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ABSTRACT

Objectives: The internationally accepted standard for clinical laboratories is an International Organization for
Standardization 15189. In this study, we evaluated the effect of internal audit guided intervention on quality
indicators in the processing and reporting of complete hemogram samples.

Materials and Methods: We conducted the study in two phases and recruited 38,129 hemogram samples. We
assessed five quality parameters and the results obtained (Phase I) were audited, appropriate interventions and
amendments were done over the next 2 months. In the Phase II, the same quality parameters were analyzed and
compared the results of Phases I and II.

Statistical analysis: The continuous variables were compared using a paired “#’-test (Parametric variables). All
statistical analyses were carried out at a 5% level of significance, with P < 0.05 considered statistically significant.

Results: The sample rejection rate had substantially reduced by 54%. Internal quality control results showed
significant improvement, and there was a substantial increase in critical value entries (nearly 3 times) in Phase II.
However, the turn-around time was slightly increased in Phase II (173 min vs. 130 min). Overall, the internal
audit guided intervention helped us in external quality assurance services by improving the z-score (standard
score) for both accuracy and precision testing.

Conclusions: This study improved our laboratory techniques, including quality control, and better
documentation, and ensured the delivery of high-quality reports.

Keywords: Complete hemogram, Internal audit, International Organization for Standardization 15189, Quality
indicators

INTRODUCTION

Laboratories play an absolutely essential role in the overall quality of healthcare. All laboratories
ensure that results are accurate and timely, allowing patients to get the best care as quickly as
possible. The major decisions depend entirely on laboratory test results; therefore, the utmost
priority is always a high-quality report from the laboratory.!!! The quality of the laboratory
indicates that the services are free from mistakes. This can be achieved by enrolling the
laboratories in an accreditation program.?
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Accreditation is the process of an independent evaluation
of conformity assessment against recognized standards to
ensure impartiality and competence.>¥ Accreditation is
often compulsory in the Western world, whereas in India,
it remains voluntary. The apex body for accreditation in
India is the National Accreditation Board for Testing and
Calibration Laboratories (NABL) which is a Constituent
Board of Quality Council of India. It usually assesses the
technical competence of medical and calibration laboratories,
proficiency testing (PT) providers, and reference material
producers through third-party evaluations. These authorities
inspect laboratories to check their compliance with the
International Organization for Standardization (ISO) 15189
and the International Electrotechnical Commission (IEC)
standard 17025.15¢)

The audit is defined as an “independent, systematic and
recording process for acquiring evidence and estimating
it impartially to determine the extent to which necessary
criteria are satisfied”®”) Laboratory auditing has two
components, namely, management and technical components
and also comprises internal and external audits. An external
audit is usually composed of assessments done by authorities
from outside the laboratories, whereas an internal audit
is usually conducted by the authorities working in one
particular portion of the laboratory assessing another area
within the same laboratory. These audits provide valuable
details regarding the performance of the laboratory and the
compliance requirements.”*

The aims and objectives of this study were to determine
and verify the compliance of our laboratory with the
requirements of the quality management system, including
analytical methods, standard operating procedures (SOP),
the quality manual, and internal laboratory policies. In
addition, this study also aimed to assess the impact of the
internal audit-guided intervention on the process and
reporting of hemograms in accordance with ISO 15189 and
NABL specific document 112.

MATERIALS AND METHODS
Study setting

The present study was carried out over 1 year, from January
2019 to December 2019, in the hematology laboratory,
Department of Pathology at a tertiary care center in Southern
India. All hemogram samples were handled according to
SOPs, and analyses were performed using the Sysmex XT-
2000i hematology analyzer.

Study design and participants

Interventional study involving humans in a single group.
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Sample size calculation

Based on data from the past 2 years in our laboratory,
approximately 180 samples per day were expected to be
recruited during an 8-month study period, conducted in two
phases (Phases I and II).

Sampling technique

Consecutive samples were received for a complete hemogram
in our laboratory.

All samples received in our laboratory for complete
hemogram on all working days between 9 am and 4.30 pm
during weekdays and between 9 am and 1 pm on Saturdays.

This study was carried out in two phases in the main
hemogram laboratory after obtaining ethical clearance from
the Institute Ethics Committee (JIP/IEC/2018/405). We
conducted an internal audit to assess technical requirements
in accordance with ISO 15189:2012 and NABL specific
document 112.

The following quality indicators were analyzed as parameters:
Number of rejected samples and their reasons

Internal quality control (IQC) results

Number of critical value entries

Turnaround time (TAT)

Performance in PT/external quality assurance services
(EQAS).

AN

During the initial 4 months of the Phase I study, we collected
data on quality indicators and compared them against NABL
standards. Corrective measures were taken if these data did not
meet the NABL requirements, and necessary amendments were
made to techniques and documentation in the next 2 months.

During the next 4 months of the Phase II study period, we
analyzed the data on the same quality indicators to assess the
effects of the previous changes made in Phase I. At the end of
the study period, we compiled and compared the data from
Phase I and Phase IL

Data management and statistical analysis

Categorical data were expressed as frequency and percentage
and continuous data were expressed as mean with standard
deviation or median with interquartile range, depending on
the distribution of the collected data. Continuous variables
were compared using a paired “t”’-test for parametric data. All
statistical analyses were carried out at a 5% level of significance,
and P < 0.05 was considered as statistically significant.

RESULTS

All samples received during the study period in the
hematology laboratory for a complete hemogram were
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recruited in this study. A total of 38,129 samples were included
in the study during the two phases of the study period (Phase
I: January-April 2019 and Phase II: September-December
2019), handled according to our SOP, and analyzed using the
Sysmex XT-2000i hematology analyzer.

We conducted an internal audit on the technical
requirements in the processing and reporting of complete
hemograms in accordance with ISO 15189:2012 and NABL-
specific document 112. The following quality indicators were
analyzed as parameters and compared between Phase I and
Phase II.

Number of rejected samples and their reasons

During the Phase I period, we rejected samples according
to our previous laboratory protocol, whereas minor
amendments were made in Phase II, and samples were
rejected in accordance with ISO 15189:2012 and NABL-
specific document 112 guidelines.

During Phases I and II, we rejected 781 and 281 samples,
respectively, based on various reasons. We compared the
number of rejected samples in Phases I and II [Table 1] and
their reasons and percentages are highlighted in Figure la.
The major reason was that patients were not enrolled in
the hospital information system (HIS) in both phases. This
issue could not be reduced in our study, because most of the
patients almost always outnumbered the bed availability.
These patients were either waitlisted for the want of bed or
under observation, and hence, the rejection rate did not
decrease even in Phase II.

After giving adequate training to all the laboratory personnel
according to NABL guidelines, we could able to significantly
reduce the various rejection reasons by a total of 54%. These

included sample and form mismatch (93%), wrong (90%)/no
barcodes (80%) on the requisition form, incompletely filled
forms (82%), delays in receiving samples (75%), samples
received in wrong tubes (90%), insufficient (65%), duplicate
(61%), or clotted samples (93%) [Table 1 and Figure 1a].

Internal quality control (IQC) results

In our laboratory, IQC was carried out using three levels of
QC samples, namely, L1, L2, and L3 (L1: low-value reference
QC, L2: normal-value reference QC, and L3: high-value

Reasons for rejection
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Figure 1: (a) Comparison of percentage of rejected samples and
their reasons in Phases I and II; and (b) comparison of Phases I and
II on the basis of turnaround time. TAT: Turn around time.

Table 1: Comparison of number of rejected samples and their reasons in Phases I and II.

Reasons for rejection Phase I Phase IT Reduction in
(January-April 2019)  (September-December 2019)  percentage between

Phases I and IT (%)

Wrong bar code 11 03 73

No bar code 15 03 80

Delay in receiving the samples 84 21 75

Incomplete form 116 21 82

Wrong tubes 19 02 90

Insufficient sample 14 05 65

Duplicate sample 56 22 61

Not assigned in HIS 367 281 23

Others (sample and form mismatch, clotted sample) 99 07 93

Total 781 365 54

HIS: Hospital information system
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reference QC). A random sampling technique was used every
third day to assess IQC results in Phases I and II. Only major
reportable parameters, such as red blood cell (RBC) count,
hemoglobin (HGB), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH),
MCH concentration, total white blood cell (WBC) count,
and platelets (PLT), were analyzed.

Based on the data presented in Tables 2-4, it was clear
that in Levels I, I, and III, all parameters were considered
significant except RBC count (P = 0.651), HCT (P = 0.074),
and MCV (P = 0.144), respectively. During the study period,
there was no major breakdown in the hemogram counter in
our hematology laboratory.

Number of critical value entries

Table 5 showed a significant increase (almost 3 times) in the
critical value entries during Phase II. There was no change in
the malarial parasite reporting across both phases. However,
there was a 50% decrease in the HGB critical value entries
in Phase II, while all other parameters showed a significant
increase in Phase II.

Turn around time (TAT)

The HIS provides an option to export data in Excel format,
allowing for the automatic calculation of TAT for individual
samples. To avoid bias due to outliers, stratified random
sampling was performed by selecting every 50" sample for
TAT calculation. Based on this randomization, we selected
20 samples per week and calculated the average TAT.
Figure 1b shows the average TAT in our laboratory for both
phases.

The average TAT during Phase I and II study period were 130
and 170 min, respectively. This slight delay of 40 min was still
acceptable according to NABL criteria.

External quality assurance services (EQAS)

In our laboratory, we received an EQAS sample from the All
India Institute of Medical Sciences, New Delhi, at 3 months
intervals. Table 6 highlights the z-score (standard score)
comparison between two phases. In Phase I, overall precision
testing was acceptable. However, in accuracy testing, except
RBC and MCH, which were out of acceptable range, all other

Table 2: Internal quality control results of Level I control in both Table 3: Internal quality control results of Level II control in both

phases. phases.

Parameters Group N Mean SD CV  P-value Parameters Group N Mean SD CV  P-value

(%) (%)

WBC WBC(1)* 40 3.15 0.06 1.90 0.000 WBC WBC(1)* 40 738 016 2.16 0.004
WBC (2)* 40 3.05 0.07 2.29 WBC (2)* 40 7.23 021  2.90

RBC RBC (1) 40 229 0.05 218 0.651 RBC RBC (1) 40  4.33 0.03  0.69 0.000
RBC (2) 40 229 002 0.87 RBC (2) 40 437 0.03 0.68

HGB HGB (1) 40 587 012 2.04 0.000 HGB HGB (1) 40 1239 038 3.06 0.000
HGB (2) 40 556 0.09 1.16 HGB (2) 40 12.04 0.09 0.74

HCT HCT (1) 40 17.65 034 192 0.000 HCT HCT (1) 40 3586 098 2.73 0.074
HCT (2) 40 17.14 028 1.63 HCT (2) 40 3556 0.56 1.57

MCV MCV (1) 40 77.02 2.00 259 0.000 MCV MCV (1) 40 8292 237 285 0.000
MCV (2) 40 7477 074 0.98 MCV (2) 40 81.28 0.83 1.02

MCH MCH (1) 40 2563 083 323 0.000 MCH MCH (1) 40 28,63 095 331 0.000
MCH (2) 40 2439 031 1.27 MCH (2) 40 2752 030 1.09

MCHC MCHC (1) 40 3325 0.85 2.55 0.000 MCHC MCHC (1) 40 3454 074 2.14 0.000
MCHC (2) 40 3262 044 1.34 MCHC (2) 40 3387 056 1.65

PLT PLT (1) 40 65.68 8.07 12.28 0.005 PLT PLT (1) 40 231.53 11.30 4.88 0.001
PLT (2) 40 73,53 11.83 16.08 PLT (2) 40 25045 27.24 10.87

*Parameter (1) and (2) are considered as the value of that parameter in *Parameter (1) and (2) are considered as the value of that parameter in

Phases I and II respectively. P<0.05 was considered as significant. Phases I and II respectively. P<0.05 was considered as significant.

CV: Coefficient of variation, RBC: Red blood cells, HGB: Hemoglobin, CV: Coefficient of variation, RBC: Red blood cells, HGB: Hemoglobin,

HCT: Hematocrit, MCV: Mean corpuscular volume, MCH: Mean HCT: Hematocrit, MCV: Mean corpuscular volume, MCH: Mean

corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin

concentration, WBC: White blood cells, PLT: Platelets, N: Number, SD: concentration, WBC: White blood cells, PLT: Platelets, N: Number and

Standard deviation SD: Standard deviation
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Table 4: Internal quality control results of Level III control in
both phases.

Parameters Group N Mean SD CV P-value
(%)
WBC WBC(1)* 40 1863 025 1.34 0.000
WBC (2)* 40 1837 022 1.19
RBC RBC (1) 40 5.24 0.04 0.76  0.000
RBC (2) 40 5.32 0.04 0.75
HGB HGB (1) 40 1646 027 1.64 0.042
HGB (2) 40 1635 0.13 0.79
HCT HCT (1) 40 4723 091 192 0.024
HCT (2) 40 47.63 054 1.13
MCV MCV (1) 40 89.98 2.14 237 0.144
MCV (2) 40 89.44 0.80 0.89
MCH MCH (1) 40 3140 0.70 2.22  0.000
MCH (2) 40 30.70 0.40 1.30
MCHC MCHC (1) 40 34.89 065 1.86 0.000
MCHC (2) 40 3432 049 142
PLT PLT (1) 40 53723 19.82 3.68 0.001
PLT (2) 40 558.10 2635 4.72

*Parameter (1) and (2) are considered as the value of that parameter in
Phases I and II respectively. P<0.05 was considered as significant.

CV: Coefficient of variation, RBC: Red blood cells, HGB: Hemoglobin,
HCT: Hematocrit, MCV: Mean corpuscular volume, MCH: Mean
corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin
concentration, WBC: White blood cells, PLT: Platelets, N: Number, SD:
Standard deviation

Table 5: Comparison of critical value entries in Phases I and II.

Critical value entries PhaseI Phase Il Variation in
percentage
between Phases
Iand II (%)
HGB <3.0 g/dL 10 05 50
ANC <500 cells/cu.mm 99 288 290
Platelet count 28 45 160
<20,000 cells/cu. mm
Malarial parasite 03 03 100
Blasts/Atypical cells 39 163 417
Presence of 04 39 975
schistocytes (01%)
Total 183 543 296

100% — No change, <100% - reduction, and 100% — increment in entries.
HGB: Hemoglobin, ANC: Absolute neutrophil count

results were within the acceptable range. Both accuracy and
precision testing were within the acceptable range in Phase II.

DISCUSSION

A major portion of medical conclusions relies on results
from laboratory medicine; therefore, quality holds the

Table 6: Z- score comparison of Phases I and IT in EQAS.
Parameter Group Accuracy testing Precision testing
WBC WBC (1)* -0.31 1.15

WBC (2)* -1.4 -1.01
RBC RBC (1) -3.16 1.28

RBC (2) -0.66 0.54
HGB HGB (1) 1.57 0

HGB (2) 0.39 -1.35
HCT HCT (1) -0.77 0.54

HCT (2) -0.74 0.34
MCV MCV (1) 0.71 0.67

MCV (2) -0.54 -0.34
MCH MCH (1) 4.81 0.67

MCH (2) 1.08 0.9
MCHC MCHC (1) 1.39 0

MCHC (2) 0.84 0
PLT PLT (1) -2.09 0.13

PLT (2) 0.84 0.58
*(1) and (2) were considered as the value of that parameter in Phase I and
Phase II. EQAS: External quality assurance services, Z-score (standard
score), RBC: Red blood cells, HGB: Hemoglobin, HCT: Hematocrit,
MCYV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin,
MCHC: Mean corpuscular hemoglobin concentration, WBC: White
blood cells, PLT: Platelets

highest priority in the laboratory."! Quality controls in
the laboratory were to identify, cut down, and fix the errors
in the analytical process before releasing results, thereby
improving the quality of laboratory results.*” An internal
audit is the process in which the staff working in one area
of the laboratory assesses another area within the same
laboratory.1%

Quality indicators are required to systematically monitor and
evaluate the laboratory’s contribution to patient care.**! In
our study, we mainly focused on technical quality indicators,
including the number of rejected samples and their reasons,
IQC results, critical value entries, TAT and reasons for delay in
dispatching the reports, and finally, EQAS. The first indicator
was directly related to pre-analytical variables.*! The IQC
and critical value indicators were directly related to analytical
phase, while TAT spans around all the three phases of
laboratory work-up.!**¢ Finally, EQAS was directly related
to overall performance by the laboratory in comparison with
other participating laboratories in the country.®12'7]

In Phase I, we processed and reported complete hemogram
samples according to our usual laboratory protocol. We
analyzed the result of Phase I, documented the deviation, and
then implemented the amended protocol in accordance with
NABL and ISO guidelines.!'*¢ After Phase II, we compared
the results of both phases to identify the impact of our
internal audit.
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After providing adequate training to all laboratory personnel
pertaining to various pre-analytical variables, we were able to
significantly reduce the sample rejection rate by 54% overall.
The various reasons for rejection that showed improvement
included sample and form mismatches (93%), wrong (90%)
or no bar code (80%) in the requisition forms, incompletely
filled forms (82%), delay in receiving the samples (75%),
samples received in wrong tubes (90%), insufficient (65%),
duplicate (61%), and clotted samples (93%).

Our study results closely matched those of Makubi
et al.,'"¥ who conducted an audit on hematology and blood
transfusion. They screened 195 laboratory request forms and
found out that 100% of those forms did not have complete
information such as unique ID number, time of collection,
and clinical history. In addition, 82% of specimens were
improperly labeled, and 65% of samples did not contain the
proper amount of blood.

In this study, the only major reason that could not be
reduced in either phase was patients not being enrolled in
the HIS. This was because most of the patients almost always
outnumbered the bed availability. Many of these patients were
either waitlisted for the want of bed or under observation and
hence could not bring down this issue even in Phase II.

Regarding the IQC results, we encountered a systematic
error in most reportable parameters during Phase L
After doing minor adjustments but not performing a full
calibration,”'!! we demonstrated that all parameters showed
significant improvement in Levels I, I, and III, except RBC
count (P = 0.651), HCT (P = 0.074), and MCV (P = 0.144),
respectively. However, during the study period, there was
no major break down in the hemogram counter in our
hematology laboratory.

There was a significant increase in the critical value entries!
during Phase II by almost 3 times. However, there was no
change in the malarial parasite reporting across both phases.
The reason which we presume is that the prevalence of
malarial parasite remains the same throughout the year.
Notably, there was a 50% decrease in Hb critical value entries
in the Phase II, while all other parameters were significantly
increased. We could not figure out the exact reason for drop
in the Hb critical value entries.

The average TAT during Phase I and II study period were
130 and 170 min, respectively. This delay was expected and
primarily due to stringent adherence rejection criteria, strict
IQC measures, and the subsequent reporting process in
the HIS. Although, TAT increased in Phase II, the quality
of results becomes much greater in Phase II. Joshi et al.l'’l
strongly recommend using an abnormal flagging system in
hematology analyzers to be correlated with manual blood
smears to avoid false-negatives to improve the performance
in a hematology laboratory. This might affect the average TAT.
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From the above analysis, it is evident that Phase II was more
successful than Phase I in terms of EQAS, with improvements
in both accuracy and precision testing. The Clinical
Laboratory Improvement Amendments (CLIA) guideline!”!
helped us in amendments and implementing minor changes,
which resulted in better z-score and enhanced overall quality
management in our laboratory.

We analyzed changes in laboratory practices to determine
whether they are improving in accordance with NABL
and ISO guidelines. Our study results were very similar to
those of Anjarani et al.™® conducted in Tehran, Iran. They
analyzed the degree of agreement in the terms of quality
with national standard guidelines between government and
private hospital laboratories. They included 164 questions in
the checklist and concluded that standard guidelines were
prominently implemented in private hospital laboratories
than in government hospital laboratories. They pointed
out that lack of encouragement; sincerity and management
pressure were the main factors for the poor performance of
public health laboratories in their study.!*!

Similarly, the major limitation of this study was the lack of
motivation among staff members, which was the primary reason
for improper entries in the registers. Continuous monitoring
by higher officials became necessary to maintain standards. In
addition, this internal audit was performed in 2019 using ISO
15189:2012, while further amendments were released in 2022.
Therefore, future studies are warranted using ISO 15189:2022.1!

We found that this internal audit significantly improved the
quality of processing and reporting complete hemograms. It
also provided opportunities for improving our own standards
and enhanced patient management and care. We strongly
recommend that these audits continue, not only in the
hemogram laboratory but across all laboratory departments,
to ensure continual improvements in our standards.

CONCLUSIONS

This study improved our existing laboratory techniques,
including quality control, better documentation, and ensures
high-quality reporting. It concludes that the outcomes of
internal audits are very important for essential amendments
needed to improve the quality management system.
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