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rAbstract . Treatment of each and every patient depends, to a great extent, on the laboratory reports generated. Diagnostic Iaboratorias.1
have an important role to play in ensuring quality and patient safety. The study was conducted in Biochemigtry Laboratory of atertiary
care hospital. The study of work flow and data collection was done before and after the implementation of the Laboratory Information
System (LIS). The introduction of LIS resulted in 23.7% improvement in adherence to Turn-Around Time (TAT), 86 % reduction in
labeling errors, 90.2 % reductionin Missed Ordersand 50 % reduction in Transcription errors. Totally the number of errorssignificantly
reduced from1in90to 1in 588 tests(11.1in 1000to 1.7 in 1000 tests) after theimplementation of LIS Concluson: LIScontributesto
improvement in the efficiency of the laboratory, reduction in laboratory errors, improvement in quality of patient care and consequently
kin Patient Safety. Keywords: LIS Quality in Lab, Patient Safety, Laboratory errors, TAT
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INTRODUCTION

-I-hel ngtitute of Medicine defineshed thcare qudity asthe extent
to which health services provided to individuals and patient
popul ationsimprove desired heal th outcomes. The care should
be based on the strongest clinical evidence and provided in a
technically and culturally competent manner with good
communication and shared decison makingt. Glasziou P reports a
key objective of Evidence Based Medicine, which has a strong
resonance in laboratory medicine, is the emphasis on improving the
quality of theinformation on which decisions are based?. WHO cites
quality assurance involves al measures that can be taken to improve
laboratory efficiency and effectiveness, with aview to the maximum
benefit to individual and community, aswell asto ensure laboratory
performance with minimal risk to laboratory workers®. Neuberger
and Peters concluded that Clinicians desire a rapid, reliable and
efficient service delivered at low cost*.

Diagnogtic laboratories have an important role to play in ensuring
patient safety. As highlighted by Forsman, RW,”We know that,
athough the laboratory represents a small percentage of medical
center costs, it leverages 6070% of all critical decisions, e.g.
admission, discharge, and drug therapy.”> Each specimen passes
through many steps from collection to the delivery of test results.
Whilesafeguardsarein place, many of these stepsare often performed
manually, adding time and risking errors that can compromise on
patient safety. Medica error reduction has become amajor focus for
organized medicinesincethe publication of thelndtitute of Medicing's
report on medica errorsin 1999

Dzik WH et dreported that onein every 165 blood samples collected
were misabeled, while one in every 1,968 samples were collected
from the wrong patient and concluded that the rate of mis-labeled
samplesand mis-collected samplesis 1000-10,000-fold more frequent
than the risk of viral infection®. Carraro P and Plebani Mreported a
total of 160 confirmed errors out of 51,746 analyses, 61.9% were
pre-analytica errors, 15% were analytical, and 23.1% were post-
analytical”. Stankovic AK concluded due to significant efforts on the
part of both the laboratories and the manufacturers of aboratory

Correspondence: Dr. Rekha Subramaniyam, Post Graduate,
Department of Hospital Administration, 4" Floor, OPD Block,
Kasturba Hospital, Manipal-576104, Karnataka, India

email: rkasubl6@gmeil.com

equipment and reagents, the errors in the analytic phase of the total
testing process now represent the smallest portion of testing errors®,

Laboratory errors may result in significant patient inconvenience or
harm. Green SF reported that errors that occur in the pre-anaytica
phase of testing may account for up to 75% of total |aboratory errors;
26% of these may have detrimenta effects on patient care, which
contribute to unnecessary investigations or inappropriate trestment,
increase in lengths of hospital stay, as well as dissatisfaction with
healthcare services’. The IOM Report 1999 reports that the
recognition that preventable medica errors cause tens of thousands
of US deaths annually has spurred the patient safety movement that
seeks to create systems that are inherently error-preventing.

The Joint Commission International suggests the use of automated
systems to prevent patient misidentification’®. Careful design of the
basic process of care and appropriate use of technology overcomes
human fallibility, vulnerability to fatigue and environmental
influences.

Public policy® and private groups® increasingly advocate use of
health information technology (HIT) as an important element in
effortsto transform the hedl thcare system, with potentia contributions
to patient safety, healthcare effectiveness and cost savings.

Laboratory information system (LIS) isarationa database in which
laboratory dataarelogically organized for rapid storageand retrieval.
In principle LIS guides and records the passage of a sample through
the laboratory, from its registration; through the programme of
analyses; the validation of data, before the presentation and filing of
the analytical results. Specific objectives of LIS include:
Establishment of apaperlessenvironment whilemaintaining adigital
recording; optimize utilization of medical resources at the medica
center; efficiency of medical care outcomeand monitoring and control
of the laboratory workflow process. Sihe Wang and Virginia Ho
concluded that the direct interface of the instruments to the LIS
showed that it had favorable effects on reducing laboratory errors %2,

METHODOLOGY

Study setting: The study was conducted in the Biochemistry
laboratory of a 2050 bedded tertiary care hospital.
Sudy period: June 2011 to May2012

(8) Preintervention period (beforeimplementation of LIS from June
2011 to Nov 2011)
(b) Post intervention period (after implementation of LIS from Dec
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2011 to May 2012).
Sudy Objective: To study the impact of LIS on laboratory errors
and Turn-Around Time and henceitsrolein enhancing quality in the
laboratory services.

Analysis: Test for paired proportions using R-2.15.0 for testing
statistical significance

RESULTS

The hospital under study has a HIS (Hospital Information System)
in place, thisincludes modulesfor registration, billing and indenting.
The hospital has aso installed Pneumatic Transport System (PTS)
for quick transportation of samples and to avoid any transportation
errors.

Laboratory Information system (L1S) wasimplemented in the hospital
with the objectives to improve the Turn-Around Time (TAT); faster
retrieval of reports; reduction in the number of errorsand to improve
efficiency in laboratory work and hence continuous quality
improvement. The LIS was implemented in 4 phases; in the first
phase there was implementation of LIS in the Clinical Lab
(Hematology Section); followed by Biochemistry, Microbiology and
Pathology labs.

Work Flow in the pre implementation period:

Physician requests for test to be done
T
Patient sample is collected and labeled at the respective ward
I

Sample is sent to the lab with the requisition
I

Sample is received and Billed at the lab
| |

Lab Serial Number is given to the sample manually
| |

Sample is sent to the respective auto-analyzer section for analysis
|

laboratory technician

The sample is fed to the auto-analyzer,
it analyzes the sample and the result is displayed

The displayed result is wrtten down; typed and printed
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The printed report is signed by the laboratory consultant
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Figure: 1 Work flow for in-patient samplesin the Pre Implementation period

The workflow for in-patient samples prior to the implementation of
LISisdepicted in Figure: 1. The workflow for Out-patient samples
was similar to workflow of in-patient samples except that billing
and collection of sampleswasdoneat the Central Out-Patient Sample
Collection Center located at the Out-patient Block of the Hospital
and sent to thelaboratory through PTS (Pneumatic Transport System).

The major constraints identified prior to the implementation of LIS
were the manual elements such as;

1. Labding of lab serial numbers to the samples,
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Entering of patient details to the analyzers,

Typing of reports displayed by the analyzer and

Sending the typed reports.

In case of emergencies or critical reports, the reports were
informed over telephone to the treating physicians.

This led to labeling errors, missed orders; transcription errors and
delay in reports reaching the physician.

Work flow in the post implementation period:

ghrhwd

Physician requests for test to be done
|

Patient sample is collected and labeled at the respective ward
I

Sample is sent to the lab with the requisition
1

The sample is Billed and Bar Coded at the lab
I

Sample is sent to the respective aut Iy ction for analysi
T

The sample is fed to the auto-analyzer,
the analyzer reads the barcode and analyzes the sample
| |

The result from analyzer is available in the LIS
1

Online report is verified by a senior technician
T

Online report is certified by a lab Consultant
|
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Report is available to the physician in the LIS portal through intranet

Figure: 2 Work flow post implementation period

Work flow in the post implementation period is depicted by Figure:
2 for In-patient samples. The workflow of out-patient samples is
similar to the workflow of in-patient samples except that they are
billed, barcoded and collected at the Central Out-Petient Sample
Collection Center.

Implementation of L1S: Laboratory Information System (L1S) was
ingtalled in the end of Nov 2011. The main features of L1Sincluded
Barcoding of samples and linking of LIS with software interface of
al auto-analyzers in the lab. Barcoding of samples removes the
manual labeling of samples, entry of patient detailsand testsrequired
to the auto-analyzers; thus preventing labeling errors,
misidentification of samples and missed orders. The linking of LIS
to Software interface of auto-analyzers provides results directly in
the system preventing manual typing of results.

The LIS has two modules- Lab module and care provider module.
The Lab Module has Lab Master which can be accessed only by the
In-Charge of the lab and the software provider. Training was given
to al staff prior to the implementation of LIS. All staff are given
login ID and password. Confidentiality of the reports and
unauthorized access to the LIS is hence prevented. The laboratory
technicians are given the authority to only verify the results, and the
consultants are given authority to both verify and certify the results.
Thereportsarefirst verified by asenior technician and then certified
by a laboratory consultant with respective electronic signatures,
therefore thereisadouble check beforethereportsreach thetreating
physician. Thereportisavailableintheintranet only after certification
of the result by the [aboratory consultant.

In the care provider module, the physician or the care provider has
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access to the LIS Report viewer through the intranet, which in-turn
is password protected. Hence the report is quickly and easily
accessiblein LISto thetreating physician. The print out of the report
when required can be taken ether at the lab or at the patient care
area.

The results obtained in the study are tabulated in the tables given
below:

Table 1: Number of Tests per month in the
pre and post implementation period

No. of Tests

Pre-Implementation Period

Post-Implementation Period

OP Tests per month

40891

47315

IP Tests per month

81783

85955

Total Tests per month

122674

133270

Total Tests

736044

799620

OP- Out-Patient, |P- In-Patient

The Tota of number of tests done was 736044 and 799620 in the pre
and post implementation period respectively. The percentage of
inpatient tests compared to outpatient tests was higher in both the
periods (66.7 % and 64.5% inthe preand post implementation period
respectively). Therewas 15.7% increasein outpatient testsand 5.1%
increasein theinpatient testsfrom preto post implementation period.

Table 2: Percentage of Errors in Pre and Post Implementation period

% of Errors Pre-Implementation Period | Post-Implementation Period | P Value
Labeling Errors 0.5% 0.07% <0.001
Missed Orders 0.51% 0.05% <0.001
Transcription errors 0.1% 0.05% <0.001
Total Errors 1.11% 0.17%

The types of errors identified were pre-analytical errors which
included labeling errors and missed orders and post analytical errors
included transcription errors. The total number of errors identified
was 8170 and 1359 in the pre and post implementation periods
respectively. The percentages of errors in the pre-implementation
period were 45.1%, 45.9% and 9 % of |abeling errors, missed orders
and transcription errors respectively. The percentages of errors in
the post-implementation period were 41.2%, 29.4% and 29.4% of
labeling errors, missed orders and transcription errors respectively.
The pre-analytical errors were higher than the post-analytical errors
(90% and 70.6% in the pre and post implementation periods). After
implementation of LIS there was a statistically significant reduction
of labeling errors, missed orders and transcription errors.

Table 3: Number of tests adhering to Turn-Around Time

Pre-Implementation Period | Post-Implementation Period | P value

Total No. of Tests

736044

799620

No. tests adhering to
TAT (%)

559400
(76%)

751645
(94%)

<0.001

TAT is defined as the time taken from the sample registration to
result reporting. TAT wasfixed for each test based onthetimerequired
for analysis of sample and reporting. The TAT was noted for all tests
before and after the implementation of LIS. The Percentage of tests
adhering to TAT significantly increased from 76% to 94%. (P<0.001)

DISCUSSION

The Department of Clinica Biochemistry performsmost of thecritical
laboratory tests required for the diagnosis, monitoring and trestment
of patients. It offers comprehensive and specialized laboratory
services. Evaluation of LIS is complicated; hence we could measure
only few parameters. The implementation of LIS brought a major
change in the workflow of the lab. It reduced manua elements of
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labeling, feeding patient details to auto-analyzers through barcoding
and typing of reports through interface linking. The reports certified
by the lab consultant are immediately available in the LIS care
provider module a the physician’s end, therefore reducing the delay
which occurred due to transporting of reports.

The numbers of In-patient Biochemical tests conducted were more
than out-patients tests.

There was 8.6% increase in the number of tests done in the post
implementation period compared to the pre implementation period
(Tablel).

A Labeling Error was considered when asample wasidentified with
awrong patient details or when the sample was given awrong lab
serial number. The percentage of Labeling Errors reduced
significantly from 0.5%inthe preto 0.07% in the post implementation
period (86% Reduction) (P<0.001) (Table 2). This reduction is
atributed to computerized barcoding.

Aileen P et a concluded that Bar code technology significantly
reduced the rate of specimen identification errors and labeling errors
fell from 5.45in 10,000 beforeimplementation to 3.2 in 10,000 after
implementation of LIS, A study by Hayden et alshowed a decline
of mislabeled specimens from 0.03% to 0.005% in a 12 month full
Computer-Assisted Bar-Coding System implementation®. Susan R.
Snyder concluded barcoding iseffectivefor reducing patient specimen
and laboratory testing identication errorsin diverse hospital settings
and is recommended as an evidence-based “best practice.” 6

Thereading of the barcode by the auto-analyzers prevented any tests
being missed duetowrong entry of testsprior to analysis. The number
of Missed Orders significantly reduced from 0.51% in pre to 0.05%
in post implementation period (90.2% Reduction) (P<0.001) (Table
2).

The linking of LIS with software interface of al auto-anadyzersin
the lab prevented transcription errors by avoiding manual typing of
resultsdisplayed by theanalyzer. Thenumber of Transcription Errors
significantly reduced from 0.1% in pre to 0.05% in post
implementation period (50% reduction) (P<0.001) (Table 2). An
Australian survey conducted by Khoury M, Burnett L and McKay
MA showed atranscription error rate up to 39%?". Eric G Poon et a
concluded that Transcription errors were completely eliminated on
units which used bar-code eMAR, while the error rate was 6.1% on
unitsthat did not use it®.

The pre-andytical errors were higher than the post-analytical errors.
Stankovic AKalso reports laboratory testing errors occur most
frequently in the pre-andytic phase®. Totally the number of errors
significantly reduced from 1in 90 to 1 in 588 tests (11.1 in 1000 to
1.7in 1000 tests) after theimplementation of LIS. Studieshave shown
that the frequencies of laboratory error rates vary greetly- one error
identified every: @) 330—1000 events, b) 9002074 patients and c)
2148316 laboratory results'.

Turnaround time (TAT) is one of the most noticeable signs of
laboratory service and is often used as a key performance indicator
of laboratory performance. The adherence to TAT before the
implementation of LIS was 76%. After the implementation of LIS,
the reports are available in the LIS intranet portal to the treating
physician immediately after they are certified by the lab consultant.
The time is saved by avoiding manual lab serial number labeling,
entering of patient details to auto-analyzers, typing of reports and
transporting reports to respective wards. LIS aso helps to keep an
accurate track of the Turn-Around Time. The Adherence to TAT
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significantly increased to 94% that is there was an increase in the
adherence to Turn-Around Time (TAT) by 23.7% in the post
implementation period (Table 3). Studies reveas a 90% completion
time (sample registration to result reporting) for common laboratory
tests is suggested as an initia goal for acceptable TAT?. The CAP
Q-Probes study on biochemical markers of myocardia injury TAT
from 2004 collected data from 159 hospitals regarding the
expectations of order to report TATs. The median (and inter-quartile
range) physician expectation was 90% completion of TATZ.

Few limitations included absence of physician order entry system,
hence the physician cannot request online for a test. The human
elements such as the labeling at the ward level done by the nursing
staff and billing which is done by clerica staff can result in errors.
All the biochemical tests are not automated because few specia
biochemicd testslike Lactate, Pyruvateand G6PD aredonemanually.

CONCLUSION

Laboratory Information System is an important tool to improve and
streamline the workflow of a laboratory. It helps to significantly
reduce manua errors, i.e., labeling errors (86% reduction), missed
orders (90.2% reduction) and transcription errors (50% reduction).
It dso helpsto significantly improve adherenceto Turn-Around Time
asper thestudy. All thesefactorshel p to enhance qudlity inlaboratory
servicesand patient safety. Though theimplementation of L1Sappears
costly and tedious process to implement, the benefits of accurate and
timely reports justifies the implementation.

REFERENCES

1) KohnLT,CorriganJM, Donaldson MS, Eds ToErr IsHuman: Buildinga Safer Health
System. Washington, DC: National Academy Press, 1999.

2) Glasgou P, Dd Mar C, Salishury J. Evidence-based practice workbook. 2nd ed. Oxford,
UK: Blackwell Publishing, BMJ Books, 2007. p. 1-202.

3) WHO lab accreditation ligt- Africa CLSI guiddine GP26-A3 December 2009

4)  Neuberger J, PetersM. Thedlinical interface - a British physician’sview. ClinChimActa
1996,248:11-8.

5)  Forsman, RW. Why isthelaboratory an afterthought for managed care? Clinical Chem-
istry 42(5): 813816, 1996

6)

7
8

10)

)
)

13)

14)

15)

16)

1)

18)

19)

21)

197

Dzk WH, Murphy MF, Andreu G HeddleN, Hogman C, Kekomaki R, Murphy S, Shimizu
M, Smit-Shinga CT; Biomedical Excdlence for Safer Transfusion (BEST) Working
Party of the International Society for Blood Transfusion. An international study of the
performance of samplecollection from patients Vox Sang. 2003 Jul; 85(1):40-7. PubMed
PMID: 12823729.

Carraro P, Plebani M. Errorsin a gat laboratory: types and frequencies 10 years later.
Clin Chem. 2007 Jul;53(7):1338-42. Epub 2007 May 24. PubMed PMID:17525103.
Sankovic AK. Thelaboratory is a key partner in assuring patient safety. Clin Lab Med.
2004 Dec; 24(4):1023-35. Review. PubMed PMID: 15555754.

Green SF. The cost of poor blood specimen quality and errorsin preanalytical processes.
ClinBiochem. 2013 Jun 14. doi:pii: S0009-9120(13)00278-6.10.1016/
j.clinbiochem.2013.06.001. [Epub ahead of print] PubMed PMID: 23769316.

The Joint Commission, Joint Commission International, World Health Organization.
Patient identification. Patient Safety Solutions. 2007.

Blumenthal D. Launching HITECH. N Engl J Med 2010;362: 382-5.

The Leapfrog Group for Patient Safety. http:/mww.leapfroggroup.org/(accessed July
2013).

SheWang; Virginia Ho, Corrections of Clinical Chemistry Test Resultsin a Laboratory
Information System. Arch Pathol Lab Med—Vol 128, August 2004

Aileen P.Morrison, Milenko J. Tanasijevic, Ellen M. Goonan, Margaret M. Lobo, Michael
M. Bates, Suart R. Lipsitz, ScD, David W. Bates, and Sacy E.F. Mdanson, “ Reduction in
Specimen Labeling Errors after |mplementation of a Positive Patient | dentification Sys-
tem in Phlebotomy”. Am J ClinPathol 2010;133:870-877 870 DOI: 10.1309/
AJCPCI5YYMSLLRCX

Hayden RT, Patterson DJ, Jay DW, Cross C, Dotson P, Possel RE, Srivastava DK, Mirro
J, Shenep JL. J Pediatr. 2008 Feb; 152(2): 219-24. doi: 10.1016/j.jpeds.2007.08.021. Epub
2007 Oct 25.

Snyder SR, Favoretto AM, Derzon JH, Christenson RH, Kahn SE, Shaw CS, BaetzRA,
Mass D, Fantz CR, Raab SS, Tanasijevic MJ, Liebow EB. Effectiveness of barcoding for
reducing patient specimen and laboratory testing identification errors: a Laboratory
Medicine Best Practices systematic review and meta-analysis. ClinBiochem. 2012
Sep; 45(13-14):988-98. doi: 10.1016/j.clinbiochem.2012.06.019. Epub 2012 Jun 28. Re-
view. PubMed PMID: 22750145.

Khoury M, Burnett L, McKay MA. Error ratein Australian chemical pathology labora-
tories. Med J Augt 1996;165:128-30

Poon EG Keohane CA, Yoon CS, Ditmore M, Bane A, Levtzion-Korach O, Moniz
T,Rothschild JM, KachaliaAB, Hayes J, Churchill WW, Lipsitz S, Whittemore AD, Bates
DW, Gandhi TK. Effect of bar-code technology on the safety of medication administra-
tion. N Engl J Med. 2010 May 6;362(18):1698-707. doi: 10.1056/NEJMsa0907115.
PubMed PMID: 20445181.

Plebani M. ClinChem Lab Med. 2006,44(6): 750-9. Review. PMI D: 16729864
Hawkins CR (2007) Laboratory Turnaround Time. ClinBiochem Rev 28: 179-194.
Novis DA, Jones BA, Dale JC, Walsh MK. Biochemical markers of myocardial injury
test turnaround time: a College of American Pathologists Q-Probes study of 7020 tropo-
nin and 4368 creatine kinaseMB determinations in 159 indtitutions. Arch Pathol Lab
Med 2004;128:158-64.

[ — DRUG PROFILE )
Tendligliptin

Mechanism of Action: The glucagon like peptide — 1 (GLP-1) is secreted from alimentary canal in response to meal that promotes
insulin secretion from pancreas and regulates post meal blood sugar by controlling glucagon secretion. Thisisvery rapidly degraded by
the enzymatic activity of DPP-4 (Dipeptidyl peptidase) in the interstine resulting in a very short half life approximately 2 minutes.
Metabolism & Excretion: CYP3A4 A cytochrome P450 isozyme & flavin-container monooxygenases (FMO1& FMO3) play major roles
in the metabolism of teneligliptin about34.44% of teneligiptin is exerted unchanged via the kidney & the remaining 65.6%teneligiptinis
metabolized & eliminated via renal & hepatic excretion. Indication: Teneligliptin is indicated as an adjuvant to diet and exercise to
improve glycemic control in adults with type 2 diabetes mellitus; usual adult dosage of Teneligliptin 20 mg administered orally once
daily regardless of meals. The dose may be increased up to 40mg one daily while closely monitoring the clinical course. The drug can
be used in combination with insulin sulphonylurea, met for min. pioglita one. Special Population: Safety and effectiveness of the drug
in pediatric patients have not been established. Elderly patients often have physiological hypo functions and therefore Teneligliptin
should be administered carefully with close monitoring. Renal Impairment: patients with renal impairment will not pose any significant
safety risk. Teneligliptin can be administered to patients with renal impairment due to diabetic nephropathy without the need for dose
adjustments. Hepatic Impairment: Teneligliptin in patients with mild to moderate hepatic impairment will not pose any significant
safety risk. Thus, dose adjustment is not required in mild to moderate hepatic impairment. Warning and precautions : In patients with
severe hepatic dysfunction and heart failure, risk of hypoglycemia may increase if co-administered with sulphonylurea or insulin.
Hypoglycemia may occur in patient with adrenal insufficiency, malnutrition, insufficient dietary intake. QT prolongation may occur in
patients having past history of arrhythmia, patient having heart disease |.e. congestive heart failure and patient having hypokalemia.
Adverse reactions: Include hypoglycemia, hepatic dysfunction, interstitial pneumonia.




