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Background. The practice of transfusing red blood cells is still liberal in some centres suggesting
a lack of compliance with guidelines recommending transfusion of red blood cells at haemoglobin
levels of 6-8 g/dL in the non-bleeding patient. Few databases provide ongoing feedback of data on
pre-transfusion haemoglobin levels at the departmental level. In a tertiary care hospital, no such data
were produced before this study. Our aim was to establish a Patient Blood Management database based
on electronic data capture in order to monitor compliance with transfusion guidelines at departmental
and hospital levels.

Materials and methods. Hospital data on admissions, diagnoses and surgical procedures were
used to define the populations of patients. Data on haemoglobin measurements and red blood cell
transfusions were used to calculate pre-transfusion haemoglobin, percentage of transfused patients
and transfusion volumes.

Results. The model dataset include 33,587 admissions, of which 10% had received at least one
unit of red blood cells. Haemoglobin measurements preceded 96.7% of the units transfused. The
median pre-transfusion haemoglobin was 8.9 g/dL (interquartile range 8.2-9.7) at the hospital level. In
only 6.5% of the cases, transfusion was initiated at 7.3 g/dL or lower as recommended by the Danish
national transfusion guideline. In 27% of the cases, transfusion was initiated when the haemoglobin
level was 9.3 g/dL or higher, which is not recommended. A median of two units was transfused per
transfusion episode and per hospital admission. Transfusion practice was more liberal in surgical and
intensive care units than in medical departments.

Discussion. We described pre-transfusion haemoglobin levels, transfusion rates and volumes at
hospital and departmental levels, and in surgical subpopulations. Initial data revealed an extensive
liberal practice and low compliance with national transfusion guidelines, and identified wards in

need of intervention.
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Introduction

Transfusion practice with red blood cells (RBC) varies
and is still liberal in many centres!. This suggests a
lack of compliance with existing transfusion guidelines.
Most guidelines recommend restrictive use of RBC
transfusion, suggesting that transfusion be considered
if the haemoglobin (Hb) level goes below 6-8 g/dL in
the non-bleeding patient™®. Few hospital transfusion
databases report an ongoing feedback on pre-transfusion
haemoglobin levels at hospital and departmental levels'®,
whereas most studies and national databases report usage,
transfusion rates and sometimes Hb at hospital discharge,
mostly at hospital and national levels'"'%. Starting in
2007, the Joint Commission elaborated a Patient Blood
Management Performance Measures Project defining the
patient populations to be investigated and the transfusion
indicators to be measured'® (hereafter named the JC-PBM

measures), among which is PBM-02: the number of units
with pre-transfusion haemoglobin or haematocrit and
clinical indication documented®. Preliminary data from
The Danish Transfusion Database (DTDB)'® and from the
Council of Europe?! suggested a general overuse of RBC
in Denmark compared with other European countries.
Preliminary data from Rigshospitalet, Copenhagen
University Hospital*? likewise indicated an excessive
use of RBC transfusion. A Patient Blood Management
programme was initiated in 2009 at Rigshospitalet
with the primary aim of reducing unnecessary RBC
transfusions. Rigshospitalet is Denmark's largest hospital
with 1200 beds, a level I trauma centre and a case-mix
of thoracic, vascular, urological and gastrointestinal
surgery including solid organ transplantation, oncology,
haematology including bone marrow transplantation,
neurology, orthopaedic surgery/advanced trauma surgery,
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gynaecology, obstetrics, cardiology, infectious medicine,
paediatric care and intensive care. Review of the existing
quality data in the hospital in 2008 revealed a substantial
lack of data on transfusion practices and compliance
with the national transfusion guidelines, even though
the hospital databases contained relevant source data.
In order to establish a baseline before intervention and
enable benchmarking and feedback of data to the hospital
staff during the intervention, we needed data to describe
transfusion practices and their compliance with national
transfusion guidelines.

Danish national transfusion guideline

The Danish Health and Medicines Authority issued
a transfusion guideline in 1998, with the latest revision
in 2007%. A restrictive approach to RBC transfusion
is recommended, requiring "a reduction in the use of
blood transfusion", and recommending that transfusion
should be used only "after consideration of other rational
therapy for the clinical condition, in order to avoid
blood transfusion". It is stated that "the purpose of the
treatment with blood transfusion is to improve the clinical
symptoms of anaemia, not to correct the haemoglobin
value". In the non-bleeding patient, a general Hb value of
7.3 g/dL is suggested as a limit below which "transfusion
of RBC is almost often beneficial". In case of specific
clinical conditions such as ischaemic heart disease or
thalassaemia, transfusion may be used at Hb levels
between 7.3 and 9.7 g/dL. Generally, transfusion is "not
recommended at Hb levels above 9.7 g/dL".

Aims

We aimed at monitoring RBC transfusion treatment,
in particular the compliance with transfusion guidelines
at both departmental and hospital level. We established
a Patient Blood Management database based on an
electronic data capture system in order to extract and
combine data from the patient administrative system and
laboratory and blood bank databases to produce relevant
indicators with the smallest possible time delay between
transfusion treatment and data feedback. The database
should enable an initial internal evaluation of the hospital's
transfusion practice as well as an ongoing monitoring on
at least a quarterly basis.

Materials and methods
Blood Bank structure and existing transfusion data
The Blood Bank is financed by the government
and integrated in the hospital. It manufactures blood
according to the standards and principles of the Council
of Europe®* and delivers the blood components directly
to the hospital's departments. When a department picks
up a unit of RBC, it is checked out by scanning a bar
code on the unit, which simultaneously records the date,
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hour and minute, the recipient identity (see below) and
the ISBT-128 identity code® of the blood component in
the Blood Bank database. By national law, the fate of
every blood component is reported back to the Blood
Bank and recorded in the database. Traceability of blood
components is 99%. Monitoring the documentation on
the patient's consent and clinical indication in the patient's
record (part of JC-PBM-02) is included in the existing
hospital quality model together with correct identification
of the patient and the laboratory samples for type and
screen procedures, and correct blood administration
procedures including control of vital parameters. This was
not electronically monitored (but subject to regular paper
audits), and thus these data are not available.

Definition of patient populations

Before data extraction, we defined the patient
populations and surgical procedures to be investigated
according to the method described by the Joint
Commission'’, using the algorithm shown in Figure 1.
In Denmark, every citizen is assigned a unique personal
identification number (personal ID) from birth or at the
time of obtaining a residence permit, based on the date
of birth in a unique combination with a four digit code
registered by the Danish Civil Registry. The personal ID
was used as a key to identify and combine data (Figure 2).
According to the principles in the JC-PBM measures, we
defined two main types of patient populations: (i) the initial
patient population of this study, i.e. admitted patients,
and theirs subpopulations; and (ii) the surgical procedure
population and its subpopulations (Figure 1). For each
indicator we first defined the relevant patient population
(denominator), before identifying the transfused part of
this population (numerator). The initial patient population
included all patients admitted to and discharged from the
hospital within the study inclusion period. For an overview,
we grouped the initial patient population, admitted into
41 wards, into the following subpopulations: surgical
admissions (admissions to surgical wards, regardless of
surgical procedures), medical admissions (admissions to
medical wards, regardless of any procedures), intensive
care admissions, and paediatric admissions. We chose to
present detailed data at the departmental level from 10
selected wards (5 surgical and 5 medical). One patient
could contribute to more than one subpopulation, but
not at the same time (e.g. by being admitted to a surgical
department and later in the study period to a medical
department). During an admission, one patient could
contribute with more than one surgical procedure. Selected
surgical procedure populations within all transfusing
surgical specialties were defined by searching the initial
patient population for the patients with a specific surgical
procedure code or combination of codes, using the
NOMESCO Classification of Surgical Procedures, Version
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Figure 1 - Patient population algoritm. The algorithm for identifying the initial patient population

and subpopulations as suggested by the Joint Commission.
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Figure 2 - Data linkage algorithm. The unique personal ID-number was used to combine

hospital data on the patient level and create a patient-specific chronology.
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1.12:2008 Copenhagen 2007 (http://nomesco-eng.nom-
nos.dk) and the Danish translation of ICD10 codes for
diagnoses (http://www.who.int/classifications/icd/en/)
according to the search criteria listed below. One patient
could contribute to both an admission subpopulation
(e.g. thoracic ward) and a selected surgical procedure,
but could only contribute with one selected surgical
procedure per admission (e.g. coronary artery bypass
grafting), except for combined heart surgery (see below).
The surgical codes chosen to define a surgical procedure
were determined and validated in cooperation with each
surgical speciality.

Permission

The Danish data protection agency granted permission
to extract and combine patients' data from the different
data sources (http://www.datatilsynet.dk/english/).

Design of the Patient Blood Management Database
and transfusion indicators

The study inclusion period was from the 4th July to 31st
December 2008, both days inclusive. Data were extracted
from three existing data sources within the hospital: the
Patient Administrative System (PAS), the Blood Bank
Database and the laboratory system (LAB-data). After data
extraction and validation, we linked the data as illustrated in
Figure 2 and calculated the following transfusion indicators
in the transfused patient populations both at hospital level
and within the pre-defined patient populations (described
above): pre-transfusion Hb level, including the proportion
of RBC transfused with a pre-transfusion Hb; the mean
time (hours) between the pre-transfusion Hb and the
initial RBC transfusion, the median pre-transfusion Hb
and distribution of pre-transfusion Hb levels according
to the national guideline. Transfusion rate was calculated
as the percentage of the initial patient population or
surgical patient population who had at least one RBC
transfusion, and transfusion volume was calculated as
the number of RBC units per patient admission or until
the third post-operative day. RBC usage was described as
activity-indexed usage, e.g. number of RBC units as the
numerator divided by the number of patient admissions
or selected surgical procedures as the denominator. After
validation of the data extracted from each source, we
randomly selected the records for ten patients, whose
admissions, procedures and transfusions were looked
up by an independent person in the user interface of the
PAS, Lab-data and Blood Bank database. These patients'
records showed full correspondence to the data obtained
by data capture.

Patient administrative data

Standardised data extraction was performed from
the PAS (The Green System Open, CSC Scandihealth,
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Aarhus, Denmark), including registration details
of all admissions (date/hour/minute), diagnoses,
surgical procedures, different departments with care
responsibility visited during the hospital admission,
and discharge (date/hour/minute) for each personal ID.
In-hospital death was also registered (date/hour/minute;
if death occurred after admission and before discharge).
Only hospital admissions were included; psychiatric
wards, outpatient clinic and patient hotel visits were
excluded. We validated the data with respect to registration
completeness, number and distribution of admissions
and procedures, and validity of the extracted data on the
patient level. Registration completeness was checked by
comparing the percentage of registrations on the hospital
and departmental levels as a function of time until the
final deadline for registration in the PAS. This revealed a
varying delay among the wards in registration between
the time of admission and the time of registration. We
chose to use a 3-month delay when extracting PAS data,
since 97% of the registrations were complete at this
time throughout the study period. We checked that the
numbers and distribution of admissions in the wards and
the number and type of surgical procedures corresponded
to the numbers and the distribution registered by the
wards themselves. Duplicate and erroneous registrations
were very few, and were excluded.

Haemoglobin data

From the in-house biochemistry database, Lab-data
(Klinisk Biokemisk System, Rigshospitalet, Copenhagen,
Denmark), we extracted data on Hb analyses from
phlebotomies (daily routine rounds as well as acute
analyses) using the time when the Hb result was visible
to the staff'in the electronic system. Even though Hb was
sometimes measured using point of care (POC) devices,
such as Hemocue or arterial blood gas machines in
some surgical wards and intensive care units, data were
not automatically transmitted to Lab-data in 2008. We,
therefore, chose not to include POC Hb results.

Blood Bank data

From the in-hospital Blood Bank database
(Blodflodet, CSC Scandihealth, Aarhus, Denmark)
we extracted data (BB-data) on component class®, the
electronic issuing (the pickup time from the Blood Bank)
and transfusion status of all units of RBC in the hospital
in the entire study period, excluding any returned or
wasted components.

Calculation of transfusion indicators

All extracted source data were imported and further
processed using SAS 9.3.1 software (SAS Institute,
Cary, NC, USA). From PAS a table with all admissions
was created identifying admission and surgical periods,



and from the Blood Bank database we created a table
with all RBC transfusions by personal ID and by
chronology. By merging these two tables, we created
a table listing all RBC transfusions given to each
transfused patient during one admission to a department
thereby identifying admissions with RBC transfusion
and their RBC transfusion chronology.

For pre-transfusion Hb, we included all Hb values
for which the results were visible to the staff between 30
minutes and 72 hours before the electronic issuing time
of each RBC unit from the Blood Bank. We examined the
shortest possible time between seeing the Hb result and
starting the transfusion at the patient in three departments
with different distances from the Blood Bank. These
intervals were 15-30 minutes, most often 30 minutes. We
then tested the effect of different time intervals on the data
output, and found that changing time intervals to between
10-50 minutes affected the median pre-transfusion Hb
result by <5%, and settled for a 30-minute interval for the
calculation of pre-transfusion Hb. If more than one Hb
result was available the result closest to the issue time
minus 30 minutes was chosen. If more than one RBC
unit was issued after the Hb result, only the initial RBC
was used to calculate the pre-transfusion Hb, since the
source data from the Blood Bank database had revealed a
high number of two-unit RBC transfusions, which would
potentially have confounded the results. After coupling
the initial RBC to the closest Hb result, we named this
Hb result "the pre-transfusion Hb" (Figure 3).

The Hb-linked transfusion volume, i.e. the number of
RBC units transfused in the same transfusion sequence, was
calculated by merging the pre-transfusion Hb with the table

Hb1 Hb2

O @@ 6 O @

RBC1 RBC2 RBC3 RBC4

Figure 3 - Pre-transfusion Hb and Hb-linked transfusion

volume. Pre-transfusion Hb and Hb-linked
transfusion volume.
The arrow illustrates the time flow of one admission
to hospital (example). The patient receives 4 units of
RBCs in total (smaller filled circles marked RBCI1-
4) throughout the admission period. Hb is measured
twice (smaller open circles, Hbl and Hb2). There are
two pre-transfusion Hb results (bigger open circles):
Pre-transfusion Hb1=Hb1+RBC1 and pre-transfusion
Hb2=Hb2+RBC4. Hb-linked transfusion volume for
Hb1=3 units corresponding to RBC1+RBC2+RBC3.
Hb2-linked transfusion volume=1 unit corresponding to
RBC4.

of all transfusions, including the initial RBC unit and the
following RBC units up till 24 hours after the initial RBC
unit, until the next Hb result, discharge from the hospital
or death. Five medical wards (haematology, infectious
diseases, oncology, cardiology and gastroenterology)
and five surgical wards (vascular, abdominal, urological,
thoracic and orthopaedic) were selected for detailed data
presentation on a departmental level.

For hospital transfusion rates the number of
transfused admissions (nominator) was divided by the
total number of admissions (denominator). For surgical
transfusion rates, the number of a selected surgical
procedure served as the denominator and the number
of patients with this selected procedure with at least
one transfusion of RBC within 24 hours prior to and 72
hours after starting surgery, served as the nominator.
The following surgical procedures were selected: (i)
cardiac surgery: coronary artery bypass graft (CABQG),
aortic valve replacement, mitral valve replacement
and combinations; (ii) gastric surgery: liver resections
(excluding liver transplantation which always required
transfusion), oesophageal/gastric resections, and colonic
resections; (iii) urological surgery: prostatic cancer with
prostatectomy, renal cancer with nephrectomy, excision of
retroperitoneal and testicular cancer, and bladder cancer
with cystectomy; (iv) orthopaedic surgery: primary and
secondary hip replacement, primary and secondary knee
replacement, and hip fracture; and (v) vascular surgery:
acute abdominal aortic aneurysm rupture+surgery,
elective abdominal aortic aneurysm surgery, peripheral
ileo-femoral bypass, and endoscopic vascular artery
resection (EVAR).

The surgical transfusion volume was calculated as
the number of RBC units transfused within 24 hours
prior to and 72 hours after the start of surgery. Median
values and interquartile ranges are given for length of
stay in hospital, age at admission, pre-transfusion Hb
results, Hb-linked transfusion volume and transfusion
volume during the hospital admission.

Results

The identification of the study populations is
shown in the flowchart in Figure 1. The initial patient
population included 33,587 admissions by 22,073
patients. The characteristics of the patient populations
are shown in Table I for the initial patient population
and the four major subpopulations (number of specialty
wards in parenthesis): medical (n=14), surgical (n=18),
intensive care (n=2), and paediatric wards (n=7).
The most frequent type of admission was surgical
admissions, followed by medical admissions, which
together constituted 85% of all admissions. There were
more male admission days and males were older. The
median length of hospital stay per admission was
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between 1.21-2.17 days for all populations except the
intensive care units, where patients stayed for 6.29 days.

Red blood cell transfusion

In total 13,674 units of RBC were transfused to
3,346 (10%) of the initial patient population (Table II).
Medical, surgical and intensive care units consumed 92%
of the RBC units, with an almost even share of 30-31%
of all transfused RBC. The number of RBC units/1,000
admissions was 10 to 20-fold higher in the intensive care
units than in the initial patient population and in the other
subpopulations, since intensive care consumed one-third of
the blood for only 3% of the admissions. Correspondingly,
37% of the intensive care admissions were transfused,
which is more than three times higher than in the initial
patient population.

A Hb result could be identified within 72 hours prior
to transfusion for 96.7% of the total of 13,674 RBC units
transfused. Pre-transfusion Hb results were available for
99% of the RBC units transfused in medical wards and
intensive care units, 90% of those transfused in surgical
units and 93% of those transfused in paediatric wards.
The median pre-transfusion Hb for transfusion was 8.9
g/dL in the initial patient population and in the medical
subpopulation, whereas the pre-transfusion Hb was higher
in the surgical wards and intensive care units. In total 6,112
pre-transfusion Hb were identified, with a median time
between the Hb result and the initial RBC transfusion of
5 hours (interquartile range [IQR], 3-11). Extending the
time frame to 7 days prior to transfusion had no impact
on data. Only 6.5% of the pre-transfusion Hb followed
the general recommendation of transfusion at 7.3 g/dL
or lower, and 27.2% of the pre-transfusion Hb were 9.7
g/dL or higher. The distribution of pre-transfusion Hb
compared with the recommendations in the Danish
national transfusion guideline is shown in Figure 4a for
the surgical and in Figure 4b medical subpopulations
together with the chosen medical and surgical wards.
In surgical wards, 44% of the pre-transfusion Hb were
above the national guidelines, as opposed to 34% in
intensive care units and 17% in the medical wards.
Among surgical wards, vascular surgery had the highest
median pre-transfusion Hb and percentage above the upper
limit of the guideline. Among medical wards cardiology
and oncology had the highest median pre-transfusion Hb,
whereas haematology only had 7.5% pre-transfusion Hb
above the upper guideline limit. The median Hb-linked
transfusion volume was two units of RBC (IQR 1-2) in
the initial patient population, one unit (IQR 1-1) in the
medical and paediatric subpopulations, two (IQR 1-2)
in the surgical subpopulation, and two (IQR 2-3) in the
intensive care subpopulation.

Transfusion rates and surgical transfusion volumes for
the selected surgical procedures are shown in Figure 5.
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Vascular surgery had the highest surgical transfusion rates,
especially for aneurysms, followed by combined open
heart surgery. The lowest transfusion rates were seen in
EVAR, prostatic cancer and orthopaedic surgery. A median
of two RBC units were transfused per hospital admission.

Discussion

A Patient Blood Management database was
established in Rigshospitalet Copenhagen University
Hospital in 2008 to evaluate the hospital's transfusion
practice, both as a baseline before intervention and as
an ongoing data monitoring system. This was necessary
because the hospital wanted to commence a Patient
Blood Management programme in 2009 to optimise
transfusion treatment, as it was suspected that there was
an ongoing overuse of RBC transfusions. The two major
questions asked before commencing the programme
were; (i) whether recent and precise data could be
produced to show where and how blood was used within
the hospital wards, and (ii) how the RBC transfusion
practice complied with the national guideline.

In spite of arelatively restrictive national transfusion
guideline issued 10 years prior to this study, Denmark
has a history of an extensive use of RBC transfusions,
measured by the European Council?! and by DTDB'S.
When reviewing DTDB data, we found that they
were useful for determining the overall usage of RBC
units at national and hospital levels. However, when
trying to answer our major questions we found some
limitations in the data provided by the DTDB: (i) data
were reported once a year with a 1-2 year delay; (ii)
no data were provided at the departmental level; (iii)
the patient populations were of limited relevance, since
they were a list of the national top 10 most blood-using
diagnoses (e.g. pneumonia or myeloid leukaemia) and
procedures (e.g. vascular surgery), regardless of the
procedures performed in the different hospitals. This
set-up provided transfusion indicators for only 25-33%
of the RBC units used in the hospital, even though it
is the largest in Denmark. Furthermore, the patient
populations were not defined by admission to wards and
the diagnoses, pneumonia for example, could represent a
clinically variable mix of patients in many departments,
and one could speculate that pneumonia might be
associated with a variety of different major diseases,
really causing the transfusion; (iv) both diagnoses and
procedures on the top 10 list would tend to represent
cases with heavy bleeding/transfusion, however, none
of the transfusion indicators was useful for bleeding;
(v) the transfusion indicators were not consistent with
the recommendations in the national guideline for non-
bleeding patients, as there was no pre-transfusion Hb to
monitor the compliance with the pre-transfusion levels
recommended in the guideline.



Table I - Patient population characteristics.

Characteristic Number % of total
Patients Total number of patients 22,073 100
Female patients 11,679 53
Male patients 10,394 47
Admissions Total number of admissions 33,587 100
Female admissions 17,017 51
Male admissions 16,570 49
Admissions to surgical departments 16,290 49
Admissions to medical departments 11,932 36
Admissions to intensive care units 1,025 3
Admissions to paediatric departments 4,340 13
Procedures Total number of main surgical procedures* 30,190 100
Total number of surgical interventions* 15,994 100
Admission days Total number of admission days 139,827 100
Females admission days 66,879 48
Male admission days 72,948 52
Surgical admission days 60,036 43
Medical admission days 54,960 39
Intensive care unit admission days 8,183 6
Paediatric admission days 16,648 12
Median IQR
Length of stay Days per hospital admission 2.11 0.91-4.43
Days per female admission 2.10 0.86-4.21
Days per male admission 2.13 0.94-4.92
Days per surgical admission 2.17 1.02-4.29
Days per medical admission 2.10 0.93-4.41
Days per intensive care unit admission 6.29 1.94-10.18
Days per paediatric admission 1.21 0.42-3.43
Age in years at admission All admissions 45 20-63
Female admissions 39 24-62
Male admissions 51 15-64
Surgical admissions (excl. Paediatric adm) 38 23-62
Medical admissions (excl. Paediatric adm) 58 45-67
Intensive care unit admissions 60 40-69
Paediatric admissions 5 1-11

The characteristics of the initial patient population and subpopulations admitted to the hospital during the observation period of June-December 2008.
*One surgical intervention may include one or more main surgical procedures.

Table II - Pre-transfusion haemoglobin and activity-indexed usage of red blood cells in the different patient populations.

Initial patient population Surgical Medical Intensive Paediatric
(all admissions ) wards wards care units wards

Total n. of RBC units transfused (% of total) 13,674 (100.0) 4,113 (30.1)  4,265(31.2) 4,239 (31.0) 1,057 (7.7)
N. of RBC units preceded by a haemoglobin result (% of 13,227 (96.7) 3,829 (93.1) 4,244 (99.5) 4,196 (99.0) 958 (90.6)
total n. of RBC units)
Median pre-transfusion haemoglobin (IQR) 8.9 (8.2-9.7) 9.4 (8.4-11.3) 89(82-94) 9.0(8.2-10.2) 8.4(7.7-8.9)
N. of RBC units/1000 admissions 407 252 357 4136 244
N. of RBC units/1000 surgical procedures 453 174 -- -- -
N. of admissions with RBC transfusion (% of all admissions) 3,346 (10) 1,282 (8) 1,243 (10) 378 (37) 443 (10)
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Instead Hb on discharge was used as a surrogate
marker. Similar limitations have appeared in other
databases and epidemiological studies'®?%, some
of which have reported discharge Hb, with data
coverage percentages being only 27-48% of all RBC
transfusions'>?’. At Rigshospitalet the data coverage
of Hb after RBC transfusion was only 25%, and since
measuring Hb after transfusion is not recommended
in the guideline, we suspect that measuring Hb after

transfusion may be done because of ongoing bleeding
and/or because further transfusions are considered.
We, therefore, chose not to include post-transfusion
Hb in our database. In other studies the daily nadir
Hb levels have been used as a surrogate marker?. The
lack of pre-Hb results in previous databases/studies may
have been caused by technical factors such as limited
electronic data access?, however, pre-Hb monitoring
has recently been established in Western Australia'®, and
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Figure 4a - Distribution of pre-transfusion Hb in surgical wards.
The distribution of pre-transfusion Hb according to the national transfusion guideline in all surgical wards (upper

left) and five selected surgical wards.

Light grey columns: Pre-transfusion Hb <7.3 g/dL. Medium dark grey columns: 7.4-9.6 g/dL.

Black columns: >9.7 g/dL.
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Figure 4b - Distribution of pre-transfusion Hb in medical wards.
The distribution of pre-transfusion Hb according to the national transfusion guideline in all medical wards (upper

left) and in five selected medical wards.

Light grey columns: Pre-transfusion Hb <7.3 g/dL.
Medium dark grey columns: 7.4-9.6 g/dL. Black columns: >9.7 g/dL.
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Figure 5 - RBC transfusion rates and volumes in selected surgical procedures. Transfusion rates (percentage of patients
transfused) in selected surgical procedures (upper lane, filled bars).
Transfusion volume i.e. median number of transfused units of RBCs per selected surgical procedure (lower lane, open bars
showing interquartile range and median. Median is shown as a dot, if equal to upper or lower quartile). Procedures from the
left: AAA: acute abdominal aortic aneurysm, EAA: elective abdominal aortic aneurysm, P bypass: peripheral bypass. EVAR:
endovascular aortic repair. Liver: liver resection, Oes/cardia: oesophageal/cardia surgery, Colon: colonic resections, C. Prost:
prostatic cancer+resection, C. Renis: kidney cancer+nephrectomy, Tx: renal transplantation, Cyst: bladder cancer+cystectomy,
Retro: resection of retroperitoneal tumours, CABG: coronary artery bypass graft, A-valve: aortic valve replacement, M-valve:
mitral valve replacement, Comb: combined heart surgery, P-THR: primay total hip replacement, S-THR: secondary total
hip replacement, P-TKR: primary total knee replacement, S-TKR: secondary total knee replacement, H-frac: hip fracture.

our data system and data coverage of 97% are similar to
those in this model. Furthermore, the establishment of
a pre-transfusion Hb is a central issue in the PBM-02
indicator recommended in the JC-PBM measures'’.
Finally, the pre-transfusion Hb enables important feedback
to the staff on their behaviour at the time of the decision
to transfuse or not, which may be a difficult decision®,
as knowledge of the pre-Hb may help the evaluation of
whether the staff are using the recommendations regarding
pre-Hb appropriately. The patient population definitions
in our model are comparable to those used in Western
Australia'® and in the JC-PBM measures'®, even though
some minor discrepancies in data registration (e.g. in
diagnosis and procedure codes) must be expected due
to differences in the code definitions and data platforms.

Our Patient Blood Management database demonstrated
an overuse of RBC transfusions in the hospital, with
27% of the transfusion series initiated when the patient's
Hb was 9.7 g/dL or higher, and less than 7% initiated at
the restrictive Hb value of 7.3 g/dL recommended by
the guideline. This result showed a lack of compliance
with the national guideline, in contrast to the findings in
Western Australia in 2008, where 9% of the transfusions
were given to patients with Hb above 10 g/dL and more
than 18% to those with a Hb below 7 g/dL. We found a
high degree of transfusions of two units of RBC, both
within 24 hours after transfusion initiation, and also during
the hospital admission, which is similar to findings of

others'®!>. Theoretically, this could mean that in a stable
patient, the frequent "second" unit of RBC could have
been administered at even higher Hb levels. However, we
were not able to demonstrate this, as the data coverage of
post-transfusion Hbs was insufficient. Transfusion rates
were highly variable between specialties and procedures.
For example almost 45% of the transfusions in the thoracic
surgery department were initiated at the upper guideline
limit and 40% were double-unit transfusions, resulting
in a 40-60% transfusion rate in open heart surgery. This
made thoracic surgery a target for further investigation and
intervention in contrast to the haematology department,
in which 11% of all RBC units were used, but only 7.5%
were transfused at the upper guideline limit, with 74%
being single-unit transfusions. Combining ward-specific
pre-transfusion Hb and Hb-linked transfusion volume with
transfusion rates and RBC usage data provided a valuable
tool for evaluating transfusion practice within hospital
wards, linked to specific procedures. Transfusion rates
could also be used for external benchmarking. Compared
with rates in other centres, the transfusion rates for some
procedures, e.g. open heart surgery and primary hip
replacement, were relatively high®'-*3, and together with
the data on pre-transfusion Hb, suggested that intervention
in these wards might be relevant.

Our database has some limitations: using existing
hospital data in a retrospective data model, there are
some built-in limitations to the design and to the nature
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of the data. Defining the patient population is dependent
on the possibilities and limitations of the PAS, such as
the accuracy of the registration and the validity of the
coding of diagnoses and surgical procedures. The accuracy
with regards to patient identification and timing is high
because of the link between the PAS and the national
registry, regular audits of the system and our validation
steps. However we cannot exclude that some variation
may exist in the coding practices between departments.
A major limitation is the lack of clinical indications for
transfusion in our data system. Even though quality
surveillance of the documentation of informed consent
and clinical indications is in place in the hospital, this is
not electronically accessible, and the results should be
interpreted with caution. Linking a RBC transfusion to
a prior Hb level may not depict the whole picture of the
decision to transfuse. The current lack of POC Hb results
is also a limitation, since the pre-transfusion Hb in the
electronic system may have been taken pre-operatively,
whereas the actual pre-transfusion Hb may have been
done on a POC device in the operating room following
a bleeding episode. This could result in a false high pre-
transfusion Hb in the database. However POC data were
gradually registered electronically from 2009 and onwards,
and will be included in the database, as they become
available. Preliminary comparisons of recent median
pre-transfusion Hbs before and after inclusion of POC Hb
results have shown that median Hb was unaltered at the
hospital level, and that inclusion of POC Hb only affected
the median pre-transfusion Hb in intensive care units and
in a few surgical wards, the greatest difference seen in
a single ward being 0.5 g/dL. We therefore believe that
the lack of POC results will not change the fact that our
hospital had a liberal transfusion practice in 2008. Another
limitation is the lack of indicators for transfusion of the
bleeding patient. Bleeding episodes are not systematically
registered e.g. as diagnoses or procedures in the PAS, and
we were not able to identify a valid surrogate electronic
marker for bleeding and bleeding treatment. Our results
should, therefore, be interpreted with caution with regard
to bleeding episodes, since some of the transfusions
may have been given to patients with haemodynamic
instability or acute severe anaemia with clinical signs of
limited physiological compensation. However this most
probably concerns a small proportion of the transfusions,
since only 10% of the transfusion episodes resulted in a
transfusion volume exceeding three units within 24 hours
after the initial RBC transfusion. This is slightly higher
than found in the Western Australia data and may reflect
a different case mix in our hospital, but our data were
not sufficient to investigate this further within the frames
of this study. Work is ongoing to establish appropriate
markers for bleeding and bleeding treatment in the future.
Other future indicators could be pre-operative anaemia,
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use of cell-salvage and tranexamic acid. Using the hospital
data systems common to all hospitals in the area of greater
Copenhagen, this system is feasible for linking data from
other hospitals or even other countries, provided that a
single unique patient identification code can be provided
to link the data on the individual level.

Conclusion

Existing hospital data were extracted and linked
together in a Patient Blood Management database form
useful RBC indicators at both departmental and hospital
levels. Data on admissions, diagnoses and surgery were
linked to pre-transfusion Hb levels and, combined with
transfusion rates and usage data, provided a valuable tool
for comparing the hospital's transfusion practice to the
existing transfusion guideline and identifying wards in
need of intervention. The use of the unique personal ID as
a key for data linkage is a great advantage together with
the high traceability of the Blood Bank data. Limitations
were the lack of clinical context of the transfusion decision
and the lack of POC data. We demonstrated an excessive
use of RBC transfusion in Rigshospitalet, reflecting a lack
of compliance with national transfusion guidelines. The
Patient Blood Management database served as a baseline
measurement, as well as a tool for ongoing monitoring,
and was very useful for reporting quarterly to the staff in
the hospital departments as well as to hospital managers.
The data model is similar to that in the Western Australia
system'® and used the patient population definitions and the
pre-transfusion Hb measurement criterion recommended
by the Joint Commission® and does, therefore, have the
potential to be used for national or international bench-
marking. This model dataset in our pilot hospital may
also serve as a basis for expanding the data model to other
hospitals in the region, and further inclusion of patient
blood management indicators will be pursued.
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