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Abstract

Background: Laboratory services play an important role in optimizing patient care today, and the importance of clinical laboratories
is now widely accepted in medical practice. A critical value, originally described by Lundberg more than 30 years ago, refers to
an abnormal test result that can lead to a serious life threat if not reported in a timely manner. In this study, we tried to determine
the importance of critical values that can lead to a serious life threat with regard to their prevalence and frequency in laboratory
tests of Iranian patients.

Methods: In this cross-sectional study, the frequency of critical values in laboratory tests were determined and compared according
to the type of laboratory parameter, age, sex, the inpatient/outpatient status, the related clinical ward, recurrence of critical values
in the patient’s test results, and the sampling working shift in Shahid Bahonar hospital in Kerman, Iran, in 2017 and 2018.

Results: Among the tests, 0.2% had critical results. There was a significant relationship between the frequency of critical results
with the patients’ age (P = 0.002) and sex (P = 0.001) as well as with sampling working shift (P = 0.030) and admission ward (P =
0.001). Among the tests with critical values, the urea test was the most common with 32.2% critical value incidence.
Conclusion: To maintain patient safety, proper recording of the results in laboratory tests and prompt reporting of critical values to
the health care staff before repeating the test should be emphasized.
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Introduction
Nowadays, laboratory assays are an important part of the
health care system, with a well-established role in clinical
decision-making and prognosis.? Critical values are very
life-threatening high or low measurements in laboratory
tests and should be reported promptly to the health
care providers in order to develop better diagnostic and
prognostic approaches and results by helping the personnel
adopt better courses of action in patient treatment.**
Labs should inform patients and physicians of critical
values so as to facilitate decision making as emphasized
by the Joint Commission® and College of American
Pathologists.*!® The methods used for determination of
critical values are not the same across the countries and
ethnic groups; these measurements should be determined
separately in various regions,>" and periodical updates
should be developed to improve the quality of the results.
? Also homogenizing the results may be done to facilitate
the comparison of results worldwide.® The race, age, and
sex differences should be respected during such processes.*
Preparation of lists for critical values should be both
concise and definite without either over- or under-

reporting in the lists as each one can be detrimental to
patients’ health.? The Joint Commission on Accreditation
of Healthcare Organizations (JCAHO) has focused on
critical values to improve patient safety,'***and the Clinical
Laboratory Improvement Amendments (CLIA) has
determined the reporting of such values as an important
global goal.”” This should be done in a time schedule
according to that suggested by the Joint Commission.'®

The report of critical values by lab staff or alarm
signals sent by programmed devices is the main initial
step to take action in response to them, which should
be done after repeating the tests to confirm the results.?
The reporting process may be done by phone calls or
computerized alarms directed at either the patient or
the physician.? Lab/hospital-based information systems
are more accurate methods to decrease chances of error*
and also to save time.? The mean time interval to report
critical values is approximately 6 hours and 14 minutes for
inpatients and outpatients, respectively.® The rational and
appropriate time interval is between 15 and 30 minutes®
and standardization of critical values are important steps
in relation to this matter.?
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There is little information on repeating critical values
or later critical values for the same analyte(s) in the same
patient.!”'® There is no clinical congruence between
those with a higher number of critical values or repeating
critical values and those who have shown them only
once. On average, the critical values are repeated for
each patient every eight hours.'® However, avoiding test
repeats can lead to faster approaches and lower costs.!
Regarding the importance of reporting critical values
for the improvement of health care provision and better
outcomes in patients,'®* in this study, the frequency of
tests reporting critical values, the type of test and critical
value, the values themselves, and the recurrence of critical
values were assessed.

Materials and Methods

In this cross-sectional descriptive-comparative study, a
total of 2146 consecutive critical values based on type of
laboratory parameter, age, sex, inpatient/outpatient status,
associated clinical ward, repetition of patient’s critical
values, and sampling working shift were collected and
compared in Shahid-Bahonar hospital in Kerman, Iran, in
2017 and 2018.

The inclusion criteria were inpatient/outpatient
admission to the hospital and undergoing laboratory
assessment. The laboratory tests consisted of fasting blood
sugar (FBS), urea, creatinine, calcium, sodium, potassium,
phosphorus, platelet, hemoglobin, and microbiology
assays. The leukocyte count was not assessed because
of the presence of two wards of adult hematology in the
hospital with repeated low leukocyte count in patients.
Data were collected from patient healthcare documents
and the hospital health information system (HIS). The
critical values were examined according to the DLMP
Critical Results/Critical Values List and pathology
reference textbooks.

Data analysis for the 2146 patients was done with SPSS
version 22.0 The tests used for comparisons in this study
were ANOVA and independent samples ¢ test. P values
less than 0.05 were considered statistically significant.

Results

Biochemistry assays and microbial culture tests were the
main samples with critical values (Table 1). In total, 2032
patients (94.7%) were older than 14 years (P = 0.002).
Also, 1284 cases (60%) were male, yielding an M/F ratio
of 3:2 (P =0.001).

The critical values were detected in 58.5%, 29.0%,
and 12.5% of morning, evening, and night work shifts,
respectively (P = 0.030). As shown in Figure 1, the
intensive care unit (ICU) (24%) and emergency ward
(13.2%) had the highest number of critical values (P =
0.001). In total, 96.7% of cases with critical values were
inpatients. As seen in Table 2, the microbiological tests
had the highest occurrence of critical values (6.6%), and
among the biochemical tests, the urea test had the highest
number of critical values (31.5%).

Table 1. Critical Values by Year and Admission Status

Test Group Status Year  Frequency Percent
Biochemistry Inpatient 2017 830 38.6
Biochemistry Inpatient 2018 599 28.0
Biochemistry Outpatient 2017 14 0.65
Biochemistry Outpatient 2018 38 1.8
Hematology Inpatient 2017 33 1.52
Hematology Inpatient 2018 40 1.86
Hematology Outpatient 2017 11 0.5
Hematology Outpatient 2018 7 0.32
Microbial Culture Inpatient 2017 354 16.5
Microbial Culture  Inpatient 2018 220 10.25
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Figure 1. Critical Values by Admission Wards.

Table 2. Critical Values by Type of Test

P t. f
Percentage of ercentage o

Tels e penas Al CriialTest VLT L e
Results Test
FBS 279 13 64134 0.4
Urea 676 315 105469 0.6
Cr 274 12.8 106626 0.2
Ca 13 0.6 32969 0.03
Na 94 4.4 95024 0.09
K 130 6.0 99169 0.13
Ph 15 0.7 27469 0.05
Plt 67 3.1 174080 0.03
Hb 24 1.1 173973 0.013
Microbiology 574 26.8 8689 6.6
Total 2146 100 887602 0.2

FBS, fasting blood sugar; Cr, creatinine; Ca, calcium; Na, Sodium;
K, potassium; Ph, phosphorus; Hb, hemoglobin; Plt, platelets.

The results of various tests in comparison with the
reference list are shown in Table 3.

Figure 2 shows the number of repeats of each test along
with the critical value. The majority of recurrences of
critical values were reported in the initial admission ward.
Also, according to Figure 3, the majority of repeats were in
patients admitted to the ICU (42.2%).

474 Arch Iran Med, Volume 24, Issue 6, June 2021



Table 3. Mean and Standard Deviation for Tests with Critical

Values
Test }:_ifv}:l/ C\;;tli:eal Units m-lr(r::g:er Mean SD
Hb H 20 2 g/dL 2 20.1 0.1
Hb L 6< g/dL 22 4.0 1.21
Plt H 1000> x10% 6 2554.2  1727.21
Plt L 40 < x10%1 61 16.5 10.36
Ca H 132 mg/dL 7 13.5 0.7
Ca L 6 < mg/dL 6 4.1 2.1
Cr H 5> mg/dL 274 7.8 1.8
FBS H 400> mg/dL 231 504.1 132.2
FBS L 400< mg/dL 48 30.2 9.2
Urea H 1002 mg/dL 676 141.5 35.5
Ph H 8.9 mg/dL 11 10.0 1.7
Ph L 1< mg/dL 4 0.9 0.1
K H 6.2 > mmol/L 69 7.0 0.65
K L 2.8« mmol/L 61 2.3 0.36
Na H 160> mmol/L 46 167.0 7.4
Na L 120 < mmol/L 48 118.0 1

FBS, fasting blood sugar; Cr, creatinine; Ca, calcium; Na, Sodium;
K, potassium; Ph, phosphorus; Plt, platelets; Hb, hemoglobin; H,
high; L, low; SD, standard deviation.

Discussion

In this study, there was a total of 887602 tests, among
which 2146 cases (0.2%) had critical values consisting of
1481, 91, and 574 tests in biochemistry, hematology, and
microbiology assays. The rate is raised to 0.35 if repeat tests
are taken into account. Age above 14 years (P = 0.002),
male sex (P = 0.001), morning work shift (P = 0.030), and
ICU (23.2%) and emergency ward (12.8%) admission (P
= 0.001) were factors affecting critical values. The higher
incidence of critical values in morning shift is related to
more test requests in this shift and also the limitation of
the tests to the emergency assays in other work shifts.
Similarly, Dighe et al'? reported the ICU and emergency
ward as wards with the highest number of critical values
(45% and 44%, respectively), but their reported rates were
not similar to our results. Also, they assessed a total of 14
million lab tests with a critical value rate of 25%. Similar
to our study, the rates were higher in inpatients compared
to outpatients.

In our study, microbial cultures had the highest rates
of critical values among microbiology tests, with a rate of
6.6%, and among the biochemical tests, 31.5% of urea tests
had critical values. Also, with a rate of 32.2%, urea tests
had the highest overall rates in patients. Arbiol-Roca et
al*reported that the rate of critical values was 0.4% in a
Spanish training hospital. In their study, arterial blood gas
was the most common test with positive critical values;
this parameter was not assessed in our study due to some
limitations.

In our study, the tests results were subdivided to high
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Figure 2. Percentage of Critical Values Repeated for Each Test.
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Figure 3. Percentage of Repeated Critical Values in Patients
Admitted to Each Clinical Ward.

and low according to the reference list. Kuperman et al®
also divided the results into high and low groups. In their
study, the PO, test had the highest rate of critical values,
and the time interval between report and treatment was
150 minutes, which shows the malfunction of the health
care providers despite prompt acknowledgement of
critical values. Wagar et al> compared the critical values
according to age. In contrast with this study, they found
no significant association with calcium, potassium, and
hemoglobin levels. In addition, in their study, sex had no
relationship with critical values.

In our study calcium, consisting of six low and seven
high measures and mainly detected in the ICU, oncology,
and internal wards, had critical values in 13 cases (0.03%).
In a study by Howanitz et al,"* critical values for calcium
were reported in 1.4% of the sample, and that was
accompanied by a 25% mortality rate. They concluded
that the current reference list is appropriate and it does
not reed to be extended. In our study, the rate of critical
values for sodium was 0.09% (94 cases), consisting of
48 and 46 cases with low and high serum sodium levels,
respectively. The majority of cases were ICU-admitted.
Another study by Howanitz et al”® showed a rate of 0.55%
for critical values in sodium levels consisting of 447 and
166 cases with high and low sodium levels, respectively.
However, that was a study on mortality rates. Our study
was cross-sectional and, due to some restraints, outcome
was not assessed in patients.

For potassium levels, 0.13% of the cases had critical
values consisting of 61 and 69 cases with low and high
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levels, respectively, and the majority of them were admitted
to the ICU. Zhou et al’ reported higher admission in
internal wards such as hepatology and nephrology, which
is not compatible with our results. Our results showed that
clinical symptoms were related to critical values of serum
potassium, but one important limitation was our inability
to assess the symptoms. In our study, 65% of cases with
critical values had repetition in such values. The possible
explanations include; (1) presence of hemato-oncology
and three ICU wards; (2) low socio-economic status in
patients referring to this public hospital leading to delay
in seeking care; (3) As this is a referral hospital for trauma
cases, the majority of patients are admitted in critical
conditions; (4) lack of recording or reporting of critical
values by the lab to the health care staff leading to lack
of treatment; (5) Transfer from the ward and change in
the healthcare team. The presence of an alarm system in
the hospital HIS can help us better prepare for cases with
critical values leading to improvement of patient survival
and prognosis.

A study by Yang et al'® showed the mean repeat rate of
2.1 times for critical values with a mean interval of eight
hours. Patients with more repeats had worse prognoses.
The mean time interval in our study was eighty minutes.
One possible cause for this delay is the repeating of the
suspected tests for confirmation. However, Baradaran
Motie et al' claimed there is no need for confirmation
tests and that critical values should be informed at the
earliest convenience. Sun et al* reported the highest rate
of critical values for platelet count, while the lowest rate
pertained to leukocytes. In their study, it was established
that the results of more than 95% of tests were repeated
to confirm the critical values. The presence of clots in
the initial sample may be the cause of this discrepancy.
With cost-benefit analysis, it was found that the quality of
equipment and devices can be a sufficient cause for earlier
reporting of critical values to the health care staff. However
the time needed for repetition of biochemical tests is
different depending on the type of test. For instance, the
time necessary is 17 and 42 minutes for blood sugar and
calcium levels, respectively.”

Howanitz et al® reported lower time for inpatient versus
outpatient cases. Also, they reported the dependence
of this factor on working shift, number of beds, and
number of patients admitted in every ward. Piva et al®
reported critical values in 2.3%, which led to alteration
in the treatment course in 98% of surgical and 90% of
non-surgical cases. They showed the importance of
prompt notification of ward personnel of critical values in
achieving better treatment outcomes.

The incomplete documentation of results during the
two-year interval, despite instructions given to hospital
staff, was an important finding of this study; as a result, all
statistical data reported in this study were extracted from
the hospital HIS. Therefore, considering the importance
of recording data and timely notification of critical
values to improve patient safety, critical values should be

better managed and organized. The mean time interval
for informing the critical values to the wards was eighty
minutes, which is too long in comparison with other
studies. This reveals the importance of using advanced
auto-analyzers, using the same reference list for critical
values, avoiding repeating tests, and using auto-alarm
systems in the labs of training hospitals.

In conclusion, to maintain patient safety, proper
recording of the results and prompt reporting of critical
values of laboratory tests to the health care staff before
repeating tests is of great importance. It seems that
achievement of the desired conditions and infrastructures
necessitates training the laboratory personnel and the
medical staff, especially the physician and nurses, on
how to deal with critical values, updating laboratory
equipment, and installing alarm systems in the patient
information system.
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