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SUMMARY

Introduction The important indicators of the quality of work in blood transfusion banks and health
care facilities in general is the ratio of the cross-matched red blood cell (RBC) units, and the number of
transfused RBC, known as cross-match to transfusion ratio (C:T).

The objective of this research was to provide an assessment of the quality of our work in a cross-sectional
study, showing C:T ratios for certain areas of surgery or particular surgical indications.

Methods We analyzed the data related to the activities of the Department for Pre-Transfusion Testing and
Blood Distribution at the Blood Transfusion Institute of Serbia during the September and November of
2017 period. In total, 341 patients were included in the study, for whom 1,067 RBC units were requested.
Results In pre-transfusion testing, 562 units were cross-matched and 249 units were transfused. The
overall C:T ratio was 2.25. There are variations in C:T by departments. For the departments of abdominal
surgery and reanimation, where uncrossmatched RBC units were requested, C:T was < 2. Other depart-
ments had C:T > 3 for almost all therapeutic areas.

Conclusion Our results show that the C:T ratio ranged 2.02-3.6, indicating the need to reevaluate the pro-
tocols based on which the blood is requested according to individual indications, to adequately prepare
patients for surgery in order to reduce the risk of possible allogeneic transfusion, and to apply Patient
Blood Management protocols, which include the use of alternatives to allogeneic blood transfusion.
Keywords: red blood cells administration; cross-match to transfusion ratio; Patient Blood Management

INTRODUCTION

Safe use of blood and blood components cur-
rently requires multidisciplinary collaboration
among clinicians of different profiles such as
surgeons, anesthesiologists, internists, and
transfusion medicine specialist as the last in-
stance that can affect the decision on adminis-
tration of the particular blood component [1].
Although the use of transfusion remains an ir-
replaceable treatment modality for a large num-
ber of patients accompanied by a clear benefit
through rapid correction of hemoglobin levels,
and consequently of oxygenation, it is also as-
sociated with a range of risks of infectious and
non-infectious nature [2]. Errors in transfusion
medicine can be avoided in a large percentage
and prevention is cost-effective, systematic, and
applicable [3].

Hemoglobin binds 98% of oxygen; there-
fore, measurement of hemoglobin levels is to
date the best and most commonly used test to
estimate the necessity of RBC administration
for the correction of anemia [4]. However, he-
moglobin should not be the only parameter to
be considered when deciding on potential RBC
transfusion [5]. It should be noted that there are
two approaches to the administration of RBC
transfusion - a liberal one and a restrictive one.
The liberal approach to transfusion is primar-
ily based on hemoglobin levels, and it uses the

hemoglobin level of 90 g/L as the threshold for
RBC administration. In critically ill patients, as
well as in bleeding patients, the restrictive ap-
proach uses hemoglobin threshold level below
70 g/L [6].

Managing the requirements for blood and
blood components in relation to the needs
of patients with Patient Blood Management
(PBM) is an evidence-based multidisciplinary
approach to treating patients with blood and
blood components [7].

In order to establish a functional PBM sys-
tem, close cooperation with doctors involved
in the treatment of patients is particularly im-
portant, and the key moment is the training of
health care staff. The aim of the above measures
is to avoid any unnecessary transfusion [8].
Considering the experience of countries that
have established the PBM system (Australia
and New Zealand) and certain countries of
the European Union, there is a clear benefit for
both the patients and a country’s health care
system, which is reflected in the fact that PBM
significantly affects the quality of the treatment
of patients [9]. At this moment, there are no
available data about PBM implementation in
the surrounding states.

One of the important indicators of the
quality of work of blood transfusion bank and
health care facilities in general is the ratio of the
number of requested RBC and the number of
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cross-matched RBC, known as C:T ratio (cross-match to
transfusion ratio) [10]. This ratio should not exceed 2 [11].
Namely, the routine ordering of blood is usually carried
out by the most junior clinical staff, who beside limited
knowledge of the true nature or magnitude of the proposed
surgery can cause at least three major problems. Firstly,
in blood banks with a limited ‘pool’ of available blood,
over-ordering actually leads to less blood being available
for emergency transfusion. While in theory it is possible
to recall blood that is out of circulation, this would inevi-
tably lead to disruption of elective surgical lists. Secondly,
if blood is cross-matched but not transfused, it is more
likely to pass its expiry date and must be discarded. Third,
cross-matching is costly. It would be easy to assume that
the simple task of ordering the correct amount of blood
for an elective surgical procedure is performed accurately
in every hospital [12].

During 2012, according to the British Society of
Hematology Guidelines, C:T ratio was listed as an im-
portant parameter for defining optimal administration
of blood that implies the type of pre-transfusion analyses
and the number of units for a particular type of surgical
procedure [13].

The aim of our study was to provide an assessment of
the quality of our work in a cross-section study by show-
ing the C:T ratio for certain areas of surgery, i.e. particular
surgical indications. Considering that PBM system has not
been established in our country, this study represents one
of the first of its kind in our country. However, we must
note that the General Hospital in Panéevo has introduced
its own protocols for the application of RBC, which has
led to a significant reduction in blood consumption [14].

METHODS

In this retrospective study, the data related to the ac-
tivities of the Department for Pre-Transfusion Testing
and Distribution of Blood, Blood Components and
Hemovigilance at the Blood Transfusion Institute of Serbia
for the period of two months (September and November
of 2017) were analyzed. During this period, 341 patients
were monitored, for whom a total of 1,067 RBC units were
requested.

The analyzed data refer to RBC administration at the
Emergency Center of the Clinical Center of Serbia, in-
cluding requests from the Department of General Surgery,
Orthopedics, Neurosurgery and Reanimation. The data
were collected based on requests for blood and blood
components coming from those departments that were
subsequently entered into the protocol, while one por-
tion of the data was taken from the electronic database
of the Department for pre-transfusion testing. The data
collected included the departments where the patients
were treated, the leading diagnosis at the time of blood
request, requisition date, and the purpose of requisition
(surgery or treatment). Patient data included first and last
name, year of birth, hemoglobin level, blood type, number
of requested RBC, number of cross-matched RBC units
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as well as the number of transfused RBC units. Since the
data on hemoglobin levels were available in a small pro-
portion of patients [only 29 (7.9%)], they were not taken
into account during the statistical analysis performed to
determine the C:T ratio.

The data collected were used to monitor the relation-
ship between the number of requested and processed RBC
units, depending on the therapeutic area, as well as to de-
termine the C:T ratio. Institutional approval for the study
was granted by the local research ethics committee in ac-
cordance with internationally accepted ethical standards.

Statistical analysis included methods of descriptive and
analytical statistics using IBM SPSS Statistics, Version 21.0
(IBM Corp., Armonk, NY, USA). The significance of the
difference for continuous variables with normal distribu-
tion was estimated using analysis of variance (ANOVA).

The value of p < 0.001 was considered to be statistically
significant.

RESULTS

Table 1 shows an overview of the requested, cross-matched,
and transfused RBC units per department. A total of 1,067
RBC units were requested for 341 patients. During pre-
transfusion testing, 562 units were cross-matched and 249
were transfused. The overall C:T ratio was 2.25, which
corresponds to the consumption of 44.36% of used RBC
(Table 2).

Table 1. Number of issued vs. requested and processed red blood
cells by departments

Emergency ~

Center Num_ber o Requested 72e5 Transfused

d patients matched
epartment

Surgery 223 654 255 126

Orthopedics 38 118 95 27

Neurosurgery 10 23 18 5

Reanimation 52 218 144 44

Reanimation

without 18 54 50 47

interaction

Total 341 1,067 562 249

Table 2. Cross-match to transfusion (C:T) ratio with regard to the de-
partments

Emergency Center department CT
Surgery 2.02
Orthopedics 3.51
Neurosurgery 3.60
Reanimation 3.27
Reanimation without interaction 1.06
Total 2.25

ANOVA, p < 0.001

The largest number of RBC requests (654) were ob-
tained from the Department of Surgery, where the highest
number of patients (223) were treated. In this group, a
corresponding C:T of 2.02 was obtained. The minimum
number of RBC requests (23) was obtained from the
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Table 3. Number of requisitions showing hemoglobin levels compared to the total number of patients and the purpose of blood requisition

Number of requisitions with For treatment As part of surgical .

Department . Hemoglobin level range
hemoglobin level n/N (%) purposes program

Surgery 23/223(10.3) 19 4 53-91
Reanimation 0/52 (0) 0 0 0
Beammgnon without 0/18 (0) 0 0 0
interaction
Neurosurgery 0/10 (0) 0 0 0
Orthopedics 6/38 (15.79) 6 0 76-86
Total 29/341 (8.5) 25 4 53-91

Only two patients had hemoglobin level < 70

Table 4. Number of issued vs. requested and processed red blood cells with regard to the surgical procedure

Surgical procedure Number of patients | Requested | Cross-matched | Transfused
Polytrauma 22 87 61 14
Subarachnoid hemorrhage, intracranial hemorrhage 7 25 10 2
Gastric ulcer, hernia, gallbladder and choledochal surgery, acute

appendicitis, abdominal pain of unknown etiology, idiopathic jaundice % 230 33 1
“Status post op” 34 103 33 8
Femoral fracture 18 63 53 17

Hip surgery 3 9 9 3
Total 179 517 199 55

Department of Neurosurgery, where the highest C:T was
calculated to be 3.6 (Tables 1 and 2), p < 0.001; p < 0.001
is considered a statistically significant difference.

Table 3 shows the number of requisitions that listed
the hemoglobin levels. The analysis showed that only
29/341 (8.5%) requisitions listed the hemoglobin level -
23/223 from the Surgery Department and 6/36 from the
Orthopedics Department. For 25 patients, blood was re-
quested to correct anemia, and for four patients as part of
the surgical program (Table 3).

Tables 4 and 5 provide an overview of requested, cross-
matched, and transfused RBC units by the most common
surgical procedures. The highest number of RBC requests
were obtained for abdominal surgery and for the treat-
ment of hip surgery. In both types of surgery, C:T of 3.0
was recorded, while the highest C:T of 5.0 was obtained
for cases of bleeding into the central nervous system that
required surgical intervention — p < 0.001.

Table 5. Cross-match to transfusion (C:T) ratio calculated for depart-
ments with regard to the surgical procedure

Surgical procedure CT
Polytrauma 4.35
Subarachnoid hemorrhage, intracranial hemorrhage 50

Gastric ulcer, hernia, gallbladder and choledochal

surgery, acute appendicitis, abdominal pain of 30

unknown etiology, idiopathic jaundice

“Status post op” 4.12
Femoral fracture 3.11
Hip surgery 3.00
Total 3.61

ANOVA, p < 0.001

Although the International Classification of Diseases
lists the diagnosis code “status post op,” this term is quite
broad, and it is used frequently at emergency center
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surgical departments as an indication for blood requisi-
tions. During the examined period, there were 34 such
requisitions. A total of 103 RBC units were requested, 33
were cross-matched, and eight were transfused; C:T ratio
was 4.12.

DISCUSSION

This study has shown that there is a substantial variation
in the estimated C:T values between the departments re-
questing the blood, and according to the type of surgical
procedure.

The analysis of the pooled data for the studied time
period related to the requisition and issuing of RBC blood
components showed that the overall ratio of processed and
transfused RBC resulted in C:T of 2.25 - very close to
the recommended value of < 2. However, when analyzed
structurally, there are differences in C:T between the de-
partments. Thus, the department of abdominal surgery
and reanimation had C:T < 2. The reanimation department
also had C:T < 2 in cases where uncrossmatched RBC units
were requested, but it should be noted that such circum-
stances mainly included massive transfusions accompanied
by risk of a number of adverse reactions. By contrast, all
other departments for almost all therapeutic areas had C:T
> 3. This indicates a high degree of uneconomical blood
administration and a subsequent risk of blood shortage
for all patients in need due to irrational blood processing
and consumption.

Among the first countries in the world that recognized
the importance of PBM are Australia and New Zealand.
By introducing PBM, these countries reduced the con-
sumption of RBC units in patient treatment, subsequently
reducing the cost of treatment and the transfusion risk,
but also allowing more appropriate RBC distribution. In
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accordance with their recommendations, the C:T ratio
should not exceed 1.8. If it does, for patients for whom
requisition was made, it is sufficient to determine the pa-
tient’s blood type and antibody screening [7]. It should be
noted that such a policy implies that a health care facility
carrying out surgical procedures has its permanently avail-
able transfusion service.

In order to reduce the number of unnecessary cross-
matched RBC units and to provide an adequate amount
of RBC units, a recommendation was made in India to
introduce the Maximum Surgical Blood Ordering Schedule
(MSBOS) according to the C:T parameter. Research was
conducted in a tertiary facility and it monitored pa-
tients planned for elective abdominal and neurosurgery.
According to this recommendation, C:T should ideally be
1:1, but all values that are < 2.5 with the aim of lowering
the index towards 2 are acceptable for the efficient RBC
use [15]. In India, analyses were performed in orthopedic
surgery, and C:T indexes were monitored, which indicated
the benefits of lowering the C:T ratio to values < 2. Based
on this, protocols were designed that suggest the optimal
number of RBC components which should be prepared
for various surgical procedures [16].

Given these circumstances, it is necessary to apply mul-
tidisciplinary approach to determine the criteria for blood
administration according to therapeutic areas. Based on the
data collected, therapeutic areas can be divided into two
large groups: (1) those that need to be recorded and that
require determination of blood type, and for which blood
is almost never requested, and (2) those for which blood is
requested and cross-matched, but is almost never used or
is used very rarely, as well as those for which larger amount
of blood loss is expected with certainty, which needs to be
substituted by allogeneic transfusion. Currently, patients
from the first group are tested for blood type according to
the ABO and Rh system. For patients in the second group,
blood type is determined without exception, as well as the
indirect antiglobulin antibody screen [17].

Furthermore, it is necessary to clearly indicate on the
requisition forms the diagnosis under which the blood
is requested. The current principle which uses working
diagnoses that are, although listed in the International
Classification of Diseases, often unclear (e.g. “Status post
op”), and very often without accompanying hemoglobin
level, as shown by our research, does not provide enough
data, seems confusing and often leads to wrong decisions
on whether or not to prepare blood for such patients.

RBC transfusion in patients with anemia in whom com-
pensatory mechanisms for adequate tissue oxygenation are
reduced increases the capacity for oxygen transport [18]. A
well-compensated anemia resulting from iron deficiency is
the most common form of anemia and is not an indication
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for RBC administration itself, but as such requires the ad-
ministration of iron via oral or intravenous route, with or
without erythropoietin and with an assessment of the risk
of adverse reactions [19]. Allogeneic transfusion has long
been used to correct perioperative anemia. However, for
the purpose of safety of blood transfusion itself, as well as
due to limited resources and limited blood supply, modern
transfusion tends to avoid this type of treatment for anemia
[20]. It has been found that 30.4% (in some populations
up to 75%) of patients had anemia of various grade in the
preoperative period, that the risk of postoperative com-
plications in these patients was 35% higher (most often
infections), and that the 30-day risk for fatal outcome was
increased by as much as 42% [21].

A restrictive transfusion strategy compared to a liberal
strategy implies lower number of patients undergoing
transfusion, as well as fewer RBC units used, while mor-
tality, morbidity, and the number of myocardial infarc-
tion events remained unchanged. On the other hand, the
liberal transfusion strategy did not show any benefit to
patients [22].

Although our study has its limitations based on the facts
that the study was retrospective and that the analysis cov-
ered a relatively short time interval, as well the obtained
results were related to requested, cross-matched, and trans-
fused RBC units but not using needed/not needed RBC,
the estimated C:T ratios indicate the need to introduce and
observe the procedures which would allow a more rational
use of blood. Therefore, this study may be characterized as
a pilot study, and results will be confirmed in a prospective
study that will include an analysis of RBC administration
over a longer period.

CONCLUSION

The results of our study examining the requested, cross-
matched, and transfused RBC units indicate the need to
introduce procedures that would allow rational use of
blood. Considering the overall C:T ratio, it could be con-
cluded that we performed close to the recommended value;
however, data analysis by the department or by the type
of surgical intervention shows that the C:T value varies
2.02-3.60, indicating that it is necessary to reevaluate pro-
tocols used for blood requisitions according to individual
indications, to adequately prepare patients for surgery
whenever possible to reduce the risk of possible use of al-
logeneic transfusion, and to establish PBM protocols that
include the possibility of using alternatives to allogeneic
blood transfusion.
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PaunoHanHa npumeHa epuTpoLnTa — aa im CMO NOCTUIIN BaAOBOIbaBanhM HUBO?

Bojucnas Jlykuh', BuibaHa MKusotuh', BpaHucnasa Bacubesuh', Anmupa LWabanu', Tpagumup borgaHosuh', MupjaHa KoBau'2

"HcTTyT 32 TpaHcdyaujy kpeu Cpbuje, Beorpag, Cpbuja;
*Yuusep3uTeT y Beorpapy, MeauumHckn akynter, beorpap, Cpbuja

CAMETAK

YBog JefaH of GUTHMX MHAMKATOPa KBanMTeTa paja TpaHc-
dy3monoLLKe 6aHKe KPBU 11 30PaBCTBEHE YCTaHOBE Yy LENNHN
je ogHoc 6poja obpaheHwnx jearHNLA epuTpoLMTa KojuMa je
ypaheHa nHTepakuuja n 6poja TpaHCPYHAOBaHMX jeAnHULA
epuTpouunTa, ogHoc C: T.

Linsb Hawer ncTpaxusama je 610 fa y CTyaujy npeceka jamo
NpoLieHy KBanuTeTa Haler paga npukasyjyhu ogHoc C: T 3a
oppeheHe xvpypLUKe rpaHe, OAHOCHO ofpeheHe nHAnKaLmje
y Xpypruju.

Mertope Y peTpocneKkTMBHOj CTYAMjY N3BPLUEHA je aHanm3a no-
[laTaka Koja ce ofHocMna Ha ABOMeceYHy akTuBHOCT Oferberba
3a NpeTpaHCchy3MoHa UCMUTHBakbA U AUCTPUOYLIU]Y KPBU, KOM-
MoHeHaTa KpBU 1 XeMoBUrnaHuy MHcTuTyTa 3a TpaHcdy3ujy
KpBu Cpbuje (centembap 1 Hosembap) 2017. roguHe. Y Hase-
ZeHom nepuogy npaheH je 341 6onecHUK, 3a Koje je YKyrnHo
TpeboBaHo 1067 jeanHMLIa epuTpOLMUTa.

Pesyntatu Y npetpaHcdy3vioHOM TecTupamy je obpaheHo 562,
a ugato 249 jeamnuua eputpouuta. CBeobyxBaTHU ogHoc C: T
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je 61o 2,25, WwTo ofroBapa NOTPOLLHM of 44,36% nckopuiuhe-
HUX epuTpoLuTa. Y OBHOCY Ha OAesbera NOCToje pasnuke y
opHocy C:T. 3a operbetba abAOMUHANHE XUPYPriije 1 peaHu-
Mauuje, Kaga je KpB TpaxeHa 6e3 nHTepakuuje, yTBpheH je
C:T< 2. Jpyra opemetba Cy 3a rOTOBO CBe Tepanujcke obnactu
umana C:T> 3.

3aKs/pyyak AHann3a nopaTaka y O4HOCY Ha Ofesberba U TUn
XMpPYpPLIKe NHTEPBEHLVje NoKas3yje fa BpegHocT C: T Bapupa
oA 2,02 fo 3,6, WTO yKasyje Aa je HeONXOAHO NpencnuTaTh
NPOoTOKOJIE MO KojMa ce KpB Tpebyje npema nojefuH1UM UH-
AVKaLMjama, afeKBaTHO NpUnpemMuT 6onecH1Ke 3a onepauujy,
Kako 61 ce cMar10 PU3MK 3a EBEHTYaTHY MPUMEHY anoreHe
TpaHcdy3mje 1 NPUMEHUTY NMPOTOKONE yNpaB/bakba KPBiby
6onecHuMKa, Koju nogpasymeBajy MoryhHoCT npumMeHe antep-
HaTMBHUX CPeACTaBa anoreHoj TpaHcdy3uju KpBY.

KrbyuHe peun: nprvmeHa eputpoLuTa; ogHOC 6poja epuTpoLm-
Ta ca ypaheHoM UHTeppeaKkLmjom 1 6poja TpaHCyHAOBaHMX
€pUTPOLIUT]; YNpaB/bake KPBJbY bonecHrKa
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