided a diagnosis in 21% of 
cases lacking candidate mutations. 
Overall, the researchers made 17 
new diagnoses and associated the 
splicing abnormalities with mutations 
located either at splice sites or within 
introns that caused exon extension 
(when the exon extends beyond its 
normal limits), intronic splice gain 
(gain of intronic sequence), exon 

skipping (when an exon is missing 
in the transcript), and other splice 
disruptions. Of note, without the 
RNA-Seq analysis these genetic 
variants would be reported as variants 
of unknown signi� cance (VUS).  

Another study (5) analyzed 
� broblasts from 105 patients with 
suspected mitochondrial disease. 
Almost half of the patients (48) 
submitted samples for whole-
exome sequencing but no molecular 
diagnosis could be established. RNA-
Seq analysis revealed aberrant splicing 
isoforms by comparing the pattern of 
each patient against the others.

One patient showed a splice defect 
that resulted in a truncated CLPP, 
a mitochondrial ATP-dependent 
endopeptidase, and Western blot 
analysis con� rmed the loss of the full-
length CLPP. The variant, detected as 
a homozygous change in the very last 
nucleotide of exon 5 of the CLPP gene, 
had been previously reported as VUS.

Based on the results obtained by 
RNA-Seq, this variant was reclassi� ed 
as disease-causing. Knowing that 
CLPP was the implicated gene 
allowed clinicians to associate the 
patient’s manifestations with Perrault 
syndrome (OMIM #601119), which 
is caused by a de� ciency of the CLPP 
protein.

In another patient, whole-exome 
sequencing revealed a mono-allelic 
expressed VUS in the ALDH18A1
gene; this variant was a compound 
heterozygous with a nonsense variant 
in the same gene. RNA-Seq showed 
very low levels of ALDH18A1 
mRNA. Quantitative proteomics 
con� rmed that the levels of the 
ALDH18A1 protein were almost 
zero, and functional studies supported 
the reclassi� cation of the two 
detected variants as disease-causing.

Hamanaka et al. recently proposed 
a work� ow strategy to combine 
exome sequencing and RNA-Seq 
� ndings to solve undiagnosed cases 
of patients with nemaline myopathy 
(NM)(6). Skin samples from six 
patients with incomplete molecular 
diagnosis were submitted to the 
work� ow. In these cases, exome 
sequencing had revealed only one of 
the pathogenic variants between the 
two required to cause NM, but RNA-
Seq solved four cases by identifying 
the second missing pathogenic 
allele. In all four cases the second hit 
involved abnormal splicing events. 

Conclusion
RNA-Seq is solving several undiagnosed 
cases for which DNA sequencing 
alone was inconclusive. However, a 
major downside of using RNA-Seq to 
diagnose hereditary diseases is that in 
many cases RNA needs to be extracted 
from the affected tissue or organ 
because expression of the mutated gene 
is tissue-speci� c.

N evertheless, evidence is mounting 
that combined DNA and RNA 
analysis may greatly increase the 
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success rate of molecular diagnosis 
of hereditary diseases, offering new 
opportunities for discovery and 
new hopes for families affected by 
hereditary genetic disorders. 
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Evidence is mounting that combined 
DNA and RNA analysis may greatly 
increase the success rate of molecular 
diagnosis of hereditary diseases.
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task in pediatrics. However, the 
CLSI guideline provides more 
reasonable alternatives: transference 
and verification (Table 1). 

Transference adapts another lab’s 
interval through method compari-
son. This requires 40 samples span-
ning the analytical measurement 
range. Therefore, transference does 
not require healthy donors exclu-
sively, allowing a laboratory to use 
residual clinical samples. The labora-
tory performs a statistical compari-
son of the two methods using linear 
regression to establish a translating 
equation between the methods. 
The slope is a multiplier and the 
intercept is added to the upper and 
lower limits of the reference interval 
from the reference laboratory.

Alternatively, a lab can attempt to 
verify any interval used by another 
lab or found in the literature. This 
requires that the lab test samples 
from only 20 healthy donors, and 
if 18 or more of the 20 samples fall 
within the proposed reference inter-
val, it can be considered veri� ed for 
use. However, this method requires 
that already good reference intervals 
are available to verify (1). 

A Winding Road on Research
An exciting development of the 
last several decades is the number 
of large-scale efforts to establish 
high-quality reference intervals for 
children. Multiple organizations 
across the world have undertaken 
projects using different techniques 
to develop pediatric reference inter-
vals. According to the International 
Federation of Clinical Chemistry 
and Laboratory Medicine, pediatric 
reference intervals initiative projects 

F
ew things plague 
pediatric laboratorians 
like reference intervals. 
That’s not to say that 

this challenge is that much easier in 
adult settings. After all, one still 
needs to come up with ranges for 
new assays, find normal patients (at 
the least to verify those new ranges), 
and figure out the source of ranges 
that have been used as long as 
anyone can remember.

But pediatrics has two additional 
significant challenges. First, more 
partitions need to be addressed 
because analytes can change dra-
matically during childhood. Second, 
there are fewer studies on normal 
children than adults, largely due to 
the difficulty in acquiring samples 
from healthy children. 

Despite the challenges, labora-
torians still must strive to generate 
accurate reference intervals—cor-
rect laboratory test interpretation 
hinges upon it. Without appropriate, 
pediatric-specific intervals, clinicians 
may misinterpret results, leading 
to additional testing and possibly 
delayed or inaccurate diagnoses and 
treatments.

Current Best Practices
There are a few tricks of the trade 
for producing reference inter-
vals other than using hundreds of 
normal patients. The Clinical and 
Laboratory Standards Institute 
(CLSI) guideline EP28-A3c outlines 
the criteria for defining reference 
intervals and describes three meth-
ods for working them up. First is 
to establish ranges de novo, which 
requires 120 healthy donors per par-
tition. This is a particularly daunting m
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have taken place in Australia, the 
United Kingdom, Germany, South 
Korea, Canada, Denmark, the 
United States, and Scandinavia. 

The Canadian Laboratory 
Initiative on Pediatric Reference 
Intervals (CALIPER) is one of the 
largest pediatric reference interval 
projects. CALIPER has collected 
thousands of samples from healthy 
children in Canada across sev-
eral ethnic groups and published 
dozens of studies. These studies 
began with establishing intervals 
for pediatric populations on Abbott 
Architect analyzers, but CALIPER 
has extended its analyses to other 
platforms via transference and veri-
fication studies. Recently, the group 
has gone back to establish ranges for 
other platforms with fresh samples, 
and has extended its studies to more 
complex assays, from immunoassay 
to mass spectrometry. CALIPER 
researchers have also investigated 
biological variability of many assays 
using multiple samples from the 
same individuals. All the published 
reference intervals are available on 
the CALIPER website or smart-
phone app (2). 

Previously, AACC collaborated 
with the now discontinued National 
Children’s Study, which was 
intended to be a nationwide longi-
tudinal study of children from birth 
to age 21 years. This study, which 
ended in 2014, collected a range of 
data, including biological and envi-
ronmental samples. The investiga-
tors obtained samples on filter paper 
cards rather than collect liquid 
blood specimens. Through collabo-
ration with AACC, the study shared 
310 of these samples from new-
borns in the first week of life from 
across the country with researchers. 
Dried blood spots are well suited 
to liquid chromatography tandem 
mass spectrometry methods, and the 
working group analyzed the samples 
to generate reference intervals for 
steroid hormones and amino acids 
(3). Unfortunately, with the dis-
solution of the National Children’s 
Study, there is no opportunity for 
additional studies. 

Gaps and Goals That Remain
Despite the plethora of studies, 
reference interval gaps remain. 
Notably, analyte classes such as 

hematology, coagulation, and blood 
gases do not have well-established 
intervals. Reference intervals for 
children younger than 1 month 
old are sparse and often generated 
from numerically limited patient 
datasets. And reference intervals for 
premature infants have virtually no 
studies in the literature.

Moreover, covariates such as 
body mass index and ethnicity likely 
affect certain analytes; however, this 
has remained largely unexplored. 
Additionally, ethnic distributions 
are unequally sampled in all of the 
large-scale studies due to the study 
populations available, leading many 
studies to reflect only one ethnic-
ity. Finally, many reference intervals 
were established years ago using 
now discontinued assays on analyz-
ers no longer available, and without 
harmonization or standardization. 
Even new, well-done reference 
interval studies only apply to the 
analyzer on which the samples were 
tested, unless additional transfer-
ence studies are performed. Though 
there are ongoing initiatives to 
harmonize assays across multiple 
platforms, until those efforts are 

Establishment Transference Veri� cation

Sample requirements 120 per partition 40 20

Sample source Healthy individuals Samples that span the 
assay AMRa
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methods
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comparable method 
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•  Insuf� cient sample volumes 
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samples that span the 
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T1 Sources of pediatric reference intervals.
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realized, reference intervals will not 
be harmonized, and must be recon-
sidered for every analyzer.

How AACC Is Leading Progress
AACC has initiated a legislative 
effort to develop better pediatric ref-
erence intervals by collecting samples 
from healthy children. AACC has 
met with members of Congress and 
recently held a brie� ng for congres-
sional staff to further describe the 
issues. With congressional support 
and funding, AACC believes the 
nation can make progress on pediat-
ric reference intervals. 

The association has called on 
Congress to increase the Centers 
for Disease Control's (CDC's) 
Environmental Health Laboratory 
budget by $10 million for such an 
effort, as the agency already has the 
expertise to tackle such a project. 
For example, CDC’s National Health 
and Nutrition Examination Survey 
(NHANES) has been assessing 
the health status of populations 
across the U.S. since the 1960s, and 
routinely collects biological samples 
for laboratory tests and extensive 
demographic, socioeconomic, dietary, 
and health information. NHANES 
recruits participants from a variety 
of geographic locations, socioeco-
nomic statuses, and ethnic groups. 
Data from NHANES studies is freely 
available for researchers, who also 
may access residual biological sam-
ples. As such, NHANES is an ideal 
source for collecting healthy pediat-
ric samples from a sample set that is 
representative of the U.S. population. 
And in fact, studies already have 
tapped into NHANES data to gener-
ate reference intervals (4-6). 

Building Momentum
At the 71st AACC Annual Scienti� c 
Meeting in August, the Pediatric and 
Maternal Fetal Medicine Division 
hosted a special session about the 
status of pediatric reference intervals 
that was well attended by pediatric 
laboratorians from around the world, 
including several with involvement 
in other large-scale reference inter-
vals studies. The meeting discussed 
the means for carrying out such a 
project, as well as to identify solu-
tions to possible pitfalls. Many issues 
were brought to the attention of 

these stakeholders and will be con-
sidered as the project moves forward. 

Though much progress has 
been made in developing pediatric 
reference intervals, the laboratory 
medicine community is eager and 
ready to grow and scale these efforts 
and make a signi� cant difference in 
the health of children. The new and 
ongoing efforts of large-scale studies 
to establish population-based refer-
ence intervals in children will be of 
great bene� t for the use and inter-
pretation of laboratory tests. 

Amy L. Pyle-Eilola, PhD, DABCC, 
FAACC, is the director of clinical 
chemistry at Nationwide Children’s 
Hospital and assistant professor of 
clinical pathology at Ohio State 
University Wexner Medical Center in 
Columbus. 
+EMAIL: amy.pyle-eilola@nationwide
childrens.org
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A continuum of tests are not 
ready for clinical use. They 
vary from tests that will 
never be adopted in prac-

tice to those that show promise but 
currently lack sufficient evidence of 
clinical utility. Bill Malone, managing 
editor of Clinical Laboratory News, 
interviewed Mike Astion, MD, PhD, 
medical director of the laboratories at 
Seattle Children’s Hospital, about how 
to approach these kinds of tests. Astion 
is a co-founder of the Patient Centered 
Laboratory Utilization Guidance 
Service (PLUGS), a member-based 
network of more than 100 hospitals 
and commercial labs whose mission is 
to improve test utilization. 

How did you become interested 
in this topic?
It is a popular topic among PLUGS 
members and continuously on the 
agenda of Seattle Children’s labora-
tory stewardship committee, which 
encompasses all subspecialties of 
laboratory medicine. Just in the last 
month, this has been a problem in a 
few domains including autoantibody 
testing, infectious diseases panels, and 
genetic testing, for both germline and 
cancer mutations. 

How do you handle a test that 
is unlikely to ever be ready for 
prime time?
First, we remove the test from the 
laboratory formulary so that it is not 
orderable. In cases where it is the only 
test offered by a specialty lab or all the 
testing from that lab is not clinically 
useful, we remove the lab from the 

list of approved reference laboratories. 
Under CLIA, a laboratory medical 
director is responsible for choosing the 
reference laboratory used for sendouts, 
and banning a lab for clinical test-
ing is an example of exercising those 
responsibilities. I provide an example 
of a letter that labs can use to notify 
clinicians that a lab is no longer avail-
able (See article online, www.aacc.org/
publications/cln).

Is there any way clinicians can 
still order a test deemed not 
clinically useful? 
In practice, it is difficult to obtain 
the test. Ordering a test that is not 
on our formulary is handled like any 
off-policy decision made inside a 
hospital. The physician must appeal 
the decision made by the labora-
tory medical director, meaning it is 
escalated to the chief medical officer 
or equivalent. To have the decision 
reversed, the physician must provide 
evidence of the test’s clinical utility 
and show the test is performed by 
a CLIA-licensed lab. All that would 
have to be documented. In general, 
once a lab is banned, sending out test-
ing to that lab is unlikely, especially if 
lab leadership has documented their 
decision-making process. 

How do clinicians respond to 
a test or reference lab being 
forbidden? 
It depends on the case. Clinicians who 
love a test or lab are unhappy hav-
ing their testing made unorderable. 
Others are happy about it. With the 
‘Googlification’ of healthcare, patients 

sometimes get misinformed about the 
clinical utility of a laboratory test (1). 
They sometimes develop a fixed, false 
belief that a test is useful when an 
unbiased evidence review reveals that 
it is not. 

Increasingly, this leads patients 
to pressure clinicians for tests the 
clinician does not want. If we have 
removed the test from our lab formu-
lary, the clinician can simply tell the 
patient: “I can’t help you because our 
lab director has banned the test.” The 
provider can blame the lab—and that 
is appropriate. The main responsibility 
here for laboratory medical directors is 
to prevent patients from getting falsely 
diagnosed by useless testing.

How do you respond to people 
who say that a lab director’s 
conclusions regarding a set of 
evidence is an example of “not 
thinking outside of the box”?
Ah, the dreaded box. Before I tell you 
what I say—and I have had discus-
sions with providers and patients or 
their families frequently over many 
years—let me tell you what I think. 
If a lab director, because of pressure, 
sends tests to a lab that produces all 
kinds of crazy results of questionable 
quality and a patient gets charged 
because insurance does not cover 
these tests, that would be an example 
of a laboratory medical director who 
is not thinking at all rather than one 
who is not thinking outside the box. 
Laboratory medicine is a boarded spe-
cialty and we have reasonable stan-
dards. Nevertheless—and I find this 
unfortunate for all laboratorians—our 

How to Say No to Sendouts
Strategies for coping with tests that aren’t ready for clinical use
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formularies are replete with obsolete 
tests, not-ready-for-prime-time tests, 
and even quackery. This misguided 
testing is promoted mostly by true 
believers who are motivated by some 
combination of wishful or misguided 
thinking, a desire for fame, or finan-
cial pressure.  

What do you actually say in the 
moment when told your thinking 
is inside the box?
I say that it is my belief that people 
come to work to do a great job and 
that I have never met a provider 
or patient who purposefully wants 
to order a test that is not clinically 
useful. I say that I do not think that 

the provider is smarter (or dumber) 
than me or more (or less) ethical. 
We practice laboratory medicine as a 
team with a tremendous amount of 
expertise at our disposal. We often are 
looking at the case with a different 
set of experiences and analytic tools. 
These experiences are abundant. I 
am not telling the provider or patient 
that they cannot have the test. I am 
simply telling them that the patient 
cannot get the test here at Seattle 
Children’s. Patients or providers who 
strongly desire testing will find a way 
to get it. But we can’t be a party to 
something that we have concluded 
produces more harm than good. I 
finish by saying that I am not asking 

them to agree that I am right, I am 
just asking them to conclude that I 
am trying to be reasonable. 

How do you handle an order for 
a sendout test on the border 
of being ready for prime time 
but about which providers and 
lab leaders have a legitimate 
difference of opinion?
Our approach to a sendout test is no 
different than for a new assay we are 
developing in-house. One successful 
approach is to perform collaborative 
research on its clinical utility either 
as a hospital quality improvement 
project or as institutional review 
board-sponsored research. In this 

collaborative setting, we agree to 
send out the test and not charge the 
patient. The protocol—including 
clinical inclusion criteria, review of 
results, and whether results could be 
returned to the medical record—are 
agreed to by a team of providers and 
lab medical directors. An example 
of a memo of understanding to 
providers that we, and some PLUGS 
members, use to support this 
approach is available online at 
www.aacc.org/publications/cln. 

Who pays for an on the border 
test? 
It depends. Anybody but the patient. It 
is not fair to charge patients for testing 

of uncertain clinical utility. In an aca-
demic institution or tertiary hospital, 
we might use research funding from 
donors or grants. However, if we think 
the test is particularly promising we 
cautiously use funding from hospital 
operations as we would to improve or 
develop in-house assays. 

Why are tests without clear 
clinical utility so challenging to 
deal with in practice?
The challenge is that tests, when they 
are in the transition phase, have less 
experience associated with them, and 
the results can mislead clinicians and 
patients. In the transition phase, less 
is known about the overlap between 

disease and health, and 
about interferences and 
other technical problems.

If you think a test is 
approaching prime 
time, but are not quite 
sure, why not just 
declare it a clinical 
test? 
There are a couple of 
reasons. First, when a 
test is in a gray area of 
clinical utility, but it is 
declared a clinical test, 
patients are going to 
pay for it. A number of 
these tests now cost more 
than $1,000 and not 
yet covered by insur-
ance. That is a big, and 
often surprising, out-
of-pocket expense for a 
patient. Many times, if we 
disagree with a clinician, 

we ask them, “Would you like your 
patient to pay for this?” or “Would you 
like to put it on a research account?” 
That reframing often eliminates cases 
in which providers are ordering tests 
without a plan that will affect patient 
management. 
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Impact and ease of implementation 
are two general ways to categorize 
laboratory stewardship interven-
tions (1). For example, sending an 

email about best practice guidelines 
is easy to do but most likely will 
have little impact on actual practice. 
Conversely, building rules in an elec-
tronic health record to alert when best 
practice guidelines are not being fol-
lowed is more difficult to implement 
but has a higher impact on actual 

The 3 C’s of Improving Lab Stewardship: 
Collaboration, Champions, CPOE
An illustrative story of improving testing for C3 glomerulonephropathy 

BY JANE DICKERSON, PHD
EDITOR-IN-CHIEF, LABORATORY STEWARDSHIP FOCUS

practice. A recent meta-analysis by 
Rubenstein and colleagues review ed 
the effectiveness of various laboratory 
stewardship interventions, and found 
that those with the highest evidence 
ratings involved computerized-
provider order entry (CPOE) systems 
and combined interventions (2). But, 
as discussed in a recent lighthearted 
editorial in Clinical Laboratory News, 
knowing what to do and actually doing 
it are different things that involve 
different skills (3). What follows is a 
practical story of both knowing and 
doing. While the story highlights a 
specific esoteric test, the approach this 
case describes would apply broadly to 
any stewardship challenge.

As part of our active laboratory 
stewardship program, we review at 
the time of order every miscellaneous 
test request. In addition, any time we 
receive more than � ve orders for a 
miscellaneous test we perform a more 
detailed evidence review to determine 
if the test should be de� ned in our lab-
oratory information system. Through 
these processes, we observed a sudden 
increase in functional panels for C3 
glomerulonephropathy (C3GN) and 
thrombotic microangiopathy (TMA). 
Nephrologists requested these panels 
be performed by a speci� c specialty 
laboratory. During this time, we had 
a rotating pathology fellow working 
with the lab stewardship team—and so 
began our journey to “knowing.” Our 
fellow reviewed the cases and litera-
ture in detail, and compiled the facts 
(Figure 1).

Collaboration
Most laboratory tests cross multiple 
disciplines, and it is important to 
engage the relevant stakeholders when 
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exploring interventions to improve 
laboratory stewardship. In this case, the 
stakeholders included nephrologists 
who see the patients and order the 
tests, pathologists who have expertise 
about tests related to their cases, and 
lab send-outs staff who devote consid-
erable resources to coordinating miscel-
laneous tests (using complex, manual 
processes to do so). Our pathology fel-
low’s investigation was instrumental to 
starting the discussion—everyone was 
able to get behind collaborating when it 
involved educating a trainee. Of course, 
collaboration alone doesn’t equate 
to success. It is a part of the “doing” 
process in laboratory stewardship and is 
a learned skill (Figure 2). 

Champions
The ideal state for any laboratory 
stewardship intervention is complete 
consensus among the relevant stake-
holders. If you are wondering about 
what this looks like, it’s something akin 
to, “This is a great idea and I have no 
other questions or concerns about your 
proposal.” In reality, achieving harmony 
takes planning, meetings (sometimes 
many, many meetings!), and persistence 
to reach such an ideal state. In this case, 
we identified a champion in nephrology 
who worked with us on designing alter-
natives that were clinically acceptable, 
and in getting feedback and necessary 
buy-in from his colleagues. While easy 
to summarize in one sentence, it took 
several iterations consisting of lab 
meetings with the champion, champion 
meetings with the nephrology division, 
and rinsing and repeating. Ultimately, 
we reached a consensus in 7 months. 
The champion went through the 18 
tests offered in the panel and asked 
what decision would be based on the 
results. Through this exercise, we deter-
mined that only eight tests would result 
in a clinical action—the remaining tests 
were deemed still investigational. Yay, 
and we’re done! Well …not quite … 

Using CPOE to Hard-wire the 
Solution
A simple assumption is that care team 
members know which test results 
will impact clinical management, so 
they should only order those tests—
especially since most of those tests 
are defined as individual orderables 
in the electronic medical record. 
However, that assumption would not 

be effective. Providers working in 
CPOE systems are bombarded with 
extra clicks and steps for every task 
they must complete, and will naturally 
try to cut down on extra time when 
possible. It is definitely easier to order 
an unnecessarily large panel (one click) 
than to search and add eight individual 
tests (more than eight clicks). 

In addition to these human-CPOE 
interface factors, our original individ-
ual orders were built to go to several 
different laboratories, making the 
collection, processing, and resulting of 
these tests unnecessarily complicated. 
When we reached this point in our 
process review, we decided to re-evalu-
ate the reference laboratories, consoli-
date testing when possible, and submit 
a request to build a new order set with 
these tests and additional ordering 
instructions (e.g., “If C3 Nephritic 
Factor is negative, consider the follow-
ing additional tests …”). These changes 
took an additional 3 months.

Conclusions
This story was a quintessential 
example of the knowing versus doing 
dichotomy. The knowing part was 
easy and comforting. Our fellow took 
just 2 months to dig in, learn about 
the testing, review our cases, and feel 
comfortable with our conclusion that 
there must be a better way to get the 
clinical answers for C3GN cases. But 

it was the doing part that—pardon the 
expression—really took some doing. 
The overall process required 10 months 
to collaborate, refine the proposal, get 
consensus, and work within our IT 
system to make a systems solution. 
Reflecting on this a full year later, we 
feel at peace with the process and will 
use this roadmap for future efforts in 
laboratory stewardship. 
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F1
Things We Knew

F2
Things We Learned to Do

1. Observed increase in large functional panels for C3GN and TMA.
2. Panel(s) offered by specialty lab cost several thousand dollars.
3. Several components of the panel are considered investigational.
4. A few reference laboratories offer different panels and individual components.
5. Retrospective result review revealed discrepancy with pathological diagnosis, 

and confusing patterns.

1. Go fact-� nding: Ask questions of the stakeholders and listen!
2. With information in hand, de� ne the outcome(s) you want.
3. Get data to support the outcome—literature, best practices, and current data.
4. Find a champion stakeholder who can help deliver the message.
5. Discuss the desired outcome with the stakeholders, separately or together, 

and get ideas.
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Traversing Change and Glimpsing the 
Future in Anaheim

T
he 71st AACC Annual Scientific 
Meeting & Clinical Lab Expo 
attracted some 20,000 profession-
als from around the globe August 

4-8 in Anaheim, California. The program 
offered a window into the extraordinary 
changes shaping the future of laboratory 
medicine, from direct-to-consumer testing, 
artificial intelligence, and extremely rapid 
molecular diagnostics to point-of-care and 
core lab innovations that are empowering 
laboratory medicine professionals to have an 
even greater impact on patient care.

The AACC Clinical Lab Expo also fea-
tured 835 exhibitors—the most in AACC’s 
history. Dynamic exhibits featured hundreds 
of product launches and included ground-
breaking tests and medical systems in mobile 
health, molecular diagnostics, mass spectrom-
etry, automation, chemistry, immunoassays, 
and many other disciplines.

And in a competition to win AACC’s 
second annual Disruptive Technology Award, 
biotech innovators presented novel tech-
nologies that could help more patients get 
accurate diagnoses. In� ammatix won with 
its rapid HostDx Sepsis test that measures 
the expression of multiple immune system 
genes to determine if a patient has or is likely 
to develop the deadly condition sepsis. The 
seven Disruptive Technology Award � nalists 
and 10 other unique diagnostic develop-
ers presented in the new AACC Innovation 
Zone, which featured special content curated 
by Clinical Laboratory News.

In Anaheim, an editorial board of eight 
AACC members followed the science at the 
meeting for CLN Daily, the of� cial publica-
tion of the AACC Annual Scienti� c Meeting 
& Clinical Lab Expo, which was produced 
and distributed on-site. Read the full stories 
highlighted in this special section at www.
aacc.org/publications/cln/cln-daily.

Translational Medicine: A Clinical 
Pull or a Technological Push?  

By Alec Saitman, PhD

In developing a new diagnostic test, 
which comes first, the technology or 
the clinical need? Over the years, clini-
cal laboratorians have witnessed the 
emergence of and improvements in a 
staggering number of new diagnostic 
tests, with the exponential growth 
of technology seeming to drive this 
growth. But there may be a problem 
with always putting technology first.

David Walt, PhD, in his plenary 
talk, “Biomarker Discovery: From 
Technology Development to Clinical 
Applications,” helped to answer those 
questions. Walt is considered an inno-
vation pioneer and was inducted this 
year into the National Inventors Hall 
of Fame. Speci� cally, he is being recog-
nized for his work in the development 
of microwell arrays that transformed 
the � eld of genetic testing.

In this presentation, Walt described 
how currently, the biomarker dis-
covery process tends to emphasize 
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experts discussed 
how consumer genetic 
testing � ts into the current paradigm 
of healthcare. They tackled everything 
from the differences among testing 
options to the regulations that can 
either speed up or slow down the 
proliferation of these tests.

Jill Hagenkord, MD, drew 
from her experience leading two 

prominent genetic testing 
companies, 23andMe 

and Color Genomics. 
She covered the 
evolution and 
outlook of the 
consumer genetic 
testing space. 
Direct-to-consumer 
genetics now 

includes many data 
points beyond just the 

traditional assessment 
of disease risks, from 

ancestry and trait testing 
to nutrigenetics and exercise 

genetics, she emphasized.
But with hype also comes harm, 

said Theodora Ross, MD, PhD. The � ip 
side of patient empowerment is that 
the importance of medical counseling 
can be undervalued. “It is a double-
edged sword, and the risks of the lack 
of information are undersold,” Ross 
said, noting that even clinicians often 
have a dif� cult time understanding 
and interpreting genetic test results.

technology before clinical application. 
He argued that this paradigm may not 
be effective at providing new clinically 
relevant and useful diagnostic tests, 
and explained that innovation does not 
necessarily guarantee improvements 
in patients’ clinical workups. “Many 
technology developers do not fully 
understand the clinical application and 
select biomarkers that are inappropriate 
for the particular disease,” he noted.

What’s Next for Consumer 
Genomics?

By Khushbu Patel, PhD

Since completion of the Human 
Genome Project, advances in 
molecular technologies have led to 
an explosion of consumer genetic 
testing that is revolutionizing the 
patient-doctor relationship. 

During a special session, “Consumer 
Genomics, Direct-to-Consumer 
Genetic Testing, and Patient 
Empowerment,” moderated by broad-
cast journalist Cathy Wurzer, two 
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Implementing High-sensitivity 
Troponin Assays

Jumoke Oladipo, MD

The AACC University session, 
“AACC/IFCC Clinical Laboratory 
Practice Recommendations for Use 
of High-Sensitivity Cardiac Troponin 
(hs-cTn) Assays,” featured four speak-
ers—Fred Apple, PhD; Brad Karon 
MD, PhD; Judd Hollander, MD; 
and Allan Jaffe, MD—who have all 
participated in hs-cTn assay research 
and also implemented these tests 
clinically. They shared evidence-based 
background with the audience about 
why it’s smart to switch from current 
generation tests to hs-cTn assays and 
practical tips about how to incorpo-
rate hs-cTn results independent of 
which assay (cTnT or cTnI) is being 
implemented.

Apple discussed the recommenda-
tions in the IFCC/AACC guidelines 
with the important message being “to 
know your assay,” as all assays are not 
the same. Karon discussed laboratories’ 
experiences in using high sensitivity 
assays for the past year, and one thing 
stood out: platform-to-platform vari-
ability, as well as calibrations that also 
can lead to variability in the assays.

Organizations face two major chal-
lenges during implementation. The 
� rst involves a change in reporting 
units. Second, hs-cTn assays should 
have sex-speci� c rather than total 
99th percentile � gures. Overcoming 
these challenges boils down to proper 
education among and communication 
between laboratorians and clinicians. 
Hollander, an emergency medicine 
physician, emphasized the importance 
of clinicians working together with 
laboratorians in implementing these 

� fth-generation troponin 
assays.

The Rise of Tailored 
Therapies in Breast 
Cancer

Tina Lockwood, PhD 

It seems self-evident that 
cancer treatment should 
selectively seek out 
rogue, cancer-promoting 
molecules exclusively in 
tumor cells rather than indiscrimi-
nately killing all dividing cells. This 
is precisely the premise that Virginia 
Kaklamani, MD, DSc, described in her 
plenary session, “Using Biomarkers to 
Tailor Treatment for Breast Cancer.” 
She noted that the goal of targeted 
or tailored therapies is to specifically 
stop proteins that promote tumor cell 
proliferation and survival.

Keeping track of the many differ-
ent therapies and biomarkers used to 
treat breast cancer can be daunting. 
Kaklamani’s primary objective is for 
people to recognize that precision 
medicine is progressing in breast 
cancer such that treatment “can now 
be individualized for patients based on 
their genetic and genomic makeup.”

One reason for the array of tailored 
therapies is that breast cancer isn’t a 
single entity. The many distinct types 
of cancer require that tumor subtype 
be known to tailor treatment for each 
patient.

The availability of multiple tailored 
treatments means that oncologists 
must identify which patients will 
bene� t from each. Guess who they 
turn to in this venture? In Kaklamani’s 
view, “the laboratory is more and more 
important” for selecting which patients 

are candidates for speci� c treatment 
types. Oncologists rely on multiple 
pathology specialties, including ana-
tomic pathology as well as hematology, 
chemistry, immunology, and genomics 
laboratories, to create comprehensive 
and tailored treatment plans.

There’s an App for That

Laura Smy, PhD, MLS

In our technology-forward times, 
healthcare and technology are blend-
ing in ways that go beyond electronic 
medical records or lab information 
systems. Shannon Haymond, PhD, and 
David Grenache, PhD, joined forces to 
present the scientific session, “Digital 
Medicine and the Connected Health 
Consumer: What You Need to Know.”

This symposium highlighted how 
people are generating their own data 
through digital tools and wearables 
and sharing this information through 
social media. Haymond discussed how 
people are using their devices, social 
media, and apps to access healthcare 
information. Upwards of 50% of 
patients now have online access to 
their health information via portals. 
When polled, 82% of the audience 
indicated their institutions offer 
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patient portals, but only 56% reported 
having input into how lab information 
was presented. 

Grenache focused on the “quan-
ti� able self” achieved through wear-
able devices, digital dashboards, and 
direct-to-consumer testing. Consumers 
have embraced healthcare wearables 
with 33% wearing a device in 2018. 
Grenache covered how dashboards 
like Apple’s iPhone Health app enable 
users to view health trends in easy-to-
understand formats. Key considerations 
for consumers in using these tools 
include the ease of data entry, how 
data are presented, and how well their 
privacy is protected.

A New Resource for Biotin Best 
Practices

Sarah Hackenmueller, PhD

As most clinical laboratorians now 
know, the high doses of biotin some 
patients take have the potential to 
interfere with laboratory testing and 
results. The session, “Beautiful Skin but 

Erroneous Lab Results: The AACC 
Academy’s Guidance Document on 
Biotin Interference,” not only provided 
background information on biotin 
interference but also explained the 
new AACC best practice recommen-
dations for laboratories to address this 
potential interference. The guidance 
document is currently under review 
for publication.

“The exclusive use of assays that 
do not exhibit biotin interference 
has been suggested, but this is not 
always possible or feasible,” said 
Patrick Kyle, PhD, who moderated the 
session. When suspicious of interfer-
ence, laboratories can take a number 
of steps focused on determining the 
presence of biotin and mitigating its 
interference. “Another option might 
include the analysis of a second speci-
men at a later time point if available. 
Laboratories should work to educate 
patients and their clinical providers,” 
Kyle emphasized.

Angela Ferguson, PhD, highlighted 
several case reports related to biotin 

interference in laboratory assays, and 
the impact this issue had on patient 
follow-up and additional testing. 
Ferguson also reviewed published lit-
erature evaluating the degree of biotin 
interference in different assays across 
many manufacturers.

The AACC Academy has recently 
developed a process to publish expert 
opinion guidance documents related to 
emerging areas of interest to the labo-
ratory community. Topics and authors 
are selected by the AACC Academy 
Council, and all guidance documents 
undergo peer review and a public 
comment period prior to acceptance 
and publication.

Mark Your Calendar

The 2020 AACC Annual 
Scientific Meeting & Clinical 
Lab Expo will be held in Chicago 
from July 26-30, 2020.  
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■
FDA OKS MOLECULAR POC TESTING 
PLATFORM FOR CHLAMYDIA, 
GONORRHEA

Binx Health has received 510(k) 
clearance from the Food and Drug 

Administration for its fully automated, 
molecular point-of-care (POC) diag-
nostic testing platform, the binx io. The 
platform detects the bacteria that cause 
chlamydia and gonorrhea in female vagi-
nal swab samples, and provides results 
in about 30 minutes. Binx validated 
the binx io in a 1,523-person, multi-
center clinical study that compared the 
platform to current central lab standard 
of care systems for diagnosing these two 
sexually transmitted infections. During 
the study, non-laboratorians processed 
96% of patient samples on the binx io 
in a POC setting. Results showed that 
the platform exhibits 96.1% sensitivity 
and 99.1% speci� city for chlamydia and 
100% sensitivity and 99.9% speci� city 
for gonorrhea. The platform consists 
of a small benchtop instrument and 
single-use, assay-speci� c cartridges. The 
cartridges contain all reagents needed for 
the assay and use polymerase chain reac-
tion ampli� cation and Binx’s proprietary 
electrochemical detection technology.

■
DRAWBRIDGE HEALTH RECEIVES 
FDA CLEARANCE FOR HBA1C TEST 
SYSTEM 

The Food and Drug 
Administration has granted 

510(k) clearance to Drawbridge 
Health for the OneDraw A1c 
test system, which comprises 
the OneDraw Blood Collection 
Device and the OneDraw A1c test. 
Healthcare providers can use this 
system to collect and stabilize blood 
samples and measure HbA1c levels 
in order to monitor the long-term 
control of blood glucose in individuals 
with diabetes. The system uses the 
OneDraw Blood Collection Device, 
a small single-use device that draws 
a capillary blood sample from the 
upper arm. Healthcare providers 
place the device on the skin, where 
it collects blood using tiny lancets 
with light vacuum suction, followed 
by stabilization of the blood sample 
within a removable cartridge. The lab 
then performs the OneDraw A1c test 
on the sample. Clinical study results 
indicate a strong correlation between 
the HbA1c measurements obtained 
from samples collected using the 

OneDraw Blood Collection Device 
and those collected using venipuncture 
or � ngerstick.

■
QIAGEN RECALLS FILTER TIPS DUE 
TO RISK OF LEAKAGE

Q iagen has issued a recall for 
its pipetting system � lter tips 

that are intended for use with the 
QIAsymphony SP/AS instruments. 
The recall is due to a manufacturing 
malfunction that resulted in defective 
� lter tips with internal abrasions. Users 
of these defective tips have reported 
splashes on the QIAsymphony instru-
ment, liquid in the tip guard, leaking 
tips, failed test signals, empty wells 
indicative of volume loss, and incorrect 
test results. Due to the risk of inac-
curate test results, the Food and Drug 
Administration (FDA) has identi� ed 
this as a Class I recall, which means 
that using these � lter tips may cause 
serious injuries or death. The two FDA 
approved/cleared assays that use these 
� lter tips are the Qiagen Artus CMV 
QS-RGQ MDx, which aids in monitor-
ing antiviral treatment for cytomega-
lovirus, and the Qiagen ipsogen JAK2 
RGQ PCR, which aids in the evaluation 

FDA Clears Lyme Disease Tests That Upend Two-Tier 
Approach
For four previously cleared Lyme disease tests, the Food and Drug Administration 
(FDA) has cleared new indications that may help streamline diagnosis of this 
condition. The tests are made by Zeus Scientific and include the Zeus ELISA 
Borrelia VlsE1/pepC10 IgG/IgM test system, Zeus ELISA Borrelia burgdorferi 
IgG/IgM test system, Zeus ELISA Borrelia burgdorferi IgM test system, and the 
Zeus ELISA Borrelia burgdorferi IgG test system.

Traditionally, laboratories have diagnosed Lyme disease through a two-tier 
process that con� rms the presence of antibodies to Borrelia burgdorferi, the bacteria 
that causes this condition. This standard two-tier process involves performing an 
enzyme immunoassay (EIA) on a patient blood sample followed by an 
immunoblot or Western blot. Due to the complexity of immunoblots, however, 
labs often need to send these tests out to reference labs, leading to longer 
turnaround times. The interpretation of immunoblot results is also subjective. Zeus 
Scienti� c’s tests aim to remedy these issues by enabling labs to use a modi� ed 
two-tier approach in which two EIAs are run concurrently or sequentially, 
eliminating the need for an immunoblot. After reviewing clinical data on Zeus 
Scienti� c’s tests, FDA found that this alternative approach to Lyme disease testing 
detects Borrelia burgdorferi antibodies as accurately as traditional two-tier methods. 
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of patients for myeloproliferative 
neoplasms. Moving forward, Qiagen 
recommends that customers stop 
using identi� ed lots of the defective 
� lter tips and also urges labs to review 
results obtained on QIAsymphony SP/
AS instruments when the affected tips 
were in use.

■
NEW YORK STATE APPROVES 
ADAPTIVE BIOTECHNOLOGIES’ 
CLONOSEQ ASSAY

A daptive Biotechnologies has 
received approval from the 

State of New York Clinical Laboratory 
Evaluation Program (CLEP) for the 
clonoSEQ assay. By analyzing DNA 
extracted from bone marrow, blood, 
or archived tissues samples, this 
assay detects and monitors minimal 
residual disease (MRD) in patients 
with B-cell blood cancers. Additionally, 
clonoSEQ is the � rst Food and Drug 
Administration (FDA)-authorized 
test for MRD assessment in bone 
marrow samples from patients with 

B-cell acute lymphoblastic leukemia 
and multiple myeloma. Other B-cell 
blood cancers that this test detects and 
monitors include chronic lymphocytic 
leukemia and B-cell non-Hodgkin’s 
lymphoma. The clonoSEQ assay uses 
Adaptive Biotechnologies’ immuno-
sequencing platform to identify and 
quantify the following DNA sequences 
found in malignant cells: rearranged 
IgH (VDJ), IgH (DJ), IgK, and IgL 
receptor gene sequences, as well as 
translocated BCL1/IgH (J) and BCL2/
IgH (J) sequences. The test previously 
received FDA authorization through 
the agency’s de novo regulatory path-
way, and with CLEP approval, it is now 
available in all 50 states. 

■
NEUMODX GETS CE MARK FOR 
CYTOMEGALOVIRUS, EPSTEIN-
BARR VIRUS TESTS

The CE mark has been granted to 
NeuMoDx Molecular for two 

new tests for cytomegalovirus (CMV) 
and Epstein-Barr virus (EBV). These 

tests are intended for monitoring solid 
organ transplant recipients for CMV 
and EBV infection and identifying 
patients who need medication to 
prevent or treat post-transplant 
complications caused by these 
viruses. The tests run on NeuMoDx’s 
molecular systems, which are a 
family of scalable platforms that 
integrate the molecular diagnostic 
process from sample to result. These 
fully automated analyzers provide 
results in approximately 1 hour and 
feature a continuous, random-access 
work� ow, as well as an operator 
walkaway window of up to 8 hours. 
NeuMoDx’s molecular systems also 
use NeuDry reagent technology, 
which integrates magnetic particle 
af� nity capture and real-time 
polymerase chain reaction chemistry 
in a multi-sample micro� uidic 
cartridge. These reagents require 
no refrigeration, have an on-board 
stability of up to 60 days, and an 
ambient temperature shelf life of 
longer than 1 year.

tick
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*Data on file, ZEUS Scientific.
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■
WISCONSIN STATE LABORATORY OF 
HYGIENE, QUANTABIO JOIN FORCES 
ON NEWBORN SCREENING

The Wisconsin State Laboratory of 
Hygiene has adopted 

Quantabio’s technology to improve 
newborn screening for spinal muscular 
atrophy (SMA) and severe combined 
immunode� ciency. The laboratory is 
now using Quantabio’s Extracta DBS 
technology and Perfecta Multiplex 
qPCR ToughMix kit to develop and 
validate a real-time polymerase chain 
reaction (PCR) assay that simultane-
ously screens for both disorders. The 
Extracta DBS reagent is designed to 
enable high throughput public health 
laboratories to extract DNA from 
dried blood spots with greater 
ef� ciency. Using this reagent, labs can 
perform a sing le-step crude extraction 
of genomic DNA in 30 minutes, 
without the need for a puri� cation 
step. In addition to using this 

technology for test development, the 
Wisconsin State Laboratory of Hygiene 
is also using Extracta DBS for an 
optimized digital PCR assay for SMN2
copy number assessment. If a patient 
tests positive for SMA, additional 
information about SMN2 helps 
providers assess the severity of the 
condition.

■
MIRNAX LICENSES ARCIS’ NUCLEIC 
ACID SAMPLE PREP TECHNOLOGY

Mirnax Biosens has signed an 
exclusive licensing agreement 

for the use of Arcis Biotechnology’s 
nucleic acid sample preparation and 
preservation technology. Mirnax 
develops microRNA biomarkers for 
the early diagnosis of conditions such 
as cancer, arthritis, and kidney disease. 
However, microRNA is dif� cult to 
preserve because it degrades quickly 
after extraction, which impacts the 
accuracy of diagnoses. Using Arcis’ 

two-step, rapid nucleic acid extraction 
and preservation technology, Mirnax 
will be able to extract and stabilize 
microRNA biomarkers in less than 3 
minutes, without the need for instru-
mentation or heating or cooling steps. 

“Using the Arcis sample prep 
technology, we are able to success-
fully generate stable biomarkers for 
the diagnosis of pathologies with high 
incidence in the current population,” 
said Enrique Sainz Martinez, CEO of 
Mirnax Biosens. “This agreement sup-
ports our mission to develop products 
with high clinical value and to ulti-
mately improve patient quality of life.”

■
INTERPACE DIAGNOSTICS, 
PREDICTIVE ONCOLOGY TEAM ON 
THYROID CANCER DIAGNOSTICS

Interpace Diagnostics has partnered 
with the Helomics division of 

Predictive Oncology to develop tests to 
diagnose and assess the risk of thyroid 

Parkinson’s Foundation to Offer Genetic Testing
The Parkinson’s Foundation has launched PD GENEration: 
Mapping the Future of Parkinson’s Disease, the first-ever national 
initiative to offer free genetic testing and counseling to patients 
with Parkinson’s disease (PD). The Parkinson’s Foundation is 
initially offering these services through a pilot program at 
Columbia University Irving Medical Center and several other sites 
throughout the foundation’s Centers of Excellence network. After 
the pilot period, the foundation aims in 2020 to expand the 
program to approximately 50 sites across the U.S., ultimately 
offering genetic testing and counseling for up to 15,000 PD 
patients. Currently, genetic testing for PD is rarely covered by 
insurance or offered along with genetic counseling, a situation that 
this initiative hopes to remedy. 

PD GENEration will identify patients with genetic mutations in 
clinically relevant Parkinson’s-related genes like LRRK2 and GBA, 
and may help patients and their physicians determine whether they 
qualify for enrollment in certain clinical trials. Additionally, 
scientists will use genetic testing results obtained through this 
initiative for future research to develop improved treatments and personalized 
medicine for PD. 

“The long-term goal of PD GENEration is to improve Parkinson’s care by 
accelerating and supporting research,” said John L. Lehr, president and CEO of the 
Parkinson’s Foundation. “We are thrilled to launch the pilot of this unique initiative 
which offers the PD community the opportunity to learn more about their speci� c 
diagnosis, and at the same time help scientists advance the understanding of PD.”
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cancer. The two companies plan to 
incorporate Helomics’ patient-derived 
tumor pro� ling and arti� cial intelli-
gence (AI) platform, D-CHIP, into 
Interpace’s existing thyroid tests in 
order to provide patients with thera-
peutic recommendations alongside 
their test results. Under the terms of 
the agreement, Helomics also plans to 
use Interpace’s clinical data to build a 
model that identi� es patients with 
aggressive thyroid cancers who might 
bene� t from Helomics’ targeted 
treatments.

“The better we understand thyroid 
cancer, the better equipped we are to 
both diagnose and predict treatment 
outcomes,” said Jack Stover, CEO of 
Interpace Diagnostics. “We believe 
that this collaboration with Helomics 
is a signi� cant step to help us better 
diagnose thyroid cancer, resulting in 
existing product line extensions as 
well as potentially new products and 
partnerships based on the AI-driven 
models Helomics is building.”

■
PERSONALIS TO PROVIDE TUMOR 
IMMUNOGENIC PROFILING TO NEW 
MEXICO CANCER CARE ALLIANCE

The University of New Mexico 
(UNM) Comprehensive Cancer 

Center and the New Mexico Alliance 
for Cancer Care have entered a 
collaboration to use Personalis’ cancer 

immunogenomics platform, ImmunoID 
NeXT, in a clinical trial for ovarian 
cancer. ImmunoID NeXT analyzes 
approximately 20,000 genes in both 
DNA and RNA, and the partnership 
will use the platform to evaluate the 
combination of olaparib and 
tremelimumab in women with recur-
rent BRCA-de� cient ovarian cancers. 
This trial is based on research at UNM 
Comprehensive Cancer Center that 
indicates that immune priming with 
targeted cytotoxic therapy using a poly 
ADP ribose polymerase-inhibitor could 
sensitize ovarian tumors to immune 
therapy and improve patient survival.

“We are delighted to collaborate 
with Personalis on this study,” said 
Sarah Adams, MD, an associate 
professor of gynecologic oncology at 
UNM Comprehensive Cancer Center. 
“Comprehensive immuno-pro� ling will 
inform on biomarkers of response for 
this experimental treatment in women 
with BRCA1 or BRCA2 germline 
mutated ovarian cancers, for which 
there aren’t standard curative measures.”

■
PREMIER, PROGKNOWSE PARTNER TO 
DEVELOP PRECISION MEDICINE 
ANALYTICS

Premier and Progknowse have 
teamed to create a clinical and 

genomic dataset for use within the 
PremierConnect performance 

improvement platform, with the 
ultimate goal of developing new 
predictive analytics capabilities that 
support personalized care delivery. 
Under the terms of the collaboration, 
Progknowse will use the Premier-
Connect platform to access 
de-identi� ed clinical outcomes data on 
approximately 45% of all U.S. patient 
discharges. Working with leading 
research universities and data scientists, 
the two companies will then use this 
information to create predictive 
algorithms that inform treatment 
decisions for patients with speci� c 
genetic markers. 

“Today, only the most techno-
logically advanced health systems 
are conducting precision medicine 
research, and even then, their view is 
often limited to their speci� c popula-
tions,” said Leigh Anderson, president 
of performance services at Premier. 
“This partnership combines the skills 
and resources necessary to access data-
sets and genomic information to create 
a much broader, national healthcare 
database for data scientists to analyze.”
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QAsk The Expert

Novel Biomarkers of 
Preeclampsia

What is the clinical need for 
preeclampsia (PE) screening?

A:PE affects about 2% of preg-
nancies globally and is a major 

cause of maternal and perinatal mor-
tality and morbidity. This condition 
has two major subtypes: early-onset 
(or preterm) PE, which develops 
before 34 weeks of gestation, and 
late-onset PE, which occurs at or 

EXPERT

Saswati Das, MBBS, MD

after the 34-week mark. Currently, 
the standard diagnostic indicator 
for both PE types is the presence of 
hypertension and proteinuria, but 
these clinical criteria alone may not 
adequately predict adverse outcomes.

While early-onset PE is th e 
less prevalent subtype, it is associ-
ated with an even greater risk of 
adverse outcomes than late-onset PE. 
Developing an effective method for 
early identi� cation of pregnancies at 
high risk for preterm PE is therefore 
one of the major challenges of mod-
ern obstetrics. 

Currently, what are the most 
promising biomarkers for PE 
screening and diagnosis?
While the exact cause of PE is 
unknown, impaired placentation—
i.e. a placenta that doesn’t function 
properly—is thought to be the condi-
tion’s underlying mechanism. This 
theory is supported by the finding 
that women with PE have abnormal 
blood flow in their uterine arteries 
and reduced maternal serum levels 
of placental products. In light of this, 
it is not surprising that placental 
growth factor (PlGF) is the most 
discriminating biomarker for PE—and 
for early-onset PE in particular—
that researchers have found to date. 
PlGF levels are significantly lower 
in pregnant women who go on to 
develop PE, and researchers have used 
PlGF combined with other factors 
to achieve a 93% detection rate for 
the risk of developing PE in the first 
trimester, with a false-positive ratio 
of 5%. The other factors included 
maternal history, prior and family his-
tory of PE, maternal blood pressure, 
uterine artery pulsatility index, and 
pregnancy-associated plasma protein 
A (PAPP-A).

The antiangiogenic factor soluble 
fms-like tyrosine kinase 1 (sFlt-1) and 
the sFlt-1:PlGF ratio have also shown 
promise in clinical research as bio-
markers for predicting and diagnosing 
PE in the second and third trimester.

What are the advantages of using 
the sFlt-1:PlGF ratio to detect PE?
Starting in mid-pregnancy, healthcare 
providers can confirm a diagnosis of 
PE by measuring the levels of sFlt-1 

and PlGF in maternal serum. Because 
women with PE have a significantly 
higher sFlt-1:PlGF ratio than women 
with other hypertensive disorders, this 
ratio enables providers to distinguish 
between patients who will develop PE 
and those with chronic or gestational 
hypertension. The sFlt-1:PlGF ratio has 
superior diagnostic power compared 
to either of these biomarkers alone, 
and several studies show that this 
ratio is highly predictive for ruling out 
PE, with a negative predictive value 
close to 99%. The sFlt-1:PlGF ratio 
combined with Doppler ultrasound 
measurements also has increased 
sensitivity and specificity for PE 
compared with a Doppler ultrasound 
by itself. 

However, the ratio’s positive predic-
tive value is < 37%, which is quite low. 
An ideal biomarker for preeclampsia 
should have a high positive predictive 
value in addition to a high negative 
predictive value. Further research is 
therefore needed in this area. 

So what should labs use to detect 
preeclampsia?
First-trimester maternal serum levels 
of PlGF and PAPP-A along with other 
maternal factors form a suitable panel 
for predicting the development of PE. 
For women in their second and third 
trimesters, labs should then measure 
maternal serum concentrations of 
sFlt-1 and PlGF to differentiate 
healthy women from women with PE. 
A high sFlt-1:PlGF ratio and a rapid 
elevation in the sFlt-1:PlGF ratio are 
associated with significantly increased 
risk for an immediate delivery.

Overall, the earlier labs identify 
a woman at high risk for PE, the 
better the chances are of improving 
her pregnancy’s outcome. Once a 
high-risk patient is identi� ed, she 
can undergo intensive maternal and 
fetal monitoring, which in turn could 
lead to earlier diagnosis of PE while 
also preventing serious complications 
through timely pharmacological 
interventions. 

Saswati Das, MBBS, MD, is a specialist 
in the Department of Biochemistry at 
Ram Manohar Lohia Hospital, Ministry of 
Health and Family Welfare India in Delhi.
+EMAIL: drsaswatidas@gmail.com
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Lipid Assessment    
Apo AI
Apo AII *
Apo B
Apo CII *
Apo CIII *
Apo E *
Lp(a)
Remnant Lipoprotein
     Cholesterol*

Serum Proteins
a-1 Acid Glycoprotein
a-1 Anti-Trypsin
a-1 Microglobulin
b-2 Microglobulin
Haptoglobin
IgA
IgG
IgM

Nutrition
Ferritin
Prealbumin
Retinol Binding Protein
Transferrin
UIBC

Coagulation
D-Dimer
Fibrinogen
Factor XIII
Plasma FDP *
Serum/Urine FDP *

Inflammation / Cardiac
Anti-Streptolysin O
Complement C3
Complement C4
CRP
Rheumatoid Factor

Allergy
Total IgE

Diabetes
Cystatin C
Hemoglobin A1c
Insulin
Microalbumin
Microtransferrin*

Immunoassay Reagents for chemistry analyzers™

www.k-assay.com/CLN.php

* Research Use Only

   New Products Now Available!!
b-2 Microglobulin reagent for chemistry analyzers
H. pylori Test Reagent* for chemistry analyzers
KL-6 (Krebs von den Lungen-6)* reagent for chemistry analyzers
Microtransferrin* reagent for chemistry analyzers
Remnant Lipoprotein Cholesterol* reagent for chemistry analyzers
Retinol Binding Protein reagent for chemistry analyzers
UIBC (Unsaturated Iron Binding Capacity) for chemistry analyzers

•
•
•
•
•
•
•

Stomach
H. pylori*
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KL-6*
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