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BACKGROUND-AIM
Creatine kinase (CK) and aldolase are markers traditionally 
used in the study of muscle damage (MD). As CK 
determination is more specific to muscle damage, the demand 
for both determinations in routine laboratory tests would 
entail an extra cost. 

METHODS
Retrospective observational study conducted between 2019-
2020. CK and aldolase concentrations from 218 patients were 
studied.
ROC curves were analyzed for CK and aldolase for muscle 
damage detection. Cut-off values were selected for both 
strategies. Specifity of CK and aldolase for dermatomyositis 
or polymyositis diagnosis in our population was studied 
using the McNemar’s test.

RESULTS
The area under the ROC curve (AUC) for total CK was 0.716 
(95%CI: 0.651-0.775), for CK in males it was 0.703 (95%CI: 
0.592-0.799), and for CK in females was 0.719 (95%CI: 
0.636-0.793). For aldolase, AUC was 0.505 (95%CI: 0.437-
0.573). Optimized cut-off points for each determination were: 
112 U/L for CK in men, with a sensitivity of 73.9% (95%CI: 
51.6-89.8) and a specificity of 49.2% (95%CI: 35.9-62.5); 88 
U/L for CK in women, with a sensitivity of 75.0% (95%CI: 
57.8-87.9) and specificity of 50.5% (95%CI: 40.4-60.6); and 
5.6 U/L for aldolase, with a sensitivity of 61.0% (95%CI: 
53.2-68.8) and a specificity of 38.8% (95%CI: 26.5-52.6).
Regarding the individuals diagnosed with dermatomyositis 
or polymyositis, 66.7% and 44.4% of them were correctly 
classified as pathological by CK and aldolase results, 
respectively. McNemar’s test did not reveal significant 
differences.

Abstract

eJIFCC2024Vol35No1pp4-9

Keywords
creatine kinase, aldolase, muscle damage, dermatomyositis, 
polymyositis
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CONCLUSION
The determination of CK offers a better diagnostic performance 
of MD and, in addition, does not present significant differences 
regarding the determination of aldolase in cases of polymyositis 
and dermatomyositis. Therefore, the single determination of CK 
would be sufficient for MD screening.

INTRODUCTION
The evaluation of serum muscle enzymes is common in the 
study of patients presenting muscle weakness or myalgias in 
whom muscle myopathy is suspected. These enzymes can be 
elevated in inflammatory myopathies (such as polymyositis and 
dermatomyositis), infectious myopathies, dystrophinopathies, 
rabdomyolysis, and metabolic myopathies, among others [1,2]. 
Myositis is described as any condition that causes inflammation in 
skeletal muscles. Its main symptom is muscle weakness, whereas 
muscular pain is not always present. It can be caused by different 
entities including infections, autoimmune diseases, and muscle 
injury [3]. In this context, polymyositis is a rare inflammatory 
disease that causes muscle weakness, thereby affecting both 
sides of the body. Having this disease can make it difficult to 
climb stairs, stand after sitting, lift, or reach for places above 
your head. Commonly, it affects adults between 30 and 50 years 
and is more common in African than in Caucasian population. 
In addition, women are affected more often than men. Signs 
and symptoms usually appear gradually, over weeks or months. 
Risk of polymyositis is higher in case of lupus, rheumatoid 
arthritis, scleroderma, or Sjögren’s syndrome [4-6]. While 
polymyositis has no cure, treatment ranging from medications to 
physical therapy can improve muscle strength and function [7]. 
Dermatomyositis, however, as well as being a rare inflammatory 
disease characterized by muscle weakness, also causes a 
particular skin rash. It can affect adults and children. In adults it 
occurs between the age of 45 and 65 years. In children, it usually 
appears between 5 and 15 years old [4,5,6]. Dermatomyositis 
also affects women more than men. It has no cure, but there 
may be periods when symptoms improve. Meanwhile, treatment 
can eliminate the skin rash and help regain muscle strength 
and function [7]. Recently, dysregulation in microRNA which 
normally regulates the immune system has been found in cases 
of myositis, but further research is needed in order to understand 
the role of microRNAs in these cases [8]. 
In clinical laboratories, aldolase and creatine kinase (CK) are two 
enzymes whose analytical determination has the study of muscle 
damage as its main usefulness [1]. Aldolase is an enzyme that 
acts on glucose, allowing energy to be obtained. It is distributed 
throughout the body, mainly in muscle tissue. The main clinical 
use of aldolase determination is in the diagnosis and monitoring 
of musculoskeletal diseases [9,10]. CK is an enzyme located in 
the inner mitochondrial membrane, myofibrils, and cytoplasm of 
myocytes. It is involved in the storage and transfer of energy and is 
the most widely used enzyme for diagnosing and tracking muscle 
diseases. Its highest serum concentrations are found in response 
to muscle damage for which it is the most sensitive marker 
[10,11]. However, regarding polymyositis and dermatomyositis, 

an increase in aldolase concentration has been described with 
no increase in CK concentration [12,13,14]. Myoglobin is a 
protein that is also released in muscle damage together with CK. 
However, it has a short half-life and its concentrations start to 
decrease when CK concentrations are still elevated, thus it is less 
sensitive if the muscle damage is not recent. Also, myoglobin 
is most commonly used to study the risk of acute renal injury 
since high concentrations of this protein can exceed the 
protein-binding capacity of the plasma causing nephrotoxicity 
and renal failure. On top of that, determination of this protein 
is more expensive than other enzymes that appear to be more 
informative, like CK. That is why it is not a commonly used 
determination for muscle damage study in clinical laboratories 
[15,16]. Currently, it is common practice for clinicians to ask for 
the simultaneous measurement of these two biomarkers in cases 
of suspected muscle damage. Nevertheless, in our experience, 
aldolase and CK appear elevated when there is muscle damage. 
Hence, as CK determination is more specific to muscle damage, 
the demand for both determinations in routine laboratory tests 
would entail an extra cost [17,18]. The aim of this study was 
to optimize the decision limits for CK and aldolase as muscle 
damage biomarkers in our laboratory, as well as to compare their 
diagnostic accuracy for this kind of pathologies. Based on the 
results, a study of the economic cost derived from an incorrect 
demand for these markers was also carried out. 

MATERIAL AND METHODS
A retrospective observational study was performed at Hospital 
Universitari Son Espases (Palma de Mallorca, Spain), a tertiary 
level hospital that provides healthcare for an approximate 
population of 325,000 individuals. The assessed period was 
between January 2019 to December 2020. Analytical data 
were obtained from the laboratory information system Gestlab 
(Indra, Spain), and the clinical information (diagnostic data) 
was extracted from the hospital information system Millenium 
(Cerner Corporation), after obtaining approval from the Ethics 
Board of our institution (Research Ethics Committee of the 
Balearic Islands (IB 5121/23 PI)). This study is in compliance 
with the ethical principles for medical research involving human 
subjects, in accordance with the Declaration of Helsinki. The 
current decision limits (upper reference limits) in our hospital 
for serum CK and Aldolase were provided by the manufacturers, 
Abbott Diagnostics (USA) and BioSystems (Spain), respectively: 
CK (Male (M) 200 U/L, Female (F) 168 U/mL); Aldolase (7 U/L). 
Serum CK was quantified by spectrophotometry on the Alinity c 
platform (Abbott Diagnostics, USA). Long-term imprecision (6 
months) was satisfactory, with coefficients of variation (CVs) of 
2.5% at 78 U/L, and 3.5% at 660 U/L; whereas aldolase enzyme 
levels were quantified by spectrophotometry using the BA25 
equipment (BioSystems, Spain) with an analytical coefficient of 
variation of 4.8% (concentration similar to the current decision 
limit). 

eJIFCC2024Vol35No1pp4-9
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Inclusion criteria
Inpatient laboratory requests were considered if they included 
simultaneous CK and aldolase determinations. Only the first 
request for each individual with both biomarkers was included in 
the study. Results were considered pathological when the clinical 
information reflected an entity of muscle damage as the final 
diagnosis for that episode.

Diagnostic comparison: CK vs Aldolase 
For each individual, age and sex were recorded, and different 
groups were established according to the diagnosis reflected on 
the medical records: individuals with non-muscle damage versus 
individuals with reported muscle damage. In order to determine 
which diagnostic strategy had a better discriminating power for 
muscle damage, a receiving operating characteristics (ROC) 
curve analysis was performed and the area under the curve 
(AUC) was quantified. Based on the results, cut-off values (for 
CK (by sex) and aldolase) were selected for the maximization 
of the diagnostic performance. Cut-off values with maximal 
discrimination power were used to calculate Cohen´s Kappa 
index and the odds ratio (OR) for muscle damage. Once cut-
off points were optimized, we checked whether aldolase was 
the more specific enzyme for dermatomyositis or polymyositis 
diagnosis in our population, as described in the literature.  In order 
to verify this fact, we evaluated the proportion of well-classified 
(dermatomyositis/polymyositis versus non-muscle damage) 
individuals according to CK and aldolase concentrations.

Economic implications
Using only one enzyme, either CK or aldolase when muscle 
damage is suspected, would lead to economic savings. Evaluation 
of such savings was also performed retrospectively, considering 
a unit price of 2 euro for each determination (CK and aldolase).

Statistical Analysis
AUCs were compared using the Bamber methodology. 
Comparison of proportions for related samples was performed 
using the McNemar test. SPSS v.24 (IBM Corporation, USA) 
and MedCalc v.19.3 (Belgium) software were used for all 
calculations. Statistical significance was set at 0.05. 

RESULTS
During the period studied, in a total of 1502 individuals, CK and 
aldolase determinations for muscle damage were simultaneously 
requested, 218 of whom were inpatients. Sixty-eight of them 
(31%) were considered pathological in view of the final diagnosis 
reflected in their medical records. The diagnosis included 
mainly: myopathy (15%), myelitis (9%), dermatomyositis 
and polymyositis (26%), Behçet syndrome (7%), myalgia 
(14%), rheumatoid arthritis (12%), physical exercise (1.5%), 
Kawasaki syndrome (1.5%), ELA (1,5%), chronic inflammatory 
demyelinating polyneuropathy (1.5%), seizures (1.5%), and 
Duchenne syndrome (1.5%). Anthropometric and biochemical 
features are described in Table 1. The area under the ROC curve 
(AUC) for total CK was 0.716 (95% CI: 0.651-0.775). However, 
by sex, for CK in males it was 0.703 (95% CI: 0.592-0.799), 
whereas AUC for CK in females was 0.719 (95% CI: 0.636-
0.793). For aldolase, AUC was 0.505 (95% CI: 0.437-0.573). 
Comparison of ROC curves of total CK and aldolase is shown 
in Figure 1. In addition, statistically significant differences 
were found between CK (male and female) and aldolase AUCs 
(p-value<0.01). Optimized cut-off points for each determination 
were: 112 U/L for CK in men, with a sensitivity of 73.9% (95% 
CI: 51.6-89.8) and a specificity of 49.2% (95% CI: 35.9-62.5); 
88 U/L for CK in women, with a sensitivity of 75% (95% CI: 
57.8-87.9) and specificity of 50.5% (95% CI: 40.4-60.6); and 5.6 
U/L for aldolase, with a sensitivity of 61% (95% CI: 53.2-68.8) 
and a specificity of 38.8% (95% CI: 26.5-52.6). Upon applying 
the optimized cut-off points of CK and aldolase, Cohen’s Kappa 
index for women was 0.51, while for men it was 0.19, for any 
diagnosis of muscle damage. Similarly, the following odds 
ratios were obtained for general muscle damage: CK (M) 2.7 
(95% CI: 1.0 – 7.8); CK (F) 3.1 (95% CI: 1.4 – 7.1); aldolase 1.0 
(95% CI: 0.5 – 1.8). After studying individuals diagnosed with 
dermatomyositis or polymyositis (26% pathological diagnosis), 
and in consideration of the CK results, 66.7% (12/18) presented 
a value higher than the established cut-off value and, therefore, 
were correctly classified as pathological. However, regarding 
aldolase results, only 44.4% (8/18) were correctly classified as 
pathological. Despite these differences, McNemar’s test did not 
reveal significant differences between both biomarkers (p-value 
= 0.344). Over the two years of the study, a total of 1502 aldolase 
determinations were co-processed with CK, amounting to a total 
cost of 3004 euro for this extra determination. 

Muscle damage: Optimization of the diagnostic capacity of traditional biomarkers
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DISCUSSION
CK and aldolase are two analytical determinations that are used 
for the diagnostic study of muscle damage, in which an increase 
in these biomarkers can occur. It is described that the only cases 
in which an elevation of the enzyme aldolase could occur without 
elevation of the enzyme CK are those of dermatomyositis and 
polymyositis [12-14]. Currently, it is common to simultaneously 
determine both biomarkers to study muscle damage, which could 
lead to unnecessary health expenditure if both determinations offer 
the same information. According to the literature, this happens 
only in the specific cases of dermatomyositis and polymyositis, 
the incidence of which is not very high – presenting 4.7-5.2/106/
year for dermatomyositis and 3.7-4.1/106/year for polymyositis 
in Spain, in general [19]. To study the diagnostic capacity of both 
biomarkers, 218 patients were studied, from whom the ROC 
curves of CK, separated by sex, and aldolase were analyzed. 
Analysis of the ROC curve of both biomarkers indicated that 
the determination of aldolase for muscle damage offered no 

information and, further, the diagnostic performance for muscle 
damage of CK was significantly higher than the diagnostic 
performance of aldolase. This fact is also highlighted through the 
odds ratio obtained for both biomarkers. Furthermore, according 
to international recommendations [20], each laboratory should 
establish its own reference values and decision limits. In this 
way, new cut-off values of both determinations were obtained. 
These decision limits were used to study the concordance of 
both biomarkers for muscle damage. However, the fact that 
the cut-off point obtained for CK is around the median of the 
normal value, highlights both, that the reference values provided 
by the manufacturer are not well characterized or do not suit to 
our population, so it would be necessary to further study and 
properly characterize our population with good reference ranges. 
And that, even if CK seems to be a better biomarker for the study 
of muscle damage than aldolase, it is far from being an ideal 
biomarker due to its lack in distinguishing between pathological 
and non-pathological patients. 

eJIFCC2024Vol35No1pp4-9
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Diagnosis

*IQR: interquartile range

Pathological
(31%)

Non
Pathological

(69%)

Sex

(Male/Female)

22/46

58/92

42 (13-53)

11 (6-21)

122 (82-318)

94 (67-142)

6.3 (4.6-8)

6.1 (4.6-8.7)

Age: Median

(years, IQR*)

Median CK

(U/L, IQR)
Median Aldolase

(U/L, IQR)

Table 1: Descriptive statistics of the studied population

Figure 1: ROC curves (total CK and aldolase) for diagnosis of muscle damage
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Finally, since in the cases of dermatomyositis and polymyositis 
an elevation of aldolase has been described without the presence 
of CK elevation, the differences between both markers were 
evaluated for 18 cases of dermatomyositis and polymyositis. 
Positive results were observed in 12 of the 18 cases for CK, 
representing 66.7% of cases, and in 8 for aldolase, representing 
44.4%. No significant differences were found, in our population, 
between the measurement of CK and aldolase for the described 
cases of polymyositis and dermatomyositis. These results show 
that, in our population, the use of aldolase for detection of 
cases of dermatomyositis and polymyositis does not offer more 
information than the use of CK. However, it would be necessary 
to continue the study by increasing the number of cases to 
confirm these results. Globally, this study has some limitations, 
mainly related to its retrospective nature and the confidence in the 
records obtained from the LIS and hospital information system. 
Besides, the number of cases studied was low, especially in the 
cases of dermatomyositis and polymyositis. From an economic 
point of view, the single request of CK determination in case 
of diagnostic suspicion of muscle damage would be enough and 
would lead to financial savings. It is important to highlight that 
the study was carried out during a period corresponding to the 
COVID-19 pandemic, with a greater expense being likely in 
non-pandemic operating conditions of the laboratory.

CONCLUSION
The results obtained in this study indicate that the determination 
of CK offers a better diagnostic performance of muscle damage 
and, in addition, does not present significant differences 
regarding the determination of aldolase in cases of polymyositis 
and dermatomyositis, in which an increase in aldolase without 
an increase in CK has been described. Therefore, the single 
determination of CK would be sufficient for muscle damage 
screening and would mean a decrease in health expenditure. 
Based on the ‘right care’ philosophy, clinical laboratories need to 
offer not only true results, but also become a cornerstone in the 
optimization of resources.
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BACKGROUND: BD BarricorTM tubes have been proposed 
to decrease laboratory turnaround time (TAT). We analytically 
validated and then clinically verified these tubes for use with 
Abbott AlinityTM and Siemens Atellica® highly sensitive 
cardiac troponin I (hs-cTnI) assays.

METHODS: hs-cTnI measurements were undertaken in 
paired BarricorTM and in-use PSTIITM tubes on both systems. 
359 matched samples with hs-cTnI levels between 3 and 
15,000 ng/L (Atellica® values) were used to assess the 
hemolysis rate and make method comparisons. 599 paired 
patient samples were collected on emergency department 
(ED) admission to compare the performance of the rapid 
acute myocardial infarction (AMI) rule-out strategy based on 
hs-cTnI concentrations lower than recommended thresholds 
(<4 ng/L AlinityTM; <5 ng/L Atellica®) when different tubes 
and systems were employed.

RESULTS: No between-tube differences in hemolysis rate 
were seen when free hemoglobin concentrations in plasma 
samples were ≥0.25 g/L, even if PSTIITM showed a significant 
increase of hemolysis rate vs. BarricorTM (31% vs. 22%, 
p=0.007) when a lower cut-off for hemolysis (≥0.11 g/L) was 
employed on the Atellica® detection system. The alternate use 
of these tubes did not influence the hs-cTnI results obtained 
from either of the two assays, which remained markedly 
biased (~40%) irrespective of the tube used. The expected 
optimal ability of very low hs-cTnI values on ED admission 
for ruling out AMI was confirmed by using both systems 
regardless of the tube type.

CONCLUSIONS: BarricorTM and PSTIITM tubes can provide 
analytically equivalent hs-cTnI results when used on either 
AlinityTM or Atellica® hs-cTnI assays. 

Abstract
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Introduction
According to current clinical recommendations [1,2], cardiac 
troponins I or T are the preferred biomarkers for the detection 
of myocardial injury and key diagnostic elements in diagnosing 
acute myocardial infarction (AMI), especially in non-ST-
segment elevation myocardial infarction (NSTEMI) [2]. As 
such, an accurate quantification of these biomarkers, through a 
detailed knowledge of the preanalytical, analytical, and clinical 
performance of available assays, is crucial in avoiding erroneous 
results, potentially leading to wrong diagnosis and inappropriate 
management of patients with suspected AMI [3].
For measuring cardiac troponin I, several highly sensitive 
immunoassays are now marketed, which are available on fully 
automated, high-throughput platforms. Among others, the 
AlinityTM i STAT High Sensitive Troponin-I and the Atellica® IM 
High-Sensitivity Troponin I assays have an analytical turnaround 
time (TAT) <15 min. TAT is an important indicator of laboratory 
service performance [3,4] and a lag ≤60 min from the time 
of receipt of blood tubes in the central laboratory to troponin 
result reporting to clinical wards has been recommended. 
Meeting appropriate TAT to ensure timeliness in reporting 
troponin results is a prerequisite for the implementation of 
fast-track algorithms recommended in clinical guidelines [2]. 
Furthermore, a rapid TAT for troponin testing can facilitate 
early diagnosis, timely initiation of treatment, and improved 
patient outcomes [5,7]. The use of plasma allows for faster blood 
sample processing compared to serum as the clotting time is 
eliminated. Therefore, plasma providing tubes are widely used 
for troponin measurements in emergency departments (ED) 
[5]. In 2016, Becton Dickinson (BD) introduced a novel type 
of lithium heparin tube which contains a mechanical separator 
of blood cells (BarricorTM Lithium Heparin Plasma Blood 
Collection Tubes) as opposed to classical gel separation, e.g., 
in Plasma Separator Tubes II (PSTIITM). Importantly, BarricorTM 
tubes require a shorter centrifugation time than PSTIITM tubes 
(3 minutes as opposed to 10 minutes), potentially offering a 
further effective reduction of TAT when used in acute clinical 
setting [6,7]. Although BarricorTM tubes are available since a few 
years, data evaluating the BarricorTM tube as an alternate sample 
type for cardiac troponin I measurements are still limited [8,10]. 
Consequently, in this study we validated the use of BarricorTM 
tubes on the AlinityTM and Atellica® highly sensitive cardiac 
troponin I (hs-cTnI) measuring systems, by comparing them 
with in-use PSTIITM tubes.
Our study sought to evaluate: a) the frequency of hemolysis in 
using these two tubes, as quantified by the hemolysis index (HI) 
on both platforms; b) the impact, if any, of the tubes on the assay 
comparison; and c) the influence of the tubes, if any, on rapid 
AMI rule-out strategy employing recommended cut offs of hs-
cTnI assays.

Materials and Methods
Analytical study design 
Sample collection and processing
359 BarricorTM-PSTIITM lithium heparin paired samples were 
collected from hospitalized patients with routinely ordered hs-
cTnI testing. All study participants provided informed, written 
consent prior to adding the BarricorTM tube to PSTIITM tube 
needed for hs-cTnI measurements. No exclusion criteria, other 
than insufficient samples (blood volume <3 mL) or with troponin 
concentrations <3 ng/L, i.e., the lower limit of measurement 
range, were applied. Blood from each individual was collected 
into a 3 mL BarricorTM tube (ref. 365044) and then in a 3 mL 
PSTIITM tube (ref. 367374). Following blood drawing, tubes 
were gently inverted 4-5 times before immediate transfer to the 
laboratory, where they were centrifuged according to vendor 
recommendations, i.e., at 4000g for 3 min for BarricorTM, using a 
dedicated swing bucket DASH Apex 6 Compact STAT centrifuge 
(Drucker Diagnostics), and at 2000g for 10 min for PSTIITM 
using a swing bucket Eppendorf centrifuge 5702, respectively. 
HI measurements and hs-cTnI testing of plasma samples were 
performed within 30 min following centrifugation. The study 
was conducted from June 2019 to March 2021.

Characteristics of hs-cTnI assays and HI measurement systems
The hs-cTnI measuring interval was 3 to 50,000 ng/L for 
AlinityTM i and 3 to 25,000 ng/L for Atellica® IM, respectively. 
According to the IFCC recommendations to use whole numbers 
(no decimals) for hs-cTnI reporting in clinical practice [11], all 
values were rounded up or down to the nearest whole number. 
The lower end of the measuring interval was defined by the 
limit of quantitation for Atellica®, rounded to the smallest 
integer common on both systems. The overall 99th percentile 
URLs were 26 ng/L and 45 ng/L for AlinityTM and Atellica®, 
respectively. The respective HI were measured on the AlinityTM 
c and Atellica® CH. The performance of these photometric 
determinations has been previously described in detail [12-13]. It 
should be noted that AlinityTM c permits a quantitatively accurate 
estimate of free hemoglobin (fHb) concentrations in plasma, 
while in the Atellica® CH the quantitative results are bucketed 
into index intervals to report in qualitative terms. Based on 
previous experiences establishing 0.25 and 1.00 g/L of fHb as the 
clinically most important thresholds for hemolysis interference 
[14], we used for AlinityTM the corresponding HI of 25 and 100, 
and for Atellica® the index ranges of 1 (0.11-1.30 g/L fHb) and 2 
(1.31-2.49 g/L fHb) to establish the hemolysis rates by using the 
two evaluated tubes.

eJIFCC2024Vol35No1pp10-22
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Method comparison studies
The between-assay comparisons using the same tube and the 
between-tube intra-assay comparisons were carried out using 
the same 359 matched samples having hs-cTnI concentrations 
covering the range between 3 and 15,000 ng/L (Atellica® 
values). To highlight correlation results in the most important 
clinical range, comparisons were also done on a subgroup of 
300 paired samples with hs-cTnI ranging from 3 to 300 ng/L, a 
value previously identified as threshold for immediate rule-in at 
patient admission when using Abbott ArchitectTM platform [15]. 
All hs-cTnI measurements were performed in duplicate and the 
mean value was calculated. Method comparison studies were 
undertaken in compliance with CLSI EP09-A3 standards [16].

Clinical study design 
Study population and blood sampling
We prospectively enrolled 599 unselected patients admitted to 
the ED with chest pain of possible cardiac origin and suspected 
AMI and with pain onset within the last 6 h. Paired BarricorTM 
and PSTIITM samples were collected at patient presentation and 
processed promptly. Testing of paired plasma samples from each 
patient was performed firstly on the routinely employed Atellica® 
and shortly after on the AlinityTM measuring system. 

AMI rule-out strategy on ED admission and study endpoint
An hs-cTnI-based AMI rule-out strategy using previously 
recommended thresholds (<4 ng/L for AlinityTM [2], and <5 ng/L 
for Atellica® [17], was employed using single sample results 
obtained from these two types of primary tubes. The primary 
endpoint was to compare the performance of the aforementioned 
strategy to rule-out AMI using BarricorTM and PSTIITM tubes. 

AMI adjudication 
After review of relevant clinical information and the standards 
of the University Hospital No.1 in Bydgoszcz, cases were 
adjudicated for AMI (including type 1 and 2) following the 
Fourth Universal Definition of AMI consensus recommendations 
[1]. The adjudicators (cardiologists EL and MJ) were blinded 
to the investigational AlinityTM and Atellica® hs-cTnI. The hs-
cTnI Atellica® PSTIITM results were available to the adjudicators 
during the hospitalization period of the patient. 

Compliance with ethical standards
In compliance with the ethical principles for medical research 
involving human subjects the study protocol was approved 
by the Bioethics Committee of the Collegium Medicum in 
Bydgoszcz, Nicolaus Copernicus University in Torun, Poland 
in agreement with the Helsinki declaration on ethical standards 
[No. 402/2019]. All patients provided written informed consent 
for enrollment in the study. 

Statistical analysis 
Categorical variables were compared using the chi-square test 
and their percentage share in the entire group of results was 
determined. The compliance with the normal distribution was 
checked using the Shapiro-Wilk W test. Normally distributed 
values were presented as mean and standard deviation (SD). 
Values whose distribution deviated from normal were presented 
as medians with the 25th and 75th percentiles.
Depending on whether a given distribution met the criteria of a 
normal distribution, the obtained values were compared using 
the Student’s t-test or, if these conditions were not met, the 
U-Mann-Whitney test. Comparison of hs-cTnI concentrations in 
BD BarricorTM and BD PSTIITM tubes on Alinity i and Atellica 
IM analyzers was made using Deming regression analysis with 
the determination of the Pearson linear correlation coefficient. 
Scatter plots of hs-cTnI concentrations measured by the AlinityTM 
and Atellica® measuring systems were generated, slopes and 
intercepts [with corresponding 95% confidence intervals (CI) 
were estimated, and between-assay percentage differences 
calculated. Diagnostic sensitivities and negative predictive 
values (NPV), with corresponding CIs, were calculated to 
examine the diagnostic performance of AMI rule-out strategy for 
both the hs-cTnI AlinityTM and Atellica® assays and using the two 
different tubes. Differences in the proportion of results obtained 
with both tubes were compared. A p value <0.05 was considered 
statistically significant. All statistical analyzes were performed 
using MedCalc v.20.023 software (MedCalc Software, Ostend, 
Belgium).

Results
Comparisons of hemolysis rates using BarricorTM and PSTIITM 

tubes, as automatically detected by the AlinityTM c and Atellica® 
CH systems, are shown in Table 1. No between-tube differences 
were seen in the hemolysis rate on either platform when a medium 
degree of hemolysis, defined as fHb ≥1.00 g/L, was detected. The 
impact of different thresholds in detecting low degree hemolysis 
on these two platforms, i.e., AlinityTM ≥0.25 g/L and Atellica® 
≥0.11 g/L, may explain the significant increase in the percentage 
of hemolyzed samples detected by Atellica® compared to 
AlinityTM when using PSTIITM tubes (31% vs. 22%, p=0.011). It 
is indeed possible that some part of samples reported with HI ≥1 
on Atellica® were not detected as hemolyzed on AlinityTM, as an 
fHb range between 0.11 and 0.25 g/L approached the threshold 
for a low degree of hemolysis on AlinityTM. The same observation 
may explain significant increases in low-degree hemolysis rate 
(31% vs. 22%, p=0.007) on Atellica® when PSTIITM tubes were 
compared with BarricorTM tubes, indicating that PSTIITM may 
increase the number of samples displaying relatively low fHb 
(between 0.11 to 0.25 g/L). A direct relationship of hemolysis 
indices of the two blood collection tubes and the two analytical 
systems is presented in Supplementary Figure 1.

Validation of BD BarricorTM  tubes for hs-cTnI 



Page 13eJIFCC2024Vol35No1pp10-22

Comparisons between plasma samples obtained from the two 
types of tubes run on either the AlinityTM or the Atellica® hs-cTnI 
measuring systems are shown in Supplemental Figure 2. The 
regression equations revealed near equivalence between tubes, 
showing that the alternate use of the two types of tubes did not 
influence hs-cTnI results obtained by each of the two measuring 
systems. Supplemental Figure 3 shows the between-assay 
comparisons using the same tube. Regression analyses remained 
the same regardless of tube type employed for obtaining plasma. 
As expected, the two hs-cTnI systems showed non-comparable 
results, with AlinityTM giving hs-cTnI results markedly lower 
than Atellica®. Slopes and intercepts for both comparisons 
indicated both constant and proportional difference. Difference 
plots confirmed the substantial between-assay bias, in average 
ranging from 38% to 40%, that was however unaffected by the 
employed type of tube (Figure 1). We also compared distributions 
of BarricorTM and PSTIITM paired samples according to the 
specific categories on either system: <4ng/L AlinityTM, <5ng/L 
Atellica®, between these low values and the assay-specific 99th 
percentiles, and >99th percentiles which showed no statistically 
significant differences between tubes regardless of the system 

used (Supplemental Table 1). A rapid AMI rule-out strategy using 
the two hs-cTnI measuring systems and the two types of tubes 
was applied to 599 patients admitted to ED with suspected AMI. 
Baseline characteristics of these patients and corresponding hs-
cTnI concentrations measured using both systems and tubes are 
shown in Table 2. The average age in patients with suspected 
AMI was 68.7 years and the majority of them were men. Patients 
finally diagnosed with AMI were of similar age to patients with 
AMI excluded. However, AMI was diagnosed significantly more 
frequently in men compared to women. The average age of 
women was 71.9 ± 11.7 years, while that of men was 66.8 ± 11.8 
years and the observed difference was statistically significant (P 
<0.001). The median hs-cTnI concentrations in the study group 
did not differ statistically significantly between both tubes on the 
same analyzer. Statistically significant differences were observed 
between median hs-cTnI concentrations obtained in the same 
tubes using two measurement systems. As expected, median 
hs-cTnI concentrations were statistically significantly higher in 
patients with confirmed AMI compared to patients with AMI 
excluded.

Validation of BD BarricorTM  tubes for hs-cTnI 

0.307†

0.247†

0.011§

0.494§

AlinityTM BarricorTM

AlinityTM PSTIITM

Atellica® BarricorTM

Atellica® PSTIITM

AlinityTM BarricorTM

AlinityTM PSTIITM

Atellica® BarricorTM

Atellica® PSTIITM

19%
22%
22%
31%

Medium-degree 
hemolysis†

5%
6%
3%
5%

0.229

0.007

0.613

0.327

P value between platformsP value between tubesLow-degree hemolysis*

Table 1: Hemolysis rates in 359 paired BarricorTM and PSTIITM lithium heparin plasma samples as detected by automatic 
hemolysis index on the two measuring systems. Chi-square test was used for comparisons.

* H-index ≥0.25 g/L for AlinityTM and ≥1 g/L (quantitative values in the range 0.11-1.30 g/L) for Atellica®. 
† H-index ≥1 g/L for AlinityTM and ≥2 g/L (quantitative values in the range 1.31-2.49 g/L) for Atellica®. 
‡ Differences between AlinityTM BarricorTM and Atellica® BarricorTM

§ Differences between AlinityTM PSTIITM and Atellica® PSTIITM
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Using this approach, excellent sensitivities and NPV were 
obtained, irrespective of the tube type employed (Table 3).

Sixty-nine (12%) patients were finally diagnosed with AMI. In 
reporting hs-cTnI values lower than the recommended cut-offs 
for the AMI rule-out procedure, we found overall agreement 
between both hs-cTnI measuring systems and both tube types 
employed (Supplemental Table 2). However, it should be noted 
that whilst AlinityTM did not show any false negative results 
(i.e., AMI patients with hs-cTnI <4 ng/L on ED admission), 
Atellica® displayed two false negative results in two different 
AMI patients, with both showing a hs-cTnI value of 4 ng/L, one 
when using the BarricorTM tube, the second the PSTIITM.

Discussion
In this study, we successfully performed an analytical validation 
and clinical verification of BD BarricorTM tubes for use on both 
the AlinityTM and the Atellica® hs-cTnI measuring systems in 
comparison with the in-use PSTIITM tubes. Our results clearly 
demonstrate that BD BarricorTM tubes displayed an acceptable 
analytical and clinical performance on both hs-cTnI measuring 
systems and that they are fit for purpose in an emergency setting 
for patients presenting with chest pain. Initially, we assessed 
the effect of BarricorTM tubes on the incidence of hemolysis. In 
vitro hemolysis is an undesirable, though relatively common 

problem, which may adversely affect patient management. 
Our data revealed that the incidence of a medium degree of 
hemolysis, as defined by a fHb concentration of ≥1.00 g/L, 
detected in our setting in approximately 5% of plasma samples, 
was independent of the blood collection tubes used. On the 
other hand, PSTIITM showed a significant increase in rate of 
hemolysis when compared with BarricorTM tubes if a lower cut-
off for hemolysis (≥0.11 g/L) was employed on the Atellica® 
CH detection system, demonstrating a slightly better quality 
of plasma being obtained from BarricorTM tubes and indicating 
that PSTIITM may increase the number of samples showing a 
very low hemolysis degree, which were however still within 
the physiological fHb range [18]. Other authors also noted a 
significantly lower frequency of hemolysis and a better quality 
of plasma in BarricorTM when compared to PSTIITM tubes, 
even if different centrifugation protocols for BarricorTM tubes 
were employed in the various studies [6, 7, 19, 20]. Our results 
showed that significant between-tube differences occurred where 
HI was relatively low. Increases in hemolysis severity cancelled 
out these differences. Nevertheless, interference thresholds for 
HI differed slightly in employed analyzers, further highlighting 
the need for establishing standardized and universally accepted
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Age [years]
Sex [female]

Alinity I BD BarricorTM 
hs-cTnI [ng/L]

Alinity i BD PSTIITM hs-
cTnI [ng/L]

Atellica IM BD 
BarricorTM hs-cTnI [ng/L]
Atellica IM BD PSTIITM 

hs-cTnI [ng/L]

68.7 ± 12.0
227 (38%)

68.7 ± 12.0
209 (39%)

68.5 ± 11.9
18 (26%)

0.988
<0.001

10 (5-33)

10 (5-33)

15 (8-52)

15 (8-52)

9 (5-26)

9 (5-26)

14 (8-41)

13 (7-40)

41 (13-428)

39 (11-406)

86 (24-747)

88 (23-751)

<0.001

<0.001

<0.001

<0.001

All patients

(n=599)

AMI patients

(n=69)

Non-AMI patients

(n-530)
p value

Table 2: Baseline characteristics of patients with suspected AMI and corresponding hs-cTn concentrations.

Sensitivity

Negative Predictive Value

100%
(95-100)

100%
(94-100)

100%
(95-100)

100%
(93-100)

99%
(92-100)

98%
(90-100)

99%
(92-100)

98%
(90-100)

AlinityTM 

 BarricorTM

Atellica® 

BarricorTM

AlinityTM 

PSTIITM

Atellica® 

PSTIITM

Table 3: Diagnostic performance of acute myocardial infarction rule-out strategy using recommended cut-offs for hs-cTnI on 
AlinityTM (<4 ng/L) and Atellica® (<5 ng/L) measuring systems with BarricorTM and PSTIITM tubes. 95% confidence intervals in 
parentheses.
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criteria for detecting and reporting HI among manufacturers 
as well as defining significant assay interference thresholds 
according to both the analytical criteria and clinical relevance. Our 
study is the first to demonstrate that hs-cTnI results obtained in 
both BD lithium heparin tubes fully agreed across the measuring 
range within the same system (AlinityTM or Atellica®). Dupuy 
et al. previously compared highly sensitive cardiac troponin T 
(hs-cTnT) measurements in both lithium heparin tubes, revealing 
only a negligible difference between the tubes [21]. Although 
these data were limited by the small sample size (samples were 
collected from only 9 patients and 5 healthy individuals) and the 
narrow range of evaluated hs-cTnT values (3-159 ng/L), those 
authors concluded that the use of BarricorTM tubes with a shorter 
centrifugation time did not affect hs-cTnT measurements, 
suggesting that both BarricorTM and PSTIITM tubes can be used 
interchangeably [21]. Our results confirmed that both tubes can 
also provide analytically equivalent results when used on either 
of the evaluated hs-cTnI measuring systems. As demonstrated 
in previous studies [22], marked differences in hs-cTnI 
concentrations between the two systems were observed even 
when using the same sample tube. The lack of both a commutable 
reference material and the different antibody configuration of 
assays may explain these differences. While Atellica® hs-cTnI 
is traceable to an internal standard manufactured using human 
heart homogenate, AlinityTM hs-cTnI is believed traceable to 
National Institute of Standards and Technology SRM 2921 
through an alignment to the ArchitectTM assay, even though 
specific information on traceability implementation and the 
assessment of SRM 2921 commutability is not available [23]. 
It is however noteworthy, that when between-assay comparisons 
were focused on the 3 to 300 ng/L range, i.e., the hs-cTnI values 
having the most clinically important role in classifying patients 
with suspected AMI and in which assay harmonization is most 
desirable, the intercept, indicating the existence of a constant 
bias due to the different selectivity of antibody sandwiches in the 
two assays, was reduced to 5 ng/L. This supports the concept that 
differences between hs-cTnI assays could be markedly reduced 
by the availability of a commutable reference material utilized 
as a common calibrator in commercial systems [24]. Finally, in 
employing an AMI rapid single-measurement rule-out strategy 
using hs-cTnI with assay-specific cut-offs, we have clinically 
validated BarricorTM tubes [2,17]. With this approach, we showed 
that the rule-out ability for both evaluated hs-cTnI systems was 
excellent, with high NPV irrespective of the employed tube 
type. Sensitivities and NPVs found in this study corresponded 
with those found in previous reports using hs-cTnI assays, in 
which the safety and clinical efficacy of early AMI rule-out 
strategies using marker concentrations near to the assay limit 
of detection were evaluated [25, 27]. As recently highlighted in 
guidelines released by the UK National Institute for Health and 
Care Excellence (NICE) [28], no specific diagnostic accuracy 
evidence has been published to date for AlinityTM hs-cTnI. 

In selecting the AlinityTM cut-off for the optimal ruling out of 
AMI in this study, we followed the NICE suggestion in using 
the recommended ArchitectTM cut-off, as AlinityTM uses the 
same method principle and reagents as an alternative version of 
the test, the only marked difference being that they are run on 
different analyzers [28]. With accord to this approach, several 
studies previously evaluated the diagnostic performance of very 
low ArchitectTM hs-cTnI concentrations on ED admission, with 
their results being consistent with our AlinityTM data [29,31]. 
Only three studies evaluating AMI rule-out power at patient ED 
admission have been published [17,22,32]. Our study obtained 
the same sensitivity figure (99%) as Sandoval et al. [17], and 
that approached (98%) by Chapman et al. [32], with both studies 
using the same 5 ng/L cut-off. Our NPV was slightly lower 
possibly influenced by differences in cohort patient numbers and 
recruitment protocols. It has been shown that the NPV may be 
higher in enrolled populations that have a higher prevalence of 
non-ischemic myocardial injury [33]. Although AMI rule-out 
performance may vary in principle among measuring systems 
[34], our study showed that the rule-out strategy based on a 
single sample with very low hs-cTnI concentrations measured 
at ED admission did not alter its outcome whichever of the 
two tubes were employed. Nevertheless, we observed two 
false negative hs-cTnI  results with using Atellica® measuring 
system. Two hypothesis may explain this undesirable 
situation. Importantly, is the possible variability of hs-cTnI 
measurements due to the imprecision of the assay at these very 
low concentrations. Similarly, rounding results to the smallest 
integer may introduce a bias of an estimator. There are several 
limitations which should be acknowledged. Firstly, we did not 
provide a detailed characteristics of patients with suspected AMI 
as we focused specifically on the rapid rule-out strategy in non-
selected ED patients with suspected AMI which may limit the 
generalizability of our findings. Secondly, our study is limited 
by the lack of information on a 30-day risk of major adverse 
cardiovascular events (MACE). Furthermore, the quality of 
plasma obtained using BD Barricor tubes has not been evaluated 
by plasma residual cells. In conclusion, we demonstrated that 
BarricorTM tubes performed equally well, both analytically and 
clinically, when compared with PSTIITM tubes. Assuming a 
potential reduction in laboratory TAT, without impairment of the 
quality of laboratory service, BarricorTM tubes may provide an 
advantage which is of particular interest in hs-cTnI testing where 
a more expeditious availability of results has a central clinical 
role.
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Figure 1: Difference plots for hs-cTnI results:  (A) in PSTIITM tubes on the AlinityTM and Atellica® systems for hs-cTnI in the 
range 3 to 15,000 ng/L; (B) in BarricorTM tubes on the AlinityTM and Atellica® systems for hs-cTnI in the range 3 to 15,000 ng/L; 
(C) in PSTIITM tubes on the AlinityTM and Atellica systems for hs-cTnI in the range <300 ng/L; (D) in BarricorTM tubes on the 
AlinityTM and Atellica® systems for hs-cTnI in the range <300 ng/L.
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AlinityTM <4 ng/L
Atellica® <5 ng/L
AlinityTM 4 ng/L – 26 ng/L
Atellica® 5 ng/L – 45 ng/L
AlinityTM >26 ng/L
Atellica® >45 ng/L

AlinityTM BarricorTM vs. AlinityTM PSTIITM

AlinityTM BarricorTM vs. Atellica® BarricorTM

AlinityTM BarricorTM vs. Atellica® PSTIITM

AlinityTM PSTIITM vs. Atellica® BarricorTM

AlinityTM PSTIITM – Atellica® PSTIITM

AtellicaTM BarricorTM vs. Atellica® PSTIITM

37
37
181
179
141
143

29
37
185
179
145
143

29
37
185
179
145
143

0.301
1.000
0.765
1.000
0.760
1.000

0.301
1.000
0.765
1.000
0.760
1.000

P value for comparisons

between tubes

P value

PSTIITM

No. of samples

System and tube typeSystem and tube type

BarricorTM

No. of samples

Supplemental Table 1: Distributions of Barricor and PSTII paired samples according to the categories on either system: <4ng/L 
Alinity, <5ng/L Atellica, between these low values and the assay-specific 99th percentiles and > 99th percentiles. Chi-square test 
was used for comparisons.

Supplemental Table 2: Paired comparisons between both measuring systems and the two tube types regarding the number and 
proportion of hs-cTnI results <4 ng/L for Alinity and <5 ng/L for Atellica. Chi-square test was used for comparisons.

Validation of BD BarricorTM  tubes for hs-cTnI 
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Supplemental Figure 1: Comparisons of hemolysis indices in the BarricorTM vs. PSTIITM tubes employing each of the two 
evaluated measuring systems:
(A) Comparison between BarricorTM tubes and PSTIITM tubes on the AlinityTM;  rho = -0.11; CI: -0.18, -0.01; p = 0.032
(B) Comparison between BarricorTM tubes and PSTIITM tubes on the Atellica®; rho = 0.38; CI: 0.29, 0.48; p < 0.001
(C) Comparison between AlinityTM and Atellica® systems in BarricorTM tubes; rho = 0.82; CI: 0.73, 0.87; p < 0.001
(D) Comparison between AlinityTM and Atellica® systems in PSTIITM tubes; rho = -0.15; CI: -0.22, -0.05; p = 0.004

eJIFCC2024Vol35No1pp10-22
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Validation of BD BarricorTM  tubes for hs-cTnI 

Supplemental Figure 2: Regression analyses of comparisons of hs-cTnI measurements in BarricorTM vs. PSTIITM tubes 
employing each of the two evaluated measuring systems:
(A) Comparison on the AlinityTM on all 359 samples; regression equation: BarricorTM = 0.99 (CI: 0.97-1.01) PSTIITM + 6 (2-10) 
ng/L; r=0.99.
(B) Comparison on the Atellica® on all 359 samples; regression equation: BarricorTM = 1.01 (CI: 1.00-1.02) PSTIITM − 1 (−3 to 1) 
ng/L; r=0.99.
(C) Comparison on the AlinityTM on 300 samples with hs-cTnI <300 ng/L; regression equation: BarricorTM = 0.99 (CI: 0.96-1.01) 
PSTIITM + 0.2 (−0.04 to 0.5) ng/L; r=0.99.
(D) Comparison on the Atellica® on 300 samples with hs-cTnI <300 ng/L; regression equation: BarricorTM = 1.01 (CI: 0.99-1.03) 
PSTIITM + 0.1 (−0.3 to 0.4) ng/L. r=0.99.
Dashed line corresponds to the identity line. Continuous red lines correspond to the 95% confidence intervals of the regression 
line.
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Validation of BD BarricorTM  tubes for hs-cTnI 

Supplemental Figure 3: Regression analyses of comparisons of hs-cTnI results obtained by the two evaluated measuring systems 
in the same type of tube: 
(A) Comparison between AlinityTM and Atellica® systems in BarricorTM tubes on all 359 samples; regression equation: AlinityTM = 
0.83 (CI: 0.72-0.95) Atellica® − 48 (−76 to −19) ng/L; r=0.96.
(B) Comparison between AlinityTM and Atellica® systems in PSTIITM tubes on all 359 samples; regression equation: AlinityTM = 
0.85 (CI: 0.73-0.97) Atellica® − 56 (−87 to −24) ng/L; r=0.96.
(C) Comparison between AlinityTM and Atellica® systems in BarricorTM tubes on 300 samples with hs-cTnI <300 ng/L; regression 
equation: AlinityTM= 0.74 (CI: 0.64-0.84) Atellica® − 5 (−8 to −1) ng/L; r=0.89.
(D) Comparison between AlinityTM and Atellica® systems in PSTIITM tubes on 300 samples with hs-cTnI <300 ng/L; regression 
equation: AlinityTM = 0.76 (CI: 0.66-0.87) Atellica® − 5 (−8 to −2) ng/L; r=0.88. 
Dashed line corresponds to the identity line. Continuous red lines correspond to the 95% confidence intervals of the regression 
line.
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Introduction
As Artificial Intelligence (AI) technology continues to 
assimilate into various industries, there is a huge scope in the 
healthcare industry specifically in clinical laboratories. The 
perspective of the laboratory professionals can give valuable 
insight on the ideal path to take for AI implementation.

Methods
The study utilized a cross-sectional survey design and was 
conducted at the section of Chemical Pathology, Department 
of Pathology and Laboratory Medicine, the Aga Khan 
University (AKU), Karachi, Pakistan in collaboration with 
Consultant Pathologists of 9 clinical laboratories associated 
with teaching hospitals across Pakistan from October-
November 2023.  The survey was for a duration of 2 weeks 
and was circulated to all working laboratory technical staff 
after informed consent.

Results
A total of 351 responses were received, of which 342 
(male=146, female=196) responses were recorded after 
exclusion. Respondents ranged from technologists, faculty, 
residents, and coordinators, and were from different 
sections (chemical pathology, microbiology, haematology, 
histopathology, POCT).  Out of the total 312 (91.2%) of 
respondents stated that they were at least somewhat familiar 
with AI technology. Experts in AI were only 2.0% (n=7) of 
all respondents, but 90% (n=6) of these were < 30 years old. 
76.3% (n=261) of the respondents felt the need to implement 
more AI technology in the laboratories, with time saving 
(26.1%) and improving performances of tests (17.7%) cited to 
be the greatest benefits of AI. Security concerns (n=144) and 
a fear of decreasing personal touch (n=143) were the main 
concerns of the respondents while the younger employees 
had an increased fear of losing their jobs. 76.3% were in 
favour of an increase in AI usage in the laboratories.

Abstract
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Conclusion
This study highlights a favourable perspective among laboratory 
professionals, acknowledging the potential of AI to enhance both 
the efficiency and quality of laboratory practices. However, it 
underscores the importance of addressing their concerns in the 
thoughtful implementation of this emerging technology.

Introduction
The evolution of Artificial Intelligence (AI) has led to the 
improvement of various industries including the healthcare 
industry. The integration of AI technology in healthcare is at the 
forefront of the current era due to the potential benefits that it 
can provide [1]. Within the complex ecosystem of healthcare, 
laboratory medicine remains the domain with the most to gain 
from AI integration [2, 3]. The potential to streamline laboratory 
processes, enhance diagnostic accuracy, and improve decision-
making is huge and this possibility granted by AI can make 
a compelling case to invest in AI implementation [4]. AI is 
gaining popularity amongst clinical laboratories in Pakistan, in 
line with the global landscape. Recent attempts at automation 
have increased efficiency and accuracy of lab processes and 
AI is expected to usher in a new wave of improvements [5, 6]. 
Few studies have been conducted in other countries to include 
employee attitudes on AI yet the knowledge, attitudes, and 
experiences of the workers in Pakistan regarding AI remain an 
underexplored area [7, 8]. While the utility of AI is undeniable, 
and its benefits are evidently seen in present implementations in 
other industries, there are many differing perspectives to it. While 
some people accept this technology as a powerful tool that can 
do wonders in the laboratory environment, others show concerns 
for the technology. Besides advancing at a frighteningly fast pace 
without proper regulations, the big talking point is the fear of 
job displacement as employees feel threatened with being made 
redundant as AI technology advances. Other issues also arise from 
not being familiar with the technology, hence accuracy and safety 
might not be trusted. Addressing these concerns would be vital 
in resolving the most effective integration strategy for Pakistan’s 
clinical laboratories. Before AI gets through implementation in 
clinical labs, there is a dire need to provide a comprehensive 
baseline exploration of the perceptions and insights of 
professionals in the clinical laboratory sector across Pakistan, 
examining their familiarity with AI, opinions on its impact, 
fears surrounding the increased use of AI, and recommendations 
for effective integration [9]. The objective of this research was 
to identify the knowledge gaps and establish a baseline on the 
attitudes and expertise of these professionals, by surveying the 
laboratory professionals in institutions across the country. By 
gathering a diverse range of opinions from different specialties 

and positions we can uncover the AI knowledge landscape in the 
clinical laboratories and utilize this to provide valuable insights 
for leaders of healthcare institutions and policymakers [10]. 
Action plans to facilitate deeper understanding of the role and 
proper integration of AI technology can take into account the 
current state of AI awareness and utilization.

Materials and Methods
A cross-sectional survey was conducted by the section of 
Chemical Pathology, Department of Pathology and Laboratory 
Medicine, the Aga Khan University, Karachi after approval 
from the ethical review committee (AKU- 2023-9228-26528). 
The study was undertaken in compliance with the ethical 
principles for medical research involving human subjects, in 
accordance with the Declaration of Helsinki. A previously 
validated and published tool by Ardon O et al was used with 
some modifications according to local context [7]. The survey 
was filled in by two Consultant Pathologists and a senior 
technologist as a pilot to locally validate the questionnaire for 
understanding of language and content. The survey was designed 
and circulated via Google Forms link to the lead Pathologists 
of ten major clinical laboratories across Pakistan who in turn 
dispersed the survey amongst the employees of the labs and to 
other labs outside the initial ten using WhatsApp and Email. 
The participation was entirely voluntary and anonymized, and 
respondents were asked to give consent before attempting the 
questions. Moreover, for further convenience QR code of the 
survey link was also generated and hardcopy was used to ensure 
that people with limited access to WhatsApp or Email can 
utilized the web version via direct link. The survey consisted of 
three sections, first was the general information and consent; then 
the demographic section with eight questions, and a section with 
seven questions related to AI. The sample size was calculated 
prior to the dissemination of the survey. An open EPI calculator 
at 90% confidence interval was used which yielded a sample of 
174. This sample size was calculated on the assumption that 20% 
of participants possess some knowledge and awareness of AI. 
However, we targeted maximum responses achieved during the 
defined timeframe. The survey accepted responses from October-
November 2023. 353 people attempted the survey; after the 
inclusion/exclusion criteria was met, 342 responses from current 
laboratory professionals were included in the final analysis 
(Figure 1). The data was analysed to reveal the differences in 
the demographic groups, and associations between the groups 
and their AI opinions using the chi-square test of independence. 
The Excel (Microsoft Corporation, 2018) and Stata (Stata Corp, 
College Station, Tx) software were used for data collection and 
analysis.
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Figure 1: Flowchart of data collection showing the final number of responses included in the study.

353 initiated 
responses

2 respondents declined participation

Inclusion criteria:
• Currently employed technical staff 

in different subsections of clinical 
laboratories across Pakistan

Exclusion Criteria:
• Non-laboratory department/sections
• Retired workers
• Incorrect/missing demographic 

information

351 responses

342 responses 
included in the final 

analysis
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Results
Out of the 10 clinical laboratories contacted, 9 laboratories 
collaborated in the project. The 342 responses came from a wide 
range of demographics, including those from different ages, 
genders, and sections. Most respondents were from the age group 
of 30-49 years old (n=194) while the split between male and 
female was 42.7% and 57.3%, respectively. A map of Pakistan 
showing the distribution of responses are shown in Figure 1. 
Participants were from seven sections of laboratory medicine 
services with the highest number from Chemical Pathology 
(52.3%), followed by Microbiology (18.4%), Haematology 
(17.3%), Histopathology (6.1%), Molecular Pathology (4.1%), 
Point of Care Test (POCT) (0.9%) and Immunology (0.6%). The 
survey received responses from a multitude of positions with the 
greatest number coming from the technologists (31.9%), and 
faculty members (23.7%). Thirty eight percent of respondents 
had achieved FCPS, MPhil, or PHD level education, 30.4% had 
studied until Bachelor’s, 19.9% Master’s and 11.1% MBBS. 
Two (0.6%) of the respondents reported having completed the 
Diploma of Medical Laboratory Services (DMLS) degree. 46.8% 
of the respondents had less than 5 years of experience, and the 
number of respondents lowered as experience level increased.

When asked if they have encountered any AI applications 
(Figure 4), the participants responded with a majority (58.2%) 
yes, while 34.8% had no exposure, and 7.0% were unsure if they 
had. The more experienced the respondents, the more likely they 
were to have encounter AI technology (p=0.042). 

Participants were asked for examples of AI tools that they had 
used (Table 1), the two main tools were ChatGPT (58.7%) 
and Google Bard (13.0%). Other tools reported were Quillbot, 
Grammarly, Scite, Perplexity, etc. Younger people were observed 
to utilise more AI tools (9 for <30 compared to 4 for >=50 from 
the list of tools acquired) and use them at a higher frequency. 
The positions with the most varied AI use were the faculty (8 
tools) and technologists (7 tools). Similarly, respondents having 
completed their FCPS/PhD/MPhil level education reported the 
greatest AI use at 9 tools. There was no significant observation 
difference between the genders or specialties. The respondents 
were questioned about the proposed uses of AI (Table 2). The 
responses were fairly evenly distributed with time saving (26.1%) 
being the most useful benefit of AI, followed by increased 
performance of tests (17.7%) and prevention of workplace 
errors (16.4%). There were no significant associations between 
their responses and the demographics of the respondents.

Out of the respondents, 91.2% reported being at least somewhat 
familiar with AI technology (Figure 3). While experts at AI, most 
of these were from the less than 30 years old, indicating correlation 
between different age groups and the level of familiarity 
(p=0.016). Among various positions, lab coordinators had the 
highest familiarity levels. 85.7% of coordinators were experts 
or very familiar with AI technology. There was a significant 
difference between the specialities regarding their familiarity 
to AI (p=0.001) with Chemical Pathology and Haematology 
superseding other sections. There was also significant difference 
between genders (p<0.001). All 7 of the experts identified as 
male, while more females were unfamiliar or somewhat familiar 
with AI (80.8% females to 63.6% of males). 

Perception of Clinical Laboratories’ Technical Staff in Pakistan

Figure 2: Map of Pakistan showing the cities from which the 
responses came, along with the frequencies of responses.

Figure 3: Repsonses to the question, “How familiar are you 
with AI?”

Figure 4: Repsonses to the question, “Have you ever been in 
contact with, or used an AI application in daily activities?”
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Time Saving
Test Performance
Reduce Errors
Drafting letters
Increase Objectivity
Reduce Repetition
Unfamiliar with AI
Others
Total

265
179
166
147
117
117
18
5

1014

26.1
17.7
16.4
14.5
11.5
11.5
1.8
0.5
100

Percentage (%)Frequency (n)
If you could use AI to help you perform your 

job, what would you like to accomplish?

Table 1: AI Tools Used

Table 2: Responses to the question “If you could use AI to help you perform your job, what would you like it to accomplish?”.

ChatGPT
Google Bard
Quillbot
Grammarly
Bing
Copy.ai
Perplexity
Google Lens
SnapChat
Tome
Scite
Others
Not Reported
Total

172
38
4
4
3
3
2
2
2
2
1
8
52
293

58.7
13.0
1.4
1.4
1.0
1.0
0.7
0.7
0.7
0.7
0.3
2.7
17.7
100

Percentage (%)Frequency (n)Frequencies of AI tools used

The respondents were questioned about the proposed uses of AI 
(Table 2). The responses were fairly evenly distributed with time 
saving (26.1%) being the most useful benefit of AI, followed 

by increased performance of tests (17.7%) and prevention of 
workplace errors (16.4%). There were no significant associations 
between their responses and the demographics of the respondents.

The participants’ main concerns about AI (Table 3) were of the 
security especially with regards to patient information (23.4%), 
and a decrease in hands-on work (23.2%). The fear of losing jobs 
was higher in younger professionals (20.5% for <30 vs 6.3% for 
>50). Similarly, job security was not as much of a concern for 
those with over 20 years of experience. However, more (12.5%) 

respondents with 20+ years’ experience stated that they were 
unfamiliar with AI than the other respondents. Male respondents 
(26.4%) were more concerned about the learning curve than 
females (14.3%). There were no significant differences between 
ages, positions, or specialities. 
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Security concern
Decreased personal element
Big learning curve
Fear of losing jobs
Unsure of new technology capabilities
Unfamiliar with AI (Unable to answer)
Others
Total

144
143
104
96
93
32
4

616

23.4
23.2
16.9
15.6
15.1
5.2
0.6
100

Percentage (%)Frequency (n)What concerns do you have about AI?

Table 3: Responses to the question “What concerns do you have about AI?”.

Perception of Clinical Laboratories’ Technical Staff in Pakistan

Respondents were asked about their opinion on using AI 
technology in the laboratory setting (Figure 5). 76.3% of 
the respondents agreed with the use of more AI tools in 
the laboratory, while 12.2% disagreed. Less experienced 
respondents were slightly more supportive of AI technology 
use, while men (10.1% strongly disagree) were more hesitant 
to accept AI than women (2.9% strongly disagree). When asked 
about the areas in which AI would be most beneficial (Table 

4), the responses were distributed fairly evenly. Data analysis 
(20.5%) and scientific research (19.7%) were the sectors most 
often chosen. 17.3% respondents believed AI would benefit in 
education. Error detection (16.8%), results verification (14.0%), 
and customer care (10.9%) followed. There was no difference in 
the distribution of responses by gender, age, education, specialty, 
or position.

Figure 5: Repsonses to the question, “Do you support the idea 
of having more AI tools for diagnostics in your laboratory?”

Data analysis
Scientific research
Education
Error Detection
Results verification and reporting
Customer care
Unfamiliar with AI (Unable to answer)
Total

231
222
195
190
158
123
10

1129

20.5
19.7
17.3
16.8
14.0
10.9
0.9
100

Percentage (%)Frequency (n)What areas could most benefit from AI implementation??

Table 4: Responses to the question “What areas could most benefit from AI implementation?”.
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Discussion
A significant amount of feedback from participants (342 
responses) was received for this survey, which aimed to highlight 
the level of expertise, knowledge, concerns, and interest among 
Pakistani clinical laboratory professionals in the field of AI and 
its applications in laboratory medicine. Web-based surveys have 
previously demonstrated advantages over traditional approaches, 
particularly for health social science researchers [11, 12]. 
Furthermore, since every person surveyed used WhatsApp or 
email for work-related purposes regularly, secondly the QR code 
availability ensured that the representativeness bias which could 
exist in a web-based survey could be ruled out. Most respondents 
supported the utility of AI-augmented diagnostic tools despite 
worries about job loss, and about 91.2% responded that they 
were somewhat familiar with AI. Respondents acknowledged 
that AI could boost productivity and decrease errors. Individuals 
with advanced degrees shown higher levels of knowledge and 
interaction with AI, whereas younger persons showed higher levels 
of familiarity with the technology. The AI tools are starting to be 
used in diagnostic labs [13, 14]. The usage of AI tools reported 
fell under two categories, laboratory use and professional use. AI 
has been applied to the prediction of errors in genetic variants and 
phenotypes, infectious diseases, cervical cancer categorization in 
cytology specimens, histology, and so on [15, 16]. AI also has 
the potential to develop algorithms to use diagnostic tests more 
judiciously thus conserving the resources and time [17]. From 
the results, a conclusion was formed that the participants are not 
fully aware of more advanced AI tools that could be beneficial 
in research. Increase in familiarity with tools such as Trinka and 
Consensus, among others, could boost the efficiency and level 
of research being conducted inside the clinical laboratories. 
Literature review revealed few surveys evaluating knowledge, 
attitude, and practice of AI amongst medical professionals in 
Pakistan, but they were targeted towards physicians and students 
[18, 19]. However, from clinical laboratories perspective, where 
AI is booming globally, there was no baseline data available 
from the region. Our study was different from other surveys in 
that we polled a large sample of laboratory workers, whereas 
earlier surveys were restricted to medical professionals. AI is 
likely to have wide-ranging implications on all members of the 
workforce, both technical staff and Consultant Pathologists. 
Therefore, it is critical to comprehend the beliefs and attitudes of 
non-physicians. Our results reveal that while general laboratory 
workers are enthusiastic about AI, they nevertheless have some 
of the same concerns as physicians. Data security concerns, 
lack of personal element and fear of losing job were the major 
concerns recorded. Male respondents seemed to be more wary of 
AI technology than females. The fear of losing job was more in 
the younger group i.e., less than 30 years. Moreover, it was the 
more experienced age group i.e., greater than 30 years that were 
less supportive of having more AI technology in the laboratory 
setting. Comparing Ardon O et al to these results, there was an 
overall support of AI from both studies’ participants although 
there was a greater number of neutral laboratory professionals in 

the US study (30% neither agreed or disagreed). They had similar 
responses for the uses of AI, with time saving and reduction in 
errors the top 2 options in both studies. Moreover, the areas of AI 
implementation were also consistent with this result’s findings. 
The main concern from the US based study was the fear of losing 
jobs, while the findings of this study show that it is a concern, it 
is less than security and human personalization. Another study 
conducted of labs across Italy (n=227) showed a much higher 
rate of AI support (95% expressed interest in learning about AI 
technology) although current AI knowledge was still low (15% 
very familiar, 5% expert). These comparisons reveal that the 
general situation, whether in the US, Pakistan, or a European 
country, is still the same with much improvement to be made in 
terms of AI implementation in the laboratory [20]. From future 
laboratory management perspective, to decrease resistance 
towards adoption of AI, there is a dire need to propagate that AI 
does not necessarily cause employment losses, much like other 
disruptive technologies. Instead, AI eliminates the laborious parts 
of work and increases efficiency in the laboratory environment 
[21]. The strengths of this study were a sizable sample size 
that included a range of job responsibilities, work settings, and 
educational backgrounds. Prior research has concentrated on 
specific tasks, like image processing, or on limited populations, 
such only physicians. Given the wide-ranging consequences 
of AI, it is critical to comprehend the opinions and attitudes 
of everyone who could be impacted. The successful creation 
and application of AI tools can be aided by this understanding. 
However, from limitation perspective, the results only reflect 
the Pakistani large clinical laboratories affiliated with teaching 
institutes and housing all sections of Pathology, despite the 
high number of responses indicating a strong adherence to 
the questionnaire, this still represents a very small portion of 
the estimated more than 500 smaller clinical laboratories in 
Pakistan. Secondly, rather than being measured, the results were 
self-reported. For example, rather than performing a formal 
examination, we asked respondents about their judgement 
regarding their degree of knowledge. Finally, the survey was 
quite short. Because of the workforce’s time demands, we were 
worried that a lengthy survey might result in a poor response 
rate. In conclusion, a positive trend towards increased familiarity 
with AI in this low-resource context is revealed by the survey on 
the attitudes, knowledge, and practises of AI among laboratory 
professionals throughout Pakistan. The highly engaged online 
poll demonstrated the extensive usage of different AI tools 
like ChatGPT, demonstrating an increasing adoption of AI 
technologies. But the report also points out significant gaps, 
especially in the area of digital pathology, where further AI 
integration is desperately needed. Though it was well received, 
others expressed worries about possible data security risks, a 
perceived lack of personal touch, and the possibility of losing 
one’s job. The results can aid proper management and strategic 
planning in clinical laboratories for near future in the country, 
the challenges can be mitigated, paving the way for increased 
efficiency and advancements in clinical laboratory practices
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through AI integration. However, thorough validations are 
necessary before practical adoption of AI tools in clinical 
laboratory practices.
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Early detection of biliary atresia is crucial for timely 
intervention and improved outcomes in infants with elevated 
conjugated bilirubin levels. This study aims to investigate 
the viability of cord blood gas analysis as a novel method 
for assessing conjugated bilirubin levels. Infants with high 
heel stick levels also showed elevated cord blood bilirubin 
levels, indicating that cord blood testing could replace the 
need for repeat heel stick tests, especially benefiting low birth 
weight infants. Ongoing research, including larger cohorts 
and alternative bilirubin measurement methods, will further 
validate this innovative screening approach. Infants with 
biliary atresia have high conjugated bilirubin levels at birth. 
As a result, infants can be screened with newborn conjugated 
bilirubin measurements, to allow for early detection, timely 
treatment, and the best chances of delaying or even avoiding 
the need for a liver transplant [1]. An important limitation of 
screening, however, is that infants must undergo a separate 
blood test. To overcome this limitation, we investigated 
whether conjugated bilirubin measurements from cord blood 
could be useful.

We compared conjugated bilirubin from 2 sample types, from 
infants born at Texas Children’s Hospital between October 
2022-March 2023. The first sample type was from umbilical 
venous cord blood, collected in a heparin syringe for cord 
gas measurements. Leftover samples were stored in the dark 
at 4°C until time of analysis, ranging from 4-48 hours after 
collection. The second sample type was heel-stick blood, 
obtained in the first 60 hours of life as part of routine newborn 
clinical care. Conjugated bilirubin in cord blood (plasma) and 
heel stick (serum) was measured with the neonatal bilirubin 
spectrophotometric method (BuBC) using the Vitros 7600 
system, and levels >0.2 mg/dL were considered high. There 
were 3361 births during the study period, including 3295 
infants (98.0%) who had conjugated bilirubin measured by 
heel stick. These included 3278 infants (99.5%) with normal 
heel stick levels of <0.1 mg/dL, 12 infants (0.4%) with normal 
heel stick levels of 0.1-0.2 mg/dL, and 5 infants (0.2%) with 
high heel stick levels of >0.2 mg/dL (Figure1). Of the infants 
with heel stick levels of <0.1 mg/dL, 184 infants had cord 
blood available for measurement; all these infants had cord 
blood levels of 0.0 mg/dL. Of the infants with heel stick 
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levels of 0.1-0.2 mg/dL, 9 infants had cord blood available for 
measurement including one with transient alterations in liver 
function and a high cord blood level of 0.3 mg/dL (Table 1). 
Finally, of the infants with heel stick levels of >0.2 mg/dL, 3 
infants had cord blood available for measurement. All had 
high conjugated bilirubin levels in cord blood, including one 
premature infant with an omphalocele and 2 infants with maternal 
antibodies directed against red blood cells. These preliminary 
results show that in most cases conjugated bilirubin levels of 
cord blood (collected at birth) and heel stick (collected in the 
first 60 hours of life) samples correlate perfectly and are 0.0 mg/
dL. Thus, the negative predictive value of a cord blood bilirubin 
of 0.0 mg/dL in our study was 99.8%. Only 7 out of the high 
heel stick Bc level infants would need to be re-screened using 
this strategy. In addition, cord blood conjugated bilirubin levels 
that are elevated in infants with high heel stick levels perhaps 
reflect disease processes that have already started before birth. 

Future larger studies are needed to include patients with biliary 
atresia, compare levels from umbilical veins and arteries, and in 
addition, test the commonly-used diazo method which measures 
“direct bilirubin.” Such studies will indicate that another blood 
draw or heel stick is unnecessary for most infants with a cord 
blood Bc of 0.0 mg/dL and will be important, especially in low 
birth weight infants. 
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Figure 1: Patient flow

3361 Birth from October 2022-March 2023

3295 Heel stick in first 60 hours of life

3278 Heel stick level 0.0 mg/dL

184 Cord blood level 0.0 mg/dL
0     Cord blood level 0.1-0.2 mg/dL
0     Cord blood level >0.2 mg/dL

7  Cord blood level 0.0 mg/dL
1  Cord blood level 0.1-0.2 mg/dL
1  Cord blood level >0.2 mg/dL

0  Cord blood level 0.0 mg/dL
0  Cord blood level 0.1-0.2 mg/dL
3  Cord blood level >0.2 mg/dL

184 Cord blood available

17 Heel stick level >0.0 mg/dL

12 Heel stick level 0.1-0.2 mg/dL

9 Cord blood available

5 Heel stick level >0.2 mg/dL

3 Cord blood available
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Patient heel stick Bc 0.1-0.2 mg/dL (n=12)
33 weeks
Term
30 weeks
30 weeks
31 weeks
34 weeks
Term
30 weeks
Term
31 weeks
Term
Term
Patient heel stick Bc ≥0.2 mg/dL (n=5)
29 weeks
Term
26 weeks
35 weeks
34 weeks

None
None
Anti-A isoimmunization
Congenital anomalies
Twin B
Congenital anomalies
Anti-A isoimmunization
Alteration in liver function
None
Twin A
Concern for sepsis
None

Twin to twin transfusion syndrome
Anti-A isoimmunization
Myelomeningocele
Prematurity, omphalocele
Anti-Rh isoimmunization

*
*

0.0
0.0
0.0
0.0
0.0
0.3
*

0.0
0.0
0.1

*
0.4
*

0.3
0.9

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2

0.3
0.3
0.4
1.3
9.0

>3 months
<2 days
>1 month
Deceased <14 days
>2 months
Deceased <14 days
<2 days
>3 months
<2 days
>2 months
Deceased <14 days
<2 days

Deceased <14 days
<2 days
>4 months
>7 months
<1 month

Additional birth factorsGestational age
Heel stick level 

(mg/dL)†

Cord blood level 

(mg/dL)
Hospital length of stay

Table 1: Conjugated bilirubin levels in cord blood from infants with heel stick levels of >0.0 mg/dL

* Cord blood not available
† Drawn in first 60 hours of life
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A business intelligence (BI) tool in a laboratory workflow 
offers various benefits, including data consolidation, real-
time monitoring, process optimization, cost analysis, 
performance benchmarking (quality indicators), predictive 
analytics, compliance reporting, and decision support. 
These tools improve operational efficiency, quality control, 
inventory management, cost analysis, and clinical decision-
making. This write up reveals the workflow process and 
implementation of BI in a private hospital laboratory. By 
identifying challenges and overcoming them, laboratories 
can utilize the power of BI and analytics solutions to 
accelerate healthcare performance, lower costs, and improve 
care quality. We used navify (Viewics) as a BI platform 
which relies on an infinity data warehouse for analytics and 
dashboards. We applied it for pre-analytic, analytic and post-
analytic phases in laboratory. We conclude, digitalization 
is crucial for innovation and competitiveness, enhancing 
productivity, efficiency, and flexibility in future laboratories.

Introduction
It has been accepted that digitalization is a powerful engine 
for economic growth in today world [1]. Data analytics 
are becoming an increasingly important part of daily 
operations and quality improvement efforts within clinical 
laboratories. Business intelligence (BI) dashboards are one 
of the key components of data analytics since they provide 
decision makers timely access to summarized analyses and 
visualizations [2]. Dashboards typically display the status 
of key performance indicators (KPIs) and other metrics or 
summary statistics on a single screen, providing information 
for specific objectives at a glance. These BI dashboards can 
enhance healthcare organizations’ financial and operational 
performance and quality of patient care. These BI tools allow 
us to remove manual steps done using Excel worksheets, for 
example data handling, using excel formulas and generating 
visual graphical works. Today what leadership roles needs 
are to: (a) determine clinical need and strategic direction 
for local environments, (b) ensure technology solutions are 
cost-effective, safe and reliable, (c) assume the business 
acumen to market, negotiate and manage change in services, 
(d) expect understanding of the clinical bioinformatics that 
underpin genomics, health information science (data mining 
and health economics) and physical sciences (e) expect
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knowledge and skills in the provision of direct clinical care in 
the face of staffing shortfalls experienced by many healthcare 
systems and (f) enhance their communication and interactive 
skills. In growing their leadership contribution, a partnership 
approach in education and training across healthcare divides, in 
conjunction with the diagnostics and/or information technology 
industries, through integrated professional organization 
approaches, joint approaches with academia and policy related 
healthcare organizations are recommended [3,4]. Either we 
can built our own dashboard using open-source programming 
languages like R or Python programming language or can 
use available laboratory tailored BI tools from vendors [5,6]. 
There are multiple options available in market to use variety of 
user-friendly BI tools such as Microsoft Excel and Power BI, 
GraphPad, Tableau, and tools specific to one’s EHR such as 
SlicerDicer that could be utilized for a variety of data analyses, 
reporting, and visualization purposes. But to have specific 
lab related BI tools which increases the collaboration with 
information technology, applications development, and business 
intelligence teams would be a valuable resource to help meet 
the data analytics needs of one’s clinical laboratory. We have 
introduced the modern-day digitalization tool in our work area 
to monitor laboratory effectiveness and efficiency. This digital 
tool named navify (Viewics) works on Roche Platform covering 
the major bulk test menu in the laboratory, is a data analytics 
platform that offers dashboards and insights using Tableau. 
This is a web-based tool connected with hospital laboratory 
information system (LIS) via middleware Infinity provided 
by Roche, which is a lab IT solution that aids in managing 
workflow and data [7]. This paper delves into the multifaceted 
challenges faced by private laboratories in the Middle East when 
implementing BI and analytics solutions within their workflows. 
Through an in-depth literature review along with our personal 
experience, this study aims to shed light on the intricate interplay 
between the unique characteristics of laboratory operations and 
the complexities of implementing data-driven technologies. 
By identifying these challenges, laboratory professionals, IT 
stakeholders, and decision-makers can gain a comprehensive 
understanding of the potential bottlenecks and obstacles that 
might impede successful adoption. The subsequent sections of 
this paper will scrutinize key steps, encompassing issues related 
to data quality, integration with existing systems, privacy and 
security concerns, organizational change management, and the 
scarcity of domain-specific expertise [3,8]. By dissecting these 
challenges, this study seeks to provide insights that can guide 
laboratories in the Middle East toward informed decision-making 
and effective implementation of BI and analytics solutions.

How we started our journey
We, The International Medical Center (IMC) is a 300-bed tertiary 
care hospital located in Jeddah, Kingdom of Saudi Arabia. 
Built in 2005, IMC covers more than 30 specialties. Highly 
qualified staff, paired with the state-of-the-art facilities, support 
IMC’s strategic pillars-wellness, quality, patient experience, 

digitization, people, medical and finance. To maintain its ranking 
among the region’s best healthcare providers and to align with 
global healthcare practices, IMC has focused on creating a 
digitalization purpose-driven culture. This digitization empowers 
IMC to provide excellent care, improve patient experience, and 
optimize operations. Together, these factors provide a holistic 
approach to healing patients. Digitization requires adopting a 
digital mindset that recognizes the ongoing and fluctuating nature 
of the journey. IMC first created a 3-year digital transformation 
roadmap in 2019 that included 55 initiatives. The roadmap 
allows for additional initiatives to meet market trends, business 
requirements and ongoing institutional needs. In November 2020, 
we have implemented the use of navify (Viewics) to monitor our 
laboratory KPIs. Specific utilities of a BI tool in our laboratory 
workflow includes data consolidation using Infinity (Roche 
middleware). This middleware solution describe a software 
that functioned as a mediator between laboratory analyzers and 
the laboratory information system (LIS) [9]. This allows for a 
comprehensive view of laboratory operations and facilitates 
data-driven decision-making. By analyzing historical data and 
trends, BI tools can identify inefficiencies and difficulties in 
laboratory workflows. This insight enables process optimization, 
resulting in reduced turnaround times, improved productivity, 
and better resource allocation [10]. Here we choose data intensive 
dashboard (navify analytics for core lab) for monitoring Pre-
analytic Volume, Analytic Turnaround Time, Post-Analytic 
Workload Analysis and Instrument Utilization. A dashboard 
represents a customized graphical view of some subset of the 
underlying preferred dataset(s). Vendor-specific middleware and 
commercial analytics platforms build dashboards and share them 
with business users; either individually, website or as part of an 
application. If a business user is given permissions to the report, 
they can build their own dashboards too. Laboratory dashboard 
(Figure 1) provides you with the overview needed as a laboratory 
director or as a facility manager. Gathering in one central point 
all the data on every division of the laboratory phases will be 
of great help to run it smoothly, giving you big picture of the 
facility. These serves as quality indicators (QIs). Indeed, QIs are 
improving tools for measuring the quality of selected aspects of 
care by comparing them against defined criteria [11,12]. This 
promotes accountability, help in decision makings to set priorities 
and thus help in comparison to be made between timelines and 
setting effective interventions. 

Pre-Analytic Monitoring
Major bulk of laboratory errors occur at pre-analytic stage of 
almost 70% or more [13,14]. Organizations use different options 
for pre-analytic solutions to overcome this greatest challenge 
to laboratory professionals. We are using Roche solutions and 
observing the workload on navify such as Order Volume, Sample 
Volume and Count of tests by test (Figure 2). Usually pre-analytic 
phase has always been an area of focused for improvement 
in sample collection such as sample rejection due hemolysis, 
lipemia, wrong barcode label, specimen lost, etc [15]. Other than
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that most striking QI would be workload analysis of phlebotomy 
done. Good laboratory practice includes balance requirements 
of staff to adequately provide patient services [16]. Laboratory 
testing generally begins with phlebotomy tasks. One of the 
obvious challenge that laboratory face and should handle in 
effective manner is deploying phlebotomy services considering 
the peaks and valley of patient influx. By having volume data of 
pre-analytic we have been able in removing excess staff and thus 
improving cost reduction. Other than that we have been able to 
correct appropriate work force required on specific day time and 
area has been corrected and the service outcomes improved. The 
patient’s prediction for improved staffing is one of the striking 
feature for the one who likes to use pre-analytic QI dashboard 
[17]. This helps us implementing the concept of Lean and Six 
Sigma process improvement at pre-analytic phase of laboratory. 
We implemented methodical modifications to inpatient and 
outpatient phlebotomy services achieving higher patient 
satisfaction. This resulted due to improvement in the timeliness 
of specimen collections and shortening waiting time for patients. 
By this we have been able to improve motivation for work 
and decrease the absenteeism rate among the staff. Other than 
that by monitoring ‘Change in Sample Volume and Number of 
Individual Tests’ (Figure 2) is a useful tool. Although laboratory 
services only account for 5 percent of a hospital’s budget, they 
influence 60 to 70% of all important decisions, including patient 
admittance and discharge [18]. This BI data determining the true 
potential cost savings or new net revenue from projects under 
consideration by the hospital system. The other utility of pre-
analytic monitoring, we are exploring is blood concentrations 
of various analytes change during the course of the day. These 
cyclical variations can be significant, so the timing of sample 
collection should be strictly controlled. Chemistry analytes such 
as hormones levels are affected by circadian variation [19]. 
With the help of navify we are able to monitor timing of sample 
collection of such tests, e.g. TSH, cortisol, testosterone, etc. With 
such informative data, we are able to guide our physicians and 
patients. 

Analytic Monitoring:
BI tools are often a good choice for a laboratory to start when 
approaching an analytic problem, as it is easier to understand 
visualized data. By using navify we have been able to monitor our 
laboratory turnaround time (TAT), a promising quality indicator 
for analytic business tools. TAT is one of the most important 
measurable tools of laboratory service and is always been used 
as a key performance indicator of laboratory performance. By 
monitoring TAT one can organize workflow in the laboratory [20]. 
According to the International Organization for Standardization 
(ISO) guidelines, each laboratory shall establish turnaround times 
for each of its tests that reflect clinical needs in consultation of 
physicians, and shall periodically evaluate whether or not it is 
meeting the established turnaround times. TAT prolongation can 
be minimized by checking the outliers and reason behind them. 
Increase TAT would cause delay in diagnosis and treatment of 

patients. Holland et al. claim that there was 43% treatment delay 
and 61% increased length of stay in the emergency department 
due to raised TAT [21]. Other effects of delay TAT might be 
increase in workload due to reorder of tests by physicians as 
STAT, thus increasing the cost burden of health care. Therefore 
strict monitoring of TAT is required for effective laboratory 
management in addition to focused business QI. We have been 
able to monitor TAT using navify (Figure 3). Total laboratory 
automation improves the efficiency of the laboratory. Reporting 
improvement in laboratory productivity leading to decreased 
laboratory workforce has been recently claimed by Al Naam et 
al [22]. As less workforce is required to operate TLA, this reduce 
labor work is transferred to handle problems in rectifying outliers 
in pre and post-analytic area, so consequently improving total 
TAT. This has also been achieved using this BI in our laboratory 
work. In addition to just simple monitoring of TAT, we have been 
able to use monitoring, change in TAT and outliers for different 
tests such as cardiac markers, renal functions tests, liver function 
tests, hormones, etc. This gives us an edge on having additional 
information to improve our business strategies as we monitored 
change and reason behind of improvement or decline in our 
system. To cope up with high volume complexed tests, clinical 
laboratories in advance era equipped with high throughput 
auto-analyzers and even total laboratory automation. By using 
highly sophisticated automated analyzers, massive amount of 
laboratory data are generated. Mostly the auto-validation rules 
are set in to cope up with high demand results within TAT [23]. 
Auto-validation rules are designed based on auto-release range 
using clinical decision points, analytical measurement ranges, 
delta checks and dilution rules. The use of interactive dashboard 
for auto-validation allows visual display and enables the data-
driven decision-making process ease for us. Monthly more than 
95% results are auto-validated based on our laboratory set rules 
(Figure 3). This improves our business goal by providing timely 
results to ordering physicians. We found auto-validation as 
another machine learning tools which improves our experience 
of analytic throughput by auto-validation and increase reliability 
that have been traditionally subjective when performed by 
humans. 

Post-Analytic Monitoring
Post-analytics phase is the end stage of testing process, in which 
not only test results are finalized with reference ranges but also 
other important aspect of laboratory management are dealt 
with [24]. What important aspects other than TAT we focused 
are instrument utilization, improved supply chain, workload 
monitoring by instruments, by weekdays and by hours and 
supply chain. All the data from instrument log files and infinity 
(middleware) is used to gather these important information.  
The scope of service of a modern day laboratory is most 
likely dependent upon availability of highly sophisticated and 
complexed laboratory instrument. To achieve our business goal, 
one should know about instrument utilization. This data about 
work quantification have substantial impact on how laboratories 
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should manage business. The insufficient visibility into 
instrument availability and utilization is a challenge for many 
laboratory that is faced nowadays due to lack of data utilization. 
We have been able to overcome this problem by using navify. We 
have different analyzers placed at different locations connected 
to navify digital solutions and are monitoring the utilization by 
workload balance ratio (Figure 4). This process mining enables us 
to review preventive maintenance policies and processes during 
machine downtime as suggested by Tsai et al. [25]. By using 
the factual BI software, laboratory can collect and analyze real-
time data about the performance of their laboratory in areas such 
as operations and finances, as well as personnel management. It 
is obvious to use laboratory instrument and staff efficiently to 
keep our business goals alive and prosperous. For this simulation 
tool in healthcare is applied by different researchers [26]. Lote et 
al. focused to increase resource utilization by having laboratory 
personnel use resources more evenly [27]. Bottlenecks in the 
existing and potential configurations of laboratory tests were 
assessed by Kadi et al. [28]. In order to determine which resources 
had the highest utilization, the writers calculated each resource’s 
utilization. We have been able to deploy staff according to much 
needed area as navify give us true insights to define staffing 
schedules to cover demand from pre to post analytic phases 
(Figure 4). Getting this level of insight in such an intuitive way 
allows us to redirect resources where they are most needed and 
optimize areas that are not performing well to ensure the best 
return on investment possible. We found sample workload that 
is sample throughput is measurable business intelligence tool 
[29]. The maximum throughput of each resource must be known 
in order to calculate the maximum throughput of a laboratory; 
however, it might not be able to gauge staff work pace when 
faced with their maximum workload. The goal is to maximize 
throughput in general. A higher throughput corresponds to 
a higher production rate, implying that more samples were 
processed in the laboratory throughout a given time period. 
Laboratories with a suitably high maximum throughput can 
handle peak demand and, in the event of machine breakdown, 
can quickly process delayed samples when the laboratory is 
operating again or using backup laboratory analyzers. More 
obvious advantage for this BI tool is that laboratories may elect 
to accept more samples, such as those from other laboratories 
and even clinical trials. Any clinical laboratory can increase 
its capacity to do more with less and do it effectively, giving 
more value for the money spent on healthcare, by rethinking 
workflow and procedures. Things to focus on data for workload 
completion. Once we have data, we can easily correct causes of 
outliers. This definitely boost productivity, efficiency and quality 
in a clinical lab. And this feature has been the consistently used 
by our laboratory management.

What Additional Features can benefit - Recommendations
Although we have successfully implemented the policy of 
‘Reporting of Critical Values’ in our hospital but our wish list for 
improving dashboard for BI includes addition of data for critical 

laboratory result. Informing of critical laboratory value in timely 
manner always affect patient treatment and hospital stay [24,30].
All laboratories must follow strict guidelines for reporting critical 
values, as mandated by the international and local accreditation 
agencies such as College of American Pathologists (CAP) [31]. 
This includes implementing a strong quality assurance system. 
Laboratory critical value is always has been listed and agreed 
depending upon a number of variables, including variations in 
staffing, equipment, patient demographic and clinical demand 
in a hospital. Laboratory professionals working together with 
other stakeholders in the delivery of healthcare has been able 
to develop hospital wide critical laboratory values. Laboratory 
supply chain management is so crucial for critical ill patient 
that if not managed correctly will lead to disaster for hospital 
management. Focusing on unforeseen problems in maintaining 
and delivering laboratory supplies can be easily handled by 
using valuable analytics. Having the analytics available both 
descriptive and predictive models can be applied enhancing 
the decisions for negotiating prices, reducing the variation in 
supplies, and optimizing the ordering process as a whole. This 
will keep the supply chain well-organized from end to end and 
avoids bottlenecks. McHugh has claimed reduce in waste and 
reduce inventor expenses by almost 8 percent which gives more 
focused understanding of operations [32]. Using the artificial 
intelligence or predictive analytics features such as forecasts 
or value comparisons can give data alerts using the database 
available. By creating this future prediction dashboard will 
explore available data and predict business future. By this feature 
one will be able to view data from the past, present, and future 
on a single screen.

How BI will impact laboratories in future, concluding 
remarks
In summary, a business intelligence tool (BI) in laboratory 
workflow offers numerous utilities that improve our operational 
efficiency, quality control, inventory management, cost analysis, 
decision support, and compliance reporting. It empowers 
laboratory managers and personnel with valuable insights 
to enhance performance, optimize processes, and deliver 
better patient care. This monitoring bring insights about the 
interrelationships among BI value to our diagnostic laboratory. 
It has been shown by Phillips-Wren G and McKniff S et al. that 
“how the choice of visualization of workflow and operational 
processes impacts decisions to embrace real-time, big data 
technology” [33]. The findings help IMC Lab to focus on what 
causes the benefits related to BI implementation that lead to 
greater competitive advantage. As laboratories grapple with 
the imperative to advance their workflows through data-driven 
strategies, a nuanced comprehension of the challenges they 
encounter is pivotal. By navigating these hurdles, laboratories can 
harness the transformative potential of BI and analytics solutions 
to expedite their progression towards efficiency, innovation, 
and excellence. This Digital transformation is an opportunity to 
accelerate healthcare performance by lowering cost and
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Figure 1: Analytic Dashboard For Core Lab

improving quality of care [4,34]. We found navify as one of the 
ideal laboratory BI platform to achieve our business targets. This 
and other BI tools in markets as procedure of digitalization is to 
be seen as required to pursue innovation and remain competitive. 
In laboratories of the future, laboratory workflows will be more 
productive, efficient, and flexible due to these BI tools. True 
laboratory BI is definitely understanding the required data in a 
way that it brings solution to our laboratory business.
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Figure 2: Pre-Analytic Monitoring - Change in Order, Sample And Test Volume
a) Pre-Analytic Sample & Test Volume Percent Change in Orders
b) Pre-Analytic Sample Volume By Hours Of Days
c) Order Volume Change By Laboratory Site
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Figure 3: Analytic Monitoring - Turnaround Time and Auto-Validation
a) Monthly Turnaround Time Distribution
b) Yearly Turnaround Distribution
c) Auto-Validated Test Volume Per Sample
d) Analytic Volume Percent Change Turnaround Time For Cardiac Markers 
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Figure 4: Post-Analytic Monitoring - Workload
a) Analytic Workload Balance Daily Ratio By Instruments
b) Instrument Utilization Percent For Each Instrument In Lab
c) Sample Workloads By Days And Hours On Different Lab Instruments 
d) Monitoring Daily Workload Completion 
e) Test Analyzed By Days And Hours 
f) Test Analyzed On Different Analyzer With Number Of Sample Analyzed And Test Result
g) Test Rerun Overview 
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The triglyceride-glucose (TyG) index is one of the parameters 
that have been used in assessing insulin resistance. 
Triglycerides and fasting blood glucose are two low-cost, 
common laboratory indicators that are used to compute the 
TyG index. This article reviews the link between the TyG 
index and several aspects concerning insulin resistance-
related disorders and cardiovascular disease, as well as the 
use of various TyG index cutoffs in the above conditions with 
sensitivity and specificity, respectively, in various populations 
in the world.

Introduction
The triglyceride and glucose index or TyG index is a parameter 
that has been widely used recently in various reports and 
research in the field of medical laboratories concerning 
insulin resistance-related disorders and cardiovascular disease 
[1,2]. The calculation of TyG index is easy and inexpensive 
to do because it only requires the results of fasting blood 
triglycerides and glucose, which are routinely examined both 
in hospitals and clinical laboratories [3].
The lipoproteins that have the highest triglyceride content 
include chylomicron and very low-density lipoprotein 
(VLDL). Hyperglycemic conditions and insulin resistance 
trigger increased VLDL production and the release of 
chylomicron, which cause serum triglyceride levels to rise in 
these subjects [4]. Insulin resistance in the liver causes liver 
metabolism disruptions in regulating blood glucose levels. In 
insulin resistance and diabetes mellitus, hepatic glycogenesis 
decreases, while increased hepatic glyconeogenesis leads to 
increased hepatic glucose production, so blood glucose levels 
increase [5]. The association of the increased of triglycerides 
and glucose levels in insulin resistance is the basis for the 
use of both (indicated in the TyG index) to assess various 
abnormalities related to insulin sensitivity disorders. The 
TyG index is measured using the formula: TyG index = Ln 
(fasting triglycerides [mg/dL] x fasting glucose [mg/dL])/2 
or TyG index = Ln (fasting triglycerides [mmol/L] x 88.57 x 
fasting glucose [mmol/L] x 18)/2) [6].
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The role of TyG index in assessing insulin resistance
Insulin resistance is one condition that precedes the occurrence 
of diabetes. Among patients with insulin resistance, blood insulin 
production in normal amounts cannot optimally trigger the transfer 
of glucose from within the blood to peripheral tissues, including 
muscle and fat tissues, so blood glucose levels tend to rise. To 
maintain normal blood glucose levels, more insulin production 
is needed due to insulin resistance [7,8]. When it comes to 
diagnosing insulin resistance, the hyperinsulinemic-euglycemic 
clamp (HEC) method is regarded as the best, but this technique 
is rather complicated, less practical, and quite expensive. Some 
easier-to-do tests have been used as alternative tests to diagnose 
insulin resistance condition including the homeostatic model 
assessment for insulin resistance or HOMA-IR, the Matsuda 
index, and other tests [7]. The TyG index is a fairly easy and 
affordable test to be conducted. Various studies have shown its 
usefulness in assessing insulin resistance [1]. Guerrero-Romero 
et al. reported that TyG Index showed an excellent association 
with HEC gold standard method in diagnosing insulin resistance 
(area under the curve (AUC) = 0.858), with TyG index cutoff 
4.68 having a sensitivity of 96.5% and a specificity of 85% 
in estimating insulin resistance in the adult population [6]. 
Several investigations have been carried out to evaluate the TyG 
index’s ability to measure insulin resistance based on HOMA-
IR because the HEC method is quite difficult to do. Aman et al. 
showed that the TyG index was associated with HOMA-IR (r 
= 0.436) and could be used to predict insulin resistance using a 
cutoff of 4.66 (sensitivity 86.2%, specificity 44.1%) in an adult 
male population of non-diabetic mellitus in Indonesia [9]. A 
study conducted in the adult population of Venezuela showed 
that TyG index with 4.49 cutoff had specificity of 0.821 and 
sensitivity of 0.826  in determining insulin resistance (this study 
used a cutoff HOMA-IR >2 to diagnose insulin resistance) [10]. 
A study in the 2170 population of Xinjiang Kazakh in China 
demonstrated that TyG and the body mass index (BMI) had 
the closest relationship with the incidence of insulin resistance 
(HOMA-IR > 3.45 (75 percentile)) [11]. The TyG index may also 
predict the occurrence of insulin resistance in children. A study 
conducted on 915 school-age children in Argentina showed 
that the TyG index correlates with HOMA-IR (r = 0.34), but 
its ability to predict insulin resistance is generally lower than 
that reported in adults (AUC = 0.65, cutoff TyG Index = 8.00, 
sensitivity 0.62, specificity 0.62) [12]. A study among teenagers 
aged 10-19 in South Korea showed the 8.26-cutoff TyG index 
could predict the occurrence of insulin resistance (HOMA-
IR >95th percentile) with an AUC value of 0.723 (sensitivity 
66.45% and specificity 65.56%) [13]. In the population of 
women with polycystic ovarian syndrome (PCOS), HOMA-IR 
and TyG index were also shown to be significantly correlated 
(r = 0.515). By using HOMA-IR cutoff > 2.5 as having insulin 
resistance, the occurrence of insulin resistance in PCOS subjects 
can be predicted by TyG index (AUC = 0.781, the cutoff TyG 
Index = 8.51, with specificity of 87% and sensitivity of 63.2%) 
[14]. Table 1 provides an overview of the TyG index’s role in 
predicting the occurrence of insulin resistance. 

The role of TyG index in assessing diabetes mellitus
TyG index has also been extensively studied concerning 
diabetes mellitus. One of the risk factors for type 2 diabetes 
is insulin resistance. Hyperglycemia due to abnormalities in 
insulin secretion or insulin resistance in peripheral tissues is a 
hallmark of diabetes mellitus [15]. Various reports describe the 
association between TyG index and various aspects of diabetes 
mellitus. A study of 2,900 subjects undergoing medical check-
ups in Korea showed that the TyG index might be used as a 
marker in assessing risk of developing diabetes. Those with TyG 
index >8.97 (quartile 4) had a hazard ratio of having diabetes 
5.65 times higher than those with a TyG index <8.21 (quartile 
1) [16)]. A study conducted on 140 type 2 diabetes subjects in 
India showed that TyG index with a cutoff of > 15.50 could be 
used to predict poor glycemic control (HbA1c >7%) with an 
AUC = 0.802 [17]. Another study performed in 914 subjects, 
including normoglycemic, prediabetic, and diabetic patients, 
in China showed that TyG Index can be applied for assessing 
the function of pancreatic β cells. The TyG index value had 
negative correlation with pancreatic β cells function in the three 
groups above. The cutoff value of TyG index 9.08 can be used 
to determine the occurrence of early β phase cell dysfunction, 
whereas the cutoff value of 9.20 can be utilized to evaluate 
advanced β-phase cell dysfunction [18]. TyG index is reported 
having a stronger predictor value than HOMA-IR in diagnosing 
type 2 diabetes among adolescents and children subjects in Korea 
(AUC 0.839 versus 0.645) [19]. Interestingly, the TyG Index 
can also be used for assessing macrovascular complications in 
type 2 diabetes subjects using the 9.31 cutoff (AUC = 0.702, 
sensitivity 59%, specificity 74%) [20]. A report of 157 type 2 
diabetes subjects conducted in Harbin, China, revealed that the 
TyG index had association with incidence of mild cognitive 
impairment in people suffering from type 2 diabetes. The TyG 
index 9.45 cutoff (AUC = 0.79) can be used to diagnose slight 
cognitive impairment in those subjects, with 69% sensitivity and 
80% specificity [21]. Table 2 provides an overview of the TyG 
index’s role in relation to diabetes mellitus.

The role of the TyG index in assessing metabolic syndrome
Metabolic syndrome, formerly known as syndrome X, is a 
disorder marked by insulin resistance, impaired glucose and 
lipid metabolism, and elevated blood pressure linked to a higher 
risk of cardiovascular disease [22,23]. There are several criteria 
for establishing metabolic syndrome diagnosis, including 
those proposed by the American Heart Association (AHA), 
International Diabetes Federation (IDF), Adult Treatment Panel 
III (ATP III), European Group for Study of Insulin Resistance 
(EGIR), and World Health Organization (WHO), which 
generally involve measuring fasting glucose, triglycerides, high-
density lipoprotein (HDL) levels, blood pressure, and waist 
circumference [22]. The prevalence of metabolic syndrome is 
increasing worldwide, along with the increasing incidence of 
overweight and obesity [23].
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A study involving a large population (298,652 subjects) in 
Wuhu, China, reported the greater the TyG index quartile, the 
greater the percentage of population suffering from metabolic 
syndrome. The TyG index has a higher AUC (AUC = 0.89) than 
triglycerides (AUC = 0.77) and fasting glucose (AUC = 0.81) 
in diagnosing metabolic syndrome. The best TyG index cutoff 
value in determining metabolic syndrome is 8.85, with 81% 
sensitivity and 91% specificity [24]. Another report from China 
that conducted a study of 30,291 subjects found that TyG index 
has a better AUC value than metabolic score for IR (METS-IR) 
and ratio of triglyceride/HDL in diagnosing metabolic syndrome. 
In male subjects, the 8.81 TyG index cutoff (AUC = 0.863) 
had 77.47% sensitivity and 83.55% specificity in determining 
metabolic syndrome, while in women, a cutoff of 8.73 (AUC 
= 0.867) had 71.49% sensitivity and 88.57% specificity in 
determining metabolic syndrome [25]. Similar findings were 
reported in the Argentina population, which found the TyG index 
had a higher AUC value than triglyceride/HDL ratio to determine 
the occurrence of metabolic syndrome (AUC = 0.88 vs. 0.85) 
with a TyG index cutoff value similar to the population in China 
of 8.80 in males (sensitivity 84%, specificity 82%) and 8.70 in 
females (sensitivity 72%, specificity 91%) [26]. A meta-analysis 
and systematic review was conducted to assess accuracy of 
TyG index in determining metabolic syndrome in adults, which 
analyzed 13 reports with a total of 49,325 subjects, reported that 
the summary receiver operating characteristic (ROC) curve in 
male had AUC of 0.90 (79% specificity, 82% sensitivity) and 
in female had AUC of 0.87 (85% specificity, 81% sensitivity), 
so that TyG index showed the capability to determine the 
occurrence of metabolic syndrome with high accuracy, although 
the determination of TyG index cutoff value for each population 
needs further investigation [3]. Table 3 provides an overview of 
the TyG index’s role in identifying the presence of metabolic 
syndrome.

The role of TyG index in cardiovascular disorders
Globally, cardiovascular disease is the primary cause of 
mortality. The incidence of cardiovascular disease increased by 
almost 100% from 1990 (estimated at 271 million cases) to 2019 
(estimated at 523 million cases). Deaths from cardiovascular 
disease increased by nearly 50% (18.6 million) in 2019 
compared to 1990 (12.1 million). Ischemic heart disease is the 
primary mortality cause from cardiovascular disease, which 
accounts for nearly 50% of deaths [27]. The number of deaths 
from ischemic heart disease worldwide in 2021 is estimated 
at 9,440,00 deaths [28]. Countries with the largest number of 
deaths from cardiovascular disease include China, India, Russia, 
the United States, and Indonesia [27]. The TyG index also 
plays a role in assessing incidence of cardiovascular disorders. 
Yoon et al. who conducted a study on more than 9000 Korean 
children and adolescents, reported the TyG index is linked with 
various cardiometabolic variables including systole and diastole 
blood pressure, glucose, triglycerides, and waist circumference 
while it is negatively associated with HDL [19]. Fiorentino et 

al. conducted a study on 631 normoglycemic, prediabetes, and 
diabetes subjects, finding that subclinical vascular damage 
characterized by vascular atherosclerosis and vascular stiffness 
deals with various markers of insulin sensitivity, including the 
TyG index. TyG index with cutoff 9.19 can be used to assess the 
presence of vascular atherosclerosis (AUC = 0.739, sensitivity 
82.5%, specificity 59.2%), and cutoff 8.99 can be used to assess 
vascular stiffness (AUC = 0.579, sensitivity 74.4%, specificity 
41.7%) [29]. The TyG index had association with mortality, 
both during treatment and during follow-up, in patients with 
cardiovascular disease. Zhai et al. in China conducted a study on 
4839 hospitalized heart disease subjects with critical condition. 
The higher the TyG index quartile, the higher the mortality rate 
during treatment (12.1% in quartile 4 with a TyG index >9.37 
vs. 5.3% in quartile 1 with a TyG index <8.51), and the longer 
the intensive care unit stay period [30]. Jin et al. performed an 
investigation on 3,745 subjects with stable coronary artery disease 
in China and followed them up for 36 months. They found that 
TyG index had positive association with cardiovascular events 
(mortality and myocardial infarction) during the monitoring 
period. Patients in highest quartile (TyG index >9.17) experienced 
higher risk of cardiovascular events than subjects in quartiles 3, 
2, and 1 (20.3% vs. 17.5% vs. 12.8% vs. 16.1%) [31]. In healthy 
adults, the TyG index may also be used to predict the occurrence 
of cardiovascular disease. Cho et al. conducted a study using 
data from more than 6 million healthy young Korean adults, 
conducted 7.4 years of median time of monitoring, and found 
that the higher the TyG index, the greater the hazard of stroke, 
myocardial infarction, and mortality. Subjects in quartile 4 had 
a 25.8% myocardial infarction risk and 15.1% mortality, higher 
than quartile 1 [32]. TyG index had association with mortality 
in subjects with acute decompensated heart failure. Huang et al. 
conducted a study on 932 acutely decompensated heart failure 
patients hospitalized in China. During the 478-day (median) 
follow-up, subjects with the top tertile (TyG index >9.32) got a 
2.31 times higher cardiovascular-related death risk compared to 
subjects with the bottom tertile (TyG index <8.83) [33]. Table 
4 provides an overview of the TyG index’s role in relation to 
cardiovascular disease.

Conclusions
The TyG index is a low-cost insulin resistance parameter and 
widely studied in several populations around the world concerning 
insulin resistance-related disorders and cardiovascular disease. 
The TyG index correlates well with the HEC method of assessing 
insulin resistance. The TyG index may be used in predicting 
the occurrence of insulin resistance, both in pediatric and adult 
populations. The TyG index could also be used in predicting the 
occurrence of diabetes mellitus, assess poor glycemic control in 
diabetes, assess diabetes complications, and assess the function of 
pancreatic β cells. The TyG index can also be applied to assess the 
presence of metabolic syndrome in various populations around 
the world. The TyG index also had significant association with 
cardiometabolic risk factors, vascular disorders, cardiovascular 
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events, and mortality and can be used as a cardiovascular disorder 
predictor. In the studies above, various TyG cutoff values were 
found that vary depending on population and conditions, so 
further study is needed to determine the TyG cutoff index that 
can be used universally in these conditions. The limitation of 
this review is that most of the data obtained comes from Asian 
populations and data from the Caucasian race is still limited . 
In general, high TyG index value is linked to the occurrence of 
insulin resistance, diabetes mellitus, metabolic syndrome, and 
cardiovascular disease risk, as well as the occurrence of various 
complications related to the above conditions.
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2010

2021

2018

2022

2021

6

9

10

12

13

Guadalajara, 
Mexico

Makassar, 
Indonesia

Maracaibo, 
Venezuela

Argentina

South Korea

32 type 2 
diabetes and 
67 healthy 
subjects

88 subjects 
without 
diabetes

2004 
subjects >18 
years consist 
of 1050 
female and 
954 male
915 school-
age children

3728 young 
subjects

39.9+9.30

51.15+6.83

39.6+15.3

9.24+2.17

14.56+0.06

Comparation 
between TyG index 
with euglycemic-
hyperinsulinemic 
clamp as the gold 
standard
Comparation 
between TyG index 
with HOMA-IR. 
HOMA-IR cutoff 
>2.24 (tertile 3) used 
to define insulin 
resistance
TyG index was 
compared with 
HOMA2IR. 
HOMA2IR >2 was 
used to define insulin 
resistance
Comparation 
between TyG index 
with HOMA-IR. 
HOMA-IR >3rd 
quartile (cutoff not 
mentioned) was used 
to define insulin 
resistance
Comparation between 
TyG index with 
HOMA-IR. HOMA-
IR >95 percentile 
was used to define 
insulin resistance

0.858

0.701

0.889 
(all subjects)
0.903
(male)   
0.871 
(female)
0.65

0.723 
(all subjects)
0.756 
(male) 
0.680 
(female)

4.68

4.66

4.49

4.51

4.45

8.00

8.26

8.17

8.26

0.965

0.862

0.826

0.872

0.803

0.62

0.664

0.766

0.644

0.85

0.441

0.821

0.831

0.806

0.62

0.655

0.604

0.635

Reference Year
Place,
Country Population Age (years) Methods AUC

TyG 
index 
cutoff

Sensitivity Specificity

Table 1: The association between TyG index and insulin resistance
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202214 Shantou, 
China

175 female 
subjects 
consist of 
114 PCOS 
and 61 
control 
subjects

29 (mean) Comparation 
between TyG index 
with HOMA-IR. 
HOMA-IR>2.5 was 
used to define insulin 
resistance

0.781 8.51 0.632 0.87

2016

2021

2022

2022

2022

2022

16

17

18

19

20

21

Seoul, Korea

Puducherry, 
India

Changsha, 
China

South Korea

Zhejiang, 
China

Harbin, 
China

2900 nondiabetic adults enrolled in 
the study and followed for 4 years. 
The baseline of the TyG index was 
documented, its association with 
the occurrence of diabetes after 4 
years was assessed
140 type 2 diabetes mellitus 
subjects were recruited, the link 
between TG index and poor 
glycemic control (HbA1c >7%) 
was measured
914 participants undergoing 
medical check-ups consisting of 
315 diabetes mellitus patients, 276 
normoglycemic, and 323 impaired 
glucose tolerance (IGT) subjects 
were recruited and the association 
between TyG index with β cell 
dysfunction was measured
170 adolescents and children 
with overweight and obesity were 
recruited. TyG index and HOMA-
IR ability to predict the occurrence 
of type 2 diabetes mellitus was 
compared
858 type 2 diabetes mellitus 
subjects were recruited in the 
retrospective research

517 type 2 diabetes patients were 
recruited. TyG index was used to 
predict mild cognitive impairment 
among the subjects

44.3+6.5

51.2+9.2

44.68+9.30 (NGT), 
48.46+9.14 (IGT), 
50.92+9.47 (DM)

11.34+3.24

67.13+11.07

58 (median)

8.97

15.50

9.08 
and 
9.20

(-)

9.31

9.45

Those with an initial TyG index 
>8.97 (quartile 4) had a 5.65 times 
hazard ratio having diabetes within 
4 years compared to subjects with 
TyG index <8.21 (quartile 1)

TyG index >15.5 (AUC 0.806) 
could be used to predict poor 
glycemic control among type 2 
diabetes mellitus patients

TyG index >9.08 (AUC 0.68, 
sensitivity 0.76, specificity 0.53) 
could be used to predict early-
phase β cell dysfunction while TyG 
index >9.2 (AUC 0.74, sensitivity 
0.76, specificity 0.62) could be 
used to predict late-phase-β cell 
dysfunction
TyG index had a better capability 
compared to HOMA-IR in 
predicting the occurrence of type 
2 diabetes mellitus (AUC = 0.839 
vs 0.645)

TyG index >9.31 could be 
used to predict macrovascular 
complications among type 2 
diabetes mellitus subjects (AUC 
0.702, sensitivity 0.59, specificity 
0.74)
TyG index >9.45 (AUC 0.79) had  
0.69 sensitivity and 0.80 specificity 
in predicting mild cognitive 
impairment in type 2 diabetes 
patients

Reference Year
Place,
Country

Population, 
Method Age (years)

TyG 
index 
cutoff

Important Finding

Table 2: The role of TyG index concerning diabetes mellitus condition
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2022

2019

2014

2022

2019

2022

2018

2022

2022

24

25

26

3

29

30

31

32

33

Wuhu, 
Anhui, 
China
China

Bahia 
Blanca, 
Buenos 
Aires, 
Argentina

(-)

Rome and 
Cantazaro, 
Italia

China

China

South 
Korea

Nanjing, 
Jiangsu, 
China

298,652 subjects who came 
for medical check-ups

30,291 adult subjects. 
Metabolic syndrome 
was defined according to 
harmonized IDF criteria 
525 participants with 
metabolic syndrome (89 
subjects) and without 
metabolic syndrome (436 
subjects)

A systematic review of 13 
researches involving 49,325 
subjects

631 adults consisting of 
normoglycemic, prediabetes, and 
diabetes subjects were recruited in 
the research. The TyG index was used 
in determining subclinical vascular 
damage

4,839 heart disease subjects with 
critical conditions were studied. 
The relationship of TyG index with 
mortality while hospitalized was 
assessed
3,745 subjects with stable coronary 
artery disease were recruited in 
the study and were followed up 
for 3 years. Initial TyG index and 
cardiovascular events were analyzed 
6,675,424 healthy subjects joined the 
national health program and a mean of 
7.4 years follow up period performed. 
The initial TyG index was used in 
predicting cardiovascular disease and 
mortality
932 subjects with acute decompensated 
heart failure were followed up (median 
478 days)

47.08+12.94

43.26+13.66

45 (median, 
metabolic 
syndrome), 33 
(median, without 
metabolic 
syndrome)
(-)

39.6+10.7

65.2+13.8

59.5 (mean)

20-39 
(range)

70 (median)

0.89

0.863 
(male), 
0.867 
(female)
0.88

0.90 
(male)
0.87 
(female)

9.19

8.99

9.37

9.17

9.42 (quartile 
4, male),    
8.71 (quartile 
4, female)

9.32

8.85

8.81

8.73

8.80 (male)

8.70 (female)

(-)

(-)

TyG Index >9.192 (AUC 0.739) could be 
used to predict vascular atherosclerosis 
with 82.5% sensitivity and 59.9% 
specificity.
TyG Index >8.987 (AUC 0.579) could be 
used to predict increased vascular stiffness 
with a sensitivity of 74.4% and specificity 
of 41.7%.
Patients in highest quartile (TyG index 
>9.37) had a higher mortality rate than 
patients in quartile 1 (TyG index <8.51) 
with mortality 12.1% vs. 5.3% (OR 1.83, 
95% CI = 1.27-2.64)
Subjects in quartile 4 (TyG index >9.17) 
experienced the highest mortality rate 
compared to those in quartile 3, 2 and 1 
(20.3% vs. 17.5% vs. 12.8% vs. 16.1%) 

Subjects in quartile 4 had a 25.8% higher 
risk of having myocardial infarction and a 
15.1% higher risk of mortality compared 
to those in quartile 1

Subjects in tertile 3 (TyG index >9.32) had 
2.31 times higher cardiovascular-related 
death risk compared to subjects compared 
to subjects in tertile 1 (TyG index <8.83)

0.81

0.774

0.714

0.84

0.72

0.82

0.81

0.91

0.835

0.885

0.82

0.91

0.79

0.85

Reference

Reference

Year

Year

Place,
Country

Place,
Country

Population

Population

Age (years)

Age (years)

AUC

TyG Index 

TyG Index Cutoff 
To Define Metabolic 
Syndrome

Important Finding

Sensitivity Specificity

Table 3: The association between TyG index and metabolic syndrome

Table 4: The association between TvG index concerning cardiovascular disorders
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INTRODUCTION 
Autoimmune disorders have been described in children with 
Hodgkin Lymphoma including autoimmune haemolytic 
anaemia [AIHA], autoimmune neutropenia, and immune 
thrombocytopenic purpura [ITP]. The mechanism of AIHA’s 
association with Hodgkin’s Lymphoma is not very clear. It 
has been thought to be due to the autoantibodies produced 
by tumour cells or as a Para neoplastic phenomenon, or 
immunity to tumour cells may cross-react with antigens 
on the red cells [1]. The association of AIHA with lymph 
proliferative disorders has been well recognized however 
its association with Hodgkin Lymphoma is rarely reported 
particularly in children [2]. Eisner et al first reported the 
association of Hodgkin’s disease with immune haemolytic 
anaemia in 1967 [3].
In this case report, we describe the presentation of AIHA, 
subsequently diagnosed with Hodgkin Lymphoma.

CLINICAL-DIAGNOSTIC CASE 
An 11-year-old boy presented with complaints of right-sided 
neck swelling and intermittent fever for 2 weeks. The child 
was well 2 weeks ago with no other significant complaints. 
On examination, multiple enlarged matted cervical lymph 
nodes were noted on the right side of the neck measuring 
approximately 5x3cm, which was non-tender and firm in 
consistency. A few isolated lymph nodes were also palpable 
on the left cervical region. No hepatosplenomegaly was noted. 
The rest of the examination was unremarkable. Baseline 
investigations done showed haemoglobin 6.3g/dl, mean 
corpuscular volume 95.4fl, mean corpuscular haemoglobin 
22.2pg, mean corpuscular haemoglobin concentration 
30.2g/dl, total white blood cell count   4.65 x 109/L with 
neutrophils-55.1% and lymphocytes-32.7%, platelet count  
386 x 109/L and erythrocyte sedimentation rate-65mm/hour 
[shown in Table 1]. The basic biochemical analysis was also 
within the normal limits. Viral serologies were negative for 
HIV, HBsAg, and HCV. Computed tomography [CT] scan 
neck showed right cervical and axillary lymphadenopathy. 
PET CT revealed multiple FDG avid enlarged lymph nodes in 
the right upper, middle & lower deep cervical, right posterior
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triangle, right axillary, right infraclavicular, and splenic hilum 
region with the largest node measuring 3.1x3cm and smallest 
measuring 1.5x1.5cm, suggestive of Lymphoma-LUGANO 
stage III. We planned for an excision biopsy of the right 
cervical lymph node along with bone marrow aspiration and 
biopsy to confirm the diagnosis. When cross matching was 
done before excision biopsy, there was a difficulty recognized 
in identifying the compatible packed red cell units. Further 
autoimmune workup was started, direct coombs test [DCT] 
was positive, peripheral smear showed microcytic hypochromic 
anaemia, reticulocyte count was 2.3%, there was mild indirect 
hyperbilirubinemia and serology for antinuclear antibodies was 
negative. The coagulation profile was within normal limits. The 
least incompatible blood unit was transfused immediately after 
the diagnostic procedure was completed under the cover of 
intravenous methylprednisolone. Histopathological examination 
of the right cervical lymph node excision specimen depicted 
effaced architecture of the node consisting of scattered large, 
atypical cells with nucleate and mononuclear forms resembling 
Reed Sternberg [RS] cells in a background of paucity of 
inflammatory cells composed of lymphocytes, plasma cells 
and occasional neutrophils with diffuse fibrosis [Figure 1, 2]. 
These typical morphological features are suggestive of classic 
Hodgkin Lymphoma – Lymphocyte depleted type, further 
immunohistochemical [IHC] markers were done to confirm the 
same and to check for the EBV association. By IHC, the large 
atypical cells were positive for CD15, CD30, EBV-LMP, weak 
positive for PAX-5, negative for CD45 and the background T & 
B lymphocytes were positive for CD3 and CD20 respectively 
which confirmed the above findings. Bone marrow examination 
was also normal. With this clinical presentation, laboratory 
investigations and histopathological findings were consistent 
with that of classic Hodgkin Lymphoma presenting with 
autoimmune haemolytic anaemia as an association. The patient 
was started on chemotherapy OEPA [vincristine, etoposide, 
doxorubicin, and Prednisolone] as per Euronet protocol and he 
showed a dramatic clinical response with a significant reduction 
in the size of nodes and improvement in haemoglobin   after 1st 
cycle of chemotherapy. 

DISCUSSION 
Association of Lymphomas with syndromes of immune 
dysregulation and B-cell immunodeficiency are well known. 
Autoimmune manifestations and paraneoplastic features have 
been described with Hodgkin’s Lymphoma commonly, however, 
are rare in children [2]. Levine et al in their retrospective study 
of adults with Hodgkin’s Lymphoma in the records of 71 cases 
found Direct Coombs test was positive in seven who had 
advanced disease of which four had mixed cellularity and three 
had nodular sclerosis. Coombs test was positive at the time of 
initial diagnosis in three and at the time of relapse in others [4]. 
No specific studies in children for incidence are found except 

for anecdotal case reports.AIHA in Hodgkin’s Lymphoma may 
present concurrently at the time of initial diagnosis of Hodgkin’s 
Lymphoma, during the disease, or rarely can be preceding the 
diagnosis of Hodgkin’s Lymphoma/ relapse as well [5, 6].
Chu observed AIHA in three children with Hodgkin’s disease 
over 7 years [7]. Sierra found that advanced Hodgkin disease 
particularly nodular sclerosis or mixed cellularity types have a 
stronger association with AIHA [8]. Apart from autoimmune 
haemolytic anaemia various immunologic abnormalities, 
including autoimmune hepatitis, Hashimoto’s thyroiditis, and 
ITP have been reported mostly in adults [9]. We have published 
a rare association of Hodgkin’s Lymphoma with nephrotic 
syndrome presenting concurrently at the time of diagnosis in an 
adolescent boy [10]. In rare situations, Hodgkin’s Lymphoma 
associated with AIHA may be Direct antiglobulin test negative 
possibly due to very low levels of IgG or low affinity bound IgG 
antibodies which might have been washed away during pre-test 
processing, or non-IgG antibodies like IgA or IgM [10]. The 
symptoms of AIHA a not directly related to Hodgkin lymphoma 
and it gets resolved after the treatment of Hodgkin lymphoma. 
Hence AIHA is considered a Para neoplastic phenomenon in 
Hodgkin’s lymphoma. Treatment of Hodgkin’s Lymphoma is 
the mainstay of therapy for associated AIHA. Anaemia or other 
autoimmune cytopenias usually responds to the management of 
the underlying malignancy and in our case, steroids being the 
backbone of management of Hodgkin’s lymphoma, was useful 
for both.  

TAKE HOME MESSAGES/LEARNING POINTS 
Though rare, awareness of the association between Hodgkin 
lymphoma and autoimmune haemolytic anaemia or other 
autoimmune manifestations in paediatric practice is crucial 
since recognition of this association is the key to appropriately 
evaluating before starting steroids. Steroids mask the diagnosis 
and may lead to inadvertent delays and significantly affect 
the outcomes. Clinical examination for lymphadenopathy 
and organomegaly and appropriate investigations like chest 
X-ray, abdominal sonogram, or bone marrow studies should be 
considered before starting a patient on steroids. 
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Hemogram At diagnosis Reference intervals

Hemoglobulin
Mean corpuscular Volume (MCV)
Mean Corpuscular Hemoglobin (MCH)
Mean Corpuscular HB Concentration (MCHC)
WBC and differentials

PLT
Peripheral smear 
Reticulocyte count 
Direct Coomb’s test
CRP 
ESR 
LDH 
Uric acid 
Liver function tests

Creatinine

6.3 g/dl
95.4 fl
22.2 pg
30.2 g/dl
4.65 x 109/L ( P : 55.1 % ; L : 32.7 %)

386 x 109/L
Macrocytic anemia; no blasts 
3.6%
POSITIVE 
0.8 U/L
65mm/hr
670 U/L 
5.6mg/dl 
SGPT – 55U/L
Albumin – 3.1g/dl
Globulin – 3 g/dl
Bilirubin  - 2.4/ 1.6 mg/dl
(total/indirect)
0.4 mg/dl

11.5-15.5 g/dl
77-95 fL
25-33 pg
31-37 g/dl
4.5-13.5 x 109/L ( P : 50-60 % ; L : 
24-54 %)
150-450 x 109/L
Normal study
0.5% - 2.5%
Negative
<0.8 U/L
4-10mm/hr
208-378 U/L
3.5- 7.2 mg/dl
SGPT – 13 - 45 U/L
Albumin – 3.5 -5.2 g/dl
Globulin – 2 - 3.5 g/dl
Bilirubin  - 0.3 -1.2mg/dl
(total/indirect)
0.3-0.77 mg/dl

Table 1: Salient laboratory features at diagnosis
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