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Learning Objectives

I. Identify existing recommendations for critical value thresholds

II. Contrast different mechanisms for critical results notification

III. Investigate the origin of the latest ADA hypoglycemic definitions and their impact on 
the lab
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The Total Testing Process: Lifecycle of a Test
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Phases of Testing

Pre

analytic

• The right test, the right patient, the right time

• Specimen collection

• Transport to the lab

Analytic

• Instrument calibration

• Temperature and humidity

• Specimen sampling

Post

Analytic

• Appropriate reference interval

• Reporting the result in the medical record

• Notification of the result to the provider, result acknowledgement!
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Diagnostic errors in Laboratory Medicine

Diagnostic Error: errors in which diagnosis was unintentionally delayed, wrong, or missed

Year Type of Error

1950-1990 Analytical Errors

1990s Errors in Clinical Labs (pre and post) phases

2000s Errors in the total testing process (pre-pre and post-post analytical phases)

Today Patient-centered testing related diagnostic errors
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Where do the majority of errors occur?

Pre-analytic errors account for 48-62% of total errors in laboratory medicine

Pre-pre analytical errors

• Inappropriate order

• Order entry mistakes

• Patient/Sample 
misidentification

• Sample collection

• Inappropriate container

• Sample handling, transit, 
storage

pre-analytical errors

• Aliquot labeling

• Sorting and routing

• Pour-off errors

• Specimen processing 
(centrifugation, 
decapping, aliquoting, 
sampling)
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Respective Roles in the Post Analytic Phase

The “Provider”

The “Lab”

Context for result interpretation
• Reference ranges
• Error identification/specimen quality
• Interpretative comments
• Clinical consultation
• Urgency of decision (critical values)

Diagnostic Decision
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The origin story of critical (panic) values

WHEN TO PANIC OVER ABNORMAL VALUES. LUNDBERG G. MED LAB OBSERVER 1972; 4:47-54

JAMA. Feb 2 1990 Vol 263 No 5

Brain-to-brain loop
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The definition of a critical value

George Lundberg, MD. University of Southern California Med Center JAMA Feb 1990

• We defined a critical (panic) value as one that represents a pathophysiological state at 
such variance with normal as to be life threatening unless something is done promptly 
and for which some corrective action could be taken

• A vital value represents a pathophysiological state at such variance with normal as to 
be life threatening and for which a corrective action can be taken but for which rapid 
action is not as crucial (examples: positive TB, cyto smear for squamous cell carcinoma)

JAMA. Feb 2 1990 Vol 263 No 5
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First aggregate of critical values (1990)

• National survey of 92 institutions
o 20 trauma centers

• Low and High Critical Limits were 
self reported by labs

• For each critical limit, the mean, 
and SD, and range were 
determined

• Chemistry, hematology, 
qualitative tests (slide review, 
microbiology, urinalysis, blood 
bank) and newborn critical values 
included

JAMA. Feb 2 1990 Vol 263 No 5
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Glucose Critical Values

• Mean Glucose Lower Limit CV: 46 mg/dL

• Mean Glucose Upper Limit CV: 484 mg/dL

• Range of Low CV: 30-70 mg/dL

• Range of High CV: 110-1000 mg/dL

JAMA. Feb 2 1990 Vol 263 No 5
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Q-Probes: 2002 (and 1992)

• College of American 
Pathologists sponsored survey

• Voluntary submission of critical 
Values for labs participating in 
Q-probes.

• Q-probes are short term 
external studies that provide a 
one-time assessment of quality 
processes.—Not graded

• Published in Archives of 
Pathology & Laboratory 
Medicine.
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Chemistry Critical Values

Median
glucose mg/dL

Low 40

High 446
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Microbiology Critical Values
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Illicit or TDM Critical Values
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Beat the clock….
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Who receives your critical value calls?

• Lab staff performing the test call most critical values

• Registered nurses take most critical results (inpatient)

• Unit clerk/office staff take most critical results (outpatient)
?

Medical 
Student

Ordering 
Physician

Office Staff

RN

On call 
physician 

Not in System

Voicemail

Staff Nurse
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Policies around critical values were not unified.

• At the time of the survey, very few labs had 
considered what to do about repeat critical 
values

• Some labs (6.8%) allowed for physicians to 
opt out

• Difficult to gauge impact of the critical value 
notification
o Critical Value result or critical value notification?
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But is it helpful?—Let’s rephrase.  Is it perceived as helpful?

• Very large discrepancy in the perception of value between physicians and nurses

• Somewhat influenced by location

• This is some of the first evidence suggesting CV notification might be a delicate balance

• Most CV limits were set by in-house studies and medical staff consultation
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ASCP: Critical Values ASCP Practice Parameter 1997 

KENNETH EMANCIPATOR MD

Largely based on Q-probes 1992

Emancipator K. Critical Values Practice Parameter. Am J. Clin Pathology 1997
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Royal College of Pathologists

Published/Revised 2005, 2010, 2017

• Original scope was defined for General Practitioner in the outpatient setting

• Revised to include “all areas of clinical responsibility, including both primary and 
secondary care. Similarly, it will refer to within hours and out-of-hours periods where 
relevant.”

• 2 defined communication types:
o A: Rapid Communication within 2 hours usually by phone

o B: Out of hours (OOHs) then communication within 24 hours to GP/GP OOHs service

• 28 “chemistry” analytes, but covers all lab sections as well (heme, coag, immunology, 
micro, blood bank)
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“Action Limits” from RCPath 2017

• Two major 
distinctions from 
previous CV 
publications
o Clear need for 

delineation of 
age specific CV

o Clear need for 
differentiation 
for specific 
populations 
(IP/OP/Clinics)

Glucose mg/dL

Lower 45

Upper 450

Royal College of Pathologists, The Communication of critical and unexpected laboratory results 2017  
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Regulatory Requirements and Guidance

CLIA CAP
Joint 

Commission
ISO
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CLIA 1988

THE CONCEPT OF CV WAS ENDORSED IN THE FIRST CLINICAL LABORATORY IMPROVEMENT AMENDMENTS OF 1988

§493.1291 Standard: Test report.

• The laboratory must immediately alert the individual or entity requesting the test and, 
if applicable, the individual responsible for using the test results when any test result 
indicates an imminently life-threatening condition, or panic or alert values.

§493.1299 Standard: Post-analytic systems quality assessment.

• The laboratory must establish and follow written policies and procedures for an 
ongoing mechanism to monitor, assess and, when indicated, correct problems 
identified in the post-analytic systems specified in §493.1291.
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CLIA 1988

THE CONCEPT OF CV WAS ENDORSED IN THE FIRST CLINICAL LABORATORY IMPROVEMENT AMENDMENTS OF 1988

What it says What it doesn’t say

Need a written policy Specific tests that need critical value limits

Defined as life threatening, panic or alert values Specific critical value limits

Need to follow the policy (documentation) How to perform the notification

Who can receive results* How to document the notification

*Except as provided in §493.1291(l), test results must be released only to authorized persons 

and, if applicable, the persons responsible for using the test results and the laboratory that 
initially requested the test.
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Critical Values and CAP

COLLEGE OF AMERICAN PATHOLOGISTS IS AN ACCREDITATION AGENCY FOR ENFORCEMENT OF CLIA 88

Checklists contains 5 areas related to critical value limits

All Common: 3
Cytopathology: 1

Anatomic Pathology: 1
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CAP COM.30000 Critical Result Notification

PHASE II

The laboratory has written procedures for immediate notification of a physician (or other clinical 
personnel responsible for the patient's care) when results of designated tests exceed 
established "critical" values that are important for prompt patient management decisions. 
Records of notification are retained

What it says What it doesn’t say

Need a written policy Specific tests that need critical value limits

Defined as “critical” values Specific critical value limits

May establish different limits for sub-populations How to perform the notification

Documentation must have: date, time, responsible lab individual, 
person notified, test result

Discourages clinician “opt out”

Communication can be direct dialog or electronic
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CAP COM.30100 Critical Result Read-back

PHASE I

When critical results are communicated verbally, 

“read-back” of the results is requested and recorded

What it says What it doesn’t say

Transmission of CV electronically is acceptable How to confirm receipt

The lab must confirm electronic receipt by the intended recipient

No read-back required for electronic transmission
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CAP CYP.06450 Significant and Unexpected Findings

PHASE II

There is a written policy regarding the communication of significant and unexpected 
cytopathology findings. Records of communication are retained.

• Largely the same as COM.30000

• Additional emphasis on documentation of the communication either directly in the patient 
report or in a separate location

• Findings may be communicated or summarized or reference via a case number

• Same requirements for documentation
o Date
o Time
o Responsible lab individual
o Person notified
o Findings communicated
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CAP ANP.12175 Significant and Unexpected Findings

PHASE II

There is a written policy regarding the communication of significant and unexpected 
surgical pathology findings. Records of communication are retained.

• Largely identical to CYP.06450

• Additional emphasis on documentation of the communication either directly in the patient 
report or in a separate location

• Findings may be communicated or summarized or reference via a case number

• Same requirements for documentation
o Date
o Time
o Responsible lab individual
o Person notified
o Findings communicated
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Document and Process Control Chapter

JOINT COMMISSION IS AN ACCREDITATION AGENCY FOR ENFORCING CLIA

DC.02.01.01: The laboratory has procedures for each laboratory test.

• The procedures include but are not limited to…….
o Reporting patient results, including when appropriate, the process for reporting imminent life-

threatening results, or panic, or alert values
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Quality System Assessment NW Testing Chapter

JOINT COMMISSION IS AN ACCREDITATION AGENCY FOR ENFORCING CLIA

QSA.02.11.01: The laboratory conducts surveillance of patient results and related 
records as part of its quality control program.

• The general supervisor performs or delegates to technical staff the daily supervisory review of patient 
results. The supervisory review is documented. (See also LD.04.05.01, EP 1; QSA.02.02.01, EP 5)

• Note: Technical staff performing the review use specific criteria or computer algorithms to identify 
outlier results for manual review

• Examples of criteria include the following:
o Unacceptable quality control results
o Test results that do not correlate with a patient’s known condition, age, sex, diagnosis, or pertinent clinical data; 

distribution of
o Patient test results; and relationship with other test parameters
o Incongruent test results on one patient
o Abnormal test results
o Critical values
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National Patient Safety Goals Chapter

JOINT COMMISSION IS AN ACCREDITATION AGENCY FOR ENFORCING CLIA

NPSG.02.03.01: Report critical results of tests and diagnostic procedures on a timely basis

• Collaborate with organization leaders to develop written procedures for managing the 
critical results of tests and diagnostic procedures that address the following:

What it says What it doesn’t say

Develop a procedure How to achieve this goal

Define critical value limits

Define who can receive a critical value notification

Define an acceptable time for critical value notification

Implement procedure

Monitor timeliness of reporting critical values
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ISO C950 – GENERAL CHECKLIST

ISO 15189:2012 TESTING LABORATORY ACCREDITATION PROGRAM

What it says What it doesn’t say

Establish procedure for critical results Critical Result Limit

Notify authorized professional 
immediately

Method for notification

Document, date, time, lab staff, person 
notified, critical value and any 
difficulty with the notification
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The Birth of A New Critical Value

Sentinel 
Event

Root Cause 
Analysis

New 
Critical 
Value?

A Diagnostic Error is made
(important result missed)

If we had acted on the result
we could have changed the outcome

To prevent this in the future please
call us with all other results like this

You should have called us 
with such an important result

Sentinel event

Request for new
Critical Value
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Glucose Critical Value Limits: A Case Study

What is the role of a glucose critical value limit?

Panic Value?

Critical Value? Vital Value?

Alert Value?
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Standards of Medical Care in Diabetes 2019 (ADA) 

Guidelines published by the American Diabetes Association annually

• New tiers of hypoglycemia 
emerged in 2016

• Values have been adopted by 
hospitals for hypoglycemic 
protocols

• Values are tied to therapeutic 
intervention

• Push for using 54 mg/dL as a 
critical value limit for glucose

Endorsed by ADA and European Association for the Study of Diabetes

Let’s play follow the references
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Reference 44 →Reference 19 and 20

2017



39 © 2020 Cardinal Health. All Rights Reserved.  

Reference 19 (2013)

• <54 mg/dL cutoff 
mentioned in the 
introductory paragraph.

• Study is n=32
References
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Reference 2 (1991)

n = 10 patients

Symptoms began at 51 +/- 3mg/dL

The origin of 54 mg/dL?
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Reference 3 (1995)

N=26
Measurement was

“subjective awareness of 
hypoglycemia”
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Back to Reference 20 from the consensus statement 2013

Measured glucose metabolism with 13C 
magnetic resonance spectroscopy to calculate 
the tricarboxylic acid cycle flux  (VTCA)
N= 10 patients
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Evidence supporting 54 mg/dL as a critical value?

• No mention of <54 mg/dL being recommended 
as a critical value notification limit for 
laboratories by the ADA

• No studies with hospitalized patients

• Total of 4 studies with 78 patients
o Origin of 54 mg/dL was n=10 patients

• No studies measuring outcomes with a glycemic 
control target of 54 mg/dL

• 54 mg/dL is only used as a classification of stage 
II hypoglycemia.

From the 2017 Consensus Statement
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Can we support 54 mg/dL as an alert or vital value?

Reference Lower Limit Glucose Critical Value

Lundberg JAMA 1990 46 mg/dL (mean)

ASCP Practice Parameter 1997 40 mg/dL

Q-Probes 2002 45 mg/dL (median)

Royal College of Pathologists 2017 45 mg/dL

bandwidth endorse

• 100 additional calls from 
the lab per month

• 6.5 min per call→10.8 hr 
phone time per month

• 540 additional critical results 
in the point of care setting per 
month.  Compliance issue?

Impact of moving from 40 to 54?
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One size may not fit all

Health
System

Independent
Hospital

Inpatient Outpatient

Pediatric
Population

Geriatric
Population Reference

Lab
Campus
Health
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“Calling” critical values to providers

NOTIFICATION METHODS CONTINUE TO EVOLVE

Telephone Pager
EHR-embedded
Push Notifications

Secure Chat
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Combining Secure Chat and Push Notifications

EHR-EMBEDDED CRITICAL VALUE NOTIFICATION:

Lab Verifies 
Critical Value

Outpatients

• In basket message sent
• Push notification sent to mobile device
• If not acknowledged, traditional 

workflow starts (phone call/page)

Inpatients 
(select services)

• Secure Chat initiated 
with entire care team

• After acknowledgement, 
Communication Log 
completed by lab

• If no response within 15 
minutes, traditional 
workflow started (phone 
call/page)

Provider
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Conclusions

• Several documents exist which have published aggregated data for critical value limits

• Accrediting agencies provide flexibility in setting critical value limits and how 
notifications are made

• Laboratories can leverage new features in the electronic health record to make critical 
value notifications to providers (Push notification + Secure Chat)

• The lower critical value limit for glucose requires careful consideration to align with 
your institution’s utilization of laboratory result notification
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Questions?
STEVEN.COTTEN@UNCHEALTH.UNC.EDU


