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both have more than 700 beds, and are teaching hospitals.
Targets of audits were consecutive patients who received
RBC or platelet transfusions during hospitalization and
were discharged from the hospitals between July 2006 and
September 2006. These patients were identified from the
database, as well as from lists of patients transfused at the
hospitals. Five of the authors (M.S, Y.I, T.S, H.S and K.Y)
participated in the chart review. Through reviews of medi-
cal records, reviewers identified conditions (clinical course,
findings of physical examinations and laboratory tests} in
which a blood product was used. From the information
collected, we attempted to determine the appropriateness of
blood product use. Appropriateness was judged based on
the ‘Guidelines for blood transfusions’ developed by the
ad-hoc group of the Japanese Ministry of Health, Labor,
and Welfare [17]. The Japanese guidelines were developed
based on international guidelines and other national guide-
lines [2,18-21], and its recommendations are substantially
similar to those of other guidelines. We also checked the
accuracy of administrative claim data on timing, amount
and type of blood product used. Some patients (e.g., those
with haematopoietic diseases or chronic anaemia) received
more than one blood transfusion during their hospitaliza-
tion. For these cases, we reviewed the first episode of trans-
fusion and judged the appropriateness of the transfusion
decision. Differences in judgment were discussed among
reviewers and one external expert until a final agreement
on appropriateness was reached. The authors fed back
results of the audits to chiefs of transfusion committees of
each hospital, and obtained their consent.

Through audits at the two hospitals, we identified dlag—
noses, surgical procedures and comorbidities underlying
the use of RBC and platelet transfusions. Using the ICD-10
code and surgical procedure classification:code from. the
Ministry of Health and Welfare in Japan, 2006), we sur-
veyed the frequency of these risk factors in the database, as
well as proportions of transfused patlents among patients
with each risk factor. ~

Logistic regression model to predlct proportions of
transfused patients at hospitals

Using DPC data of 587 045 cases.provided by 73 acute-care
hospitals, we developed a multipie logistic regression model
to predict proportions of transfused patients at each hospi-
tal. In this model, the dependent variable, the occurrence of
blood transfusion during hospitalization, was defined as a
binary variable. Each case received at least one blood trans-
fusion during hospitalization was classified as ‘1; Used’.
Each case that did not receive any blood transfusions
during hospitalization was classified as ‘0; Not used'. Indep-
endent variables included risk factors, which either were
identified through chart reviews at the two hospitals or

© 2009 The Author(s)

were reported in previous studies to be associated with the
risk of transfusion [14-16,22]. Performance of the logistic
regression model was assessed by calculating the area under
the receiver operating characteristic (ROC) curve. The area
under a ROC curve relating relative proportions of correctly
and incorrectly classified predictions over a wide and con-
tinuous range of threshold levels can measure discrimina-
tion capacity of the prediction rule: [23,24} Using the
regression model, we calculated expected proportions of
patients transfused at each hospital. By comparing observed
(0) and expected (E) values, we calculated O/E ratios.

Case-mix adjusted model to predict total units of
blood products transfused from the distribution of
diagnostic groups at hospitals

The second model utilized: the distribution of diagnostic
groups to predict the total units of RBCs or platelets trans-
fused at each hospital. In this model, we calculated the
mean units:of blood products used per case for each diag-
nostic group (defined by the first 10 digits, representing
disease tode + surgical code), and used these mean values
as expected values for RBC or platelet use in that diagnostic
group. All _cases in each group were used to calculate
means. Mean units used per case in the ith group can be
represented by (4}, the number of cases belonging to that
group can be represented by MJ), and the total number of
diagnostic groups can be represented by W. Thus, the
expected total units of blood product used in the hospital
can be described by the following formula:

W
Z{Q(l x N(i

From the distribution of diagnostic groups in each hospi-
tal, we estimated total units of RBCs or platelets used at the
hospital. By comparing expected and observed values, we
calculated O/E ratios for total units transfused at each hos-
pital. Predictive ability of this model was assessed by the
correlation coefficient, 7. Moreover, we compared results of
the retrospective audit with O/E ratios. To assess case-mix
adjusted blood product use, expected total RBC or platelet
use was compared with observed values to obtain observed
to expected ratios (O/E ratios) at each hospital. We used
SPSS {Version 11, SPSS Inc.) for all statistical analyses.

Results

Risk factors of blood transfusion

Table 1 shows characteristics of the hospitals in Japan that
were studied, as well as the frequency and amount of RBC
products and concentrated platelets transfused at the
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Table 1 Characteristics of 73 studied hospitals and the distribution of
blood products use in each hospital

Percentile
Factor Range 25%  50%  75%
No of bed 43-1106 239 350 530
No of hospitalization (month) 93-2468 361 559 953
Mean length of stay {days) 9-6-41-0 132 152 182

01-8-8% 34 45 52
0-8-22'6 52 75 10-1

Hospital mortality rate {th)
No of patients with RBC
transfusion (100 beds/month)

No of patients with PLT 0-61 0-65 12 2:4
transfusion (100 beds/month)

All RBC units transfused 2:7-2286 333 502 737
(Units/100 beds/month)

All PLT units transfused 0-499-3 191 457 1200

(Units/100 beds/month)

RBC, red blood cell; PLT, platelet.

hospitals. Of the 587 045 cases targeted, 33 155 (5'7%})
patients received RBC transfusions, and 7065 (1-2%]
patients received platelet transfusions. Frequency of blood
transfusion and number of units transfused per patient-bed
varied greatly between hospitals. Based on retrospective
audits at two hospitals (Hospitals A and B), Table 2

summarizes underlying conditions for use of RBC and
platelet transfusions, as well as appropriateness of blood
transfusions at each hospital.

From the retrospective audit, we identified patient char-
acteristics, diagnoses and surgical procedures potentially
associated with risk of blood transfusion. Table 3 shows the
distribution of these potential risk factors in 587 045 cases
in the database, as well as the probability. of receiving > 1
transfusion during hospitalization .of the population with
each risk factor. Cases with the risk were identified using
the disease classification (ICD-10).code and surgery classifi-
cation code (from the fee schedule system for medical reim-
bursement by the Ministry of Health and Welfare, Japan).
Factors with the greatest risk for RBC transfusion included
cardiovascular surgeries, haematopoietic malignancies,
aplastic anaemia and myelodysplastic syndrome (MDS).
Factors with the greatest: risk for platelet transfusion
included blood diseases such as acute leukaemia, aplastic
anaemia and MDS, as well as cardiovascular surgery.

Logistic regression models predicting proportions
of patients with transfusions

Table 4 shows risk factors for RBC and platelet transfusions
and coefficients and odds ratios (ORs: 95% confidence
intervals) of multiple logistic regression analyses. Greatest

Table 2 Underlying conditions of transfusion

Underlying condition Hospital A Hospital B i
and proportions of appropriate transfusion
Appropriate Appropriate
n %  transfusion "% n % transfusion %

RBC transfusion -

Acute bleeding 52 20 43 83 43 16 33 77

Perioperative . ;

Cardiovascular surgery 39 15, 24 62 35 13 25 7
Others 55 2 30 55 50 19 33 66

Chronic anaemia

Haematopoietic malignancies/ 362 14 = 26 - 74 67 25 60 90
disorders "
Others 52 20 40 77 47 18 42 89

Chronic bleeding 24 .9 23 96 24 9 23 96
All : 257 ...100 186 72 266 100 216 81

Platelet transfusion .

Haematopoiefic malignancies/ 30 38 4 13 51 59 40 78

disorders
Cancer . 1 14 9 82 8 9 4 50

Surgery )

Cardiovascular surgery 23 29 4 17 12 14 10 83
Others ‘ 5 6 3 60 4 5 0 0
Others . 0 13 3 3 12 14 2 17
Ali ) 79 100 23 29 87 100 56 64

Gl indicates gastrointestinal; MDS. Myelodysplastic syndrome; RBC, red blood cell.

© 2009 The Author(s)
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Table 3 Prevalence of risk factors of transfusion and proportions of
patients transfused during hospitalization

Proportion of patients
Prevalence with transfusion

RBC PLT
{1000 transfusion transfusion

Factor n admissions) (%) (9%0)
Age

20-64 259588 4422 35 10

65-79 220247 3752 65 15

80+ 107210 1826 90 11
Blood disorders

Acute leukaemia 1986 34 59 60

Chronic leukaemia 476 08 28 16

Malignant lymphoma 1625 28 36 17

Multiple myeloma 6032 103 14 "

Aplastic anaemia 940 16 58 34

MDS 1476 25 63 37

DIC 4372 74 43 26
Cancer*

Without 93103 1586 83 08

chemotherapy

With chemotherapy 42088 717 47 10
Surgery

Cardiovascular

surgery

Without CPB 2205 38 50 18

With CPB 2629 45 73 43
Hip fracture surgery 7457 127 28 09

Severe trauma

Obstetric bleeding 823 14 10 1:5

Gl bleeding 19808 337 34 25

Chronic renal failure 24691 4241 17 21

Gl, gastrointestinal; DIC, disseminated intravascular coagulation; CPB,
cardiopulmonary bypass; MDS. Myelodysplastic syndrome; RBC, red blood
cell.

risk factors for RBC transfusion were cardiovascular surgery
with cardiopulmonary bypass (CPB) (OR = 106-9), followed
by acute leukaemia (OR = 46:9), MDS (OR = 39-2), cardio-
vascular surgery without CPB {OR = 35:0), gastrointestinal
haemorrhage (OR = 13:2), and hip fracture surgery
(OR = 11-0). Risk of RBC transfusion increased with patient
age.

Greatest risk factors for platelet transfusion were acute
leukaemia (OR =:310) and cardiovascular surgery with CPB
(OR = 185), followed by MDS (OR = 78-9), cardiovascular
surgery without CPB (OR = 46-5), disseminated intravascular
coagulation (DIC): (OR = 432}, multiple myeloma
(OR = 39'5}) and aplastic anaemia (OR = 33:6). No associa-
tion was observed between patient age and risk of platelet
transfusion.

© 2009 The Author(s)

These logistic regression models showed good prediction
performances. Areas under ROC curves for proportions of
patients with RBC transfusions and platelet transfusions
were 0-83 and 0-90, respectively.

Case-mix adjusted models predicting total units of
blood products used

Figure 1 shows expected vs. observed use of RBCs and
platelets at each hospital. The goodness-of-fit of this model,
assessed using 7* for linear regression, was 0:88 for RBC use
and 0-57 for platelet use. Therefore; use of blood products
at each hospital was successfully predicted by the case-mix
adjusted model.

Table 5 compares results of the medical chart review
(percentage of appropriateness) and O/E ratios calculated
using the two prediction models. In general, proportions of
appropriate transfusions were higher for RBC than for
platelet transfusions. Also, Hospital B showed better
performance in terms of appropriate transfusions than did
Hospital :A. Both models successfully assessed the propor-
tion of appropriate transfusions.

Discussion

Due to_critical situations and complex clinical conditions
underlying the use of blood products, it is often difficult for
physicians to make appropriate decisions about blood
transfusions. Surveys of blood product usage for specific
diagnoses have demonstrated wide variation in comparable
patients at different institutions [8,26-29]. Some studies
have shown that a system approach is effective for improv-
ing transfusion practices. System approaches include
implementation of institutional guidelines, education,
prospective audits and approval of transfusion orders [12].
Of these approaches, ‘clinical audits’ with feedback can
effectively decrease the amount of blood product used [28-
35]. However, these effects on blood product use are often
temporary, and continuous efforts are required for mainte-
nance of good transfusion practices [30,36]. Moreover,
audits require considerable labour and cost. Therefore, it is
difficult to implement audits for routine and continuous
evaluations. If another method were available for routine
evaluations, then it would contribute greatly to comparison
of transfusion performance between hospitals and resultant
improvement in transfusion practices at hospitals.

We proposed methods which utilizing administrative data
to evaluate hospital-wide use of blood products in Japan.
Few studies have employed administrative data to perform
such comparisons. Comparison of blood usage across hospi-
tals usually is difficult given that risks of transfusion differ
between patients and between hospitals. On the contrary,
some studies have demonstrated that a patient classification
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Table 4 Logistic regression models for predict-

RBC PLT ing transfusion of red blood cell and platelet
Regression  Odds Regression  Odds

Factor coefficient ratio 95% ClI coefficient ratio 95%Cl
Age*

65-74 040 15 1-4-1-5 on 11 1-0-12

80+ 075 21 2:1-22 -0:06 09 0:9-10
Female ~012 089 0-86~0-91 006 11 1-0-11
Haematopoietic disorders

Acute leukaemia 385 469 424-51-8 574 310 278-346

Chronic leukaemia 2:33 103 81-12:9 3:26 262 192-356

Aplastic anaemia 312 227 19-4-26:6 3:52 336 273-414

Multiple myeloma 2:84 17-2 154-19-2 368 395  33-8-461

Malignant lymphoma 151 45 41-4-9 310 22:2  20:0-247

MDS 367 392 34:9-44-1 437 789 686-907

DIC 2:44 14 10:6-12-3 377 432 393-475

Obstetric bleeding 1-82 62 49-7-8 099 27 1-4-50

Severe trauma 2'65 141 12-166 2-:08 80 59-11
Cardiovascular surgery

Without CPB 356 350 32:0-383 384 46'5 40-8-529

With CPB 4-67 106-9 97:7-117 522 185 169-203
Malignant tumour

Without chemotherapy 093 25 2:5-26 032 14 13-15

With chemotherapy 066 19 1-8-2 0-81 227 :2:0-2'5
Gl bieeding 258 132 12:8-13-7

Hip fracture surgery 2:40 10 10-4-11-6

Chronic renal failure 159 490  47-51

Liver cirrhosis 125 35  30-40

Constant -410 -578

Gl, gastrointestinal; DIC, disseminated intravascular coagulation; CPB, cardiopulmonary bypass; MDS.
Myelodysplastic syndrome; RBC, red blood cell 95% Cl, 95% confidence intervals for odds ratios.

system such as DRG can provide a means for:inter-institu-
tional benchmarking and cost comparison [14-16;37]. DRG
is widely used for healthcare payments and analyses of hospi-
tal activities. The basic concept underlying the employment
of DRG for reimbursement is that ‘treatments for similar
patients consume a similar degree of medical resources’.
Therefore, patients within the sam¢:DRG are considered to
have similar resource (e.g., blood product) utilization.

(a) Total units use of RBCs
25 000
*
20000 | y =0-99x + 210
=088
o
3 L
¢ 15000
2
O 10000
5000

10000 15000 20000 25000
Expected

¢ 5000

By the use of a patient classification system and identifi-
cation of risk factors of transfusion, we can properly com-
pare blood product use between different healthcare
providers. Furthermore, such a method should be useful for
identifying providers with extremely high levels of blood
product use. If a simple risk adjustment model could be
developed by analyzing large healthcare databases repre-
senting information obtainable with little labour and at low

(b) Total units use of platelet
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Fig. 1 The multiple linear regression model to predict total unit use of RBCs and platelets transfused at each hospital
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Table 5 Results of the medical chart review {percentage of appropriateness) and O/E ratios calculated using the two prediction models

Red blood cell Platelet
% of % of
Patient Hospital  appropriateness  O/E (Model 1) 0/E (Model 2) appropriateness  O/E (Model 1) 0/E (Model 2)
Overali A 72 1:09 (1:02-1-18) 111 (1-05-116) 35 1-54 (1-34-1-81) 1-60 (1-41-1-83}
B 81 0-93 (0-89-0-93) 078 (0-75-0-81) 64 113 (1:03-1-25) 078 (0-75-0-89)
Haematopoietic A Al 1:35 (111-1-72) 1-61 {1-40-1-90) 25 1-50 (1-19-2-00) 2:30 (1-91-2-89)
malignancy B 9N 109 (0-97-1-25) 0-90 (0-82-0-99) 78 117 (1:02-1-36) 0-78 (0:75-0-89)
Cardiovascular A 62 1-25 {1-08-1-48) 1-73 {1-52-2-01) 17 176 (1-35-2'53} 123 (1-04-1-52)
surgery B Yl 0-96 (0-88-1-05) 0-86 (0:79-093) 83 0-99 (0-85-118) 0-95 (0-86-1-06)

cost, it would be possible to evaluate the frequency of blood
product use by various healthcare providers. It should be
noted, however, that such a method is not designed to
replace the detailed analyses conducted by auditing com-
mittees. Instead of pinpoint evaluations on blood product
utilization at the patient level, the purpose of our method is
to provide continuous surveillance and routine general
evaluations on a larger scale that allows for multi-institu-
tional comparisons with a satisfactory level of accuracy.
We selected two indicators to evaluate hospital-wide use
of blood products in Japan: (i) proportion of patients that
received a blood transfusion and (ii} total amount {number
of units) of blood products used. These are typical indica-
tors used for assessment of hospital-level blood usage
[9,16,25,26]. We developed two regression models to calcu-

late risk-adjusted blood use. A logistic regression model™

was used to predict the percentage of transfused patientsin
each hospital. A multiple linear regression model was used
to predict hospital-wide total units of RBCs: or platelets
transfused. ; .

With a limited number of variables, the logistic regres-
sion model could effectively predict proportions of patients
that received a blood transfusion. Our predictive model
consisted of 19 variables that were easily collected from
healthcare data in Japan. In the database of approximately
587 000 cases used for the study, the amount of blood
products used for patients with any of these risk factors
represented 80-90% of the total amount of blood products
used. The multiple linear regression model used distribution
of diagnostic groups to predict total unit use of RBCs and
platelets transfused at each hospital. Although both models
showed good prediction abilities, the logistic regression
model better predicted:RBC use than platelet use. Also, the
multiple linear regression model better predicted RBC use
than platelet use (Fig. 1):

The following issues should be noted when evaluating
blood product use with O/E ratios. First, the mean value of
the group is used as the reference value (expected value)
when performing evaluations with O/E ratios, thus the

© 2009 The Author(s)

evaluation is relative, For instance, if blood product use in
the entire group is excessive, there is a possibility that the
O/E ratio will be <1 in hospitals with high blood product
use. Second, when O/E ratios are low, it is difficult to
distinguish whether. this is a result of appropriate blood
product use, or under use. However, with blood transfu-
sions, over use and.misuse of blood product have been
more of a problem than under use. Thus, when use is higher
than average, there is a high likelihood that there has been
inappropriate blood product use. On the contrary, when use
is lower than average, there is a possibility that the health-
care provider is transfusing the bare minimum required.

Actually, O/E ratios calculated by use of the two models
were very relevant to proportions of appropriate blood use
(Table 5). Larger O/E ratios were associated with a smaller
proportion of appropriate transfusions as judged by medi-
cal chart reviews. No particular difference was seen
between the O/E ratio for proportion of patients receiving
transfusions and that for the total amount (number of units}
of RBC use. Both methods were considered to have success-
fully evaluated appropriate blood use.

Based on these findings, we conclude that the assessment
of blood product use employing O/E ratios can be used, not
only as an index for valid and appropriate transfusions but
also as an index for blood product use that takes patient
risk into consideration. Additionally, our research strongly
indicates that valid comparisons may be made across hos-
pitals in Japan.

Evaluation of blood product use at the hospital level is
important in several ways. Wide variation in blood product
use exists among hospitals. By comparing blood product
use in different hospitals, risk-adjusted assessment of blood
product use has the potential to contribute towards appro-
priate use of blood products {7,10,25]. Because of the
labour and cost involved in gathering data on blood prod-
uct use, however, almost no previous attempts had been
made to collect and analyse data from many hospitals in
Japan. DPC data are advantageous, as it gathers into a
unified format the clinical information and data on
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treatment procedures for all hospitalized patients. There-
fore, it is possible to use a shared assessment standard to
compare conditions for blood product use between hospi-
tals, and to engage in discussion about clinical standards.
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