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ABSTRACT

BACKGROUND: Arranging the laboratory tests for the patients presenting with suspected ischemic
stroke, represents an important task for medical organizations. Further treatment tactics may
depend on the results of such tests, due to which, it is necessary to assure its high quality at all the
stages of laboratory diagnostics. AIM: An optimization of the pre-analytical and analytical stages
of laboratory testing for the admitted patients, shortening the testing turnaround time (TAT) along with
drawing up the organizational decisions together with the clinicists and the quality control department.
METHODS: The analysis and the rehearsal of the logistical aspects of all the processes related to the
hospitalization of acute ischemic stroke patients were arranged by means of organizing the in-house drills
and the time tracking of the operations at the admission ward and at the express-laboratory. RESULTS:
After performing the in-house timed drills, a number of problems was revealed, both at the admission
ward and at the express-laboratory, solving of which has allowed for optimizing the working processes,
facilitating the pre-analytical stage and shortening the time of issuing the results. An in-house directive was
issued on providing medical aid to the stroke patients, standard operations procedures were drafted and
additional adjustments were introduced into the laboratory and medical information systems. The analysis
of the regulatory basis has provided a possibility for specificating a number of immunohematological
tests for stroke patients and shortening the costs of reagents and expendable materials. CONCLUSION:
For the decreasing the total TAT down to 20 minutes for the purpose conforming the quality criteria, it
is necessary to shorten the time of pre-analytical and analytical stages. Each medical organization is
recommended to arrange the time tracking of all the processes of stroke patient admission for detecting
the most time-intensive activities.
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BACKGROUND

The necessity of performing certain laboratory
tests within the shortest possible period of time
after hospitalization to the in-patient department
for the patients with suspected ischemic stroke is
regulated by a number of regulatory documents:
the procedure of providing medical aid to the
patients with cerebrovascular accidents (CVA) [1],
the standard of specialized medical aid for cases of
cerebral infarction [2], the clinical recommendations
on ischemic stroke [3] and the Directive issued by
the Ministry of Health on the criteria for evaluating
the quality [4]. The main task with this background
is the rapid obtaining the results for the purpose
of ruling out the contraindications for undergoing
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thrombolytic therapy and conducting the differential
diagnostics with other diseases having the similar
clinical patterns. The lists of laboratory tests and the
timings of fulfilling the tests in the abovementioned
documents differ (table 1). One of four documents
listed above regulates the timing of the tests as
being 20 minutes from the admission of the ischemic
stroke patient to the in-patient department. The
Procedure of providing medical aid contains less
strict requirements — 20 minutes from the moment of
drawing the blood sample. Within this context, for the
purpose of assuring the quality of providing medical
aid, it is necessary to refer to the maximum list of
tests (platelet count, blood glucose, activated partial
thromboplastin time, international normalized ratio)
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AHHOTALMUA

O6ocHoBaHue. OpraHun3aymsi 1abopaTopHbIX UCCAEA0BaHWI NnayneHTaM, NoCTynatoLyM C Nogo3PeH-
eM Ha NLIEMUYECKUI UHCYJIbT, SBSIETCS BaXXHOW 3agaqei 415 MeauLnHCKon opraHnsaymn. OT pesy/ib-
TaToB 3TVIX UCC/IE[OBaHW MOXKET 3aBUCETb fasibHelluas je4ebHasi TakTuka, B CBS3U C YeM HeobXo-
AMMO obecriedeHne BbICOKOrO Ka4ecTBa Ha BCex dTanax nabopatopHou guarHoctuku. enb nccnepgo-
BaHUs1 — ONTUMM3aLUs MPeaHaINnTUHECKOro U aHaMTU4eCcKoro atarna s1abopaTtopHbIX UCCIe[0BaHNN
y nocTynaroLymx naymeHToB, COKpalyeHne BpemMeHun obopoTa TecTta (turnaround time, TAT) n BoipaboTka
OpraHn3alMOHHbIX PELLUEHWI COBMECTHO C BpavamMuv-KIVHULUCTaMu U OTAEJIOM KOHTPOJIS KadecTsa.
MeTtopgbl. VIsydeHne n oTpaboTka JOrnMCTUKU BCEX MPOLIECCOB, KaCaloLLUXCS rocrnutann3aymm nalmeH-
TOB C OCTPbIM ULLIEMUYECKUM UHCYJIbTOM, MPOBOAUINCE MYTEM BHYTPEHHUX YHEHUA U XPOHOMETPpaXxa
B rMPUEMHOM OTHAENIEHUN 1 KCrpecc-nabopaTopun. Pesynbratbl. [10csie BHYTPEHHUX YYEHWA U XPOHO-
MeTpayka Obls1 BbisiBIIEH psif MpobsieM Kak B MPpuEMHOM OTAENIeHUN, TaK 1 B 9KCrpecc-naboparopuu, pe-
LUEeHMEe KOTOPbIX M03BOJINI0 ONTUMU3NPOBaTL paboyune rnpoyecchl, 061erynTb npeaHaInTUYeCcKui atar
M COKpatUTb BPeMs Bbifa4un pesynbtatoB. bbin yTBepx4éH BHYTPEHHWI MPUKas rno okasaHuio rnoMoLLm
rnaymeHTam C MHCY/IbTOM, pa3paboTaHbl CTaH[apTHbIE OnepaunoHHbIe MpoLenypbl, BHECEHb! [OMOTHU-
TeJIbHbIE HAaCTPOVIKY B 1260paToOpPHY Y MEAULMNHCKYIO MHOPMAaLNOHHbLIE CUCTEMbI. AHaIM3 HOpPMaTuB-
HoV 6a3bi 4ajl BO3SMOXHOCTb KOHKPETU3NPOBAaTh NMepeYyeHb UMMYHOreMaToa0ru4eCcKyux Nccaeq0oBaHni
Yy NaUneHTOB C MHCYJIbTOM W COKPAaTUTb 3aTpaTthkl Ha peareHTbl v pacxogHble MaTtepualsibl. 3aKIlo4eHmne.
[ns ymeHbLueHnsi obyero TAT o 20 MUHYT B LiesIIX COOTBETCTBUST KPUTEPUSIM Ka4ecTBa He0bXxoqmmo
COKpalLeHne BPEMEHW Ha MpeaHaInTUYECKUI 1 aHaIMTUYEeCKn aTarbl. Kaxxgov MeaguLnHCKON opraHu-
3aUum PEKOMEHAYETCS MPOBECTU XPOHOMETPAa X BCEX MPOLIECCOB rpv MOCTYNAEHUN NayneHTa ¢ UHCY/lb-
TOM /15 BbISIBAIEHUS] Hanbo1ee BpemMsi3aTpaTHbIX AECTBUN.

Knro4yeBble c/10Ba: NLLEMUYECKUI NHCYIT; 1ab0paToOPHbIE NCCEA0BaHNSI; KPDUTEPUN Ka4eCTBa; BPEMS
obopora TecTa; TAT.
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and the minimal time for issuing the result (20 minutes
from the admission to the in-patient department).
Upon planning the opening of the Department for
patients with acute cerebral circulation disorders,
the laboratory of the Federal State Budgetary
Institution “Federal Center of Brain Research and
Neurotechnologies” under the Federal Medical-
Biological Agency (FSBI FCBRN of the RFMBA)
has received a task of organizing the procedures
of conducting emergency laboratory tests for the
presenting patients in accordance with the current
regulatory documents — within 20 minutes from the

hospitalization moment. This time interval includes
the time required for assessing the patient, for issuing
the referrals for testing, for drawing the blood sample,
for the transportation of test tubes to the laboratory,
the centrifugation, the testing procedures and the
issuance of the result.

Research aim — optimizing the pre-analytical
and analytical stages of laboratory tests with taking
into consideration the time tracking data for all the
procedures related to the laboratory tests among
the presenting patients for the purpose of shortening
the test turnaround time (TAT).
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Table 1

The list of laboratory tests for stroke patients

Regulatory document

Platelet count
Glucose

INR

APTT

Glucose
Blood pH
INR

Procedure of providing medical
aid to CVA patients

Standard of specialized medical

aid in cases of cerebral infarction .
Coagulation tests

Clinical urinalysis

Glucose
INR**
e Thrombin time**

Clinical recommendations
on ischemic stroke

e Coagulation tests
Clinical urinalysis

Directive issued by the Ministry | g'litfc')estecoum
of Health on the criteria for « INR
evaluating the quality e APTT

List of tests

Time to completion

Within 20 min from the moment
of drawing the blood sample

Blood group and rhesus-factor
Blood-transmitted infections

Timings not provided*

Clinical hematology panel
Blood biochemistry panel

Timings not provided*

e General (clinical) hematology panel

¢ Blood biochemistry panel

e Blood testing for evaluating the lipid
metabolism disorders

Within 3 hours from
the moment of admission

20 min from the admission
to the in-patient department

Note. * — tests are carried out at the diagnostics stage; ** — all the patients that are considered candidates for reperfusion
therapy. CVA — cerebrovascular accident; INR — international normalized ratio; APTT — activated partial thromboplastin time.

METHODS

In order to understand and to process the logistics of
all the processes related to the hospitalization of acute
ischemic stroke patients, the in-house drills were arranged
with the participation of the employees as volunteers.

The admission ward with intensive therapy
units under the Federal State Budgetary Institution
FCBRN of the Russian Federal Medical-Biological
Agency is located at the 2nd floor and it is involved
into registering the patients and issuing the referrals
for testing, drawing and labeling the biomaterial,
sending the test tubes to the express-laboratory
by means of pneumatic transportation system. The
express-laboratory is situated at the 10th floor with the
pneumatic transportation system receiving terminal
being located at a distance of 80m from the entrance
to the laboratory. The laboratory testing request is
compiled in the medical information system (MIS) and
imported to the laboratory information system (LIS),
where the express-laboratory staff member activates
it, inputs the results and approves it. Later on, within
half an hour, the result form is automatically uploaded
into the MIS.
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The time tracking was conducted at the admission
ward and at the express-laboratory after mastering
of all the processes of the pre-analytical stage. The
clinical-laboratory diagnostics physician and the Quality
Control Department staff member were measuring the
time required for compiling the request in the MIS, for
labeling the test tubes, for drawing the blood sample,
for delivering it to the pneumatic transportation system
terminal, for its further transportation by means of the
pneumatic system, for the transfer from the pneumatic
transportation system terminal to the express-laboratory,
for importing the samples to the LIS, placing them into
the centrifuge and for centrifugating, for performing
the clinical hematology panel for assessing the
platelet concentration by means of the Nihon Kohden
MEK-6500K hematology analyzer, for transferring the
test tubes from the centrifuge to the analyzers, for
measuring the activated partial thromboplastin time
(APTT) and the international normalized ratio (INR) at
the Sysmex CA-660 coagulometer, for measuring the
glucose level by means of the Spotchem biochemistry
express-analyzer and for approving the results by the
clinical laboratory diagnostics physician.
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RESULTS

Problems, revealed based on the results

of the drills

As a result of conducting the in-house drills, certain
problems were revealed which may increase the time of
issuing the result. Thus, at the admission ward stage,
referrals were compiled and blood samples were drawn
not only for emergency testing for platelet count, glucose,
INR and APTT, but also for the tests which should be
carried out both in the emergency and in the scheduled
order (biochemistry panel, lipid profile, electrolytes, blood
group and rhesus-factor, blood-transmitted infections),
which was increasing the time of registration and drawing
blood samples, on the one hand, while on the other —
it was resulting in an over-consumption of test tubes in
cases when the diagnosis was not confirmed, and the
patient was not hospitalized or he (she) was transferred
to another in-patient department. Compiling separate
referrals for clinical hematology panel, INR/APTT and
glucose was extending the compilation process: each
referral required printing its own barcode via the MIS,
which was only possible after pressing the “Send request
to laboratory” button.

Upon sending the capsule with the test tubes by
means of pneumatic transportation system, additional
notice had to be given to the express-laboratory,
for the pneumatic transportation system terminal
was located remotely at a certain distance from the
express-laboratory and its staff members could not
immediately notice the delivery of the biomaterial.

Upon admission of the biomaterial to the express-
laboratory, there could be a situation in which the required
analyzers were in process of calibrating or measuring
the reference samples, which was also causing a delay
in issuing the results. The biochemistry analyzer, which
was used to measure the glucose levels, could be
currently in process of analyzing the blood samples
from the patients admitted on a scheduled basis, due
to which, certain time was required for stopping the
operation and testing the emergency samples.

The neurologist could receive the results of
laboratory tests with a delay caused by its uploading
from the LIS to MIS once in 30 minutes.

Solving the revealed problems

In order to solve the detected issues, the following
was proposed and implemented:

An in-house directive “On the provision of emergency
medical aid to the patients with acute disorders of
the cerebral circulation at the FSBI “FCBRN” under
the Russian Federal Medical-Biological Agency” was
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approved, in which, a clear sequence of actions was
established for implementation by the medical staff
along with the methods of communication/natification
on compiling the results with setting the specific
housephone numbers.

Upon the patient’s presenting to the admission
ward, only 3 test tubes had to be filled in for performing
the required test profile: the one containing gel and the
clot activator, the one with sodium citrate and the one
with EDTA (ethylenediaminetetraacetic acid). Blood
samples for all the other tests are now drawn after the
patient’s transfer to the intensive care unit, where the
referrals for these tests are compiled in the MIS.

A “CVA profile” was created in the LIS, the results of
which are printed on a single sheet and which includes
the general (clinical) hematology panel, the glucose
level, the APTT and the INR. The profile testing request
should be compiled in the MIS with bearing a single
number and, respectively, a single barcode.

Changes were also introduced into the algorithm of
compiling the request for laboratory tests in the MIS: it
became possible to initially print the barcode, to attach
it to the test tubes, to draw the blood sample and then,
after the completion of all the procedures with the patient
at the level of admission department, to send the request
from the MIS to the LIS. Thus, the LIS is now showing the
real time of sending the samples to the laboratory.

The express-laboratory was equipped with
a sound alarm notifying about the receipt (by means
of the pneumatic transportation system) of the capsule
containing the biomaterial tubes.

The staff of the admission department uses the
telephone to notify the express-laboratory personnel
about the planning admission (by means of the
ambulance crew) in case of a stroke patient (the
data used are taken from the “Stacionar” automated
information system): this allows for preparing the
analyzers and, if necessary, for delaying the scheduled
rinsing, calibration and quality control procedures.

For the purpose of measuring the serum glucose
concentration, a “dry chemistry” express-analyzer is
now being used.

For the purpose of rapid obtaining the results, now
the Neurology physician is not waiting for the results
to be uploaded to the MIS, he immediately calls the
express-laboratory. The reverse approach of notifying
a neurologist by the laboratory personnel is not
deemed rational, for the neurologist could go to the
medical procedure room, to the magnetic resonance
or computed tomography office, while searching for his
(her) exact location could take a certain time.
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The next stage included a time tracking of the
procedures at the pre-analytical, analytical and
post-analytical stages of laboratory testing for patients
presenting with ischemic stroke.

The phase of registering a request in the MIS together
with labeling the tubes took 8 minutes. Transportation
of test tubes from floor 2 to floor 10 took 2.07 minutes,
activation in the LIS — 0.15 minutes, placing into
the centrifuge — 0.3 minutes, centrifugation —
10.28 minutes (taking into consideration the time of
stopping the centrifuge). The clinical hematology panel
was done in 1.12 minutes during the centrifugation of
the other test tubes. The placement of the test tube
into the coagulometer and the coagulation testing itself
took 10.24 minutes. During the coagulation testing,
glucose level was measured using the “dry chemistry”
analyzer, which took 6.47 minutes (for comparison — the
measurements performed using the “Sapfir 400” takes
14.2 minutes). Approval of the results — 0.15 minutes;
total TAT — 32 minutes, laboratory TAT (from the moment
of sample admission to the laboratory) — 24 minutes,
with the 2/3 of the total TAT taken by the non-laboratory
pre-analytical (compilation of the request, drawing
the blood and transportation — 9.12 minutes) and by
the intra-laboratory pre-analytical (centrifugation —
10.58 minutes) stages. The minimal time of performing
the laboratory tests is limited to the operating speed of
the coagulometer — 10.24 minutes. The measurements
of the duration of performing only the APTT as more
time-consuming test comparing to the INR, has shown
the result of 9.09 minutes. The possible solutions here
can include the use of test tubes with the clot activator
and thrombin for performing the biochemistry tests
(thrombin shortens blood clotting time, which allows for
avoiding repeated centrifugation) and for lowering the
centrifugation time down to 5 minutes. Shortening the
time required for measuring the APTT and the INR can
be aided by using the semi-automatic coagulometers
with manual addition of reagents. Measuring the APTT
in that case takes up to 5 minutes, while the INR requires
up to 4 minutes. The hemostasis analyzers recently
introduced into the market, capable of, in particular,
measuring the INR in whole blood, as well as the “dry
chemistry” principle-based analyzers, according to
our own experience, do not comply to the criteria of
recommending them for usage: the comparison of the
results obtained using 22 plasma samples with the
data from ACL Top 300 coagulometer, has revealed a
mean overestimation of 23%. Such a distribution is
unacceptable, especially when dealing with the patients
that are candidates for reperfusion therapy.
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Within the framework of the general activities
directed at increasing the quality of laboratory
tests, in accordance with the national standard [5]
and practical recommendations from the Federal
Service for Surveillance in Healthcare on the internal
quality control at the medical laboratory [6], standard
operations procedures were developed and approved
on the rules of rejecting the biomaterial, on the
archivation of referrals and of the biomaterial, on the
critical values for the laboratory results, as well as on
the rules of operating the pneumatic transportation
systems. The LIS allows for selecting the type of defect
for rejection, which facilitates the analytical operations
and the determination of the corrective actions. The
critical values shall be marked in the LIS using flags,
upon seeing which, the clinical-laboratory diagnostics
physician immediately calls the attending physician and
registers the result in the Critical Result Report Log.

A certain part of patients presenting with suspected
ischemic stroke, required differential diagnostics with
alcohol or narcotic poisoning. For such cases, an
agreement for performing the chemical-toxicological
testing was signed with the external laboratory related
to the Department of Healthcare of Moscow City. The
biomaterial intended for defining the levels of ethanol
and narcotic/psychoactive drugs, is drawn from the
patient on admission and later transferred for further
testing. Due to the fact that chemical-toxicological
tests are regulated by the separate regulatory
documents [7], a specific standard operation
procedure was developed on drawing, labeling and
transportation of the biomaterial for performing such
tests, with the SOP being provided for familiarization
to all the staff members of the express-laboratory and
of the clinical departments, which has accelerated the
process of drawing and preparing the biomaterial for
transportation and which has decreased the probability
of rejecting it by the chemical-toxicological laboratory.

Separate attention should be paid to the blood
group testing in patients during the most acute period of
ischemic stroke. Initially, for CVA patients, the planned
prescriptions included a complete immunohematology
profile — blood group (ABO system) and rhesus-factor,
phenotyping of Rhesus-antigens and antierythrocytic
antibodies. The justification of this was the possible
necessity of blood transfusion at the intensive care unit,
but performing a full set of the tests mentioned above
to all the patients with suspected CVA is unjustifiably
cost-intensive, for the immunohematological tests
at the FSBI “FCBRN” under the Russian Federal
Medical-Biological Agency are carried out using the gel
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cards, the net cost of which is quite high. The analysis
of the regulatory basis has shown that the requirements
for performing the immunohematological tests in the
given groups of patients are controversial. Thus, in the
Procedure of providing medical aid to CVA patients, in
the Directive on the establishing the criteria for evaluating
the quality of medical aid, as well as in the Clinical
recommendations on ischemic stroke, the testing for
blood group and rhesus-factor are not included into
the list of necessary laboratory tests. The Standard
of medical aid for stroke patients (upon providing
specialized medical aid) states only the detection of
the main blood group antigens (A, B, 0) and the testing
for rhesus-status. The detection of K (Kell) antigen and
of the antierythrocytic antibodies, in accordance with
the Decree issued by the Government of the RF on
June 22, 2019 No. 797 [8], is indicated to the patients

requiring blood transfusion, while the detection of C, c,
E, e antigens in red blood cells — to female patients
aged under 18 years and to the women of child-bearing
age; to the recipients that have indications for repeated
blood transfusions; to the recipients which were ever
diagnosed as having alloimmune antibodies, as well as
to the recipients with a history of incompatible blood
transfusions. Thus, for decreasing the costs of reagents
and expendable materials, as well as for decreasing the
load of the laboratory personnel, the decision drawn
was to detect only the blood group (ABO) and the
rhesus-factor among the presenting CVA patients and,
if blood transfusion is necessary, to perform additional
testing of the phenotype and antibody profile.

Based on the conducted research, we can propose
our algorithm of actions upon the admission of CVA
patients for the purpose of decreasing the TAT (Fig. 1).

Notifying the laboratory about the expected admission of the CVA patient

Preparation of the analyzers, delaying the measurement of reference samples and calibration/daily technical maintenance

Admission of the CVA patient

Registration of the request for laboratory testing in the MIS (CVA profile)

Labeling the test tubes, drawing blood samples: thrombin, EDTA and sodium citrate

Transporting the biomaterial to the laboratory

Centrifugation of test tubes containing thrombin and sodium citrate

for 5 minutes

Tests for glucose
(creatinine) levels

Performing the general clinical
hematology panel

Determining the APTT
and the INR

Phone call to the laboratory to receive info about the testing result

Validation of the testing result, importing from the LIS to the MIS

Fig. 1. Operation algorithm upon the admission of the patient with an acute disorder of the cerebral circulation.
CVA — cerebrovascular accident; MIS/LIS — medical and laboratory information systems; APTT — activated partial
thromboplastin time; INR — international normalized ratio; EDTA — ethylenediaminetetraacetic acid.
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DISCUSSION

In order to decrease the total TAT for conforming the
quality criteria, shortening the time of pre-analytical and
analytical stages is required. Shortening the duration
of pre-analytical stage can be achieved by training
the medium-level medical personnel of admission
department on maximally rapid algorithms of compiling
the request in the MIS, as well as by decreasing the
time of sample centrifugation down to 5 minutes with
the setting of using the vacuum test tubes containing
the clot activator and thrombin for faster clot formation.
Shortening the analytical stage is possible by means of
using the portable express-coagulometer, capable of
testing the whole blood samples (though requiring the
procedure of measuring the repeatability of the result
with comparing them to the classic clot-method), or
a semi-automated coagulometer, which should allow for
shortening the time of testing. In case of a large number
of presenting CVA patients, it is more practicable
to locate the express-laboratory, equipped with
a centrifuge, hematology analyzer, express-biochemistry
analyzer and express-coagulometer, at the admission
ward, which shall allow for decreasing the time of
biomaterial transportation.

CONCLUSION

The high quality of laboratory tests for patients with
ischemic stroke is assured by operating in accordance
with the standard operation procedures, which strictly
regulate the sequence of operations, as well as by the
coordinated interactions between the laboratory and
clinical department personnel, as well as by using
the optimized MIS/LIS operations at the medical
organizations.
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