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Unsafe medical care is a major source of disabling injuries and death throughout the world. The failure to notify,
follow up, and action critical results, which signify life threatening situations, is of particular concern and may
cause avoidable morbidity and mortality. International accreditation standards require pathology laboratories
to have a system for the timely and reliable communication of critical results to clinical personnel responsible
for patient care. In response, various practices and a number of different terminologies have been described in
the literature. Increased attention to patient safety standards and multinational surveys, however, highlighted
shortcomings and inefficiencies in existing communication systems. These failures and variations in practice
call for clear guidance and harmonization of approaches in order to improve communications and to provide
safer patient care. The objectives of this review are to create a harmonized terminology and to learn from
international practices by systematically reviewing the best available evidence on existing approaches. Based
on literature review findings we highlight key areas where harmonization is necessary and feasible and offer
a conceptual framework and methods for designing better and more evidence-based systems for the timely
notification of laboratory results that represent potential patient safety hazards.

Crown Copyright © 2013 Published by Elsevier B.V. All rights reserved.
1. Introduction

Medical tests should only be requested if the results of the tests will
be used to influence subsequent management decisions of the patient.
As trivial as it may sound, laboratory professionals all over the world
know toowell thatmanyof the test results that are released to clinicians
in vast numbers with rapid turn-around times are not followed up in a
timely manner and may have no beneficial impact on patient manage-
ment. This is of particular concern when critical results are involved,
as they signify situations which may be life threatening or lead to irre-
versible damage or harm to the patient andwhich therefore require im-
mediate or timely medical intervention. Unsafe medical care is a major
source of disabling injuries and death throughout the world. In 2008 a
report, published by the World Health Organization World Alliance for
Patient Safety, identified poor test follow-up as one of 23 topics that
have a substantial impact on the safety of medical care [1]. The rate of
test follow-up was found to be suboptimal across the globe, with com-
munication of test results between the laboratory and physicians
being one area that needs improving. A systematic literature review of
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evidence between 1990 and 2010 revealed a lack of test follow-up for
up to 60% of hospital inpatients, and up to 75% for patients treated in
the emergency department [2]. Critical test results were identified as
one area where problems were particularly evident. In the United
States the National Quality Forum's list of serious reportable events in
2011 included two new laboratory-related errors leading to serious in-
jury or death of patients. One of these reportable errors was due to the
failure to follow-up or communicate laboratory, pathology or radiology
results [3]. In 2010, the Clinical Excellence Commission Patient Safety
Teamanalyzed data collected from theNew SouthWales Incident Infor-
mation Management System to review and identify how access and
follow-up of diagnostic test results affected patient outcomes [4]. Find-
ings of the review indicated that failure in processes associated with
obtaining and using diagnostic test results has the potential to seriously
compromise patient safety. Issues identified included timeframes for
test reporting being poorly defined and unrelated to clinical urgency;
pending results that are potentially critical never being reviewed by
the treating team; no consistentmechanisms exist for clinicians to iden-
tify critical resultswhich have not been reviewed; and considerable var-
iability in the process for communicating unexpected or significantly
abnormal results.

Automation and information technology revolutionized the delivery
of laboratory services and we have almost limitless opportunities to
communicate test results on various devices faster and closer to the cli-
nician and patient than ever before. Paradoxically, the vast amount and
rapid flow of data contribute to information overload and communica-
tion breakdowns and, as a consequence, to increasing medical error
reserved.
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rates. Therefore laboratories have even greater responsibility of control-
ling post-analytical and post–post-analytical processes and offering
solutions that help to reduce medical error rates and improve the effec-
tiveness and timeliness of medical decisions [5].

It was over 40 years ago that Dr George D. Lundberg reported the
implementation of the first formal critical result communication system
in Pathology at the Los Angeles County USC Medical Center. Lundberg
coined the term ‘critical result’ as a laboratory test result representing
a pathophysiologic state so abnormal that it is life-threatening if action
is not taken quickly and for which an effective action is possible [6].
A short list of critical limits (i.e., upper and/or lower thresholds for a
test outside of which a result would be critical) was compiled, and
once a critical result was recognized by a laboratory technologist, it be-
came the responsibility of the laboratory to urgently and personally
communicate it to the physician responsible for the patient. Although
not initially published in a peer-reviewed journal, the critical result sys-
tem gained rapid acceptance [7]. It was widely implemented in a very
short time and soon became a laboratory accreditation requirement
[8–11]. Lundberg claims that the rapid success of his critical result sys-
tem was largely due to the initial critical list only containing limits
that were clearly life threatening [7]. Subsequently, Lundberg proposed
that laboratories should also have a system for communicating impor-
tant (according to his terminology “vital”) but less urgently reportable
results [12].

Since Lundberg's pioneering work and in response to accreditation
requirements, many laboratories have implemented critical result com-
munication systems. Various practices and a number of different termi-
nologies have been described in the literature, while increased attention
to patient safety standards highlighted shortcomings and inefficiencies
in existing communication systems. These failures and variations in
practice triggered a number of national organizations to investigate
their current practices and, based on findings, formulate recommenda-
tions for a more harmonized and systematic approach for notifying cli-
nicians about abnormal test results that need urgent or timely medical
attention. Thesepublishedmultinational surveys and recommendations
provide the backbone of this review. We will discuss in more detail
below what can be learnt from the synthesis of the evidence and how
that information can support global harmonization initiatives in this
area.

The objectives of this review are to 1/create a harmonized
terminology; and 2/reflect on the current status of international prac-
tices. Based on findings of the review of the literature we 3/highlight
key areas where harmonization is necessary and feasible; and 4/offer
a conceptual framework and methods for designing better and more
evidence-based systems for the timely notification of laboratory results
that represent potential patient safety hazards.

2. Need for harmonized terms and definitions

Singh and Vij have made eight very useful practical recommenda-
tions for policies and practices of communicating abnormal test results
[13]. Their first recommendation emphasizes the importance of clear
definitions in order to provide credibility to the policy and to ensure a
common understanding across a broad range of users. For clarity and
harmonization of terminologywe present currently used and published
definitions togetherwith theirmost common alternative synonyms and
our proposed terms (Table 1).

Current patient safety goals require timely communication and
follow-up of abnormal diagnostic test results to avoid medical errors,
adverse events, and liability claims [13]. There is significant confusion
in this area of what type of laboratory tests and results should be
communicated to clinicians and how one should define the various cat-
egories of abnormal test results that need urgent or timely clinical noti-
fication. Due to differing clinical significance and priority, similarly to a
number of authors [12,13],we highlight the importance of clearly differ-
entiating life-threatening critical results from non-life threatening
Please cite this article as: Campbell CA, Horvath AR, Harmonization of criti
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significantly abnormal results. Critical resultsmay signify a pathophysio-
logic state that is potentially life threatening or that could result in
significant patient morbidity or irreversible harm or mortality and
therefore requires urgent medical attention and action [6,10,13–16].
Significantly abnormal results are not life threatening but they require
medical attention and follow up action within a medically justified
timescale, and for which timing is not as crucial as for critical results
(Table 1) [12,13]. We suggest that no terms that refer to ‘values’
(i.e. critical, panic, crisis, alarm value) are used as not all laboratory re-
sults that need notification have quantitative values (e.g. microbiological
cultures or semiquantitative tests are reported as positive or negative).
We also propose that terms such as ‘panic’ or ‘crisis’ or ‘alarm’ are
avoided because they suggest that no systems are in place for managing
such results in a professional manner.

A simple umbrella term for these various categories of notification
priorities would be helpful but no terms in the literature seem to be ap-
propriate so far. The various meanings of the term ‘alert’ may probably
be more suitable as this term describes in the broadest sense the actual
problemand the typical actions that follow. In addition, thisword can be
used as a noun, adjective and verb and provides flexibility in describing
subsequent definitions discussed below. According to various dictionar-
ies the noun ‘alert’ refers to i) a signal that warns of danger; ii) a condi-
tion or period of heightened watchfulness or preparation for action. As
an adjective it means i) vigilantly attentive, watchful; ii) mentally
responsive and perceptive; iii) quick (http://www.thefreedictionary.
com/alert); iv) watchful and prompt to meet danger or emergency; or
v) quick to perceive and act (http://www.merriam-webster.com/
dictionary/alert). As a verb it means to alarm, forewarn, inform, notify,
signal, or warn someone (http://dictionary.reverso.net/english-
synonyms/alert). We propose using the umbrella term of alert results
and in this review we will also refer to this term when we discuss
policies and practices related to both critical and significantly abnormal
laboratory results. We propose retaining the well-embedded terms of
‘critical results’ and ‘significantly abnormal results’, when reference is
specifically made to such scenarios and practices.

Critical test refers to a test that requires rapid communication of the
result to guide further management decisions of medical urgency irre-
spective whether it is normal, significantly abnormal or critical [13] —
e.g. troponin results in all requests from the emergency department,
paracetamol results in suspected overdose cases, hematology and coag-
ulation results in suspected disseminated intravascular coagulation,
xanthochromia results in suspected subarachnoid hemorrhage, metho-
trexate results to guide the optimal timing of leucovorin rescue, or tests
in cerebrospinal fluid when meningitis is investigated.

Kost and Hale define critical limits as the lower and upper boundary
values of diagnostic test results that represent life-threatening and also
actionable knowledge for clinical therapeutic decisions [17–19]. This
term has many synonyms, such as critical value limit, alarm or alert
limit, critical or alert interval or range, critical decision limit or thresh-
old, etc. (Table 1). Some authors propose the term, ‘action limits’ [16],
but we (would prefer to) believe that all laboratory results requested,
irrespective of their degree of abnormality, will lead to some form of
medical decisions or actions, even if the decision or action is onlywatch-
ful waiting or monitoring. In our view none of these alternative terms
encapsulate the current requirements of achieving better patient safety
goals by notifying not just life-threatening (i.e. critical) but also medi-
cally important, non-life-threatening (i.e. significantly abnormal) re-
sults. Another shortcoming of the current definitions is that they refer
to single critical limits and do not include rapid changes in test results
which could also be critical or significantly abnormal requiring timely
medical intervention. Therefore we propose broadening this term to
alert thresholds which define the upper and/or lower thresholds of a
test result or the magnitude of change in a test result within a critical
or clinically significant time scale beyond which the finding is consid-
ered to be a medical priority warranting urgent or timely action. We
prefer using the word threshold rather than limit as, according to the
cal result management in laboratory medicine, Clin Chim Acta (2013),
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Table 1
Key definitions.

Commonly used term Alternative terms Published term/definition Source Proposed term/definition

Critical result − Critical value
− Panic value
− Crisis value
− Critical alarm
− Alarm value

A critical (or panic) laboratory value is a laboratory test result that represents
a pathophysiologic state at such variance with normal as to be life-threatening
if an action is not taken quickly and for which an effective action is possible.

[6] Critical result: A test result which may signify a pathophysiological state that is
potentially life threatening or that could result in significant patient morbidity
or irreversible harm or mortality and therefore requires urgent medical
attention and action.Critical result: Any result or finding that may be considered life threatening or

that could result in severe morbidity and require urgent or emergent clinical attention
[13]

A critical test result is defined as those values or interpretations that, if left
untreated, could be life threatening or place the patient at serious risk.

[14]

Critical test results: any values/interpretations for which delays in reporting can
result in serious adverse outcomes for patients.

[15]

Alert or critical values are those results that may require rapid clinical attention
to avert significant patient morbidity or mortality.

[10]

Markedly abnormal laboratory test result: a result that may signify a pathophysiological
state that may be life-threatening or of immediate clinical significance and that
requires urgent action.

[16]

Significantly
abnormal
result

− Vital result
− Life-altering result
− Alert value
− Markedly abnormal

result of medical significance

A vital value is a laboratory result just as important as a critical value, but one
for which timing is not as crucial.

[12] Significantly abnormal result: A test result that is not life threatening but that
requires a timely medical attention and follow-up action within a medically
justified timescale.Significantly abnormal result: No-emergen , non-life-threatening results that need

attention and follow-up action as soon as possible, but for which timing
is not as crucial as critical results.

[13]

Critical test Critical test: Tests that require rapid communication of results, whether normal,
abnormal, or critical

[13] Critical test: A test that requires rapid communication of the result irrespective
whether it is normal, significantly abnormal or critical.

Critical limit − Critical value limit
− Alarm limit
− Alert limit
− Action limit
− Critical or alert interval or range
− Critical decision limit

or threshold

Critical limits define the lower and upper boundary values of diagnostic test results
that represent life-threatening and also actionable knowledge for clinical therapeutic
decisions.

[17] Alert thresholds: The upper and/or lower threshold of a test result or the
magnitude of change in a test result within a critical or clinically significant
time scale beyond which the finding is considered to be a medical priority
warranting urgent or timely action.Critical limits reflect medical thresholds for emergency patient evaluation and

optimization decision points for critical care
[17]

Critical or alert limits are the values of laboratory measurements that are regarded
as requiring urgent clinical attention and should be communicated to a clinician urgently.

[19]

Critical list Alert list: A list of laboratory tests, including critical tests and non-critical
tests with alert thresholds for critical and/or significantly abnormal results
that reflect an agreed policy between laboratory and clinical staff for rapid
communicationwithin a pre-specified time frame and according to a procedure.
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Table 2
National surveys on critical result management practices.

Procedures National surveys

US 2002 [22]
(n = 623)

US 2008 [23]
(n = 121)

US 2008 [24]
(n = 731)

Italy 2010 [25] (n = 90) Spain 2010 [26]
(n = 157)

Thailand 2010 [27]
(n = 242)

Australia 2012 [28]
(n = 58)

China 2013 [29]
(n = 599)

Source of critical thresholds
Literature 57% 48% 59%
Consultation with clinicians 73% 21% 10% 41% 13%

When notification is not required?
Result similar to previous 12% 36% 80% b30%

Identification of critical results
Retest sample to confirm result All results — 56% Private — 100% N85%

Some results — 31% Govt — 100%
Mode of notification
Telephone 99% 89% 91% Private — 89% Inpatients — 96% 95%

Govt — 94% Outpatients — 92%
Fax 30% 9% 17% Private — 4% Inpatients — 40%a 0%

Govt — 1% Outpatients — 60%a

Computer 18% 6% Private — 30% EMRb alert — 4%
Govt — 20%

Who should deliver critical results?
Laboratory technician Inpatients — 91% 99% 91% 11% Scientist or

pathologist — 87%
~ who performed test — 67% N90%

Outpatients — 77%
Section head Inpatients — 3% 67%

Outpatients — 4%
Laboratory manager/director 8% 69%
Doctor on call/duty 14% 29%
Call center 10% 18% 0% 2%

Who should receive critical results?
Requesting physician or physician
caring for patient

Inpatients — 9% 93% 75% Inpatients — 37% 87% 96% 95%
Outpatients — 17% Outpatients — 80%

Physician on call Inpatients — 4% Inpatients — 18%
Outpatients — 7%

Nurse Inpatients — 56% 91% 62% Inpatients — 29% 3% 75%c 0%
Outpatients — 35%

Timeliness of reporting
Delivery within set time limits 61%c 38% 54%

Acknowledgement of receipt of result
Read back of result 91% 62% Private — 81% 46%

Govt — 72%
Recording result notification
Requirement to record result notification 99% 58% Private — 65%

Govt — 74%

n: number of laboratories participating in the survey
a Mode of transmission — by fax or email
b EMR — electronic medical record system
c Timeframe approved by clinicians within last 12 months
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Oxford Dictionary, threshold refers to the “magnitude or intensity that
must be exceeded for a certain reaction, phenomenon, result or condi-
tion to be manifested” (http://oxforddictionaries.com/definition/
english/threshold). This generic definition encapsulates the impact on
test results and the consequences in patient’s condition once a threshold
is exceeded. In the same dictionary, threshold level is defined as
“the level at which one starts to feel or react to something”. Again, we
find that this definition covers both how the patient may be affected
and how the laboratory personnel and clinician should react when
alert threshold levels of certain laboratory tests are reached or passed.
Different alert thresholds applicable to critical and significantly abnor-
mal results and for different clinical scenarios and settings, as well as
allocating different priorities and timescales to their communication
will be discussed in later chapters.

In the same vein, we propose the use of the broader term of alert list
to replace the term of critical list. In the context of laboratory medicine,
alert list refers to a list of laboratory tests, including critical and non-
critical tests with alert thresholds for critical and/or significantly abnor-
mal results that reflect an agreed policy between laboratory and clinical
staff for rapid communication within a pre-specified time frame and
according to a procedure.

3. Need for harmonized policies and procedures

As mentioned earlier, international accreditation and patient safety
standards require pathology laboratories to have a system for the timely
and reliable communication of alert results to clinical personnel respon-
sible for patient care [8–11]. Such systems should address the following
issues:

- who should define alert lists;
- what should be defined in alert lists;
- how alert results are verified;
Fig. 1. Laboratory tests considered important in p

Please cite this article as: Campbell CA, Horvath AR, Harmonization of criti
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- what is the timeframe of communication;
- what communication channels are used for delivering alert results;
- who should deliver and receive the results;
- how is receipt of the results acknowledged;
- what communication details need to be recorded;
- what escalation procedures are in place when communication is
unsuccessful;

- how to assess performance and impact on patient outcome and
safety?

Two paragraphs of themost commonly used accreditation standard,
ISO 15189 indicate that “the laboratory shall have procedures for the
immediate notification of a physician (or other clinical personnel re-
sponsible for patient care)when examination results for critical proper-
ties fall within established ‘alert’ or ‘critical’ intervals; and that the
laboratory shall determine its critical properties and the ‘alert’/’critical’
intervals in agreement with the users of the laboratory” [8]. By defini-
tion, the ISO standards are usually brief and nonspecific and leave
much room for interpretations. Some countries therefore developed ex-
planatory notes or guidance documents to the ISO 15189 accreditation
standard. Under the umbrella of the European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM) we have surveyed 38
European countries in order to find out if they had any specific inter-
pretations of the abovementioned two paragraphs in the standards.
Out of 29 respondents (response rate 76%) only three countries,
Hungary, Israel and the UK reported the availability of such addition-
al guidance. It comes by no surprise then that national surveys run in
various countries have shown significant inconsistencies and varia-
tions in alert thresholds defined by laboratories and in alert result
notification practices [19–29]. Table 2 summarizes published survey
findings of various management approaches and point to significant
heterogeneity in practice both within and between countries
[22–29].
ublished surveys to be included in alert lists.

cal result management in laboratory medicine, Clin Chim Acta (2013),
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Table 3
Most common biochemistry tests on adult alert lists in published surveys.

Laboratory test US 2002 [22]
(n = 623)

UK 2003 [19] (n = 87) US 2007 [21]
(n = 163)

Spain 2010 [26] (n = 36) Australia 2012 [28]
(n = 36)a

China 2013 [29]
(n = 246b, n = 599c)

Phone to ward Phone to doctor Outpatients Hospitalized Emergency Inpatients Outpatients

Glucose (blood) 58% 62% 60% 72% 58% 100% ≈60% ≈90% ≈70%
Potassium 49% 63% 63% 99% 75% 58% 100% ≈65% ≈95% ≈70%
Sodium 43% 63% 63% 98% 75% 58% 97% ≈60% ≈90% ≈70%
Digoxin 44% 93%
Lithium 40% 75% 92%
Magnesium 9% 35% 30% 82% 88%
Carbamazepine 26% 85%
Phenytoin 35% 83%
Amylase 39% 42% 22% 75%
ALT 31% 73%
Theophylline 24% 70%
Bicarbonate 83% 17% 10% 84% 68%
Creatinine 61% 28% 53% 61% 47% 67% ≈40% ≈60% ≈45%
Phenobarbitone 21% 67%
Troponin T 67% ≈5% ≈10% ≈5%
Salicylate 65%
Arterial pH 46% 56% 64% ≈70% ≈90% ≈65%
CK (total) 64%
Phosphate 58% 64% 39% 25% 64%
Calcium (corrected) 37% 37% 63%
Calcium (total) 83% 33% 33% 98% 72% 58% 62% ≈60% ≈85% ≈65%
Paracetamol 62%
Arterial pCO2 45% 56% 58% ≈65% ≈80% ≈60%
Lactate 86% 54%
Urea 86% 41% 58% 39% 53% ≈40% ≈60% ≈45%
Troponin I 49% 53% ≈20% ≈25% ≈20%
Arterial pO2 56% 48% ≈65% ≈80% ≈60%
AST 33% 41%
Ammonia 46% 41%
Calcium (ionized) 17% 41%
Glucose (CSF) 64% 30%
CRP 29%
Osmolality 86% 29%
Triglyceride 29%
Bilirubin 85% 25%

Frequency (Australia 2012) = No. of laboratories that provided alert thresholds × 100% / No. of laboratories that perform that test.
Frequency (all other surveys) = No. of laboratories that provided alert thresholds × 100% / No. of laboratories that participated in survey.
n = number of laboratories participating in the survey.
≈: approximately equal to (NB: the Chinese survey did not provide raw data; therefore percentages could only be approximated from Figures).

a Out of 58 survey participants, 36 laboratories provided alert lists. Responses from laboratories within a large public or private pathology network, if they used the same alert list, were
included only once.

b Blood gas questionnaires.
c Chemistry questionnaires.
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3.1. Who should define alert lists?

Communication of critical and significantly abnormal results should
represent a shared policy between the laboratory andmedical care pro-
viders. In spite of the mentioned requirements in ISO 15189, in most
countries laboratory professionals are still often the sole stakeholders
in determining which tests and what alert thresholds should be on
their list. Consultation with clinicians in compiling alert lists was
shown to be more widespread in the United States (USA) [22]. Alert
lists are often defined solely on empirical, anecdotal, and commercial
basis, or based on guideline or other literature sources. For a selection
of common tests, one third of laboratories surveyed in the USA used
published literature as the primary source for their alert thresholds,
while another third used non-laboratory medical staff recommenda-
tions [21]. An Italian national survey revealed that 57% of laboratories
used data from the literature to compile their alert lists, 37% adopted
the recommendations published by Italian laboratory medical societies
[30], and 21% based their alert thresholds on opinions from clinicians at
their institutions [25]. According to anAustralian survey, resources used
by laboratories to compile their alert lists include the laboratories' pro-
fessional experience (62%), published literature (59%), international
guidelines (41%), and consultation with doctors (41%) [28]. A survey
conducted in Spain found that 52% of laboratories used their own data
Please cite this article as: Campbell CA, Horvath AR, Harmonization of criti
http://dx.doi.org/10.1016/j.cca.2013.11.004
to establish their alert thresholds, 48% used the literature, and only
10% formed consensuswith clinicians [26]. Similarly low clinical consul-
tation rates (13%) were found in the most recently published Chinese
survey [29]. Don-Wauchope and Chetty surveyed 115 physicians from
two Canadian hospital corporations to assess the appropriateness of
11 alert thresholds in use by the laboratory. It was found that 7 thresh-
olds did not meet the expected level of acceptance and thus required
review [31]. This again highlights the importance of consultation with
clinician groups when laboratories assemble their alert list.

3.2. What should be defined in alert lists?

A key area of debate and confusion is which laboratory tests should
be included in alert lists and what alert thresholds should trigger notifi-
cation. National surveys point to significant disparities (Fig. 1, Tables
3–5). Fig. 1 summarizes the frequency of tests for which published sur-
veys collected alert threshold data, suggesting that these are the most
likely tests that are expected to be included in most clinical biochemis-
try laboratories' lists. Table 3 shows the frequency of themost common
biochemistry tests that laboratories reported in various surveys on
adult alert thresholds. These data demonstrate the level of heterogene-
ity in judging which common biochemistry tests should be on the
laboratory's alert list. Frequencies in Table 3 are not directly comparable
cal result management in laboratory medicine, Clin Chim Acta (2013),
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Table 4
Range of lower alert thresholds of common biochemistry tests in published surveys.

Analyte Units US 2002 [22]
Median (p10–p90)

UK 2003 [19]
Mean (range)

US 2007 [21]
Median (p5–p95)

Italy 2010 [25]
Median (p5–p95)

Spain 2010 [26] Outpatients
Median (p10–p90)

Thailand 2010 [27]
Mean (±SD)

Australia 2012 [28]
Median (range)

China 2013 [29]
Median (p5–p95)

Sodium mmol/L 120 (110–125) 122 (110–130) – 120 (110–130) 120 (115–129) 121 (±7.3) 125 (120–130) 120 (110–125)
Potassium mmol/L 2.8 (2.5–3.0) 2.7 (2.0–3.0) 2.9 (2.5–3.1) 2.8 (2.0–3.0) 2.8 (2.5–3.0) 2.6 (±0.4) 2.8 (2.2–3.0) 2.8 (2.5–3.0)
Bicarbonate mmol/L 10 (10–15) 12 (5–18) – – – 11 (±3.0) 15 (10–18) –

Urea mmol/L – – – – – 4 (±5.7) – 1.2 (0.2–2.0)
Creatinine umol/L – – – – – 16 (±8.8) – 27 (10–43)
Glucose mmol/L 2.20 (2.20–2.75) 2.4 (1.5–3.4) – – 2.50 (1.74–2.78) 2.58 (±0.48) 2.5 (1.5–3.0) 2.5 (2.1–3.0)
Calcium (total) mmol/L 1.50 (1.50–1.75) 1.75 (1.5–2.0) 1.53 (1.50–1.78) 1.7 (1.4–2.1) 1.65 (1.50–1.86) 1.59 (±0.13) 1.78 (1.50–2.10) 1.60 (1.50–1.75)
Magnesium mmol/L 0.49 (0.39–0.57) 0.48 (0.30–0.70) 0.40 (0.35–0.55) 0.50 (0.41–0.80) – 0.46 (±0.22) 0.4 (0.2–0.6) –

Phosphate mmol/L 0.32 (0.32–0.65) 0.39 (0.30–0.60) – – 0.32 (0.32–0.57) 0.38 (±0.13) 0.4 (0.3–0.6) –

Table 5
Range of upper alert thresholds of common biochemistry tests in published surveys.

Analyte Units US 2002 [22]
Median (p10–p90)

UK 2003 [19]
Mean (range)

US 2007 [21]
Median (p5–p95)

Italy 2010 [25]
Median (p5–p95)

Spain 2010 [26] Outpatients
Median (p10–p90)

Thailand 2010 [27]
Mean (±SD)

Australia 2012 [28]
Median (range)

China 2013 [29]
Median (p5–p95)

Sodium mmol/L 160 (150–170) 154 (147–170) – 160 (150–160) 160 (150–162) 158 (±11.3) 155 (150–160) 160 (150–170)
Potassium mmol/L 6.2 (6.0–6.5) 6.1 (5.5–7.0) 6.0 (5.9–6.5) 6.2 (5.5–7.1) 6.3 (6.0–7.7) 6.4 (±1.0) 6.0 (5.4–6.9) 6.2 (5.8–7.0)
Bicarbonate mmol/L 40 (40–45) 39 (35–50) – – – 39 (±1.7) 40 (40–45) –

Urea mmol/L 29 (18–36) 26 (15–50) – – 61 (18–87) 31 (±13.3) 30 (12–45) 35.7 (20.0–37.8)
Creatinine umol/L 442 (265–884) 419 (200–1800) – – 442 (264–654) 670 (±407) 300 (180–618) 650 (442–1000)
Glucose mmol/L 24.8 (16.50–38.50) 21.8 (10–50) – – 22.2 (16.7–27.8) 23.9 (±5.8) 20.0 (8.0–30.0) 22.2 (15.0–30.0)
Calcium (total) mmol/L 3.25 (3.00–3.50) 3.1 (2.8–3.5) 3.25 (3.00–3.50) 3.2 (2.7–3.5) 3.25 (2.96–3.50) 3.29 (±0.37) 3.00 (2.60–3.50) 3.50 (3.00–3.55)
Magnesium mmol/L 1.91 (1.23–2.50) 1.83 (1.10–3.50) 2.05 (1.25–2.90) 2.00 (0.93–2.90) – 2.11 (±0.53) 2.0 (1.4–4.0) –

Phosphate mmol/L 2.58 (1.78–3.23) – – – 2.87 (1.95–2.91) 2.81 (±0.56) 3.0 (2.5–4.0) –

Amylase U/L – 344 (70–1500) – – 375 (130–1000) – 350 (90–1000) –

p: percentile.
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Table 6
Conditional alert lists.

Analyte Units Salt Lake City, USA [44] Massachusetts, USA [15] Royal College of
Pathologists,
UK [16]

Low limit High limit Always phone within 1 h Phone within 1 h first instance,
and within 8 h thereafter

Phone within 8 h first
instance only.

Sodium mmol/L b120 (or fallen by N15 in
previous 24 h and b130)

N155 b120 or N160 b120 or N150

Potassium mmol/L b2.7 (or fallen by N1.0 in
previous 24 h and b3.2; or
patient on digoxin and b3.3)

N6.0 b2.8 or N6.0 b2.5 or N6.5

Bicarbonate mmol/L b15: with urea N 50;
b18: with urea b 50 or no
urea ordered;
b25: and bicarbonate fallen
by ≥10 in 24 h

b10 10–15 N38 N30 (N10 if b16 yr)

Creatinine umol/L N354 N400 (N200 if b16 yr)
Glucose mmol/L b2.5 N27.8 b2.78 or N22.20 b2.5 or N25.0
Calcium (total) mmol/L b1.75 or N3.25
Magnesium mmol/L b0.41 or N2.06 b0.4
Phosphate mmol/L b0.32 b0.3
Amylase U/L N500 5 × upper limit of

normal
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due to differing designs of each survey and whether they addressed
hospital inpatient or general practice patient settings. Data from Spain
illustrate that laboratories have differing policies for phoning critical re-
sults for inpatientwards,where such results aremore expected, than for
outpatient settings where critical results are less common and might
need to trigger urgent referral to hospital [26]. Findings of the Chinese
survey, however, highlight somewhat differing practices of more fre-
quent notifications of hospital wards than outpatient clinics [29]. This
may be explained by the difficulties in the logistics of managing critical
outpatient communications, rather than by real clinical needs. These
variations may be attributed, in part, to differences in the patient popu-
lations and clinical settings that laboratories serve, aswell as differences
in the test methodologies they employ [32]. However, the lack of
published evidence-based clinical outcome data for all but a handful of
laboratory medicine tests is probably the main contributor to the dis-
parity in critical list composition between laboratories [22,31,33].
Irrespectively, one would imagine that at least certain tests, such as
sodium, potassium, glucose, and calcium would be on all laboratories'
alert list since these are parameters where we have fairly firm under-
standing of pathophysiology and some evidence from guidelines and
outcome studies showing the association of analyte concentrations
with critical pathological responses [17,34–36]. For example, while
blood glucose is included in all Australian laboratories' alert list, in
other countries it is only on the list in 60–70% of survey participants.
Similarly, except for Australia and the USA, only 60–75% of surveyed
laboratories in other countries seem too provide alert thresholds and
notification protocols for potassium.

Critical tests that are always reported regardless of the result
are rarely defined and most national surveys have not addressed this
question in sufficient detail to draw meaningful conclusions. In many
institutions, alert lists are extended to include significantly abnormal
or medically important results that are not particularly time sensitive
[33,37]. Some authors recommendmore customized approacheswhere-
by laboratory professionals review and assess the need for notifying
alert results based on requester characteristics, patient location,medical
history, previous results, laboratory result patterns, reflex testing
algorithms, etc. [17,38–40]. Alert lists that are too inclusive can greatly
increase the number of telephone calls, which desensitizes medical
staff to truly critical results requiring immediate action as well as placing
unnecessary burden on laboratory staff [15,32,37]. On the other hand,
lists that are too exclusive (or have thresholds that are too high or low)
may lead to life threatening situations not being attended to [32,37].

Another area of contention is the selection of alert thresholds.
The guiding principle for deciding alert thresholds should be that they
represent clinical decision thresholds that trigger appropriate actions
Please cite this article as: Campbell CA, Horvath AR, Harmonization of criti
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in order to prevent harm and improve patient outcomes [28]. Tables 4
and 5 show the adult median and range of the lower and upper alert
thresholds for critical results of commonly used tests reported in
surveys. While median values show fairly good agreement across the
globe, the range of results in those surveys highlights sometimes sub-
stantial variations between laboratories. Alert lists can become quite
complex and may include differing thresholds for critical and signifi-
cantly abnormal results. Age, sex or other patient characteristics related
to the condition or treatment, casemix and healthcare settingsmay also
influence the selection of thresholds for notification.

Extensive data from various US national surveys reveals that adult
and children's hospitals chose different alert threshold levels [41]. A
comparison of the thresholds used for urea, creatinine, platelets and
prothrombin time suggests that children's hospitals are more conserva-
tive in their surveillance of renal and hemostasis problems. However,
non-specialized hospital laboratories rarely use age related alert thresh-
oldswith the exception of newborns, where the first 28 days of life sees
dramatic and rapid physiological changes in the respiratory, cardiovas-
cular, hepatic, hematological and renal systems [41,42]. A US survey re-
vealed that 67% of laboratories used unique thresholds for populations
distinguished by age, 16% for health care setting, and 10% for disease
type. No laboratories reported unique thresholds for ethnicity [21]. In
the Australian survey, 97% and 81% of laboratories have thresholds for
critical and significantly abnormal results, respectively. Some laborato-
ries reported different policies for outpatients (21%), tests performed
out-of-hours (27%), physicians external to their institution (8%), and
tests performed on behalf of referral laboratories (4%) [28]. The
Royal College of Pathologists in the UK has issued a master list of alert
thresholds for out of hours reporting to general practitioners in which
it also used some age-dependent thresholds (Table 6) [16].

As highlighted in the definitions section, rapid changes in laboratory
results might also indicate life threatening situations, which could go
unattended if critical result reporting is performed solely on the basis
of critical limits. For instance, overzealous correction of hyponatremia
can cause central pontine myelinolysis, an irreversible neurological
condition with grave consequences for patients [43]. Thus alert
lists should contain rules to help laboratory staff identify significant
changes in results that need clinical notification. Previous research
based on patient's laboratory results at a hospital in Salt Lake City iden-
tified 60 potentially life-threatening conditions. Due to their medical
implications and relative high frequency, a subset of these conditions
was selected and evaluated by six experts in surgery, cardiology, inter-
nal medicine and critical care. Criteria for alerting to these situations,
including dangerously rapid changes in test results (Table 6), were
programmed into an electronic laboratory alert system [44].
cal result management in laboratory medicine, Clin Chim Acta (2013),
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Policies and practices are inconsistent about the needs for communi-
cating repeatedly critical results. The Joint Commission (a health care or-
ganization accrediting body in the USA) allows critical results to be
defined differently for patientswith a particular diagnosis and for repeat
tests [45]. There is disparity in various surveys in repeated communica-
tion of critical results, once the laboratory has notified the first occur-
rence of such results (Table 2). More laboratories in Australia seem to
have policies of not reporting subsequent critical results than in any
other country surveys [28]. As mentioned earlier, laboratories should
try to limit the frequency of repeat calls to avoid alert fatigue and unnec-
essary distraction of clinical staff. The Massachusetts consensus group
also recommended that laboratories reduce the number of notifications
where the patient's condition is known by considering the amount,
timeframe and direction in which the result has changed as well as
the medical history of the patient [15]. A recent retrospective study in
a large tertiary hospital in China investigated the relationship between
the frequency of repeat critical results for potassium and platelet
count and clinical outcomes. This study found that increased frequen-
cies of repeat critical results were associated with longer hospital stay
and increased mortality rate [46]. Therefore, laboratories are advised
to design repeat alert result policies and include not only critical and
non-critical tests and their thresholds on their alert list but also instruc-
tions for the frequency of notification of repeat alert results. Policies on
repeated communications should be developed only after careful risk
analysis and in agreement with clinicians to ensure that they have ap-
propriate procedures in place at their level for handover of information
to shift staff and for careful monitoring and treatment of patients in
persistently critical conditions [32,46].
3.3. How alert results are verified?

Re-testing to verify critical results before reporting is still quite
common practice, although with lesser frequency in the USA
(Table 2) [23]. Most of these verification practices date back to
times when laboratories used less sophisticated automated systems.
Recent studies have shown that repeating measurements add little
to the safety of patients. Analytical error rates by repeat testing are
only in the range of 2–3%, but repeat verifications have been shown
to delay rapid release of critical results which calls for a reconsider-
ation of such practices [47,48].
3.4. What is the timeframe of communication?

A critical result communication consensus group in Massachusetts
Hospitals recommended that alert lists are segmented into three levels
of urgency: a red zonewhere the patient is in imminent danger of death
unless treated immediately,with results to benotifiedwithin 1 h; an or-
ange zone where prompt clinical attention is required to avoid serious
adverse outcomes, with results to be notified within 6 to 8 h; and a
yellow zone where serious adverse consequences may occur without
treatment in a timely and reliable manner, with results to be notified
within 3 days [15]. This segmentation allows laboratory staff to quickly
and efficiently deliver urgent red zone results to the clinicians (as long
as the red zone tests are kept to a small number), and later dealwith de-
livery of the less urgent results (that may otherwise slip through the
cracks). According to survey findings in Table 2, the timeframe within
which alert results need to be communicated is defined in approximately
half of the laboratories onlywhich suggests thatmost laboratories do not
have such prioritization of alert results and even when critical results
are notified there might be significant delays. Delayed communication
and the lack of appropriate monitoring of the effectiveness of critical
result notification procedures were also highlighted in the previously
mentioned WHO, National Quality Forum and the Clinical Excellence
Commission reports [1,3,4].
Please cite this article as: Campbell CA, Horvath AR, Harmonization of criti
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3.5. What communication channels are used for delivering alert results?

In spite of the wide-spread use of electronic patient records and
laboratory information systems, national surveys reveal that most
countries still use traditional telephone communications for delivering
critical results (Table 2). However, there is an increasing interest in au-
tomated alternatives. A 12-month study in an Italian teaching hospital
revealed that the average time for acknowledged computerized critical
result notification (SMS to referring physician plus video alert to order-
ing clinician) was 11 min compared to 30 min for verbal notification by
telephone [49]. A 1000 bed academic medical center in Nashville
Tennessee introduced an electronic ALERTS system using alphanumeric
pagers which eliminated approximately 9000 phone calls a year for lab-
oratory technologists, with a small number of phone calls required for
telephone operators where pagers were not acknowledged within
10 min [50]. A recent meta-analysis has shown that call centers deliver
critical results more efficiently than laboratory personnel [51]. Survey
summaries however indicate that such dedicated facilities are rarely
accessible to laboratories in most countries (Table 2). The current
state of information technology in most hospitals is still too rudimenta-
ry to allow the implementation of electronic notification systems with
automated feed-back on receiving alert results. Using call centers in a
carefully designed notification system is therefore still considered a
more viable option than automated e-alerts, which in the longer run,
however, are expected to gain more widespread use [28].

3.6. Who should deliver and receive alert results?

In the majority of national surveys mostly laboratory technicians re-
port critical results except in Italywhere predominantly laboratoryman-
agers, or medically qualified laboratory staff are involved in such
communications [25]. The Clinical Laboratory Improvement Amend-
ments of 1988 (CLIA), of which all United States laboratories must
adhere to in order to access Medicare payments, requires laboratories
to immediately alert the individual requesting the test (and if applicable
the individual responsible for using the test) when the test result
indicates an imminently life-threatening condition [52]. In practice,
attempting to contact a physician can be an arduous and time-
consuming task. In a US survey, 75% of respondent laboratories believed
that outpatient physicians, not returning calls or pagers, was the greatest
obstacle to critical result reporting success [24]. In an Italian survey, 56%
of respondent laboratories considered that the major challenge in their
critical result notification process was reporting the result to the actual
physician assigned to the patient [25]. The ISO 15189 accreditation stan-
dard and the College of American Pathologists laboratory accreditation
inspection checklist deem clinical personnel responsible for patient
care (i.e. physicians or nurses) as suitable recipients of critical results
[8,10]. According to our survey summary, most laboratories deliver
alert results to doctors and nurses and this practice seems fairly homoge-
neous across countries, except for Spain and China where nurses are
much less or not at all involved in such communications (Table 2).

3.7. How is receipt of the results acknowledged?

Read-back of verbal communications of results is a varied practice
across countries (Table 2), even though inappropriate recording of re-
sults is a major potential patient safety hazard. Even when alert results
are communicated electronically, some form of acknowledgement sys-
tem must be put in place. However, receiving acknowledgement of re-
ceipt of a critical result from a clinician should not automatically lead
to the assumption that timely follow-up will occur. A study conducted
at the Veterans Affairs Medical Centre in Texas found that for critical
alerts not followed up clinically within 30 days, there was no significant
difference between the number of alerts that were acknowledged
(within the view alert window of the electronic medical record screen)
and the number of alerts that went unacknowledged [53].
cal result management in laboratory medicine, Clin Chim Acta (2013),
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Table 7
National guidelines for managing critical laboratory results in Europe.

Country Authority/organization Nature of guidance document Method/source Web address (last accessed 30 August 2013)

Croatia Croatian Chamber of
Medical Biochemists

Alert list of laboratory tests and thresholds for
communicating critical results

Alert thresholds adapted from
literature are provided as guidance
to laboratory professionals

www.hkmb.hr/povjerenstva/
strucna-pitanja.html

Italy Intersocietary working
group
SIBioC-SIMeL-CISMEL

Best practice guideline with starter set for alert
list and thresholds for communicating critical results
which laboratories may adapt in consultation with
their clinical users

Officially published consensus
guideline for laboratory
professionals [30]

http://www.sibioc.it/upload/bc/
32/3/lippi.pdf
http://www.simel.it/it/riviste/a
rticolo.php/2349

Poland Polish Society of Laboratory
Diagnostics (PTDL)

Best practice guideline with starter set for alert list
and thresholds for communicating critical results
which laboratories may adapt in consultation with
their clinical users

Expert opinion and literature-based
document open to broad public
commenting by laboratory specialists
in form of a professional web-based blog

http://www.krytyczne.blogspot.com/
http://www.ptdl.pl/download/
Wartosci_krytyczne.pdf

UK Royal College of
Pathologists

Guidelines for out of hours reporting of critical
results to primary care physicians

Officially published consensus guideline
[16]

http://www.rcpath.org/Resources/
RCPath/Migrated%20Resources/
Documents/G/g025_outofhoursreporting_
nov10.pdf
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3.8. What communication details need to be recorded?

It is a requirement of the ISO 15189 accreditation standard
(Subclause 5.8.10) that records are maintained of actions in response
to critical results, with difficulties in meeting these requirements also
recorded and reviewed during audits [8]. Keeping records of alert result
communications enables laboratories to monitor their performance in
delivering such results and thus identify improvements for their man-
agement procedures. Ideally, records should be stored electronically
within a database to allow for statistical analysis of the data. Information
collected within the record should include:

 the identity of the individual who delivered the result,
 the date and time that the communication was made,
 the identity of the recipient of the result,
 the location of the recipient of the result (e.g. hospital ward, general
practice, outpatient clinic)

 the identity of the patient tested,
 the type of sample tested,
 the date and time that the sample was collected,
 the test that was performed, and
 the test result with the unit of measure.

Recording other relevant factors, such as difficulties encountered in
result delivery or whether acknowledgement of receipt was obtained,
provides useful information for auditors of the communication process.
3.9. What escalation procedures are in place when communication
is unsuccessful?

Locating an alternate caregiver who can take responsibility for fol-
lowing up an alert result can be a time consuming task. Laboratories
should implement a step by step procedure to direct staff in identifying
the most appropriate person to receive an alert result when the
requesting doctor is unavailable. A flow chart published by Singh and
Vij is a good example of an escalation procedure for notifying alert
results [13]. In that procedure, laboratory staff attempts to contact the
primary care physician if the ordering doctor is not available. Failing
that, staff should attempt to contact the primary care physician's super-
visor, Chief of Service, then the Medical Center director. Designing
similar escalation procedures depends on local circumstances and the
levels of authority medical teams are willing to delegate to other health
care staff that can responsibly action alert result notifications from the
laboratory.While this is certainly not an area for harmonization, it is ad-
vised that laboratories develop escalation procedures in agreement
with their clinical users.
Please cite this article as: Campbell CA, Horvath AR, Harmonization of criti
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3.10. How to assess performance and impact on patient outcome
and safety?

Performance in the delivery and receipt of critical results should
be monitored to check for compliance and to identify areas where
procedures can be improved [13,19,30]. Useful performance indicators
for measuring laboratory staff compliance to alert result notification
procedures include: i) the percentage of alert results requiring commu-
nication thatwere communicated, ii) the average time taken to commu-
nicate an alert result (from the time the result was first available), and
iii) the percentage of communicated alert results for which acknowl-
edgement was received [10,54]. Alert result notification is a service
the laboratory offers to clinicians to ensure that patients receive urgent
medical treatment when they need it. The effectiveness of this service
can and should bemeasured both from theprocess and clinical outcome
point of view. Parameters of the process that could be improved by
monitoring and review include the appropriateness of the chosen alert
thresholds, setting timeframes in which various types of alert results
should be communicated, determiningwho is best to receive the result,
and identifying the most effective means of communication. The best
way to assess the clinical outcome of the alert result management
system is to monitor the actions taken and the health outcomes of the
patients when such results are delivered.

4. Guidelines to facilitate harmonization of practices

The abovementioned variations in procedures and what tests and
thresholds are included in the alert lists of laboratories call for more
clear guidance and at least some degree of harmonization of best prac-
tice for communicating critical and significantly abnormal results. The
practice variations explored in a number of surveys and the lack of spe-
cific guidance available for laboratories to design their alert result man-
agement policies have led to the appearance of a number of safe practice
recommendations in the literature [13,15,16,30]. Information from 29
European countries who responded to our survey has revealed that 4
countries (Croatia, Italy, Poland and the UK) had some form of officially
endorsednational guideline and/or alert list in 2012 (Table 7). Acknowl-
edging the importance of harmonization for patient safety, in Australia
the Royal College of Pathologists and the Australasian Association of
Clinical Biochemists have formed a working party assigned to identify
gaps in current laboratory practices and produce national guidance for
managing alert results. This group is also working on the provision of
a “starter” set of alert thresholds that individual laboratories can discuss
with their local clinicians and tailor to meet their clinical needs. The
Clinical and Laboratory Standards Institute is currently preparing an in-
ternational guidelinewhich is expected to provide comprehensive guid-
ance and help harmonize critical result management procedures across
cal result management in laboratory medicine, Clin Chim Acta (2013),
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various pathology disciplinesworldwide. Global harmonization ofman-
agement procedures in this field is expected to ensure that all laborato-
rieswill better contribute to patient safety, and to enable benchmarking
of performance that is expected to improve service quality in the post–
post-analytical phase of laboratory processes.

While national and international guidelines aim at standardizing
practice, it must be acknowledged that the “one size fits all” mentality
in communicating alert results would most likely fail. Therefore guide-
lines should remain reasonably flexible to facilitate customized adop-
tion and adherence where local specifics influence the feasibility and
implementability of recommended procedures. Guidelines should aim
at harmonization of practices where patient safety is at highest risk
and in such areas recommendations should be more prescriptive. For
example, somedifferences in practices, such aswhonotifies alert results
to whom and by what mode of transmission, or how repeatedly critical
results are communicated are easily explainable with and much influ-
enced by local, educational, organizational, legal and cultural circum-
stances. Other shortcomings, such as not involving clinicians in the
design of the alert list and procedure, not defining the timeframes of
reporting, not having agreed escalation processes when results cannot
be delivered within predefined timescales, or lack of read-back and
recording of verbally communicated results, are less easy to explain
and accept for patient safety reasons.

5. Methods to facilitate harmonization of alert lists

Laboratories all around the world face difficulties when designing
alert lists, as there is no agreement on what is deemed critical and a
medical emergency. How should laboratories and clinicians decide
what tests and what alert thresholds should be on their alert list? The
answer to this question best starts with identifying an individual
institution's and most importantly patients' needs and requirements.

5.1. How to decide which tests to include in alert list?

Laboratories should extensively consult with their clinical users to
find out what tests they consider critical and what treatment protocols
or referral pathways they have tomanage alert results. Asmentioned in
the very beginning of this article, there is very little benefit in testing
and designing systems for urgent notification of critical or significantly
abnormal results, if such laboratory interventions do not fit into any
clinical pathway or are not followed by appropriatemedical action. Hos-
pital incident records of unexpected fatalities and ‘near miss’ cases,
root-cause analysis reports and findings from risk assessments and pa-
tient safety audits could inform such decisions. Review of the typical
case mix and subspecialties of health care organizations to which the
laboratory provides its services can also guide decisions. Review of
well-described pathophysiological associationswith certain biomarkers
and test results as well as engaging clinical pharmacologists, toxicolo-
gists and infection control committees would grossly help in designing
more relevant and up-to-date alert lists. The benefit of involving various
stakeholders in the planning or updates of alert lists is that these consul-
tations help in implementing a shared policy for alert result notification.
Our summary of multinational surveys presented in Table 3 and Fig. 1
may also help in deciding which biochemistry tests should be on one's
alert list. A largermultinational survey that has been recently conducted
by the task force group of EFLM may shed even more light on the
current state-of-the-art in Europe — so watch this space.

5.2. How to decide which thresholds to include in alert list?

There are currently no criteria for laboratories to refer to in setting
alert thresholds. As discussed earlier, alert thresholds should grossly im-
pact medical decisions and therefore we consider them as clinical deci-
sion limits. In this context they represent “the threshold above which
there is significant morbidity and mortality and above which treatment
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has been shown to significantly improve these patient-centered out-
comes — ‘significant’ meaning important to people's quality of life or
lifespan, rather than statistical significance” (personal communication
by Professor Les Irwig, University of Sydney).

Currently used alert thresholds, including the majority which has
been published in the literature, are typically based on consensus and
personal observations from clinicians and pathologists. Often laborato-
ries do not even have information on the exact source of their alert
thresholds as often these are inherited or had gone through a number
of modifications over years. Before describing the conceptual frame-
work and approaches for establishing alert thresholds, we would like
to emphasize that the minimum requirement from laboratories is that
they explicitly refer to the source of their alert thresholds and record
any consultations and reasoning that justify the selection of those limits.
These records are not only important for traceability but they may also
be called upon in legal cases. It would be also desirable that apart from
the source, the quality of the information behind the alert thresholds is
explicitly stated so that laboratories and clinicians are aware of the
strengths (or weaknesses) of the evidence behind the data. This poten-
tially has an influence on medical decisions, especially when recom-
mended alert thresholds are locally modified and adapted.

A hierarchical model for setting analytical quality specifications was
created by an international consensus in Stockholm in 1999 [55]. Sikaris
has proposed that a similar concept could be designed for ranking the
quality of candidate reference intervals (i.e., healthy result ranges for
laboratory tests) and clinical decision limits (i.e., test result thresholds
beyond which clinical decisions are made for diagnosis or various treat-
ment options) [56]. Since alert thresholds are like clinical decision limits,
we hypothesize that this modified version of the Stockholm hierarchy
would be suitable for classifying the sources of alert thresholds and
thus could assist in designing alert lists in a more evidence-based and
transparent manner. According to Sikaris' concept, the quality of clinical
decision limits can be ranked and based on different levels of evidence:

 Level 1: clinical outcomes in specific clinical settings
 Level 2: consultation with clinicians in local settings
 Level 3: published professional recommendations of national or
international expert bodies

 Level 4: national or international surveys of current practice (i.e. the
‘state-of-the-art’)

 Level 5: individual publications, textbooks, expert opinion.

Ideally, alert thresholds should be based on well-designed and con-
ducted clinical outcome studies (Level 1). If high quality outcome stud-
ies were available for many tests, laboratory professionals could
approach their clinician clients with a more objective and evidence-
based “starter set” of proposed alert thresholds for further consultation
and endorsement. In our view where reasonable quality outcome data
exist for a specific patient population, alert thresholds could and should
be harmonized. It is important to highlight the importance of appropri-
ate translation of such evidence to local practice. Laboratory profes-
sionals therefore must scrutinize and critically appraise such evidence
by asking the following questions:

 Is this outcome study relevant tomy patient population and setting?

Consider prevalence of condition, heath care setting, patient demo-
graphics, comparability of clinical pathways, availability of adequate
treatment and further diagnostic options, etc. If the answer to these
questions is no, then the rest of the below questions should not even
be addressed.

 Is this outcome study well designed and conducted?
 What patient-centered outcomes did this study investigate and are
they relevant to my setting?

 Does this study use laboratory assays for measurement which has
comparable analytical performance to my assay?

 Are the diagnostic or alert thresholds comparable to my assay?
cal result management in laboratory medicine, Clin Chim Acta (2013),
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Are clinical performance characteristics (i.e. diagnostic or prognostic
accuracy) of the published assay comparable tomy assay? (e.g. the diag-
nostic accuracy of 4th generation and ‘high-sensitivity’ Troponin assays
are quite different).

In the lack of suitable outcome data, the best practice that is also rec-
ommended in existing standards and guidelines is to form a consensus
with clinicians on the best course of action, as described earlier (Level
2). Published recommendations of professional organizations, such as
those mentioned earlier (Table 7) and which are available in some
countries represent Level 3 in this hierarchy [13,15,16,30]. In this re-
view, for selected tests, we have also collected all available alert thresh-
old data from multinational surveys which illustrate current practice
(Level 4). The problem is that such surveys represent very different
health care settings and populations. Furthermore, surveys have re-
vealed thatmost laboratories use thresholds or their modifications pub-
lished by single experts or in textbooks many decades ago (i.e. Level 5
evidence) and summary data from global surveys simply reflect that
practice and evidence level. Thus according to the current state of affairs
Level 4 evidence is probably not any better than Level 5 on the above
hierarchy. Therefore it is not unreasonable to presume that the “state-
of-the-art” is already distorted and it is neither transparent where the
information came from nor is it based on any evidence or clinical obser-
vation which would link alert thresholds to pathophysiologic changes
or adverse patient events.

Alert result notificationmust be a shared policy and responsibility of
laboratory and clinical staff. Harmonization of some practices is neces-
sary, but cannot be achieved for all aspects of alert result communica-
tions. Laboratory professionals should be engaged more proactively in
clinical consultations about the needs of clinicians and patients and
should be measuring quality indicators and perform clinical audits to
monitor the clinical and cost-effectiveness of their alert communication
system. The information gathered this way will help refine alert lists
and communication policies and will contribute to safer and higher
quality patient care.
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