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Abstract
Background: Accurate and timely clinical laboratory critical values notification are 
crucial steps in supporting effective clinical decision making, thereby improving pa‐
tient safety.
Methods: A closed‐loop laboratory critical value notification system was developed 
by a multidisciplinary team of clinicians, laboratorians, administrators, and informa‐
tion technology experts. All the laboratory critical values that occurred at Beijing 
Tsinghua Changgung Hospital (BTCH, Beijing, China) from 2015 to 2019 were ana‐
lyzed and studied retrospectively.
Results: The total number (ratio) of institutional laboratory critical values to all re‐
ported items at BTCH from 2015 to 2019 was 38 020/7 706 962 (0.49%). Percentage 
distribution points of critical value boundaries based on patients’ test reports are 
0.007% ~ 6.04% for low boundaries and 71.70% ~ 99.99% for high boundaries. 
After the intervention, the timely notification ratio, notification receipt ratio, and 
timely notification receipt ratio of critical values of ED, IPD, and total patients had 
increased, with a significant difference (P < .001). Five quality indicators, such as no‐
tification ratio, timely notification ratio, notification receipt ratio, timely notification 
receipt ratio, and clinician response ratio over a 5‐year period, were 100%, 94%, 97%, 
92%, and 99%, respectively.
Conclusions: We enhanced the effectiveness of clinical laboratory critical values 
initiative notification by implementing a closed‐loop system and intervening. Clinical 
critical values and quality indicators should be analyzed and monitored to avoid ad‐
versely affecting patient care.
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1  | INTRODUC TION

There has been increased concern about issues involved with en‐
hancing the effectiveness of clinical laboratory critical values notifi‐
cation since the publication of a report entitled “When to panic over 
abnormal values” by George Lundberg in the 1970s.1 Laboratory 
critical values present a pathophysiological 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.2 Critical values are 
needed to be proactively identified and reported timely and accu‐
rately so as to support effective clinical decision‐making based on 
the test results.3,4 The effectiveness of clinical laboratory critical 
values notification will directly be related with the safety of patients 
and affect the satisfaction of customers to laboratory service.2 
Meanwhile, accreditation institutions, such as ISO 15189, College 
of American Pathologists (CAP), and Joint Commission International 
(JCI), established the mandatory requirement for laboratory critical 
values management, including the identification, notification, han‐
dling, documentation, auditing, and quality indicators monitoring of 
laboratory critical values.5,6

A growing number of publications have addressed the reporting 
of critical values.3,7‐12 A CAP‐sponsored study of 121 institutions 
determined that it takes a total of 7 minutes for technician to notify 
clinicians about a critical result once testing was complete.13 It took 
up a lot of time reporting thousands of critical values by laborato‐
ries each year. On the other hand, a CAP Q‐Probes study in 623 
institutions showed that about 5% of critical value telephone calls 
were abandoned, with the largest percentage abandoned for outpa‐
tients.14 There were some problems with the effectiveness of critical 
value notifications.

The typical processes of laboratory critical value notification 
are as follows. A laboratory critical value is (a) first perceived by a 
technician in the laboratory, (b) then reported by the technician to 
clinicians or nurses in time, (c) then the notification transferred and 
received by the clinician, (d) then clinician response is made for the 
patient, and (e) documentation of the response is recorded in the 
patient's electronic medical record (EMR). A closed‐loop laboratory 
critical value notification system was developed based on the above 
five steps, and quality indicators were designed to monitor the noti‐
fication process of laboratory critical values. A 5‐year retrospective 
observational study about laboratory critical values was introduced.

2  | MATERIAL S AND METHODS

2.1 | Setting

All clinical laboratory critical values that occurred in the emergency 
department (ED), inpatient department (IPD), and outpatient de‐
partment (OPD) of a 1000‐bed tertiary hospital at Beijing Tsinghua 
Changgung Hospital (BTCH, Beijing, China) were documented and 
analyzed retrospectively from January 2015 through June 2019. 
These included all critical values for hematology, coagulation, clini‐
cal chemistry, and microbiology testing. A closed‐loop laboratory 

critical value notification system combined with mobile phone short 
message and phone call was developed by a multidisciplinary team 
of clinicians, laboratorians, administrators, and information technol‐
ogy experts. As we previously reported, the system was applied to 
the clinic since 2015 throughout the entire hospital.15,16

2.2 | Establishing a critical value list

Laboratory items to be notified with critical values were selected 
by laboratory director in discussion with the clinicians who use 
laboratory services, referring to relevant literature.13,14,17‐21 
Considering the needs of special patients, such as cardiac surgery 
patients, critical test (high‐sensitivity troponin T), and its thresh‐
olds were also added into the critical value list.22 Critical value 
thresholds were set by consideration of relevant patient charac‐
teristics, clinical conditions, and the needs of clinicians to meet 
the special requirements of different patients for critical value 
boundaries.3,18 And critical value boundaries were evaluated by 
calculating the percentage distribution points of the critical value 
boundaries based on the patients' data distribution. All the critical 
items and thresholds were implemented in hospital since January 
2015 and modified through the annual discussion meeting with cli‐
nicians (as shown in Table 1).

2.3 | Intervention introduced (September 2015): 
Established quality control circle to improve the 
effectiveness of critical notification

Quality control circle (QCC) was established by a multidisciplinary 
team of laboratorians, nurses, and information technology experts to 
enhance the effectiveness of critical values notification. Three quality 
improvement strategies derived from the QCC implemented in hospital 
since September 2015, including (a) establish critical value notification 
policy and conduct employee education and assessment, (b) optimize 
the laboratory critical value notification system to display a pop‐up win‐
dow to alert the technician when the critical values are generated, and 
(c) set up five quality indicators to monitor the whole process of critical 
values notification.

2.4 | Design of laboratory critical value notification 
system and implementation of closed‐
loop management

The flowchart of laboratory critical values notification is shown in 
Figure 1.

The initial step involves critical values are perceived, verified, 
and then reported to clinical caregivers by technician within a cer‐
tain time frame.19,20 When a measured value triggers its critical value 
boundaries, the report will change color and a pop‐up window will 
show up in the laboratory information system (LIS) to remind the 
technician of the generation of critical value. The critical value will be 
verified before reporting to clinicians, including rechecking the spec‐
imen, repeating test,23 or contacting with clinicians for confirmation. 
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The time frame criterion of notifying clinical caregivers of the critical 
values by a technician is 30 minutes for ED patients and 60 minutes 
for OPD and IPD patients. Two quality indicators, notification ratio 
(number of critical values notified by technician/total number of crit‐
ical values required to notify × 100%) and timely notification ratio 
(number of critical values notified by technician within a certain time 
frame/total number of critical values required to notify × 100%), are 
used to monitor whether the critical value is reported and whether it 
was reported within the required time limits, respectively.

Critical values are received by clinical caregivers and docu‐
mented within a certain time frame. A locked screen will show on 
the caregivers’ computers when the message of critical values is 
received. The caregivers (usually primary nurses or clinicians) are 
required to document the acknowledgment of receipt of receiving 
notifications and input their employee card number and password 
to unlock the screen in time. Once done, the receipt message will 
transfer back to LIS. Meanwhile, Short Message Service (SMS) 
is employed to send a mobile phone short message, including 

TA B L E  1   Critical values by tests for all patients from 2015 to 2019

Critical value items and thresholds
Number of criti‐
cal values

Constituent 
ratio (%)a

Total number 
of reports

Incidence 
ratio (%)b

Percentage 
distributionc

Clinical chemistry

High‐sensitivity	troponin	T,	≥0.053	ng/mL 8410 22.12 86 002 9.78 71.70%

Urea	nitrogen,	≥25	mmol/L	(70	mg/dL) 3314 8.72 366 988 0.90 98.60%

Potassium,	≤2.5	or	≥6.2	mmol/L 2649 6.97 388 633 0.68 0.28%, 99.54%

Creatinine,	≥600	umol/L	(6.787	mg/dL) 2472 6.50 382 711 0.65 98.00%

Glucose,	≤2.7	or	≥27.78	mmol/L	(≤48.65	
or	≥	500.54	mg/dL)

2147 5.65 380 917 0.56 0.04%, 99.97%

Sodium,	≤120	or	≥160	mmol/L 649 1.71 387 784 0.17 0.03%, 99.97%

Arterial partial pressure of carbon dioxide 
(blood	gas),	≤20	or	≥70	mm	Hg

602 1.58 20 584 2.92 1.51%, 99.99%

Calcium	(serum),	≤1.5	or	≥3.5	mmol/L 583 1.53 364 368 0.16 0.03%, 99.99%

Arterial partial pressure of oxygen (blood gas), 
≤50	mm	Hg

580 1.53 20 584 2.82 12.97%

Cholinesterase,	≤2130	U/L 554 1.46 260 192 0.21 6.04%

Bicarbonate	(blood	gas),	≤10	or	≥40	mmol/L 347 0.91 20 584 1.69 1.20%, 98.22%

pH	value	(blood	gas),	≤7.2	or	≥7.6 318 0.84 20 584 1.54 2.43%, 99.86%

Hematology

WBC	count,	≤2*	or	≥30*109/L 3539 9.31 595 901 0.59 0.61%, 99.71%

Hemoglobin,	≤60	g/L	(6	g/dL) 2177 5.73 595 901 0.37 0.60%

Platelets	count,	≤20*	or	≥1000*109/L 1580 4.16 595 901 0.27 0.43%, 99.98%

Neutrophils	count,	≤0.5*109/L 1161 3.05 595 901 0.19 0.28%

Percentage of primitive cells (peripheral 
blood),	≥1%

164 0.43 1 884 084 0.01 NA

Coagulation

Fibrinogen,	≤1.0	g/L 939 2.47 163 227 0.58 0.89%

Thrombin	time,	≥150	s 793 2.09 162 755 0.49 99.99%

Activated	partial	thromboplastin	time,	≤15	or	
≥100	s

562 1.48 165 140 0.34 0.01%, 99.70%

Prothrombin	time,	≤9	or	≥70	s 132 0.35 173 410 0.08 0.007%, 99.93%

Microbiology

Blood culture, positive 2279 5.99 23 587 9.66 NA

Gram stain (sterile body fluid), positive 2069 5.44 51 224 4.04 NA

Total 38 020 100 7 706 962 0.49 NA

aConstituent ratio, the ratio between the number of critical values of a certain test and the total number of critical values of all twenty‐three test 
items. 
bIncidence ratio, the ratio between the number of critical values of a certain test and the total number of the corresponding item reported. 
cPercentage distribution is shown as the percentage distribution points of the low and high boundaries for the critical value of a test versus the fre‐
quency distribution of patients' reports of the test. 
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“patient identification, critical value and results, time, and tech‐
nician in charge”, to the patient's clinician. The documentation of 
critical value receipt is required within 15 minutes for ED patients, 
45 minutes for IPD patients, and 480 minutes for OPD patients. 
The time frame criteria of documentation are set by meeting at‐
tended by relevant clinician, laboratory director, and hospital ad‐
ministrators. Another two quality indicators, notification receipt 
ratio (number of critical value receipts of caregivers acknowledg‐
ment/total number of critical values required to notify × 100%) 
and timely notification receipt ratio (number of critical value re‐
ceipts of caregivers acknowledgment within a certain time frame/
total number of critical values required to notify × 100%), are used 
to monitor whether the receipt of critical value is acknowledged 
by the caregivers and whether it was acknowledged within the 

required time limits, respectively. Additionally, if the caregivers do 
not confirm receipt in the notification information system within 
the above time frame criteria, then critical values are reported by 
technician over the telephone, and the call information is then 
documented in the system.

An appropriate response is made by the doctors who were in‐
formed and the response is documented in the EMR, meanwhile, 
the records are transmitted from hospital information system (HIS) 
to LIS. Another indicator, clinician response ratio (number of criti‐
cal values responsed by clinician/total number of critical values re‐
quired to notify × 100%) is used to monitor whether the diagnosis or 
treatment for the critical value is made by doctors.

In a word, five quality indicators, notification ratio, timely no‐
tification ratio, notification receipt ratio, timely notification receipt 

F I G U R E  1   The flowchart of critical value notification process. Abbreviations: EMR, electronic medical record; HIS, hospital information 
system; LIS, laboratory information system
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ratio, and clinician response ratio, are applied for monitoring the 
whole process of laboratory critical value management.

2.5 | Statistical analysis

The TAT data of pre‐analytical, analytical, post‐analytical, and total 
analytical phase of laboratory critical values showed a skewed distri‐
bution by Kolmogorov‐Smirnov normality test (P < .01), the median 
and inter‐quartile range of the TAT were used for statistical analysis. 
Five critical value indicators were expressed as percentages. IBM 
SPSS Statistics for Windows, version 24 (IBM Corp.) and Microsoft 
Excel 2006 (Microsoft) were used for statistical analysis.

3  | RESULTS

3.1 | Critical value items, thresholds, and their 
percentage distribution

There were 7 706 962 test reports of 23 test items at BTCH from 
January 2015 through June 2019, of which 38 020 (0.49%) reports 
were notified as critical values, an average of about 32 critical val‐
ues a day. Of the total critical values, most (24 050, 63%) were 
from inpatient department (IPD) patients, followed by emergency 
department (ED) patients (9211, 24%) and outpatient department 
(OPD) patients (4759, 13%). The top five items (thresholds, con‐
stituent ratio) in order of constituent ratios of critical values were 
high‐sensitivity	 troponin	 T	 (≥0.053	 ng/mL,	 22.12%),	 WBC	 count	
(≤2*	or	≥30*109/L,	9.31%),	urea	nitrogen	[≥25	mmol/L	(70	mg/dL),	
8.72%],	 potassium	 (≤2.5	 or	 ≥6.2	 mmol/L,	 6.97%),	 and	 creatinine	
[≥600	 umol/L	 (6.787	mg/dL),	 6.50%].	 According	 to	 the	 incidence	
ratios of critical values, the top five items (thresholds, incidence 
ratio)	 were	 high‐	 sensitivity	 troponin	 T	 (≥0.053	 ng/mL,	 9.78%),	
blood culture (positive, 9.66%), Gram stain (sterile body fluid; posi‐
tive, 4.04%), arterial partial pressure of carbon dioxide (blood gas; 
≤20	or	≥70	mm	Hg,	2.92%),	and	arterial	partial	pressure	of	oxygen	
(blood	gas;	≤50	mm	Hg,	2.82%).	The	percentage	distribution	points	
of critical value boundaries based on patients’ test reports are 
0.007% ~ 6.04% for low boundaries and 71.70% ~ 99.99% for high 
boundaries, as shown in Table 1.

3.2 | Turnaround time of critical value notification

The median (inter‐quartile range) of the turnaround time (TAT) of 
pre‐analytical (from sample collection to registration), analytical 
(from sample registration to critical values reporting), post‐analytical 
(from critical values reporting to notification of caregivers), post‐an‐
alytical (from critical values reporting to clinician response recorded 
in the EMR), and total analytical (from sample collection to clinician 
response recorded in the EMR) phase of all laboratory critical values 
at BTCH over 5 years were 27 (11, 80), 41 (27, 89), 1 (0, 2), 323 (52, 
3255), and 648 (192, 3836) minutes, respectively. The median (inter‐
quartile range) of the turnaround time of critical value notification by 
tests from 2015 to 2019 are listed in Table 2.

3.3 | Enhance the effectiveness of critical 
values notification by the intervention

Three quality improvement strategies derived from the QCC were 
implemented throughout the hospital in September 2015, as 
shown in Figure 2. To analyze the effects of interventions, baseline 
data were collected for a 9‐month period (January 2015 through 
September 2015 as the pre‐intervention period and October 2015 
through June 2016 as the initial post‐intervention comparison pe‐
riod). After the intervention, timely notification ratio, notification 
receipt ratio, and timely notification receipt ratio of critical values 
of ED, IPD, and total patients were all increased, with a significant 
difference for the two periods (P < .001, Table 3).

3.4 | Quality indicators of critical values

Five quality indicators, such as notification ratio, timely notification 
ratio, notification receipt ratio, timely notification receipt ratio, and 
clinician response ratio, from total patients over a 5‐year period at 
BTCH, are 100%, 94%, 97%, 92%, and 99%, respectively. However, 
critical values from OPD patients show relatively poor indicators, 
timely notification ratio, notification receipt ratio, and timely notifica‐
tion receipt ratio are 92%, 72%, and 48%, respectively. Five quarterly 
quality indicators of critical values were shown in Figure 2 and Table 4.

4  | DISCUSSION

A complete critical value notification and response process should 
be established in hospitals to provide safe and high‐quality medical 
services.24 This study described here was a 5‐year retrospective ob‐
servational report of laboratory critical values notification after im‐
plementing the electronic closed‐loop notification system. The main 
strengths of the study were as follows: data coverage for 5 years, a 
large number of objects (38 020 critical values of over 7 million item 
reports), and multiple service practice sites, including the ED, IPD, 
and OPD.

F I G U R E  2   Five quarterly quality indicators at Beijing Tsinghua 
Changgung Hospital over a 5‐y period
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Previously, laboratory critical values notification was often 
made by telephone and read‐back. It was more time‐consuming and 
easy to have missing reports or even false reports.5,14,25 The ratio 
of errors made by telephone contacts for critical values was 3.5% 
reported by Joan Barenfanger et al25 and 5.0% reported by Peter 
J et al14 Our study had clearly documented that implementing a 
electronic closed‐loop laboratory critical value notification system 
combining with HIS, mobile phone short message, and phone call 
was an effective intervention to improve the critical values initiative 
notification.5,24

The total incidence ratio of critical values over a 5‐year period 
was 0.49%, which was higher than that of 0.25% in Massachusetts 
General Hospital26 (Medical Center Teaching Hospital, USA), and 
lower than that of 0.96% in Zhejiang University First Affiliated 
Hospital27 (Tertiary Teaching Hospital, China) and 0.57% in Sun 
Yat‐sen University Ophthalmic Center7 (Special Hospital, China). 
The remarkable inter‐laboratory differences in the critical values 
notification existed between different hospitals. Excessively re‐
porting critical values may make clinicians less sensitive to true crit‐
ical values. Consensus on the items and their thresholds of critical 
values should be established by clinical laboratorians and clinicians 
together, based on the characteristic of the institution itself and per‐
centage distribution of critical value thresholds.2,18 We previously 
reported that the percentage distribution points of the critical value 
boundaries can be evaluated on the basis of the patients' data distri‐
bution.16 The data could provide references for the review meeting 
with clinicians.

We further studied the timeliness of notification, the median 
time from a technician notification of the critical value until the 
time the critical value was reported successfully to caregivers was 
1 minute (Table 2), which was much shorter than the reported 6 min‐
utes suggested by Carmen Ricos et al28 and 7 minutes in a CAP Q‐
Probes study of 121 Institutions.13 On the other hand, the median 
time of post‐analytical TAT (from critical values reporting to clini‐
cian response and recorded in the EMR) for total critical values was 
323 minutes, which was much longer than that of pre‐analytical TAT 
(from sample collection to registration, 27 minutes) and analytical 
TAT (from sample registration to critical values reporting, 41 min‐
utes). This prompted the group of critical value management of the 
hospital should optimize the procedures to ensure the clinicians get 
the information as soon as possible and treat the patients in time.29

The introduced quality improvement strategies from the QCC 
contributed to greatly improve the effectiveness of critical values 
notification. The study showed that poor indicators were from out‐
patients and that more attention should be payed to OPD critical 
value management.14 The quality indicators were used to monitor 
the whole process of critical value notification, point‐to‐point com‐
munication improvements were carried out in the department with 
deficiencies in the indicators of critical value notification. The con‐
tinuous monitoring of quality indicator data allowed identification 
all possible improvements, promoted the reduction of errors, and 
improved quality of the critical value notification, thus guaranteeing 
patient safety.20,21

This study may provide some ideas for other hospitals, including 
how to establish the flowchart of notification, how to set items and 
thresholds, and how to define related quality indicators to monitor 
the whole process. Further study on the personalized application of 
critical values for different types of patients in different departments 
is needed. Managers of hospitals and laboratories should attach more 
importance to the construction of the critical value notification sys‐
tem, and the closed‐loop management, thus ensuring patient safety.
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