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Analysis of the characteristics and management of critical 
values in a newborn tertiary center in China

Zheng-Li Wang, Li-Zhong Du, Yi-Yu Chen, Lu-Quan Li, Qi Lu, Ying Liu, Lu-Ying Cao, 
Yu He, Jia-Lin Yu
Chongqing, China

Background: Critical value reporting has been widely 
adopted by hospitals throughout the world, but there were 
few reports about neonatal critical values. This study aimed 
to analyze characteristics of the neonatal critical values 
considered at our center and to provide information on 
improving neonatal intensive care.

Methods: A retrospective study of critical values at a 
newborn tertiary center in China was conducted to assess 
neonatal critical values according to test, distribution, 
reporting time, patient outcome and the impact to the therapy.

Results: In total, 926 critical values were recorded. 
Overall, 66.52% (616/926) of the items were reported 
within 24 hours of admission, 50.28% (465/926) during 
duty times and 54.75% (507/926) in the neonatal intensive 
care unit (NICU). The routine coagulation test was the most 
frequent source of critical values. Electrocardiography, 
blood gas analysis and therapeutic drug monitoring 
of drug levels were associated with the highest rates of 
treatment intervention (100%); routine coagulation tests 
were the lowest (23.14%). Sample quality was the main 
cause of false-positive critical values.

Conclusions: The incidence of neonatal critical values 
peaked during the first 24 hours post-admission and during 
duty periods. Each newborn center needs to enact rapid 
treatment guidelines to address common critical values in 
order to facilitate clinical interventions. Periodically reviewing 
critical values could help to optimize clinical practices.
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Introduction

Critical value reporting was introduced by 
Lundberg in 1972;[1] he defined critical values 
as "pathophysiologic derangements of such 

variance with normal as to be life threatening if therapy 
is not instituted immediately." During the 40 years since 
Lundberg's observations, the critical value reporting 
system has been widely adopted by hospitals throughout 
the world. Even The Joint Commission (TJC) and the 
College of American Pathologists have included this 
system in their requirements for accreditation.[2,3] The 
Chinese Hospital Association also imposed requirements 
for the identification, handling and documentation of 
critical laboratory values from 2007 to 2011.[2] In general, 
laboratories should consider hospital size, diagnosis, 
treatment and other relevant parameters to establish a 
critical value list with reference ranges.[4] Laboratories 
often establish critical values based on the current 
understanding of pathophysiology, published literature, 
discussions with clinical staff and the particular needs 
of the clinic.[2] Furthermore, the neonatal period is 
characterized by extreme changes in certain parameters; 
these changes enable adaptation to the extra-uterine 
environment, thus creating the need for a special critical 
value list.[5]

Reporting inappropriate critical values can lead to 
information overload for pediatricians and can waste 
clinical resources. Currently, there are no unified 
standards for critical values, and these criteria are 
amended locally according to laboratory practices and 
equipment/reagents. Thus, laboratory and hospital 
accreditation organizations urgently need studies to aid 
in the development of neonatal criteria for accreditation. 
In this case, we undertook a project to analyze the 
characteristics and management of neonatal critical 
values in a newborn tertiary center in China. The aims 
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of this study were to (a) explore the characteristics and 
management of neonatal critical values at our center 
and (b) provide useful information for hospitals with 
regard to improving neonatal intensive care.

Methods
Setting
The Department of Neonatology, Children's Hospital of 
Chongqing Medical University, Chongqing, China, is 
a national clinical specialty department that is divided 
into three sub-wards: the neonatal intensive care unit 
(NICU, for critically ill newborns only), the premature 
infant ward (for premature only) and the term infant 
ward (for term only). There are currently 215 beds: 
40 for the NICU and 175 for intermediate care (which 
includes the premature infant ward and the term 
infant ward). Critical values reported from July 1 to 
December 31, 2013, were examined. The critical value 
lists, including the test items and ranges from 2012, are 
shown in Tables 1&2. The lists are typical of tertiary 
children's hospitals in China, which are based on reports 
from the College of American Pathologists[3,6,7] and the 
patient safety requirements of the Chinese Hospital 
Association[2] in consultation with relevant clinical 
experts, and these lists are approved by the medical 
quality committee of the hospital.

Routine lab schedules and interventions for critical values
All the infants in our center were transferred from local 
hospitals; all of these infants were in a relatively more 
severe condition and thus required monitoring of more 
critical values than those in other centers. It is routine 
procedure in our unit to analyze glucose, electrolytes, 

blood cell counts, blood urea nitrogen, creatinine, and 
coagulation [prothrombin time (PT), activated partial 
thromboplastin time (APTT), fibrinogen (Fib)] in all 
infants immediately after admission, and the inclusion 
of other tests depends on the clinical symptoms. The 
infants in the NICU will receive the glucose test every 
day and the infants with mechanical ventilation will 
receive the blood gas analysis at least once a day.

Critical callback procedures
Tables 1&2 show the critical callback list that has 
been used by our hospital since June 2012. When a 
critical value is detected by a laboratory technician, 
the specimen information (e.g., specimen quality, 
name, department and diagnosis) should be checked 
immediately, and the test should be repeated. Once 
the critical result has been validated, the laboratory 
information system sends a short message and a screen 
reminder to the pediatricians on the floor where the 
patient is located. In addition, the technician must call 
the physician to notify him/her of the critical values. 
All phone contact details (e.g., the name of the patient, 
critical value result, time and contact staff) are recorded 
in a critical value register book. The pediatrician should 
then take corrective action within 15 min. Most of 
the interventions in response to critical values were 
symptomatic treatments.

Ethics statement
This study was approved by the Children's Hospital 
of Chongqing Medical University, Chongqing, China, 
and was performed in accordance with the Declaration 
of Helsinki. The institutional review board waived the 
need for written informed consent from the participants.

Sub-departments Critical value list
Radiology department Cerebral hernia;

Large area of cerebral infarction;
Severe intracranial hemorrhage;
Foreign body in trachea;
Pneumothorax;
Mediastinal emphysema;
Pneumoperitoneum or NEC;
Ileus;
Visceral rupture;
HMD;
Other life-threatening image changes.

Ultrasound department Intracerebral hemorrhage;
Visceral rupture;
Massive pericardial effusion or pericardial 

tamponade;
Pneumoperitoneum;
Pneumothorax;
Massive pleural effusion with pulmonary 

atelectasis.

Table 2. Critical value list for imaging departments

NEC: neonatal necrotizing enterocolitis; HMD: hyaline membrane 
disease.

Analytes Critical value range
Low threshold High threshold

Potassium, mmol/L <2.5 >6.5
Sodium, mmol/L <120 >160
Magnesium, mmol/L - >4
Glucose, mmol/L ≤2.6 ≥30† (16.7*)
Blood urea nitrogen, mmol/L - >20
Creatinine, mmol/L - >500†

Arterial pH ≤7.2 ≥7.6
PCO2, kPa <2.66 >7.98
PO2, kPa <5.98 -
Hemoglobin, g/L <60‡ (90*) -
White blood cell count, ×109/L - >50
Platelet count, ×109/L <30‡ (50*) >1000
Fibrinogen, g/L ≤0.5 -
Prothrombin time, s - ≥180†

Partial thromboplastin time, s - ≥240†

Blood culture Positive growth -

Table 1. Critical value list for laboratories (neonatal)

*: New thresholds for critical values being planned in our center; †: 
The thresholds may be too high for other centers; ‡: The thresholds 
may be too low for other centers. "-": not applicable.
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Data sources
All data were retrospectively analyzed from records 
collected between July 1 and December 31 of 2013. 
The critical laboratory values and imaging results 
from the Radiology and Ultrasound departments (as 
well as other departments) were obtained from the 
critical value register book, and electronic records were 
obtained from the laboratory information system. The 
data included the unique patient identification number, 
patient name, tests, diagnosis, analyte(s), result, 
department, report time, patient outcome and treatment 
intervention. We defined the outcome that the patients 
were cured and discharged without any adverse effects 
as "improved". If we needn't modify the treatment 
after a critical value was reported, we regarded it as 
"negative impact" on treatment; otherwise, it was 
regarded as "positive impact". In addition, all of the 
repeated critical values except coagulation tests were 
regarded as "valuable reports".

Statistical analyses
All statistical analyses were performed using SPSS 19.0 for 
Windows (IBM SPSS Statistics 19). Frequencies, medians 
and percentages were used to describe the descriptive 
statistics. Patient outcome was determined based on the 
discharge records, and this variable was categorized as 
improved, not improved or dead. The gestational age 
and birth weight are presented as the mean±SD.

Results
Patient demographics
A total of 926 critical values from 631 admissions 
(380 males and 251 females) were recorded. The 
overall mean gestational age and birth weight of the 
neonates were 35.48±3.85 weeks and 2444.8±802.8 g, 
respectively. There were 100 infants at a gestational age 
<32 weeks, 220 infants at 32-36 weeks and 311 infants 
at >37 weeks. As shown in Table 3, routine coagulation 

Fig. Critical value vs. time of day. Distribution of critical value calls vs. time (24-h clock) for newborns. Critical values increased after 10 a.m. and 
continued toward late PM, increasing the load on the fewer residents on call.
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Test Total 
results

Critical results 
(% of total 
test*)

Percentage of 
all critical 
results, %

Positive impact 
on treatment 
rate (%)†

Treatment before 
report (% of 
total test)‡

Total 
patients§

No. of critical test results from each ward

NICU Premature 
infant ward

Term infant 
ward

Routine coagulation tests||   4186 242 (5.8)   26.1   23.1 186 (76.9) 224   87   55 100
Potassium   4760   98 (2.1)   10.6   67.3     0   81   42   16   40
Sodium   4760     4 (0.1)     0.4 100     0     4     4     0     0
Blood culture     651   96 (14.7)¶   10.4   42.7   55 (57.3)   80   49   10   37
Imaging tests   2583 132 (5.1)   14.3   72.7   36 (27.3) 121 102     5   25
Glucose   3588 210 (5.9)   22.7   97.6     5 (2.4) 153 108   57   45
Blood cell counts

**
  8810   56 (0.6)     6.0   82.1   10 (17.9)   40   40     6   10

Blood urea nitrogen   4760   28 (0.6)     3.0   71.4     8 (28.6)   20   21     2     5
Electrocardiography     188     4 (2.1)     0.4 100     0     4     4     0     0
TDM drug levels       49     1 (2.0)     0.1 100     0     1     0     0     1
Blood gas analysis     894   55 (6.2)     5.9 100     0   52   53     1     1
Total 35229 926 (2.6) 100.0   64.1 300 (32.4) 780† 510 152 264

Table 3. The distribution of critical/vital values by test

*: Total is not 100.0% because of rounding; †: If the treatment or management required making an adjustment when a certain critical value was 
obtained, we regarded this critical value as having a "positive impact" on treatment and management; otherwise, it was regarded as having a 
"negative impact"; ‡: "Treatment before report" represents the treatment had already been addressed before the critical value call; §: For practical 
reasons, each critical result here was calculated as being associated with one patient. For example, if a patient presented critical values for 2 
analytes, the values were recorded as corresponding to 2 patients. Therefore, the total number of patients (780) in the table was higher than the 
actual number of patients (631); ||: Routine coagulation tests include prothrombin time, activated partial thromboplastin time, fi brinogen; ¶:Some 
samples may be reported more than once as there were ≥2 kinds of bacteria detected; **: Blood cell counts: hemoglobin, white blood cell count 
and platelet count. TDM: therapeutic drug monitoring.
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tests, which included prothrombin time, activated partial 
thromboplastin time and fibrinogen, were the most 
common critical values (242 cases), followed by glucose 
tests (210 cases), imaging tests (132 cases), electrolyte 
tests (102 cases) and blood culture tests (96 cases).

Analysis of the timing of neonatal critical values
The analysis of "call volumes vs. time" (Fig.) revealed 
that the neonatal critical value call volumes were 
unevenly distributed throughout the 24-hour day, 
ranging from 15 calls from 7:00 to 7:59 a.m. to 115 
calls from 11:00 to 11:59 a.m. Overall, the neonatal 
critical value calls occurred primarily from 10:00 
a.m. to 5:59 p.m., with decreased rates during the 
late night and early morning. It was unexpected that 
approximately 53.8% (498/926) of the critical values 
were reported during the night shift (6:00 p.m.-7:59 
a.m. the next day) and the lunch break (12:00-1:59 p.m.) 
when only one or two pediatricians were on duty.

Critical value turnaround time
The "in-laboratory" turnaround time for each critical 
value was determined to assess the timeliness of critical 
value reporting.[6] For the 926 critical values, the mean 
time from entering the value in the critical callback 
queue to the time when the critical value information 
was conveyed to the ordering clinician or newborn center 
was 12 minutes, and the median time was 8 minutes (data 
not shown). Delays in critical value reporting correlated 
with unqualified specimens (a new sample was required) 
and with tests ordered on requisitions lacking the name 
of the ordering location. After receiving the reports, the 
clinicians were able to intervene within 15 minutes with 
the help of our centers' policy on how to handle the 
common critical values urgently.

Distribution of neonatal critical values after admission
There were 926 critical values recorded during the 
study period. Neonatal critical value reports were 
most frequently made in the NICU, accounting for 
54.8% (507/926) of the total and 2.1 critical values per 
month per bed, while 16.6% (154/926) of the total and 
0.6 critical values per month per bed occurred in the 
premature infant ward, and 28.6% (265/926) of the total 
and 0.3 critical values per month per bed originated 
from the term infant ward. Premature infants were at a 
higher risk of having a critical value than term infants.

Over all, 66.5% (616/926) of the critical values 
occurred within 24 hours after admission, and 74.7% 
(692/926) of the values occurred within 48 hours. 
Routine coagulation tests and blood glucose tests were 
the most common sources of critical values during the 
fi rst 48 hours after admission.

Impact on management
Critical values usually indicate a life-threatening 
state unless corrective action is taken. In general, if a 
pediatrician has already initiated appropriate treatment 
before a critical value is found, no other treatment 
interventions are needed. For example, we perform 
certain routine interventions (i.e., hemostatic treatment) 
for high-risk neonates before obtaining test results. 
In this situation, we regard a critical value as having 
a "negative impact" on treatment or management; 
otherwise, it is regarded as having a "positive impact". 
For example, our center would repeat the blood gas 
analysis at least once a day for neonates receiving 
mechanical ventilation. If the results were critical, we 
should modify the mechanical ventilation parameters 
and treatment plan within 15 minutes once the blood gas 
analysis critical values are received. In this situation, 
we regard it as "positive impact". In summary, blood 
gas analysis, electrocardiography and therapeutic drug 
monitoring (TDM) of drug levels were associated with 
the highest rates of treatment intervention following the 
detection of a critical value (100%), whereas routine 
coagulation tests were associated with the lowest rate 
of intervention (23.1%), followed by blood culture 
(42.7%). In addition, coagulation tests and blood culture 
tests had the highest rates of treatment that had already 
been addressed before the critical value call (Table 3).

Analysis of critical values of routine coagulation 
tests and serum potassium
In this survey, 242 critical values were associated with 
routine coagulation tests. Of these, 87 critical values 
were recorded in the NICU, 55 in the premature infant 
ward and 100 in the term infant ward. There were 18 
cases of repeat critical values for coagulation tests 
in the same patient; the time interval for each repeat 
critical value ranged from 6 to 23 hours, with a median 
of 12 hours. As the intervals of repeated critical values 
were short, medical staffs were clear about the patient's 
condition and they had modified therapy when they 
received the former reports. It's very important to notice 
that the threshold of coagulation tests in our center 
was the maximum range of our instrument, so these 
repeated values were always improved or the same as 
the initial critical value. In this condition, all the 18 
cases of repeated coagulation tests critical values had 
a negative impact on treatment. Approximately 79.3% 
(192/242) of the routine coagulation test critical values 
were reported within 24 hours of admission.

The serum potassium test yielded 98 critical 
values and 38 specimens of which were hemolysis. 
Overall, only 6 of the hemolyzed specimens remained 
at a critical level after the lab test was repeated. The 
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numbers of critical values recorded in the NICU, 
premature infant ward and term infant ward were 42, 16 
and 40, respectively (Table 3).

Outcomes
According to our experience, it would save 0.5-6 hours 
(including in-laboratory turnaround time, time of 
specimen collection, time to intervention when received 
the critical value and so on) for each positive impact 
critical value with the help of critical value system 
which could improve neonatal intensive care (data not 
shown). In total, 73.2% (462/631) of the newborns who 
presented with at least one critical value were cured 
and discharged without any adverse effects. 10.46% 
(66/631) of these infants were transferred to another 
hospital due to economic factors when their conditions 
improved (in non-life-threatening situations), and only 
1 newborn died of a serious infection and congenital 
disease in the hospital. However, due to either socio-
economic factors or parental concern over possible 
severe sequelae, the parents of the remaining 16.3% 
(103/631) infants refused to approve further treatment, 
and these infants were in critical condition when they 
were discharged.

Discussion
In the present study, we explored a novel perspective 
on neonatal critical values in a newborn tertiary 
center in China. Here, we provide details on patient 
demographics, volume, report time, scope and impact 
on the treatment and management associated with these 
critical values. As a tertiary newborn center, many 
infants are transferred here from local hospitals, so we 
have a relatively high percentage and number of severe 
and emergency infants and thus more critical values.

In fact, some of our critical value items were 
actually vital values by definition rather than critical 
values.[8] According to Lundberg,[8] a vital value is as 
important as a critical value, and labs should design 
and implement systems that parallel the critical value 
system. By applying this logic to other settings, we 
have adopted the use of vital values for positive 
electrocardiography, blood culture and imaging tests in 
our reporting system, and reporting these values could 
contribute to improvements in newborn care.

As is the case in many other newborn units, most 
of the tests were performed during the first 24 hours 
after admission, and an increase in the number of 
samples was associated with a greater number of 
abnormal results, perhaps because most of the tests 
were performed in the first 24 hours. Furthermore, it 
was unexpected that approximately 53.8% (498/926) 

of the observed critical values were reported during 
the night shift and lunch break, during which only 2-3 
doctors and a few nurses were present. As these staff 
members may face an overload of critical values,[9] 
clinical departments should develop emergency 
response plans for addressing common critical values 
to save time and improve patient safety.[10,11] As all the 
infants in our unit were transferred from other hospitals, 
the incidence of hypoglycemia critical values was high, 
and these critical values always happened within 6 
hours or within 24-48 hours after admission. Therefore, 
we suggest that: (1) all babies have their glucose levels 
tested during transfer, at the time of hospital admission 
and the next day after admission; (2) these babies with 
hypoglycemia need a source of glucose during transfer;  
(3) infants in the NICU should have glucose tests 
repeated every day.

Indeed, our practices have changed since this 
survey. To avoid the reporting of too many critical 
values during the night shift and lunch break, we 
now order tests between 8:30 and 9:30 a.m.; this 
is approximately 1 hour earlier than we previously 
ordered tests. This not only allows more tests to be 
conducted during the off-peak hours of the clinical 
laboratory, which helps decrease the turnaround time 
for each sample, but also reduces the number of critical 
values that are reported during the night shift and lunch 
break. Laboratories should periodically review and 
update critical value lists[12] to reduce inappropriate 
critical values and unnecessary strain on both laboratory 
and clinical resources. Both the marginal resource cost 
and the marginal clinical utility should be carefully 
considered before tests are performed, and these factors 
should be considered when determining the threshold 
for critical value reporting.[9,12,13] In addition, it's worth 
noting that clinicians must follow the protocol of critical 
value system in evaluating lab parameters. Unless we 
do, we may miss the best timing of intervention and 
cause deadly consequence.[1]

Dighe et al[6] reported that potassium, partial 
thromboplastin time and platelet counts were the leading 
sources of critical values. As shown in Table 3, neonatal 
critical value reports were most frequently made in 
NICUs. The leading sources of neonatal critical values 
in the present study were routine coagulation tests, 
imaging tests and glucose disorders. These differences 
may be related to age, race, and disease composition. 
Notably, pediatricians and nurses should take these 
different patient characteristics into consideration during 
treatment and have more concern regarding NICU 
infants to prevent such common critical values from 
being reported during the night shift and lunch break.

Our results differed from those of previous 
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publications[2,6] regarding age, location, disease pattern 
and specialty. However, because few publications 
have focused on neonatal critical values, comparing 
our criteria and results to those of other studies was 
difficult. As reported by Adamkin et al,[14] glucose 
homeostasis is a common problem in newborns. For 
example, the risk of neonatal hypoglycemia is higher 
for infants who are born small for gestational age, and 
newborn infants of mothers with preexisting overt 
diabetes mellitus are at risk for hypoglycemia.[15] Long-
term neurological sequelae occur over a continuum 
of low plasma glucose values.[15,16] If we received 
a critical hypoglycemia report, we would perform 
glucose intravenous infusion immediately and repeated 
it 2-3 hours later. In the present study, all the infants 
in our center were transferred from other hospitals and 
therefore had a higher risk of hypoglycemia.

Thus, we set a relatively high threshold for critical 
hypoglycemia (<2.6 mmol/L) to avoid missed diagnoses. 
Hyperglycemia has been associated with increased 
morbidity, retinopathy of prematurity and intra-
ventricular hemorrhage.[17-19] When we received a 
critical hyperglycemia report, the infant must be treated 
with intravenous insulin and limiting the intravenous 
glucose. However, there is a lack of consensus regarding 
the threshold level for the hyperglycemia critical 
value. In addition, blood sugars >12 mmol/L have 
been considered as severe hyperglycemia in nearly all 
previous studies.[20] Our center has no hyperglycemia 
critical value, which may indicate that the threshold of 
critical hyperglycemia in our center was unreasonable. 
Don-Wauchope et al[12] reported plasma glucose 
thresholds for newborns <3 days of age as ≤1.7 mmol/
L and ≥16.7 mmol/L, which vary from those for 
newborns >3 days of age (≤2.5 mmol/L and ≥20 mmol/
L). Therefore, our center plan to set ≥16.7 mmol/L as 
the new threshold for the hyperglycemia critical value, 
and we must pay more attention to glucose homeostasis 
in high-risk newborns.

When a critical value is reported, the doctor should 
not only take corrective actions but also summarize the 
clinical experience to develop appropriate treatment 
plans for these high-risk newborns, especially those 
in the NICU. For example, if we receive the report 
of pneumoperitoneum from imaging department, we 
should ask the department of gastrointestinal surgery 
for urgent consultation and make preparation for 
emergency operation. Furthermore, each newborn 
center needs to enact rapid treatment guidelines to 
address common critical values to facilitate emergent 
clinical interventions in the shortest period of time. 
As our laboratory staff identified many false-positive 
critical values before reporting them, this survey 

showed a lower occurrence of critical values than those 
reported in other studies.[2,3,6] Furthermore, the blood 
gas analyses, blood glucose tests and many imaging 
tests were primarily performed at the bedside. When 
these tests revealed an abnormal result, the technician 
notifi ed the physician in person to take corrective action 
immediately, which shortened the callback time. In 
other words, performing certain tests at the bedside may 
be a good method for reducing clinical reaction time 
and improving patient safety.

In the present study, we showed that routine 
coagulation tests and blood cultures were common 
sources of critical values in newborns, but these tests 
also had the lowest positive impact on treatment and 
management rates (26.5% and 42.3%, respectively). 
The main reason for this result is that there is often no 
need to perform additional treatment when a critical 
value report is received, as interventions may have been 
initiated before the critical value was reported.

Periodically summarizing the characteristics of 
critical values could help adjust the criteria,[10] which 
may also help set routine therapeutic strategies. For 
example, if we receive a critical coagulation test 
report, we should apply hemostasis drug or fresh-
frozen plasma within 15 minutes. Further, the previous 
criteria for routine coagulation tests at our center were 
"PT>60 s, APTT>80 s, Fib<0.5". We received 3-10 
critical coagulation test reports every day with the 
old criteria, but more than 90% of these reports had 
no impact on treatment. Unfortunately, this situation 
decreased pediatrician's vigilance regarding this critical 
value. Thus, we adjusted this critical value to "PT>180 
s, APTT>240 s, Fib<0.5" (maximum range of our 
instrument). Using the updated criteria during this 
period not only reduced the number of critical values 
by more than 500 (approximately 66% of the total) but 
also increased physician awareness without raising the 
incidence of intracranial or intracerebral hemorrhage 
(data not shown). Therefore, the pediatrician should 
perform certain routine interventions (i.e., hemostatic 
treatment) before obtaining test results and then 
adjust the therapy after receiving test results. The 
critical value system is very important and useful for 
neonatal intensive care. Periodically summarizing the 
characteristics of the critical values could guide the 
adjustment of the criteria for the values. In turn, this 
could affect the determination of routine therapeutic 
strategies.

After obtaining a critical value suggesting that a 
newborn was in imminent danger, appropriate therapy 
was initiated promptly; however, in some cases, 
treatment had already been initiated before these critical 
values were obtained. For example, a physician can 
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be notified of a critical value for a high-risk preterm 
infant during a routine coagulation test following the 
administration of proprietary hemostasis drugs or 
even fresh frozen plasma upon admission. In other 
cases, positive blood cultures usually indicate that the 
physician should isolate the patient, take measures 
to disinfect the patient or change the antibiotics 
being administered. In fact, there is growing interest 
in disinfection and isolation in our department, and 
our empirical antibiotic therapy is usually effective. 
Therefore, providing extra treatment to patients with 
certain critical values is not necessary in clinical 
practice. In addition, our empirical antibiotic therapy 
relies on a quarterly blood culture monitoring report. 
Therefore, strict disinfection-isolation systems and 
blood culture monitoring reports could improve the 
management of newborn safety. This finding also 
indicates that we should combine laboratory results and 
clinical data before taking action and initiate treatment 
based on clinical experience without waiting for test 
results associated with common critical values.

Hemolyzed specimens are a rather frequent occurrence 
in laboratory practice, and it's a common cause of false-
positive critical values.[21,22] In most cases they are due 
to preanalytical sources related to incorrect procedures 
or failure to follow procedures for collection, handling 
and storage of the samples.[21] In this study, the rate of 
treatment intervention following a serum potassium 
critical value was 67.3%. The only reason for these 
false-positive values was specimen hemolysis without 
any clinical symptoms of hyperkalemia.[23] Further, 
modern methods of medical examination can easily lead 
to neonatal iatrogenic anemia;[24] therefore, it is always 
difficult to repeat tests associated with critical values. 
Even though samples were labeled as having hemolysis, 
the lab reported all the critical values to the ordering 
location. Only the infants who had clinical symptoms of 
hyperkalemia were subjected to blood re-collection to 
repeat the tests, so we only re-collected 6 infants' blood 
samples to retest. In addition, all of the 6 patients were 
still with serious hyperkalemia after the retests. This 
condition was considered to have a "positive impact" on 
treatment. Consequently, improving specimen quality 
may be a good way to decrease false-positive critical 
values and to avoid neonatal iatrogenic anemia.[25,26]

Critical value systems have many stringent 
requirements that could improve neonatal intensive 
care. For example, they provide timelines for the 
turnaround time for tests, for calling the ordering 
location and for initiating treatment. Furthermore, the 
interval between critical values in the same patient for 
the same analyte is very important for deciding whether 
to report the repeat critical values.[6] If the intervals 

are short, the same pediatricians are on shift and are 
knowledgeable regarding the patient's condition, and 
the intervention may have been performed when the 
fi rst report was received. Thus, it may not be necessary 
to report all the repeat critical values.[2]

About one third of all the critical value reports were 
deemed to be unnecessary because they had a negative 
impact on treatment. An unnecessary call would take 
a technician 2-3 minutes to call the pediatrician, and 
then the pediatrician would take 2-10 minutes to 
check whether the infant was in a critical state. So it's 
very important to reduce the proportion of unnecessary 
reports. We plan to establish an individualized reporting 
strategy aimed at coagulation tests. Based on the median 
interval,[2] if the results are not worse, we'll consider it 
acceptable to not call repeat critical values of coagulation 
tests within 12 hours.

Our department is among the busiest newborn 
tertiary centers in China. The critical values system 
helps our center avoid the sudden death of critically ill 
infants. Thus, we believe that our fi ndings can be applied 
to critical neonates in large neonatology departments in 
developing countries. Due to the unique characteristics 
of the setting, our fi ndings may not be applicable to small 
or rural hospitals in developed countries. To the best of 
our knowledge, this is the fi rst report of neonatal critical 
values from the perspective of pediatricians in China 
and is one of very few such reports internationally.

This study has potential limitations, including its 
single-center design and short duration. The clinical 
data used to update the critical value list were collected 
for only five months. Although the present study 
described some characteristics of neonatal critical 
values, our results should be interpreted with caution. 
The ranges of certain items on the critical value list 
may be inappropriate, such as the blood glucose and 
the hemoglobin and platelets ranges. Serum bilirubin 
should be added to the list of neonatal critical values. 
We are planning to update some of these ranges to 
facilitate clinical interventions and ultimately improve 
outcomes. Additional research employing multiple 
centers with longer durations is needed to provide more 
reliable clinical data for developing appropriate critical 
value lists and ranges.

In conclusion, premature infants and those in the 
NICU had a higher risk of having a critical value. It's 
necessary for each center to have a policy on how to 
handle the common critical values urgently, especially 
during the peak hours of critical values, the night shift 
and lunch break time. Laboratories should improve 
specimen quality, set reasonable thresholds and 
reduce certain repeated critical value calls to decrease 
unnecessary reports.



World Journal of Pediatrics

O
riginal article

56 World J Pediatr, Vol 13 No 1 . February 15, 2017 . www.wjpch.com

Funding: National Natural Science Foundation of China 
(No.81370744, 81571483, 81601323). Doctoral Degree Funding 
from Chinese Ministry of Education (No. 20135503110009). 
State key clinic discipline project (No.2011-873). the Scientific 
Research Foundation of The science and Technology Commission 
of Chongqing (No.cstc2015jcyjA10089). Clinical Research 
Foundation of Children's Hospital of Chongqing Medical 
University (No.254lcyj2014-11).
Ethical approval: This study was approved by the Ethics 
Committee of Children's Hospital of Chongqing Medical 
University, Chongqing, China.
Competing interest: All authors state no potential conflict of 
interest.
Contributors: Yu JL and Du LZ conceived and designed the 
study;Wang ZL and Chen YY performed the study and wrote the 
manuscript. Li LQ, Lu Q and Liu Y analyzed and interpreted the 
data. Cao LY, He Y revised the manuscript. All authors read and 
approved it for publication.

References
1 Lundberg GD. Critical (panic) value notifi cation: an established 

laboratory practice policy (parameter). JAMA 1990;263:709.
2 Yang D, Zhou Y, Yang C. Analysis of laboratory repeat critical 

values at a large tertiary teaching hospital in china. PLoS One 
2013;8:e59518.

3 Pai M, Moffat KA, Plumhoff E, Hayward CP. Critical values 
in the coagulation laboratory: results of a survey of the North 
American Specialized Coagulation Laboratory Association. Am 
J Clin Pathol 2011;136:836-841.

4 AWA R E  TA R E .  M e d i c a l  l a b o r a t o r i e s — P a r t i c u l a r 
requirements for quality and competence. INTERNATIONAL 
ORGANIZATION 2011;2011:06-06. Available: http://www.iso.
org (accessed May 2, 2012).

5 Geaghan SM. Critical values for the maternal-fetal unit, fetus, 
infant, child and adolescent: bilirubin reporting practice in North 
American Children's Hospitals as a paradigm for critical value 
reporting assessment. Clin Biochem 2011;44:483-484.

6 Dighe AS, Rao A, Coakley AB, Lewandrowski KB. Analysis of 
laboratory critical value reporting at a large academic medical 
center. Am J Clin Pathol 2006;125:758-764.

7 Howanitz PJ, Steindel SJ, Heard NV. Laboratory critical values 
policies and procedures: a college of American Pathologists 
Q-Probes Study in 623 institutions. Arch Pathol Lab Med 
2002;126:663-669.

8 Lundberg GD. It is time to extend the laboratory critical (panic) 
value system to include vital values. MedGenMed 2007;9:20.

9 Gong Y, Adeli K. A national survey on pediatric critical values 
used in clinical laboratories across Canada. Clin Biochem 
2009;42:1610-1615.

10 Jenkins JJ, Mac Crawford J, Bissell MG. Studying Critical 
Values Adverse Event Identification Following a Critical 
Laboratory Values Study at the Ohio State University Medical 
Center. American journal of clinical pathology 2007;128:604-

609.
11 Agarwal R, Chhillar N, Tripathi CB. Study of variables affecting 

critical value notifi cation in a laboratory catering to tertiary care 
hospital. Indian J Clin Biochem 2015;30:89-93.

12 Don-Wauchope AC, Wang L, Grey V. Pediatric critical values: 
laboratory-pediatrician discourse. Clin Biochem 2009;42:1658-
1661.

13 Patra S, Mukherjee B, Sahoo S. An analysis of critical value 
system in tertiary care hospitals in Bhubaneswar, Odisha. Int J 
Bioassays 2013;2:430-432.

14 Adamkin DH. Postnatal glucose homeostasis in late-preterm and 
term infants. Pediatrics 2011;127:575-579.

15 Dweck HS. Neonatal hypoglycemia and hyperglycemia: 
two unique perinatal metabolic problems. Postgrad Med 
1976;60:118-124.

16 Codner E, Flanagan SE, Ugarte F, Garcia H, Vidal T, Ellard S, 
et al. Sulfonylurea treatment in young children with neonatal 
diabetes: dealing with hyperglycemia, hypoglycemia, and sick 
days. Diabetes Care 2007;30:e28-e29.

17 Bialkowski J, Koehler M. Hyperglycemia in newborn infants. 
II. Secondary hyperglycemia in the neonatal period. Endokrynol 
Pol 1989;40:89-93. [In Polish]

18 Ramel SE, Long JD, Gray H, Durrwachter-Erno K, Demerath 
EW, Rao R. Neonatal hyperglycemia and diminished long-term 
growth in very low birth weight preterm infants. J Perinatol 
2013;33:882-886.

19 van der Lugt NM, Smits-Wintjens VE, van Zwieten PH, Walther 
FJ. Short and long term outcome of neonatal hyperglycemia 
in very preterm infants: a retrospective follow-up study. BMC 
Pediatr 2010;10:52.

20 Kao LS, Morris BH, Lally KP, Stewart CD, Huseby V, Kennedy 
KA. Hyperglycemia and morbidity and mortality in extremely 
low birth weight infants. J Perinatol 2006;26:730-736.

21 Lippi G, Plebani M, Di Somma S, Cervellin G. Hemolyzed 
specimens: a major challenge for emergency departments and 
clinical laboratories. Crit Rev Clin Lab Sci 2011;48:143-153.

22 Heyer NJ, Derzon JH, Winges L, Shaw C, Mass D, Snyder SR, et 
al. Effectiveness of practices to reduce blood sample hemolysis 
in EDs: a laboratory medicine best practices systematic review 
and meta-analysis. Clin Biochem 2012;45:1012-1032.

23 Goyal A, Spertus JA, Gosch K, Venkitachalam L, Jones PG, Van 
den Berghe G, et al. Serum potassium levels and mortality in 
acute myocardial infarction. JAMA 2012;307:157-164.

24 Aher S, Malwatkar K, Kadam S. Neonatal anemia. Semin Fetal 
Neonatal Med 2008;13:239-247.

25 Dighe AS, Jones JB, Parham S, Lewandrowski KB. Survey of 
critical value reporting and reduction of false-positive critical 
value results. Arch Pathol Lab Med 2008;132:1666-1671.

26 Snyder SR, Favoretto AM, Baetz RA, Derzon JH, Madison BM, 
Mass D, et al. Effectiveness of practices to reduce blood culture 
contamination: a Laboratory Medicine Best Practices systematic 
review and meta-analysis. Clin Biochem 2012;45:999-1011.

Received January 26, 2014
Accepted after revision May 29, 2015


