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Dear Editors,
Haemoglobin (Hb) values below 70 g/L are widely recognised as critical results and have 
traditionally prompted repeat analysis prior to reporting. This practice emerged as a quality 
assurance safeguard intended to detect potential analytical random or systematic errors 
before result validation, a practice whose clinical utility is increasingly being questioned [1, 
2], but still exists in many laboratories.

In contemporary laboratory practice, however, highly automated haematology 
platforms operate with real-time flagging systems and advanced error detection 
algorithms. Furthermore, raw analytical data archived in analyser backups include 
repeated full/complete blood count (FBC/CBC) measurements performed for technical 
or clinical reasons, such as reflex testing, flag resolution, or platelet confirmation using 
alternative methods. These naturally occurring duplicate measurements generate a real- 
world dataset that can be analysed to monitor analytical performance and quantify 
imprecision under routine operating conditions [3].

We conducted a retrospective longitudinal evaluation at a secondary public hospital, at 
the laboratory that serves a heterogeneous patient population, receiving samples from 
diverse clinical settings, including the emergency department, inpatient wards, day hospital 
services, and primary care centres. Raw analytical blocks of data were extracted from the 
back-up databases of three interconnected Sysmex XN-9100 modules between 2021 and 
2025. Data management, exploratory data analysis and automated sample pairing were 
performed using R (version 4.4.3).

A total of 499,965 haemograms were reviewed and, among these, 3,154 haemograms 
with Hb <70 g/L were identified. Of these, 94.8% (n = 2,990) underwent repeat analysis 
according to the laboratory’s standard operating procedure (SOP), while 5.2% (n = 164) 
were validated by a clinical pathologist without repetition based on clinical history and 
urgency, following a defined override process, and were therefore excluded from the 
analytical performance assessment. For each episode, all repetitions (2–8 per sample) 
were analysed to determine the maximum absolute difference (ΔHb) between the initial 
and repeated measurement, as we aimed to characterise the maximum discrepancy that 
could occur under routine conditions, providing a conservative assessment of clinical risk. 
Reanalysis occurred either on the same analytical module (intra-analyser) or on a different 
module (inter-analyser) [4].
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Retesting episodes were defined as immediate reflex re-runs 
performed on the same EDTA tube on the Sysmex Automation Line 
that is configured to automatically perform such re-runs for all 
samples with Hb<70 g/L. Additionally, 43 samples were analysed 
primarily in manual mode, and 102 samples had at least one manual 
repeat; these were not excluded, as our aim was to evaluate the SOP 
implemented in our routine clinical practice.

A total of 2,990 unique samples were included in the final 
analysis (1,991 for intra-analyser and 999 for inter-analyser), 
representing 6,819 total automated measurements. The global 
results demonstrated high analytical stability, where nearly half of 
the repeated measurements (49.0%) were identical (ΔHb = 0 g/L). 
Furthermore, 92.1% of retesting episodes showed a variation 
of ≤1 g/L, and 98.6% remained within 2 g/L. The overall data 
analysis showed a satisfying performance of 97.9% of intra-analyser 
and 80.4% of inter-analyser variation of ≤1 g/L (Figure 1).

Our institution defines Hb <70 g/L as a critical value, triggering 
further evaluation and notification, but not mandatory transfusion. 
Transfusion decisions are individualised and approved by 
Transfusion Medicine physicians in accordance with 
international guidelines [5]. The 4 g/L threshold is defined as 
clinically relevant by the Institute for Quality Management in 
Healthcare (IQMH) [6] and accepted as such in our institution. 
This value does not impact transfusion decisions or patient 
management, as signs and symptoms of inadequate tissue 
oxygenation and hemodynamic status do.

The cut-off of 4 g/L was exceeded in 9 samples, all exhibiting 
pre-analytical issues (clots, micro-clots, fibrin strands, or 
mislabelling) that required recollection and were therefore 
excluded from further statistical analysis.

Baseline analytical performance, mean bias, limits of agreement 
(LoA), and coefficient of variation (CV%) were calculated from 
duplicate pairs, as summarised in Supplementary Table S1. For 
intra-analyser comparisons, mean bias was −0.09 g/L (95% CI: 
−0.12 to −0.06; LoA: −1.41 to 1.24 g/L; CV: 0.67%), well within 

the manufacturer’s specified CV of ≤2%. For inter-analyser 
comparisons, mean bias was −0.19 g/L (95% CI: −0.26 to −0.11; 
LoA: −2.55 to 2.17 g/L; CV: 1.53%), also within the manufacturer’s 
inter-analyser specification of ≤4%. The Bland-Altman analysis 
(Supplementary Figure S1) revealed a small but consistent 
negative bias for both intra-analyser (−0.09 g/L) and inter- 
analyser (−0.19 g/L) comparisons, indicating that repeat 
measurements tend to be marginally lower than initial readings. 
Both values fall well within the IQMH-defined acceptable range. The 
wider limits of agreement observed for inter-analyser comparisons 
(−2.55 to 2.17 g/L vs. −1.41 to 1.24 g/L) reflect the additional 
variability introduced by between-module differences, which is 
expected in a multi-analyser platform and consistent with the 
manufacturer’s inter-analyser specifications. These findings 
confirm exceptional long-term analytical stability across 5 years 
of routine 24/7 operation, involving multiple operators and 
heterogeneous patient samples, and turn unnecessary an 
automatic non-discriminatory repeat testing of all critical Hb results.

Our analysis did not aim to replace formal precision studies as 
defined by the Clinical and Laboratory Standards Institute. Instead, 
it offers a complementary perspective by quantifying real-world 
performance under routine operational pressures. Whereas 
controlled experiments define theoretical repeatability and 
reproducibility limits, longitudinal operational data reflect 
instrument behaviour among pre-analytical heterogeneity and 
variable clinical demand.

The primary objective of this study was to evaluate the utility of 
our SOP mandating reflex repetition of all blood counts with 
Hb <70 g/L. In doing so, we identified a secondary but equally 
relevant observation: that systematic review of analyser back-up raw 
data can serve as a zero-cost internal quality control strategy [7], as 
these archives contain results from repeat testing triggered by 
diverse clinical and analytical reasons. Conceptually, such 
retesting mirrors the classical random-duplicate approach 
described by Carstairs (1977) [8], in which duplicate 

FIGURE 1 
Frequency of maximum haemoglobin variation (ΔHb) between initial and repeated measurements for intra-analyser and inter-analyser comparisons.
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measurements were used to evaluate analytical reliability and 
uncover hidden imprecision or bias [9, 10].

To balance increasing demand with workforce constraints, 
laboratories must refine workflows through evidence-based 
strategies. The widespread adoption of data-friendly technologies 
enables periodic analysis of archived raw back-up, transforming 
routinely duplicated measurements into continuous performance 
monitoring tools. In this context, real-world data analytics provide a 
powerful and sustainable framework to enhance quality assurance 
and operational resilience in contemporary laboratory practice.
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