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Abstract

Introduction: The Six Sigma plan measures the degree to which any process deviates from its goal. Six-
sigma is a metric that quantifies the performance of processes as a rate of Defects-Per-Million
Opportunities, (DPM, or DPMO). Sigma works on a quality principle of DMAIC which stands for Define,
Measure, Analyse, Improve and Control.

Aims and Objectives: To evaluate our laboratory performance from Jan 2019 to June 2019 by
estimating six-sigma.

Methodology: We evaluated sigma metric for 35 parameters run in our auto analyzers from Jan 2019 to
June 2019 (6 months).Coefficient of variation which represents lab precision and BIAS which represents
accuracy is calculated by using standard formulas. Later average six sigma was calculated from Jan
2019 to June 2019. Average Total error also was calculated for 6 months. To know about the goals for
improvement in our laboratory after estimating six sigma we calculated quality goal index.

Results and Discussion: Out of 35 parameters, we observed > 3 sigma metrics for 19 parameters of all
levels. Parameters (T3, T4, TSH, Troponin I) and Gem Premier Instrument (pO2, pCO2) failed to show >
3 six sigma. The QGI showed that the problem lied with inaccuracy with these parameters. Sigma >6 is
practically impossible to achieve. Total Protein and albumin has failed to achieve > 3 sigma metrics and
imprecision problem lied with these parameters. Highest sigma metric was observed in pH, triglyceride,
and lipase.

Conclusion: Our laboratory has performed considerably well after assessing through the sigma metric.
Application of six sigma in laboratory can be a considerable indicator for quality and reducing number of
IQC runs which can be cost effective. The drawback of not achieving standard world class six sigma all
the time is still existing in healthcare. However quality reports with cost effectiveness should always be a
dictum as a health care professional.

Keywords: Six Sigma, Coefficient of Variation, Total Allowable Error, Quality Goal Index.

Introduction medicine is fast evolving with high end
Clinical laboratories are playing very important automation for faster and accurate patient results.
role in health care services by assisting clinicians Hence quality, efficiency and cost effectiveness in
to come to a conclusion on screening, diagnosis, laboratory results revolves around total quality
prognosis and monitoring diseases. Laboratory management. Total Quality management includes
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quality planning, quality laboratory processes,
quality control (QC), and quality assessment (QA)
and quality improvement.

The Laboratory system has recently adopted six
sigma apart from the routine internal quality
controls and EQAS (External quality assessment
services) to assess the laboratory performance.
The six sigma was first invented by the Motorola
Company in 1995 for quality production in the
industry and GE Company implemented the same
in their industry. Health care providers adopted
sigma metrics for better health care services only
recently. Clinical services can also use sigma
metrics for applying quality principles, but
laboratory services use this technology more
intensively than other medical services. Even
among all the clinical laboratories the sigma
metrics cannot be applied to all disciplines. Since
Clinical Biochemistry and Haematology use
automation, we can use the sigma metrics readily
and easily than the anatomical pathology®.

The Six Sigma plan measures the degree to which
any process deviates from its goal.

Sigma works on a quality principle of DMAIC
which stands for Define, Measure, Analyse,
Improve and Control®.

The sigma is measured in the analytical phase of
total testing process. The sigma value shows how
often errors or defect are likely to occur and
therefore it is a metric that quantifies the
performance of processes as a rate of defects-Per-
Million Opportunities, (DPM, or DPMO). 1 sigma
(o) corresponds to 6,90,000 defects or errors per
million reports, 2 sigma corresponds to 3,08,000
errors per million reports, 3 sigma corresponds to
66,800 errors per million reports, 4 sigma
corresponds to 6,210 errors per million reports, 5
sigma corresponds to 230 errors per million
reports and 6 sigma corresponds to 3.4 errors per
million reports. 6c is the best, or ‘world class
quality,” performance level @@,
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We cannot reach “world class quality” six sigma
in the health care sector for many situations. Even
otherwise we have to make effort to decrease the
number of defects to bring it to zero defects.

Aims and Objectives
To evaluate our laboratory performance from Jan
2019 to June 2019 by estimating six sigma.

Materials and Methods

We evaluated sigma metric for 35 parameters run
in our auto analyzers from Jan 2019 to June 2019
(6 months).Clinical chemistry were analyzed in
Vitros FS 5.1 integrated system and Vitros 250
(ortho clinical Diagnostic) by reflectance
spectrophotometry. HbA1C was measured in
Biorad D10 instrument by HPLC method. The
ABG analysis was measured by the Gem Premier
2000 through lon Selective electrode method
.Thyroid function tests (T3, T4, TSH,fT3 and
fT4), Troponin | were analyzed by Vidas and Mini
Vidas by ELFA (Enzyme linked fluorescent
assay)

Steps for calculating Sigma Metric

Step 1: The Internal QC (Quality control) is run
on daily basis.

IQC design in our lab as per NABL I1SO 15189
guidelines

Lot numbers: (Jan 2019 —June 2019)

1. Lypochek: 26440

2. Cardiac Markers: 2" Party control Performance
verifier PV1 (Y6491), PV2 (A6493)

3. Immunoassay: 40350
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4. Diabetic Control (HbA1C): 33970
5. Blood gas control: 29520 (Jan 2019 — March
2019) and 29540 (April 2019 to June 2019)
6. Troponin I. Variable lots (Second party
controls)
> For analytes load >75 investigations like
glucose, urea ,creatinine ,total bilirubin
(TB), Direct bilirubin (DB) , electrolytes
(Sodium, Potassium .Chloride)we run 2
levels of QC (Level 1 and Level 2) two
times a day .
> For analytes load <75 investigations like
Lipid  profile  (Triglyceride, Total
cholesterol, High Density Lipoprotein)),
minerals  (calcium, phosphorus and
magnesium), Enzymes (Amylase, Lipase,
AST, ALT, ALP, CK, CKMB,
Cholinesterase, GGT), Arterial blood gas
analysis (pO2, pCO2, pH, glucose, lactate)
alternatively level 1 and 2 of QC is run
every day.
o 3 levels (Level 1, Level 2, and Level
3) are run for ABG analysis and
Thyroid  hormones.  All  other
parameters only 2 levels (Level 1 and
Level 2) are available.
The QC was entered manually in the software
with LJ (Levy Jennings chart). West gard rules are
applied to identify random and systematic errors
.Corrective and preventive actions are taken and
documented. The lab mean and SD (Standard
deviation) was calculated automatically by the
software.
CV (Coefficient of variation) represents the lab
precision. Precision has been defined as the
closeness of agreement between independent
results of measurements obtained under stipulated
conditions. CV was calculated every month by the
formula (SD/Mean)*100.
Step 2: We participate in the External Quality
Assurance Services (EQAS) programs from
Biorad EQAS QC Cycle 17 (Sample 7, 8, 9, 10,
11, 12) were run for Jan 2019- June 2019 (6
months) which was run every month for all the
biochemical and immunoassay analytes. High

sensitive Troponin | was covered under cardiac
marker EQAS. Bias provides the lab accuracy
(Trueness or accuracy is defined as closeness of
agreement between the average value obtained
from a large series of results of measurements and
the true value).BIAS is calculated by using the
formula
BIAS = (Laboratory Result — Reference Value or
True Value) /Reference Value or True Value.
Step 3: Total Error Allowable (TEa) is the
maximum error allowed in a laboratory for a
particular measurement procedure. This includes
variations in all phases of testing process. Total
allowable error values for each analyte was
selected by various approaches and strategies

» Based on biological variations

> Based on Professional recommendations

by International expert groups (CLIA,
RICOS,RILIBAK (12,13,14)

» EQA Published data
TEa (Total Allowable error) in our study was
taken from the RICOS guidelines (Dr. Carmen
Ricos and colleagues) (5, 13). For analytes like
pCO2 where the TEa was not available we used
RCPA guidelines®
Sigma metric was calculated using the formula
(TEa- BIAS) / CV
Errors in analytical phases have two main
components: random and systematic errors.
Using these two components, we can calculated
the total error of a test as

TE = Bias + 1.65CV

The Sigma metric, TE was calculated for each
month from Jan 2019 to June 2019. Average
Sigma metric was taken for assessing our lab
performance.
After determining our sigma metrics, we needed
to take some corrective and preventive action. To
identify this we calculated quality goal index
(QGI). Quality goal index was used to find out
whether deviation was observed in bias or
precision. This helps us to know whether the
analytes showed imprecision or inaccuracy or
both. The formula to calculate QGI is (Bias
/1.5)*CV%.
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Criteria used for interpreting QGI when test the analytes measured in our analyzers. Colours
applications fall short of six sigma <3 quality." highlighted in table as follows
8 Red: < 3 sigma
QG Problem Green: Highest sigma
<08 Imprecision Pink: Lowest total error
0.8-1.2 Imprecision and Inaccuracy )
>1.0 Inaccuracy Blue: Highest total error The parameters not
highlighted have >3 sigma levels
Results

Average CV (Level 1 and Level 2) and average
BIAS was taken from Jan 2019 to June 2019 for

Table 1: Sigma metrics of Vitros 250 analyzer (Level 1 and Level 2)

Avg Avg
Avg | Avg (Total (Total
Parameters CcVv CVv Avg TEa Six Sigma Six Sigma Error) Error)
SI.No Vitros 250 L1 L2 | BIAS | (RICOS) (L1) (L2) L1 L2
1 Glucose 2.40 2.25 -0.15 5.5 5.54 5.25
2 Sodium 150 | 1.02 | -0.17 0.73 2.44 1.66
3 Potassium 158 | 1.20 | -0.11 5.61 3.62 4.77 2.60 1.98
4 Chloride 084 | 094 | -0.14 1.5 1.37 153
5 Triglyceride 193 | 220 | -0.13 25.99 13.51 11.87 3.79 4.31
6 Total Cholesterol 2.92 3.13 -0.14 9.01 3.14 5.68 6.11
7 HDL 347 | 417 | -1.09 11.63 3.67 3.05 6.81 8.18
8 Bilirubin-Total 583 | 3.38 | -1.11 26.94 4.81 8.29 11.43 6.63
9 Total Protein 223 | 238 | -0.05 3.63 4.38 4.68
10 Albumin 268 | 252 | 215 4.07 5.25 4.93
11 AST 292 | 342 | -0.11 16.69 5.76 4.92 5.70 6.68
12 ALT 6.85 | 3.33 | -0.13 27.48 4.03 8.28 13.44 6.55
13 ALKP 323 | 273 | -0.85 15.4 5.03 5.95 6.32 5.34
14 Urea 345 | 3.18 | -0.68 15.55 471 5.10 6.75 6.23
15 Creatinine 240 | 3.05 | -0.04 8.87 371 292 467 5.95
The highest sigma was seen in parameter was lowest for chloride parameter. The total error
triglyceride (Level 1 and Level 2). The total error was highest in AST (Level 2) and ALT (Level 1).
Table 2: Sigma metrics of Vitros FS 5.1 analyzer (Level 1 and Level 2)
Avg Avg
Avg | Avg Six (Total (Total
Parameters (64 CcvVv Avg TEa Six Sigma Sigma Error) Error)
SI.No Vitros FS5.1 L1 L2 BIAS (RICOS) (L1) (L2) L1 L2
1 Glucose 157 | 1.62 | -0.34495 5.5 3.73 3.62 3.08 3.18
2 Sodium 1.63 | 1.50 | -0.3321 0.73 3.19 2.93
3 Potassium 1.65 | 1.82 | -0.34162 5.61 3.61 3.28 3.25 3.58
4 Chloride 1.67 | 1.73 | -0.33082 15 3.26 3.39
5 Triglyceride 158 | 2.12 | -0.33932 25.99 16.63 12.44 3.09 4.14
6 Total Cholesterol | 1.73 | 2.65 | -0.31836 9.01 5.38 3.52 3.37 5.17
7 HDL 282 | 2.68 | -0.33674 11.63 4.25 4.46 5.53 5.27
8 Bilirubin-Total | 4.87 | 3.23 | -0.33703 26.94 5.60 8.44 9.55 6.35
9 Total Protein 1.80 | 2.10 | -0.33575 3.63 3.53 412
10 Albumin 1.88 | 1.98 | -0.33522 4,07 3.70 3.89
11 AST 2.72 | 2.97 | -0.33746 16.69 5.32 5.81
12 ALT 7.87 | 2.98 | -0.34025 27.48 3.54 9.33 15.43 5.86
13 ALKP 2.15 | 2.28 | -0.35039 15.4 7.33 6.90 4.21 4.47
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14 GGT 2.13 | 1.67 | -0.32371 22.11 10.52 13.46 4.14 3.23
15 Urea 2.75 | 2.43 | -0.3184 15.55 5.77 6.52 5.41 4.79
16 Creatinine 2.35 | 2.47 | -0.31648 8.87 3.91 3.72 4.62 4.85
17 Uric acid 243 | 2.42 | -0.3412 11.97 5.06 5.09 4.76 4.72
18 Total Calcium 153 | 1.75 | -0.32016 2.55 2.99 3.41
19 Phosphorus 1.52 | 2.35 | -0.31144 10.11 2.97 4.61
20 Magnesium 2.22 | 2.07 | -0.33302 4.8 4.33 4.04
21 Amylase 6.52 | 2.32 | -0.31765 17.7 12.78 4.55
22 Lipase 1.75 | 1.95 | -0.32425 37.88 3.43 3.82
23 Cholinesterase | 3.95 | 5.37 | -0.32309 9.8 7.70 10.47
24 LDH 470 | 3.43 | -0.3068 11.4 9.18 6.70
The highest sigma was seen in parameter Lipase total error was highest in ALT (L1) and

(L1 and L2). The total error was lowest for
sodium (L2) and phosphorus (L1) parameter. The
Table 3: Sigma metrics for other instrument parameters(Gem Premier-ABG, Biomeriex Vidas-TFT and H S
Troponin I, Biorad D10-HbAlc)

Cholinesterase (L2).

Avg Six Six Avg Avg Avg
Avg Avg Avg Six Sigma Sigma | (Total (Total (Total
CcVv CVv CVv Avg TEa Sigma (L2) (L3) Error) Error) Error)
SI.No | Parameters L1 L2 L3 BIAS (RICOS) (L1) L1 L2 L3
1 pH 0.10 0.15 0.17 0 3.9 0.20 0.29 0.33
2 pCo02 2.72 3.33 3.55 -0.32 5.7 5.36 6.57 6.99
3 pO2 4.35 6.77 7.03 -0.30 5(RCPA) 8.55 13.29 13.81
lonized
4 Calcium 2.32 2.67 2.20 0.34 2 453 5.22 4.30
5 CK 3.48 3.00 - -0.31816 30.3 6.79 5.84 -
6 CKMB 7.32 5.53 - -0.31388 24.1 14.28 10.78 -
7 Troponin | 9.18 13.00 - -0.34511 27.91 18.34 25.82 -
8 T3 12.97 6.68 6.02 -0.37 9.22 25.39 13.07 11.72
9 T4 6.15 6.33 6.53 -0.39 7 12.08 12.44 14.43
10 TSH 10.52 9.55 8.70 -0.32 23.7 20.63 18.74 14.04
11 HbAlc 2.00 1.83 -3.95 3 0.90 0.31 --

Among the ABG analysis was only pH had a
highest sigma level in all levels therefore the total
errors in all levels with pH was low. The highest
total errors are seen in pCO2 (all levels). Our
cardiac markers were having satisfactory sigma

level except for Troponin I, the thyroid profile
parameters performed poor with all < 6 sigma
levels and therefore having highest total errors.
HbA1C showed satisfactory sigma metric of >3

Table 4: Quality goal index of parameters measured in Vitros 250

SI.No Level Analytes QGlI Problem
1 Level 1 Glucose 0.25 Imprecision
Level 2 Glucose 0.23 Imprecision
2 Level 1 Sodium 0.17 Imprecision
Level 2 Sodium 0.12 Imprecision
3 Level 1 Chloride 0.08 Imprecision
Level 2 Chloride 0.09 Imprecision
4 Level 1 Total Protein 0.07 Imprecision
Level 2 Total Protein 1.54 Inaccuracy
5 Level 1 Albumin 3.85 Inaccuracy
Level 2 Albumin 0.76 Imprecision
6 Level 1 Magnesium 0.12 Imprecision
7 Level 2 Total Cholesterol 0.28 Imprecision
8 Level 2 Creatinine 0.07 Imprecision

Majority of problem for many analytes lied with imprecision (IQC issues)
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Table 5: Quality goal index of parameters measured in Vitros FS 5.1

SI.No Levels Analytes QGlI Problem
1 Level 1 Sodium 0.36
Imprecision
Level 2 Sodium 0.33 Imprecision
2 Level 1 Chloride 0.37 Imprecision
Level 2 Chloride 0.38 Imprecision
3 Level 1 Total Protein 0.40 Imprecision
Level 2 Total Protein 0.47 Imprecision
4 Level 1 Albumin 0.42 Imprecision
Level 2 Albumin 0.44 Imprecision
5 Level 1 Total Calcium 0.33 Imprecision
Level 2 Total Calcium 0.37 Imprecision
6 Level 1 Magnesium 0.49 Imprecision
Level 2 Magnesium 0.46 Imprecision
7 Level 1 Amylase 1.38 Inaccuracy
8 Level 1 Imprecision
Cholinesterase 0.85 and Inaccuracy
Level 2 Cholinesterase 1.16 Inaccuracy
9 Level 1 Imprecision
LDH 0.96 and Inaccuracy

Many had imprecision problem but some parameters like cholinesterase had both imprecision and
inaccuracy problem

Table 6: Quality goal index of parameters measured in Vidas, Gem Premier and Biorad D10

SI.No Levels Analytes QGlI Problem
Level 1
1 Level 1 T3 3.19 Inaccuracy
Level 2 T3 1.65 Inaccuracy
Level 3 T3 3.95 Inaccuracy
2 Level 1 T4 1.57 Inaccuracy
Level 2 T4 1.61 Inaccuracy
Level 3 T4 5.53 Inaccuracy
3 Level 1 TSH 2.26 Inaccuracy
Level 2 TSH 2.06 Inaccuracy
Level 3 TSH 3.09 Inaccuracy
4 Level 2 Troponin 2.99 Inaccuracy
5 Level 1 pCO02 0.58 Imprecision
Level 2 pCO2 0.71 Imprecision
Level 3 pC02 2.20 Inaccuracy
6 Level 1 p0O2 0.87 Imprecision and Inaccuracy
Level 2 PO2 1.35 Inaccuracy
Level 3 pO2 10.25 Inaccuracy
7 Level 1 lonized calcium 0.52 Imprecision
Level 2 lonized Calcium 0.60 Inaccuracy
Level 3 lonized calcium 2.38 Inaccuracy

Thyroid profile parameters and ABG Parameters had more inaccuracy except for pH
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Figure 1: Distribution of parameters where the QGI (Quality goal Index) acts as an indicator for laboratory

improvement if the parameters have less than 3 six sigma.

B None problem 18 parameters ( L1, L2)
and 1 parameters( L1,L2,L3)of 19
parameters

M None problem either (L1,L2,L3) of 6

parameters

M Imprecision (26 parameters)

M Inaccuracy(18 parameters)

M Both (Inaccuary and Imprecision) (3
parameters)

Majority of our parameters are above the 3 six sigma metrics.

Discussion

Sigma metrics is one of the tools of quality in
terms of performance for any product being
manufactured. The laboratory that generates
products (Laboratory reports) should be of assured
quality. The universal scale or bench marking, the
Six Sigma for assessing the lab performance is 1
to 6. The 6 sigma shows world class: “BEST
PERFORMER” and < 3 sigma metric shows the
need for improvement by interpreting Quality goal
index (Problem that lies with imprecision
/Inaccuracy/ Imprecision and inaccuracy).

This study analyzed our laboratory performance
for 35 parameters measured in our various
analyzers Vitros 250, Vitros FS 5.1, Gem Premier,
Vidas and Biorad D10. The sigma metrics were
analyzed for all the parameters in all levels (Vitros
run analytes Lland L2, Thyroid profile (T3, T4,
TSH) and ABG (pH, pCO2, pO2) in all the three
levels L1, L2 and L3.

We observed > 3 sigma metrics for 19 parameters
of all levels.

Vidas instrument parameters (T3, T4, TSH,
Troponin 1) and Gem Premier Instrument (pO2,
pCO2) failed to show > 3 six sigma. The QGI
showed that the problem lied with inaccuracy. The
reason could be due to frequent reagent lot

changes, improper daily maintenance of the
instrument; however the preventive maintenance
was done on yearly basis by the company.
Frequent breakdown of instrument was also
observed during Jan 2019 to June 2019. The
corrective actions taken for this were to sensitize
the laboratory technicians to do the daily
maintenance and we have to observe the sigma
metric in the next 2 months. Plan is to replace
Vidas immunoassay analyzer with a fully
automated one which was also suggested to the
higher authority.

The electrolytes especially (Sodium and Chloride)
showed <3 sigma metric in both the Vitros 250
and FS 5.1 which was much similar to the study
conducted by Chakravarthy et al®” which also
showed potassium and chloride < 3 sigma ,which
was analyzed during normal conditions. Since the
electrolytes like (sodium, potassium and chloride)
have a total allowable error of <5% i.e. very
narrow TAE. Sigma >6 is practically impossible
to achieve. The QGI for these parameters
predicted imprecision. However measures can be
taken to minimize the frequency of random and
systematic errors by in-house training of
technicians handling and running 1QC in an
appropriate way, as they are very sensitive
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parameters. These measures can be taken for
bringing the sigma metric atleast from 3 to 6.

Total Protein and albumin has failed to achieve >
3 sigma metrics in various studies. Bhavna sing et
al, Sunil Nanda et al and Nitin Kumar et al® also
showed these parameters <3 sigma. The
comparison is inevitable because these various
studies have run their analytes in different
instruments with different 1QC and EQAS
company materials. We interpreted the problem as
imprecision; hence to bring up our quality again
importance of training the technicians regarding
IQC is inevitable.

Mostly the problem lied with imprecision with
most of the parameters (General chemistry
analytes). Thyroid hormones and ABG analytes
showed inaccuracy problem.

The highest Sigma was obtained in Triglyceride
(Vitros 250), Lipase (Vitros FS 5.1) and pH (Gem
Premier) which showed lowest total error with the
regard to pH. The reason could be that the TAE of
Triglyceride and lipase was very high as
compared to other parameters.

However the cost effectiveness of the laboratory
can be taken care by controlling/ reducing the
number of daily I1QC if our sigma metric has
achieved 6 by limiting our application of westgard
rules and number of control measurements. More
number of QC and westgard rules are applied for
metric <3 sigma metric. Sigma metric can also be
one of our quality indicators®- 191,

Example: QC design based on sigma metrics®

Sigma Westgard Rule Levels | Measurements | P Error Detection | P False Rejection
6.0 13.55 2 1 0.98 0.01
5.8 13.55 2 1 0.98 0.00
5.6 13s 2 1 0.97 0.00
54 13s 2 1 0.94 0.00
5.2 13s 2 1 091 0.00
5.0 12.55 2 1 0.96 0.03
4.8 12.55 2 1 0.93 0.03
4.6 13s 2 1 0.92 0.01
4.4 12.5s 2 1 0.96 0.04
4.2 12.55 2 1 0.92 0.04
4.0 1 3s/2 2s/R 4s/4 1s 2 2 0.91 0.03
3.8 13s/2 2s/R 4s/4 1s 2 2 0.86 0.03
3.6 1 3s/2 2s/R 4s/4 13 2 2 0.79 0.03
3.4 13s/2 2s/R 4s/4 1s 2 2 0.65 0.03
3.2 1 3s/2 2s/R 4s/4 1s 3 2 0.48 0.03
3.0 13s/2 2s/R 4s/4 1s 3 2 0.36 0.02

Based on the study findings, we could infer that Conclusion

six sigma is a good quality tool for assessing our
laboratory performance during analytical phase.
However there are certain limitations with that of
six sigma application practically for few analytes
especially with electrolytes analytes where the
total allowable error was too low. However bias%
and imprecision (CV %) have proven to be more
reliable than sigma for assessing the performance
of few analytes, but the applicable analytes have
to be within the total allowable error.

Our laboratory has performed considerably well as
per the sigma metric assessment. 19 parameters
showed >3 sigma metric. Highest sigma metric
were observed in pH, triglyceride, lipase and
however some parameters (Thyroid profile and
ABG analytes) needs improvement, which showed
problem due to inaccuracy which we have to look
into improving EQAS. Electrolytes (Sodium and
Chloride), Total Protein and Albumin showed
imprecision after interpreting QGI, in which we
have to look into IQC. Electrolyte analytes fail to
achieve sigma metric because of narrow TAE.
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Application of six sigma in laboratory can be a
considerable indicator for quality and reducing
number of 1QC runs which can be cost effective.
The drawback of impracticality of achieving
standard world class six sigma, all the time still
exists in healthcare. The However quality reports
with cost effectiveness should always be a dictum
as a health care professional.
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