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short	summary	of	this	paper23	Full	PDFs	related	to	this	paperDownloadPDF	Pack	Date	First	Published:	September	6,	2014Date	Last	Revised:	March	20,	2020	The	name	Laboratory	Information	System	is	more	appropriate	than	say	Pathology	information	system,	since	the	Pathology	department	serves	many	functions,	and	systems	should	be	designed	to
be	functional	rather	than	departmental.	Clinical	functions	such	as	clinical	microbiology	(essentially	providing	consultation	service	in	a	specialized	area)	should	be	regarded	as	a	direct	clinical	patient	care	service	facilitated	by	the	Clinical	Information	System	and	documented	within	the	Electronic	Medical	Record.	FUNCTIONS	AND	REQUIREMENTS
OF	LIS	The	functions	of	a	laboratory	in	the	context	of	the	Patient	Care	Information	System	can	be	categorized	into:	Receive	orders	(requests)Perform	testsProvide	results	There	are	slight	variations	in	these	processes	based	on	test	types	and	modes	of	testing.	that	occur	within	sub-disciplines	of	Pathology.	Tests	can	be	classified	into:
BiochemistryImmunologyHaematologyAnatomical	pathologyMicrobiology	Not	all	test	procedures	can	be	fully	automated.	The	processes	for	some	tests	needs	to	be	done	manually,	entirely	or	in	part.	The	LIS	application	caters	for	different	degrees	of	automation	including:	Manual	testingTesting	by	semi-automated	machinesTesting	using	fully
automated	machines	The	current	state	of	automation	of	medical	laboratories	is	described	in	.	The	term	order	is	used	in	a	commercial	sense	i.e.	a	request	for	services	or	goods	from	a	customer	rather	than	the	military	one.	Hence,	orders	are	to	be	welcomed	and	are	not	tasks	forced	on	a	person.	Integration	and	Interfaces	To	receive	orders,		the
Laboratory	Information	System	(LIS)	is	integrated	with	the	Clinical	Information	System	(CIS).	Hence	the	two	systems	are	designed	either	to	be	integrated	from	the	very	beginning	or	integrated	only	after	procurement	i.e.	during	implementation..	An	integral	feature	of	LIS	is	the	capability	of	sending	messages	and	getting	results	from	machines	that
perform	tests	automatically	(analyzers)	via	interface	brokers	to	create	works	lists,	communicate	instructions	and	conversely	convey	results	to	the	Patient	Information	Database.	When	providing	results,	data	from	machines	can	be	passed	on	directly	to	the	Patient	Information	Database	or	be	held	temporarily	in	an	intermediary	server-storage	system
(sometimes	called	terminal	server).	The	Clinical	Information	applications	extract	this	data	from	the	Patient	Information	Database	and	display	them	as	individual	results	or	charts	for	viewing	by	users.	The	ability	of	various	testing	hardware	to	interface	with	LIS	need	to	be	studied	carefully.	The	main	criterion	for	data	interchangeability	is	the	ability	to
use	a	common	data	transport	intermediary	language	which	currently	is	HL7.	As	both	machines	and	HL7	are	continually	updated,	differences	in	versions	make	interfacing		a	very	challenging	process.	The	other	is	the	use	of	common	nomenclature	in	CIS,	LIS	and	the	software	used	on	machines	(e.g.	LOINC	or	Snomed	CT).	For	interfaces	to	work,	there
is	a	need	for	close	collaboration	between	the	CIS	(OERR,	CPOE),	LIS	and	machine	vendors	during	the	project	implementation	phase.	A	middle	ware	or	interface	engine	may	be	required.	Sections	of	the	Laboratory	Traditionally	the	laboratory	is	divided	into	sections	based	on	areas	of	expertise	and	the	technology/modality	used.	The	specimen	or
material	worked	on	may	be	quite	different.	Some	tests	may	be	performed	by	fully	automated	machines,	some	partially	automated	and	others	may	have	to	rely	on	manual	methods.	The	usual	sections	of	the	laboratory	include:	BiochemistryImmunologyHaematologyAnatomical	PathologyMicrobiologyGenetics	Place	of	LIS	in	HIS	Overall	Laboratory	Test
Workflow	and	Data	Management	Needs	The	LIS	is	designed	to	take	advantage	of	computerization	and	information	technology	to	facilitate	laboratory	activities	and	consequently	patient	care.	The	overall	workflow	is	quite	similar	for	all	the	sections	but	variations	occur	depending	on	the	technology	used	for	the	testing	procedure	(automated	or	manual).
As	a	rule	for	the	system	to	be	successful,	the	processes	need	to	be	followed	strictly	(i.e.	according	to	the	standard	operating	procedure).	The	General	Workflow	and	Data	Flow	Workflow	of	Laboratory	Requesting	for	Tests	(Orders)	In	an	integrated	HIS,	care	providers	request	for	tests	by	placing	orders	within	the	Order	entry	functionality	of	the	Clinical
Information	System	(CIS).	There	is	a	comprehensive	list	of	orders	from	which	an	order	can	be	selected.	Orders	can	be	grouped	according	to	the	test	types.	If	a	stand	alone	LIS	is	used,	the	Order-Entry	module	of	LIS	can	be	provided	to	the	clinical	user	for	purposes	of	ordering,	sample	printing	and	dispatching	of	specimens.	In	this	situation,	the	Patient
Database	(PMI)	have	to	be	replicated	in	the	LIS	database.	Orders/Tests	may	be	pooled	together	as	test	panels	so	that	for	each	specimen:	Tests	to	be	performed	on	the	same	machine	are	pooled	togetherThe	same	sample	or	specimen	may	be	used	for	tests	on	another	machine	A	compound	order	is	designed	to	contain	orders	for	several	tests.	Orders	can
also	be	grouped	as	an	order	set	or	part	of	a	care	set	based	on	predetermined	care	plans.	When	orders	are	made,	certain	information	(order	details)	are	indicated		by	the	person	requesting	the	tests	by	filling	a	request	form.	These	information	can	be	mandatory	or	optional.	They	include:	Type	of	specimenType	of	containerSample	volumePriority	of	the
testSpecial	instructionComments	Some	of	these	details		such	as	the	specimen	type,	container	type,	date	(or	day	of	year)	and	time	of	collection	(Accession	number)	are	also	printed	on	bar-code	label.	When	a	test	is	ordered,	the	order	is	sent	to	the	Order	Server	where	the	orders	for	each	patient	is	listed	as	an	Order	List.	This	can	be	viewed	by	persons
involved	in	obtaining	the	blood	sample,	persons	expecting	the	sample	and	line	managers.	Specimen	collection	Using	the	Right	Container	Tests	are	performed	on	specimens	or	samples	that	are	taken	from	patients,	by	phlebotomists	or	clinical	care	providers,	usually	at	clinical	area	locations.	In	some	institutions,	some	samples	may	be	taken	from	the
patient	by	a	designated	person	at	the	laboratory.	Samples	can	be	fluid,	solid	tissue,	swabbed	material	or	smears	on	a	slide.	The	specimen	container	and	preservative	to	be	used	for	each	test	is	determined	at	the	time	when	the	application	was	designed.	The	system	should	be	capable	of	prompting	the	user	as	to	the	proper	container	to	use	and	alerting
the	user	if	the	container	used	is	not	suitable	for	the	test	ordered	(at	the	time	the	specimen	is	logged).	Guides	regarding	proper	collection	and	use	of	appropriate		for	biochemical	tests		are	given	at			and	for	haematology	tests	at	.	Proper	identification	For	safety,	it	is	essential	that	specimens	sent	actually	belong	to	the	right	patientindicate	the	date	and
time	when	the	specimen	is	collected	The	problem	of	identification	is	quite	unique	with	regards	to	samples/specimens	in	that	the	they	are	detached	from	the	patient.	Unless	the	sample	is	properly	matched	with	the	patient	at	the	time	of	collection	it	is	not	possible	to	do	so	subsequently.	Therefore	it	is	important	that	the	container	or	tube,	where	the
sample/specimen	is	put	in,	has	a	label	denoting	the	name	of	the	patient	and	his/her	unique	ID	(Medical	Record	Number).	Subsequently	the	bar	code	label	will	be	the	only	means	of	identifying	the	specimen.	Also,	specimens	that	are	collected	from	the	same	patient	on	different	days	or	at	different	times	need	to	be	differentiated	because	values	often	vary
with	time.	It	is	important	that	the	date	and	time	the	specimen	is	is	collected,	the	laboratory	section	performing	the	test,	together	with	a	serial	number	(the	sample	number)	is	included	in	the	bar-code.	This	number	termed	as	the	Accession	number	together	with	the	patient	ID	usually	gives	each	specimen	a	unique	identity.	It	also	denotes	that	that	the
sample/specimen	is	registered	with	the	LIS.	The	Accession	number	is	printed	on	a	sticky	bar-coded	label	and	attached	to	the	sample/specimen	container.	At	any	point	in	the	work	process	and	at	any	location	the	identity	of	the	specimen	is	known	by	reading	the	bar	code	using		bar	code	readers	or	scanners.	The	patient	from	whom	the	specimen	is	taken
known	because	the	Accession	number	assigned	only	to	that	particular	patient.	Barcode	Label	Collection	process	The	person	entrusted	to	collect	specimens	views	the	orders	on	the	Order	lists.	If	collection	is	to	be	done	by	a	phlebotomist	or	an	assigned	care	provider,	as	an	added	step	a	collections	list	may	also	be	made	available.	He/she	needs	to
identify	the	patient	correctly	before	taking	the	sample	by	comparing	certain	identifiers	including	name,	gender	and	age	on	the	computer	with	the	actual	patient	before	printing	out	the	label.	It	is	best	to	have	a	mobile	or	hand-held	computer	when	taking	blood	specimens.	Patients	should	wear	bar-coded	identification	tags	which	when	read	(preferably
with	a	bar	code	reader)	confirms	the	patient’s	identity.	Otherwise,	the	person	collecting	the	specimen	should	ask	the	patient	for	his	name,	rather	than	call	him/her	out	by	name.	In	the	inpatient	and	day	care	setting	the	patient	remains	at	the	bed	and	the	container	and	label	is	brought	to	it.	In	fact	it	would	be	be	better	to	print	the	label	by	the	bedside	if
the	facility	is	available.	As	a	precaution,	the	label	should	be	shown	to	the	patient	for	him/her	to	ascertain	that	the	name	and	other	unique	identifier	on	the	label	belongs	to	him.	The	patient	should	also	be	informed	what	test	is	to	be	carried	out.	For	outpatients,	specimens	are	usually	collected	at	a	designated	location.	It	is	quite	usual	to	call	out	the
patient	by	name,	but	the	identity	need	to	be	confirmed.	It	is	best	if	the	patient	carries	an	identification	card	for	example	a	follow	up	card.	The	person	taking	the	blood	sample	usually	have	the	computer	in	front	of	him/her	and	therefore	is	able	to	confirm	the	identification	particulars	on	the	computer	with	the	patient.	When	specimens	(usually	tissue
biopsies)	are	collected	during	surgery,	endoscopy,	needle	biopsy	or	interventional	radiology,	each	biopsy	need	to	be		placed	in	different	containers.	The	operator	(e.g.	surgeon	or	endoscopist)	need	to	name	each	sample/specimen	separately	e.g.	Specimen	A:	biopsy	from	antrum	of	stomach.	When	the	availability	of	the	specimen	is	uncertain,	an	order
may	not	have	been	made	and	therefore	a	label	may	not	have	been	printed.	In	these	instances	a	temporary	hand-written	label	may	be	used.	The	operator	or	his/her	assistant	will	then	have	to	place	the	relevant	orders	and	generate	a	proper	label	to	replace	the	temporary	one.	Labels	Sticky	Labels	are	printed	either	automatically	or	on	demand.
Information	on	the	label	takes	two	forms	for	two	different	purposes:	in	alphanumeric	form		for	visual	inspectionas	bar-codes	that	can	be	read	by	bar-code	scanners	or	bar-code	readers	The	information	on	the	label	in	alphanumeric	form	consists	of	unique	identifiers	usually	the	name		MRN	number	and	perhaps	the	date	of	birth	which	can	be	read	by	the
person	collecting	the	specimen	and	the	patient.	This	is	inadequate	for	proper	identification	of	the	patient.	Because	of	this	he/she	needs	to	be	familiar	with	other	identifiers	of	the	patient	(e.g.	gender,	age,	ethnic	group	etc.)	by	viewing	this	information	on	the	computer.	The	bar-code	on	the	label	is	machine	readable.	It	is	usually	alphanumeric	i.e.	consist
of	alphabets	and	numbers.	The	alphabets	may	indicate	the	laboratory	section/work	station	location.	The	numeric	part	indicates	the	date	and	time	the	specimen	is	is	collected,	the	and	a	running	serial	number	for	the	day	(the	sample	number).	For	safety,	a	standard	work	instruction	(below)	regarding	specimen	collection	is	used.	Perform	on	one	patient
at	a	time.	Proceed	to	the	next	patient	only	after	the	task	is	completed.First	of	all,	the	label	is	printed	(unless	the	label	can	be	printed	by	the	bedside).To	ensure	that	the	specimen	is	that	of	the	patient,	proceed	with	either	of	two	methods.Method	A:	Stick	the	label	to	the	container	appropriate	for	the	test.	Bring	the	container	to	the	patient,	together	with
other	specimen	taking	paraphernalia.	Ask	for	the	patient’s	name.	Compare	other	known	identifiers	such	as	Gender,	Age	and	Ethnic	group	with	the	patient.	Ensure	that	the	name	and	other	identifiers	on	the	label	matches	that	of	the	patient.	Also,	show	the	label	to	the	patient	to	confirm	this.	Take	the	sample	and	place	it	in	the	container.Method	B:
Leave	the	container	and	the	label	separated.	Bring	both	to	the	patient.	Compare	the	name	and	other	identifiers	of	the	patient	with	that	on	the	label.	Show	the	label	to	the	patient.	Take	the	sample	and	place	it	into	the	container.	Stick	the	label	to	the	container.	Specimen	Registration	In	a	fully	integrated	system,	the	specimen	is	registered	when	the
order	is	placed	and	a	request	is	made	to	print	a	label.	This	request	forces	the	system	to	provide	an	accession	number	and	therefore	essentially	registers	the	sample/specimen.	Dispatching	the	specimen	Once	obtained	the	specimens	can	be	recorded	manually	as	collected	(optional).	This	will	render	the	status	of	the	order	at	the	Order	Server	as
‘Specimen	Collected’.	Usually,	specimens/samples	are	gathered	in	a	batch	and	then	dispatched	to	the	reception	of	the	appropriate	laboratory.	The	specimen	may	be	sent	off	immediately	or	in	a	batch.	The	person	sending	off	the	specimen	need	to	log	in	and	record	this	action	in	the	Specimen	Log-in/Dispatch	application	which	will	update	the	status	of
the	work	process	at	the	Order	Server	as	“Dispatched”.	Reception	Receiving	the	specimen	at	the	reception	of	the	laboratory	Since	the	specimen	is	already	registered	and	logged	into	the	system,	its	arrival	at	the	laboratory	at	its	reception	area	needs	only	to	be	acknowledged.	The	computer	at	the	reception	has	access	to	the	Order	Server	and	the	Order
list.	By	scanning	the	the	bar-coded	label	on	each	container,	the	tests	ordered	for	the	specimen	is	shown	to	the	technician	in	charge.	Based	on	the	Accession	Number,	the	identity	of	patient	to	whom	the	specimen	belongs	and	the	source	of	the	specimen	is	also	known.	The	technician	then	registers	or	log-in	the	specimen.	Then	he/she		examines	the
specimen	and	determines	if	it	is	acceptable	based	on:	no	discrepancies	in	identitycorrect	container	usedsample	is	suitable	for	testing	If	the	specimen	is	acceptable	the	requests	are	confirmed	and	this	is	transmitted	to	the	Order	server.	The	status	of	the	task	becomes	‘Specimen	received’.	The	server	converts	the	orders	to	tasks	and	a	Task	list	is	created
for	the	specimen.	It	is	also	assigned	to	a	particular	workstation/bench.	If	the	specimen	is	not	suitable,	the	test	does	not	proceed	and	the	status	of	‘Rejected’	is	recorded	in	the	Order	server	and	made	known	to	the	care	providers.	They	may	then	opt	to	collect	another	specimen.	Sorting	Samples-Tests	and	Creation	of	Work	Lists	For	all	tests	to	be	done	in
the	laboratory,	work	lists	/	task	lists	/	worksheet	need	to	be	created	based	on	the	type	of	orders	made	.	The	samples	and	tests	ordered	will	be	sorted	into	work	lists	according	to	test	types	and	where	they	are	to	be	performed.		The	work	lists	can	be	assigned	to:	the	right	section	of	the	laboratory	(biochemistry,	immunology,	haematology,	microbiology,
anatomical	pathology	etc.)the	appropriate	specific	work	benchthe	technician	in	charge	of	the	testsmachine	(instrument,	analyzer)	that	performs	the	tests	Technicians	in	charge	of	a	particular	group	of	tests	(assigned	to	a	work	bench)	will	be	given	work	lists	regardless	whether	the	test	is	performed	manually	or	by	a	machine.	A	similar	list	is	also	passed
on	to	any	automated/	semi-automated	machine	via	HL7	facilitated	communications	interface.	Sorting	and	Distributing	specimens	to	the	right	workstation	or	bench	Based	on	the	work	lists,	samples/specimens	are	sorted	according	to	where	the	corresponding	tests	are	to	be	performed.	They	are	sent	to	their	destination	by	hand	or	on	a	mechanized	track.
Technicians	in	charge	will	use	the	work	list	to	acknowledge	receipt	of	the	samples/specimens	and	proceed	with	the	tests.	Distribution	to	Various	Sections	Reference	to	further	discussion	on	test	types	Test	Procedure	Receiving	specimens	at	the	workstation	At	the	Order	server	the	confirmed	orders	are	converted	into	tasks	and	a	task	list	(set	of	tests	to
be	performed)	is	created	for	the	specimen.	For	each	workstation,	all	the	tasks	for	all	specimens	are	compiled	as	a	work	list.	On	arrival	at	the	station,	using	a	bar	code	scanner	the	technician	in	charge	confirms	that	the	specimen	is	part	of	the	work	list		and	acknowledges	receipt	of	the	specimen.	This	changes	the	status	of	the	task	to	‘Started’.	If	the
technician	has	performed	her	part	of	the	process,		he/she	need	to	denote	that	this	process	as	‘done’.	This	will	result	in	the	particular	sample	being	removed	from	his/her	active	work	list.	If	the	same	sample	is	to	be	used	at	another	station,	the	sample	need	to	be	transferred	manually	to	appropriate	work	bench	or	station	unless	a	fully	automated
mechanized	track	system	is	used.	A	the	work	list	consisting	of	tests	to	be	done	there	would	have	been	created.	The	technician	there	or	automated	machine	will	then	perform	the	tests	indicated	in	the	work	list.	Issues		concerning	different	degrees	of	automation	To	take	full	advantage	of	computerization	and	information	technology,	medical	facilities
need	to	automate	their	test	methods.	Features	that	enable	work	process	automation	include:	the	transmission	of	messages	regarding	tests	ordered	on	a	particular	sample	from	CIS-EMR	to	the	analyserperformance	of	tests	automatically	by	the	analysers	with	minimal	human	interventiontransfer	of	results	from	machines	to	the	Patient	Information
Database	via	the	LIS	Currently,	nearly	all	biochemical,	immunological	and	most	hematological	tests	are	automated	but	some	existing	analyzers	may	accept	orders	from	the	LIS	but	cannot	pass	results	across.	Results	will	then	have	to	be	entered	by	transcription.	There	may	also	be	existing	machines	that	cannot	receive	orders	via	an	interface	but	can
pass	results	across.	Therefore	identification	data	and	test	requests	need	to	be	entered	into	the	machine	(analyzer)	manually.	There	are	also	situations	where	machine	produced	results	have	to	be	read	manually,	displayed	on	the	machine’s	computer	or	printed	out.	The	entry	of	results	data	into	the	information	system	therefore	has	to	be	done	manually
(by	transcription).	These	situations	slow	down	the	process	and	also	introduce	the	risk	of	transcription	error.	Automated	Tests	Preparation	of	Specimens	for	Biochemistry	and	Immunology	Tests	The	need	to	prepare	specimens	depends	on	the	type	of	sample	and	the	test	to	be	performed.		Biochemical	tests	are	usually	performed	on	serum	or	plasma
which	are	separated	from	the	cellular	elements	through	centrifugation.	It	would	be	convenient	if	the	container	(test	tube)	used	to	collect	the	blood	can	be	centrifuged	and	is	also	accepted	by	the	analyzer	used	to	perform	the	test.	Otherwise	the	serum	or	plasma	has	to	be	decanted	(transferred)	to	another	container	suitable	for	the	machine.	Also,	if
plasma	or	serum	from	the	same	sample	need	to	be	used	on	different	machines	then	part	of	it	(an	aliquot)		need	to	be	placed	in	a	separate	container.	These	situations	will	require	re-printing	of	the	bar-code	label	to	retain	identity	of	the	specimen.	Tests	on	urine,	cerebrospinal	fluid	and	effusions	are	performed	in	a	similar	manner.	A	short	description	on
the	workings	of	a	clinical	chemistry	analyser	is	given	at	Examination	of	Cellular	Elements	in	Fluid	For	tests	on	cellular	elements	of	blood	(red	blood	cells,	white	blood	cells	and	platelets)	these	elements	need	to	be	well	preserved	using	various	types	of	anticoagulants.	Full	Blood	Count	Analysers	for	this	purpose	use	the	method	of	flow	cytometry.	For
Full	Blood	Count	the	specimen	is	diluted	in	an	electrolyte	solution.	Next,	the	machine	aspirates	a	very	small	amount	of	the	specimen	and	pass	them	to	the	counter	which	has	an	aperture	through	which	light	or	electrical	impulses	are	passed.	If	light	is	used,	data	about	the	size	and	aspects	of	light	as	they	pass	through	the	cells	(called	front	and	side
scatter)	is	analyzed.	If	electricity	is	used,	electrical	impedance	caused	by	the	cells	is	detected	by	a	sensor.	Degrees	of	impedance	denote	different	cell	types.	Procedure	where	Manual	Methods	are	Necessary	Some	tests,	notably	anatomical	pathology	tests,	blood	film	microscopy	and	bacteriology,	are	still	performed,	in	part,	manually.	The	LIS	supports
the	manual	processing	of	specimens	by	creating	a	work	list,	maintaining	a	log	of	the	task	status	and	supplying	labels.	Orders	can	be	converted	into	work-lists	for	technologists	to	process	specimens.	Once	processed	specimen	samples	(usually	slides)	are	ready,	work-lists	need	to	be	created	for	pathologists,	haematologists	or	microbiologists	to	interpret
them.	The	processed	specimen	samples	(slides)	are	examined	under	the	microscope	and	interpreted		by	pathologists,	haematologists	and	microbiologists	who	then	report	their	findings.	By	connecting	microscopes	to	LCD	projectors,	photographs	can	be	taken	of	views	selected	by	pathologists,	stored	in	the	database	and	made	available	to	users	in	the
CIS	and	Electronic	Medical	Record.	Full	Blood	Picture	Blood	from	the	specimen	is	smeared	on	to	a	glass	slide,	stained	and	viewed	under	the	microscope.	It	is	important	that	bar	code	labels	are	attached	to	the	slide	to	ensure	continuity	of	matching	specimen	to	the	right	patient.	Histopathology	and	Cytology	Examination	Pathologists	examine	tissues
under	the	microscope	to	look	at	their	appearance	(morphology)	and	reaction	to	various	stains	and	chemicals.	The	specimen	can	be	organs	or	tissue	removed	at	surgery	or	biopsy	specimens	taken	during	endoscopy,	large	needle	biopsy	or	fine	needle	biopsy.	Surgical/Biopsy	Specimens	Specimens	taken	at	surgery	are	placed	in	bags	or	large	containers
or	bottles	depending	on	their	size.	The	surgeon	need	to	name	the	specimen	(organ	type,	origin/location	taken)	and	ensure	that	bar-code	labels	are	attached.	If	more	than	one	specimen	is	taken,	they	are	put	in	separate	containers	and	would	have	different	accession	numbers.	If	the	same	tissue	is	taken	at	different	locations/depths/segments,	they	can
be		labelled	as	A,	B,	C	and	so	on	with	details	regarding	their	location	submitted	as	order	details.	It	is	best	to	place	specimens	into	labeled	containers	as	soon	as	they	are	taken	and	not	at	the	end	of	the	procedure.	Processing	At	laboratory	for	large	specimens,	samples	from	various	parts	of	the	organ	are	taken	by	the	pathologist	(a	process	called
‘grossing’).	Each	has	to	be	placed	in	separate	containers	and		labelled	with	notes	regarding	where	they	are	taken.	With	small	specimens	this	step	is	not	necessary.	The	tissue	is	then	embedded	in	paraffin	within	a	holder	which	is	also	labeled.	The	tissue	is	then	sliced	to	create	thin	sections.	It	is	essential	that		this	process	is	performed	on	the	specimen
of	a	single	patient	at	a	time	and	as	soon	as	it	is	placed	on	the	slide	a	label	is	attached.	The	tissue	is	then	stained	and	made	ready	for	examination	under	the	microscope.	With	cytology	specimens	taken	using	fine	needle	aspiration	biopsy,	the	aspirate	are	smeared	immediately	on	to	labeled	glass	slides	and	fixed	(usually	with	95%	alcohol).	The	aspirate
are	then	stained.	Microbiology	Tests	For	the	identification	of	micro-organisms,	two	main	methods	are	used:	direct	smear	on	a	glass	slide,	staining	and	examination	under	the	microscopeculture	of	the	organism	followed	by	attempting	to	grow	(culture)	the	organism	on	various	types	of	media	testing	the	successfully	grown	organism	examination	of
organisms	under	the	microscope	Specimens	are	collected	as	fluid	(like	blood,		sputum,	discharge,	effusions	or	frank	pus)	or	smears/swabs.	Direct	smear	of	the	sample	on	glass	slides	are	stained	and	examined	under	the	microscope.	Organisms	with	distinct	characteristics	(such	as	Niseria	Gonorrhoea	and	Mycobacterium	tuberculosis)	can	be	identified.
Culture	of	the	organism	involves	introducing	the	sample	into	growth	media	(broth	or	agar	plates).	For	some	types	of	sample	this	is	done	at	the	clinical	area.	Most	of	the	culture	process	is	done	manually.	The	culture	media	can	be	various	types	of	agar	plates	(cooked	blood	agar,	MacConkey	agar	and	Nalidixic	acid	blood	agar	plates)broth	containing
various	types	growth	enhancing	as	well	growth	suppression	agents.	Automated	Growth	Detection	For	fluid	sample	(especially	blood)	grown	in	broth,	the	early	part	of	the	process	of	culturing	can	be	monitored	using	automated	growth	detection	methods.	These	machines	(e.g.	the	Bactec™		system)	monitor	growth	by	detecting	the	production	of	CO2.
Photo	detectors	measure	the	change	in	the	level	of	fluorescence	in	dye	at	the	bottom	of	the	container	caused	by	the	presence	of	CO2.	By	interfacing	these	machines	to	LIS,	evidence	of	growth	(positive	culture)	can	be	made	known	to	technologists	as	early	as	10	hours	after	incubation.	Identification	of	Bacteria	A	diverse	range	of	biochemical	reagents
are	known	for	the	identification	of	certain	metabolisms	and	to	differentiate	between	bacteria.	Appearance	when	viewed	using	a	microscopeGrowth	requirementsBiochemical	tests		on	organism	isolated	based	on	the	detection	of	production	of	an	enzyme	by	the	organism	based	on	ability	to	react		with	a	certain	substrate	detection	of	production	of	certain
metabolites	based	on	ability	to	produce	certain	chemical	reaction	Serological	methods	such	as	Western	blotting,	Immuno-precipitation	and	Enzyme	Linked	Immuno-sorbant	Assay	(ELISA)DNA/RNA	Phenotyping	Serological	methods	such	as	Western	blot,	Immuno-precipitation	and	Enzyme	Linked	Immuno-sorbant	Assay	(ELISA)	use	antibodies	to	detect
specific	proteins	that	are	unique	and/or	characteristic	of	a	microorganism.	The	applicability	of	serological	methods	is	dependent	on	the	availability,	sensitivity	and	specificity	of	the	antibodies	used.	There	are	commercial	kits	available	for	immuno-detection	of	several	microorganisms.	Antimicrobial	sensitivity	testing	An	article	on	this	website	�	
provides	a	good	discussion	on	the	issues	involved.	Result	Reporting	Reading	and	Interpretation	The	LIS	creates	a	Task	List	for	the	pathologist	and	slides	are	made	available	as	and	when	they	are	ready.	An	appropriate	reporting	form	for	entry	of	structured	data	or	text	are	made	available.	Reporting	can	be	performed	by	typing	directly	into	the	forms	or
through	dictation	via	a	voice	recognition	system	and	then	transmitted	to	the	Patient	Information	Database.	It	is	expected	that	the	different	test	types	would	have	variations	in	the	workflows	and	naming	conventions.	The	application	software	would	be	customized	accordingly.	Whatever	the	mechanisms	used,	verification	methods	may	be	introduced	and
data	regarding	the	work	status	may	be	recorded	as	part	of	the	information	given.	Automation	of	Processes	Status	Reports	The	LIS	should	record	the	stages	in	the	test	performance	(e.g.	received,	in	process,	completed	and	validated)	and	display	these	statuses	in	the	Order	Entry	Result	Reporting	System	(OERR).	Results	should	be	made	available
initially	in	LIS	for	purposes	of	validation.	An	intermediary	server	(terminal	server)	may	be	used	to	hold	these	results	temporarily	before	they	are	validated	and	released.	However	validation	may	be	automated	(by	default)	or	be	performed	manually	by	laboratory	personnel.	For	purposes	of	validation,	the	LIS	should	be	integrated	with	the	Laboratory
Quality	Assurance	System.	Status	Showing	Current	Stage	of	Laboratory	Process	Clinicians	should	be	able	to	access	results	as	soon	as	they	are	available	in	the	Patient	Information	Database	via	the	Clinical	Information	System.	The	results	should	be	shown	in	a	table	or	“Flowsheet”	format	based	on	chronology	of	the	time	specimens	are	taken.	QUALITY
ASSURANCE	SYSTEM	Process	Control	A	well	designed	LIS	has	built-in	mechanisms	that	provide	alerts	regarding	results	beyond	expected	values	for	purposes	of	validation.	The	system	has	the	facility	for	automated	validation	besides	manual	validation.	There	is	a	mechanism	to	record	failure	at	various	stages	including	specimen	rejection,	machine
failure	and	invalid	results.	These	are	made	available	as	a	standard	report.	The	LIS	enables	test	samples	to	be	tested	and	results	recorded.	There	is	a	facility	to	compare	test	results	with	expected	results	or	external	QC	results	if	they	are	entered.	The	system	provides	standard	reports	on	the	comparison	of	test	vs.	expected	results	for	test	samples	for	all
machines	and	analysers.	The	system	also	provides	standard	and	ad	hoc	query	reports	on	various	parameters	for	purposes	of	resource	management,	quality	assurance	and	medical	audit.	

Use	this	naming	ionic	compounds	worksheet	(answers	provided)	to	quickly	learn	important	chemical	names	and	formulas.	There	are	4	exercises	to	practice,	plus	complete	instructions,	in	the	5	page	packet.	We’ll	start	from	the	very	beginning,	as	these	chemical	names	and	formulas	are	a	great	way	to	start	learning	chemistry.	Master	the	Chemistry
section	of	the	DAT	using	DAT	Chemistry	notes,	DAT	Chemistry	videos,	and	1000+	high-yield	DAT	Chemistry	questions.	In	taxonomy,	binomial	nomenclature	("two-term	naming	system"),	also	called	binominal	nomenclature	("two-name	naming	system")	or	binary	nomenclature,	is	a	formal	system	of	naming	species	of	living	things	by	giving	each	a	name
composed	of	two	parts,	both	of	which	use	Latin	grammatical	forms,	although	they	can	be	based	on	words	from	other	languages.Such	a	…	Naming	Amines	with	IUPAC	Nomenclature	.	View	Quiz.	Aldehyde	&	Ketone	IUPAC	Nomenclature	.	...	Food	Chemistry:	Quiz	&	Worksheet	for	Kids	.	View	Quiz.	What	is	Organic	Chemistry?	-	Quiz	&	Worksheet	...
Answer	the	following	to	the	best	of	your	ability.	Questions	left	blank	are	not	counted	against	you.	When	you	have	completed	every	question	that	you	desire,	click	the	"MARK	TEST"	button	after	the	last	exercise.A	new	page	will	appear	showing	your	correct	and	incorrect	responses.	Nov	20,	2016	·	A	Level	Chemistry	students	are	required	to	distinguish
between	primary,	secondary	and	tertiary	alcohols.	...	Christmas	Chemistry	worksheet	for	A	Level	students.	Exciting	news!	In	2019	I	plan	to	upload	a	wide	variety	of	chemistry	teaching	and	[...]	17	Dec.	Nomenclature	of	amines	continued.	In	my	last	blog	post	I	described	the	different	naming	...	Print	Organic	Chemistry	Nomenclature	Worksheet	1.	Name
the	image.	2,3-dimethylbutane.	2-methyls	and	a	butane.	butene,	dimethane.	butane,	2,	3	…	Resources	and	materials	to	support	your	teaching	of	chemistry	to	primary,	secondary	and	higher	education	students.	This	includes	safe	and	reliable	practical	experiments,	interactive	simulations,	games	and	problem	solving	activities	Question	4:	Nomenclature
of	Aromatic	Hydrocarbons;	Question	5:	Nomenclature	of	Halogen	Compounds;	Question	6:	Nomenclature	of	Alcohols;	Question	7:	Nomenclature	of	Aldehydes	&	Ketones;	Question	8:	Nomenclature	of	Carboxylic	Acids.	If	you	are	asked	to	write	a	IUPAC	name	for	a	compound,	pay	careful	attention	to	the	syntax	of	this	nomenclature	system.	Master	the
Chemistry	section	of	the	OAT	using	OAT	Chemistry	notes,	OAT	Chemistry	videos,	and	1000+	high-yield	OAT	Chemistry	questions.
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