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ABSTRACT

Background Obstetric hemorrhages are a frequent cause of maternal death all over the world, but are
administrative databases could be used for this purpose, but data quality needs to be assesked.

Objectives Using blood transfusion data recorded in administrative databases to estimate the frequend

Research design A population-based study.

Subjects Validation sub-sample: all mothers who gave birth in a French region in 2006-07
who gave birth in France in 2006-07 {1629 537 pregnancies),

Methed Linkage and comparison of administrative data on blood transfusions with data from the Fren
based on this validation, the construction of a multivariable regression model to correct the|number of ¢

received a transfusion in the national administrative database.

Results The blood transfusion rate observed in the gold standard was 7.12%.. The sensitivity of the ad
66.3% and the positive predictive value at 91.3%. The estimated total number of pregnantlwomen wh

in 200607 was 10 941 (6.7 1%o).
Conclusions The administrative data, available in most countries, can be used to estimate

Keywords anonymization, blood cells unit, database, evaluation, linkage, maternal morbid
transfusion
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births},'7 ? which is quite low in these countries, around 10/
100 000" with only ~27% of deaths indirectly related to
the pregnancy.™'* However, there are few nationwide studies
of severe acute maternal morbidities,"? and most are based
on retrospective surveys," ~'® prather than on prospective
studies."” Monitoring severe acute maternal morbidites thus
appears to be an innovative and effective way to assess the
quality of maternal health care.

Major obstetric hemorrhage (MOH]) is one of the most
frequent causes of maternal morbidity worldwide.” Whereas
there is no general consensus regarding the standard defin-
ition of major hemorrhages, there appears to be some agree-
ment regarding the way MOH can be assessed in clinical
practice: for example, the Healthcare Commission of the
UK defined ‘significant’ blood loss as >1000 ml and
‘major’ blood loss as >2500 ml, in its recent review of ma-
ternity services in England and Wales.” However, it should
be noted that blood loss, and in particular maternal blood
loss, is notoriously difficult to quantfy and tends to be mis-
estimated,”! Accordingly, it is commonly admitted that
hemorrhages could be much better defined by a fall in
hemoglobin or a need for blood transfusion,® with hemor-
rhages said to be ‘major’ if the amount of blood needed to
be transfused exceeds a certain threshold. ™ This is why the
Scottish Confidential Audit of Severe Maternal Morbidity
(SCASMM) considered MOH to be defined by a blood loss
>2500 ml (definition of its Healthcare Commission) or a
transfusion of 5 or more units of blood.** The French
National Authority for Health (HAS) has concluded that
MOIT can be defined by any of the following criteria: (i) a
blood loss >1500 ml, (ii) a hemoglobin loss >4 g/dl or (1)
the dispensation of at least 4 units of blood. Therefore, in
this study, we operationally defined MOH as cases where 4
or more units of blood were transfused. Although this lack
of a uniformly accepted definition could make it more diffi-
cult to compare data from different countries, it does not
affect the importance or accuracy of MOH monitoring
within a single country.

Almost all Trench women (99.5%) are hospitalized for
childbirth,>*¢ and each facility is legally obliged to produce
a discharge abstract for each hospital stay. All of these
abstracts are included in a national administrative database.
Moreover, in France, healtheare expenditure is directly paid
to the facilities by the national Social Security Bureau, which
relies on these administrative data to calculate expenditure.
Therefore, the French administrative  database implicitly
covers the entire French population, including all age
groups. This feature is very rare in other countrics. In add-
idon, the quality of national administrative data is regularly
monitored.

Here, we aimed to|determine whether the national admin-
istrative data could b used to estimate the incidence of post
partum hemorrhage ar the national level. To validate the ad-
ministrative data conderning transfusions, we compared them
with a comprehensiye database, managed by the national
French Blood  wransfusion Service (FBS). Although  the
linkage of individual mothers™ records between the national
administrative databage and the FBS database could be an ef-
fective way to assess the incidence of hemorrhages, it was not
feasible because all of the administrative discharge abstracts
are rendered anonymous before being transmitted to the na-
tional databasc. To overcome this difficulty, we relied on the
regional database rug by the Burgundy Perinatal Network
(BPN). Indeed, the perinatal database not only contains data
collected from hospithls using the same abstracts as the na-
tional database, but also offers the benefit of being linkable
with the FBS databasd. By linking the BPN and FBS data, we
aimed to assess the a¢euracy of discharge abstracts using the
FFBS database as the ['gold standard’. We then developed a
statistical method to dorrect the inaccurate number of trans-
fusions recorded in thi: national administrative data

Data sources

The FBS database
In France, the FBS is [the single manager of blood collection
and distribution. Thi§ service acts in compliance with the
European directive” that sets standards of quality and safety
for the collection, testihg, processing, storage and distribution
of human blood and Blood components. Tt can be compared
with the blood services or centers of other countries thar are
also involved in blood management.”® This national institu-
tion runs a highly reliable and exhaustive database, and it can
be safely assumed not only that all blood wansfusions are
recorded in the FBS rdgistry, but also that only those patents
who actually received [transfusions are included. Because of
this completeness and|accuracy, the FBS data could be con-
sidered a ‘gold standard’. Accordingly, in this study, we
scarched the Burgundy scetion of the FBS database to obtain
the date of dispensatign, the type of blood products (plate-
lets, red blood eells or [fresh frozen plasma), the first and last
names and date of birth of cach woman (pregnant or not} in
Burgundy who received a transfusion, as well the name of the
hospital where the tranffusion was given.

The national administrative database

Inspired by the Medicare DRG system, the gathering of na-
tional administrative hdalth data was established in France in
1991(Act of 31 July [1991 on the hospital reform), and
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extended in 1997 to all healtheare facilities (Order of 22 July
1996 on the collection and processing of medical data).
Initially designed to analyze the hospital activity and to con-
tribute to the elaboration of strategic healthcare plans, it has
become an instrument for financial management. Since
2008, each hospital’s budget has depended on the medical
activity recorded in a specific program that compiles dis-
charge abstracts related to all admissions (Social Seccurity
Financing Act for 2008),

The information in these abstracts covers both medical
and administrative data, but the latter are rendered anonym-
ous, making it impossible to use the social security number
for linkage. ‘This is not usually the case in Medicare data
based studies.?’ Diagnoses identified during the hospital stay
are coded according to the 10th edition of the International
Classification of Diseases. Each facility produces its own an-
onymous standardized data, which are then compiled at the
national level.

Although DRG systems are widely used in the world,”
the French administrative database offers the ateractiveness
of being highly exhaustive as it covers the entirc population
of the country. The fact that these national data are used for
the allocation of hospital budgets should encourage im-
provement in data quality in terms of coherence, accuracy
and exhaustiveness. However, the quality and validity of
some health-related data, inclhuding those regarding blood
transfusions, are unknown, and poor accuracy of coding is a
frequent limitation of administrative health data.®! For our
purposes, the quality of these data needed to be assessed.

The BPN database

This network was created in 1992 to improve the quality of
perinatal care in Burgundy, a French region with 1 800 000
inhabitants and ~18 500 births annu:ﬂl}-'.?'3 Since 2001, all of
the perinatal care departments in Burgundy have been
involved in the BPN, providing data on 100% of the births
in the entire region. The BPN regularly collects data (an-
onymous abstracts) produced by the hospitals for the na-
tional administrative database for all pregnant women from
22 weeks of amenorrhea onwards and for all newborns,
A small amount of supplementary information is specifically
collected by the BPN, such as the gestational age and the
delivery date (both of which are now available in the admin-
istrative data but were not recorded at the time of the
study). Therefore, as the BPN data and the national admin-
istrative data come from the same source, assessing the
quality of the BPN data can be considered the same as
assessing the quality of the national administrative data con-
cerning pregnant women in Burgundy.

For the present study, we selected all births that occurred
in Burgundy| between 1 January 2006 and 31 December
2007 and werg recorded in the BPN database.

Methods

Validation study: assessment of hemorrhage
identification at the regional level

In the administrative data (BPN and national administrative
database), thef notion of ‘pregnant woman’ is not recorded
systematically. | Indeed, pregnancy itself does not correspond
to a specific (liagnosis with a specific code. Of course, all
patients included in the BPN database are pregnant, but this
limitation has|to be taken into account when the national
database, whidh covers the entire French population, is ana-
lyzed. Unlike the pregnancy, the delivery is recorded in the
administrative data. We thus had to retrieve the discharge ab-
stract related tp the hospital stay for childbirth (birth-related
stay’) to identify pregnant women [International Classification
of Diseases (IC1D)-10 codes: 737, O80 to 0O84].

Another isspe, specific to the administrative data, is that a
single record cprresponds to a single uninterrupted period of
stay in a partcplar hospital. Therefore, in the case of a patient
who was transferred from one hospital to a nother, each insti-
tution will profuce its own discharge abstract. For the same
reason, if a sipgle pregnant woman was first admitted for
hemorrhage then discharged home, and finally re-admitted to
the same facility for childbirth, the hemorrhage and the birth
will be recorded in two different discharge abstracts. To over-
come this difficulty, we linked the abstract retdeved for the
birth-related stay with all discharge abstracts for the same
patient within the 9 months before childbirth. By doing so,
we were able o identify all the relevant pregnancy-related
abstracts in order to minimize information loss.

Data anonymjzation

In accordance |with European™ and French law, both the
FBS and BPN|data have to be rendered anonymous. As the
anonymization \method routinely used for the BPN data was
developed tcam  (ANONYMAT
Software), for the specific purpose of this study, we
were able to apply the same method to the FBS data. This
allowed us to link the BPN and the FBS databases at the in-
dividual patien level. ANONYMAT was approved by the
French data protection commission for data management in
the BPN in gdneral, and specifically for the current study.
Its  rechnology s Standard  Hash
3% lwhich ensures irreversible transformation of
independent fig]ds.
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Data linkage

To link the BPN with the FBS data, we used the method
proposed by Jaro™ to take into account identification vari-
ables, such as maiden names, first names and dates of birth.
Technically, there is no difference berween using  original
nominative data or hash-coded data for record linkage, as
the correspondence between these data is almost one to one
(i.c. low collision rate).

Validation

Figure 1 shows the general flow chart of calculations result-
ing from comparisons of the BPN and TBS data. False
negatives (FN) were defined as BPN abstracts that did not
mention a transfusion but for which the FBS database did
indicate a transfusion. Conversely, cases where transfusions
were recorded in the BPN abstracts, but not in the FBS
database, were considered false positives (FP). Once identi-
fied, FN and FP were analyzed in detail to determine the
causes of the inaccuracy. Regarding the FP as no informa-
tion on these patents was provided by the FBS, we had to
rely on medical files, whenever possible, in order to under-
stand the reasons for these errors. For FN, we investigated

BPN

35 799 deliveries in Burgundy

Data Linkage f

35 544 deliveries in BPN 255 deliveries in BPN
without transfusion recorded with transfusion recorded in

FBS

9 736 women with
transfusion in Burgundy

in FBS database FBS database
35528 16 169 86
BPN — BPN + BFN + BPHN -
FBS- FBS- FBS + FBS +
True False True False
negatives positives positives | _negatives

Fig. 1 A flow chart of the linkage of FBS and BPN databases (birth-related
stay). BPN+/—, transfusion recorded/mot recorded in the BPN database;
FBS+/~,: transfusion recorded/not recorded in the FBS database.

the available FBS data to understand why these transfusions
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described in the ‘validation study’ sub-secton, to correct the
number of transfused women recorded at the national level
for the less-than-perfect sensitivity and specificity. In a more
simplistic approach, the observed number could merely be
corrected for the FN and FP rates as estimated from the
Burgundy data. However, such an approach would impose a
strong assumption that the frequencies of both types of
errors at the national level were identical to those estimated
in a single region. In contrast, we expected that the quality
of the administrative data would vary systematically with the
characteristics of both the women and the health facility,
and that these characteristics would, in turn, vary across the
regions. Thus, we decided to develop two muldvariable re-
gression models that linked the relevant characteristics with
the probability of an FN or an FP In both models, we ini-
tally included as the independent variables @) a prior
sclected clinical severity criteria (mother’s age, length of
stay and level of the maternity unit), (ii) « priori selected geo-
graphical and socio-cconomic factors [geographic area and
hospital status (private or public)] and (jii) variables identi-
fied by our preliminary validation study (see section
Validation; delivery through a Cesarean section, hemostasis,
a hemorrhage-related diagnosis and an ancmia-related diag-
nosis). Only the variables found to have statistically signifi-
cant independent effects were then included in the two
separate “final’ multivariable logistic regression models,
These models were then used to estimate how the respective
probabilities of an FN and an FP depended on the relevant
woman’s characteristics recorded in the national database.

Each model was estimated using data on a relevant
subset of women in the BPN data set, for whom the ‘true’
transtusion status was known from the FBS, Specifically, the
model for FN was estimated using all births with no trans-
fusion recorded in the BPN database. The binary outcome
in that model identified the ‘FN’ subjects. The estimated
model was then applied to all births with no transfusion
coded in the national database. Specifically, for each of these
births, we caleulated the estimated probability that a given
woman actually had a transfusion, as a functon of the
values of the aforementioned covariates for that woman.
The total number of transfusions missed by the national
database (i.e. the expected number of FN") was estimated
by summing up all of the resulting individual probabilities,
Notice that the procedure proposed above takes into
account the possibility that the distribution of covariates
associated with the probability of a woman having a transfu-
sion may differ between the regional and the national
databases.

The variance of the estimated total number of FN
depends on the variance and the covariance of the

regression cogfficients of the logistic model used to esti-
mate the probabilities of FN results. Therefore, the 95%
confidence interval (CI) for the total number of FN was
estimated bas¢d on 500 |simulations. In each simulation, the
entre vector of logistic regression coefficients was random-
ly sampled ffom the multivariate normal distribution, in
which both the mean values and the variance—covariance
matrix corresponded 0 the estimates from the original
model. For each simulation, the probability that a woman
who had a tfansfusion |but was recorded as ‘negative’ in
the national Hatabase was re-calculated using the corre-
sponding, randomly sampled, vector of regression coeffi-
cients, and the resulting estimate of the total number of
FN was obtaihed as thel sum of these probabilities. Finally,
the 95% CI for the total number of FN was obtained as
the interval between the 2.5th and the 97.5th percentiles
of the distribution of the 500 estimates, each corresponding
to one simulation.

The same procedure was used to estimate the number of
‘FP” in the natonal database. However, in some situations,
the number off FP actually observed at the regional level was
considered insufficient for multivariable logistic regression
modeling, In such situations, the cstimated number at the
national level was calculated by simply applying the percent-
age of FP obgerved in the regional database to all women
identified as ‘ppsitive’ in the national database.

The total nymber of transfusions at the national level was
estimated by (i} summing the number of transfusions coded
in the natongl database and (if) adding the estimated
number of FN (transfusipns missed) and then (iif) subtract-
ing the estimated number of FB computed as described
above. The 95% CI for the estimated total number of trans-
fusions was olyained by lcombining the estimated variances
of the three camponents|of the estimate: (i) the number of
uansfusions acually recorded in the national database, and
the estimated qumbers of (i) FN and (iii) FP. The variance
of component| (i) was estimated through simulations, as
explained above. The vatiance of component (iif) was esti-
mated by the convcmiojlal method. The SAS macro that
implements thi above procedure is available on request
from the first author.

Results

Results of the validation study

Frequency of transfusions

The FBS dataliase recorded a total of 9736 women (preg-
nant or not) who received transfusions in 2006 and 2007, in
Burgundy.
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The BPN database idendfied 35799 births duting 2006
and 2007, in a total of 35 123 pregnant women. In the cor-
responding discharge abstracts, we idendfied a total of 195
transfusions, including 185 that occurred during the birch-
related hospitalizaton.

Results of data linkage

The linkage identified 255 transfusions recorded in the FBS
database, in a total of 35799 births, recorded in the BPN
database, which represents a 7.12%o0 blood transfusion rate.
As expected, there were no statistically or clinically signifi-
cant differences between the number of transfusions
recorded in 2006 and 2007 (data not shown),

Table 1 shows the results of analyses conducted on
abstracts for birth-related stays recorded in the BPN dara-
base, regardless of the quantity of blood delivered. The sen-
sitivity was estimated at 66.3% (60.5-72.1) and the positive
predictive value (PPV) at 91.3% (87.3-95.4), with 72.8%
(65.7-79.9) of sensitivity and 95.6% of (91.9-99.4) PPV
for carly hemorrhages. Based on the *“MOI cases’ identified
in the FBS database, we were able to estimate the frequency
of transfusions during which at least 4 units of red blood
cells were delivered: the result of these calculations was a
2.3%w blood transfusion rate. However, as there is no infor-
mation in the administrative data regarding the quantity of
the blood delivered, the sensitivity and the PPV of BPN
records could not be estimated regarding MOH.

The results of analyses conducted on linked abstracts
related to different stays during the same pregnancy are very
similar to the results of analyses conducted on abstracts for
birth-related stays.

Review of cases with misclassifications of the transfu-
sion status

For patients identified as ‘errors’ in the BPN database, all of
the medical files available in the respective facilities were
reviewed in detail, for a total of 10 FP (77% of all FP) and
78 FN (96% of all FN).

FPs (Table 2) were mostly related to Cesarean section
(80%) and many were due to coding errors: either a blood
product was mistakenly coded instead of drugs (albumin,
coagulation factor XI and complement C1 esterase inhibi-
tor), or no products at all were delivered.

Regarding N (Table 3}, past partum hemorrhage was the
medical indication for which transfusions seemed to have
been recorded with the lowest accuracy. In such cases, most
failures to record a transfusion occurred in level-2 maternity
units, and mainly for early post partum hemorrhage (60.2%%0),
during the two first days after the birth.

Table 1 Sensitivity and positive predictive values of the administrative data to identify transfusions during in-hospital births versus FBS data used as the gold standard in Burgundy.

Rates of transfusion

Negative

Specificity Positive

(%)

Sensitivity (%)

(95% Cl)

BPN/FBS discordances

Cases

Cases

predictive

predictive

identified

identified

value (%)

value (%)

in the BPN

in the FBS

FBS >4 blood
units (%)

FBS

FiNs

FPs

(%o)

Deliveries

L2

T2
422
2.90

998

ST I8/, 3=554]

995

663 (60.5=7271)

pafs]

41

45

185 1+]

115

255
151

Overall

1.7
0.6

95.6
99.9

95.6 (91.9-99.4)

99.4

72.8 (65.7-79.9)

With early PPH
Without early

PPH

84.3(75.8-92.8)

99.9

56.7 (47.2-66.2)

70

104

Pregnancy

24

7.35
4.33
3.02

93.8

93.3 (89.8-96.8)

99.9

69.2 (63.6-74.8)

a1

195 13

124

263
155
108

Qverall

1.8
0.6

96.3

976 (94.9-99.9)

997

78.1 (71.6~84.6)
56.5 (47.1-65.8)

34
47

With early PPH
Without early

PPH

999

85.9(77.8-94.0)

99.9

10

M1
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Table 2 Distribution of FPs in the BPN database sorted by information Results of the modeling study

provided by patient medical record administrative database identified 1 629 537 de-
liveries betwgen 2006 |and 2007, with a total of 6932

(0.43%) blood transfusions.

The national

Level 17 Level 2° tevel 3 Total false

positives Table 4 shpws variables that were significantly associated
with the prolabiliy of an FN in the BPN database, based
Mool . . . : . . -
edical information provided by patient’s record on the mulgvariable logistic regression model (AUC =
Anermia 0 0 1 1 ; ; : > . :
0.907). Thesq variables |were mainly related to the patent,
Pastpartum hemorrhage 1 1 1] 2 L 3 . _

i, and included Cesarean section, hemorrhage, anemia, hemo-
Hypoproteinemia [¢] 0 1 1 ; o :
Hereditary angicedema . 0 0 1 1 stasis procedures and a Ipnger length of stay. These variables
Factor XI deficiency 0 0 1 1 have been incJuded in the final predictive models, employed
No indication 2 1 1 a to cotrect thg number Of transfusions recorded in the na-
Total 3 2 5 10 tonal adminibtrative database. In contrast, mother’s age,

Types of products delivered geogtraphical area, hospital status and the level of the mater-
Pharmacy products (drugs) 0 0 3 3 nity unit had ho statistically significant associations with the
No products issued 2 1 7 probability of| FN and were thus not included in the final
Jotal 3 2 3 10 predictive modlel used tof correct the national data. The total

Ty’::“' oo number of FN at the nitional level, estimated according to

€sarean section 3 2 o - i
\ : 2 the predictive | model, was 4609 (95% CI: 3990-3996). By
Vaginal delivery o 2 2 ddi hi 1 he 6932 ol 1 ik o
adding this number to the 697 sserved and subtracting
o E 5 i o ding this number e observed and subtracting

1, normal birth at term; 2, birth from 34 weeks of gestation: 3, all
births,
“Hospital lavel.

the estimated

00 FP, we

calculated that the correct number

Table 4 Results |of the multivariable logistic regression model
predicting ‘falseinegative’ reslilts from the BPR database

Characteristics Adjusted OR P-value
Intercept —7.9493 <0.0001
Table 3 Distribution of FNs in the BPN database sorted by information Cesarean Sectior
provided by patient medical record Yes 1.0755 0.0364
Hemarrhage
Level 17 level 2 level 3 Total FNs Yes 3.1019 <0.0001
Anemia
Indication for transfusion Yes 17231 <0.0001
Anemia 0 5 1 6 Length of stay
Thrombocytopenia 0 7 4 1 0-3 days —0.046 0.9554
Postpartum hemorrhage 19 31 1 61 6-14 days 1.6632 0.0008
Total 19 43 16 78 =14 days 3.0375 0.0001
Date of transfusion Hemostasis procadure
Antepartum 0 12 5 17 Yes 6.0343 <0.0001
Within 2 days after birth 12 27 8 47 Hemorrhage x ldngth of stay
Later 7 4 3 14 Yes
TotaF 19 43 16 78 0-3 days 1.954 0.0353
Type birth 6—14 days —0.5308 0.3804
Cesarean section 8 25 11 44 =14 days —1,9832 0.0738
Vaginal delivery 1 18 5 34 Cesarean section [x length of stay
Total 19 43 16 78 Yos
0-3 days 2.3337 0.0216
1. normal birth at term; 2, birth from 34 weeks of gestation; 3, all 6-14 days —0.4214 05235
births, =14 days —0.7049 0.4751

“Hospital level.
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of pregnant women who received transfusions in 200607
in France was 10941 (95% CI: 989911 983), i.e. 671.4 per
100 000 deliveries.

Discussion

In this article, we aimed to assess the feasibility of using the
national administradve database, which contains data eol-
lected primarily for hospital budget allocation, to monitor
obstetric hemorrhages. To assess the quality of the adminis-
trative data for blood transfusions, in principle, we could
rely on the ‘gold standard” of the highly reliable national
FBS database of blood delivery. However, due to the anon-
ymization procedures applied to the national administrative
data, it was not possible to link them to the FBS data.
Nevertheless, in the region of Burgundy, we were able to
link the FBS data to the administrative data maintained by a
regional perinatal network (BPN). The results of this local
assessment were incorporated into two multivariable regres-
sion models to esdmate the number of pregnant women
who received a transfusion according to the national admin-
istrative database. It is important to note that during the as-
sessment of the quality of transfusion recording at the
regional level we relied on an accurate and validated record
of pregnant women who received a transfusion, so that
neither extrapolation nor statistical estimation was used at
this stage. The information that was obtained can thus be
considered a reference.

Our results showed that whether all of the relevant
pregnancy-related abstracts (69.2% sensitivity) or only the
birth-related abstracts (66.3% sensitivity) were taken into
account, both the completeness and the accuracy of transfu-
sion recording did not change significandy. In both sita-
tions, the rate of transfusions was seriously under-cstimated.
Furthermore, our analyses indicated the lack of the
(expected) relatonship between the completeness of transfu-
sion recording and the place where the hemorrhage oc-
curred. Indeed, the sensitivity did not differ significanty
when hemorrhages occurting in the delivery room were
separated from those oceurring during the rest of the birth-
related stay. As for transfusions that required at least 4 units
of red blood cells, there was no information in the adminis-
trative data regarding the quantity of blood delivered. Thus,
in order to make the administrative data potentially useful in
MOII monitoring, this data limitation has to be overcome.

The overall poor sensitivity of the BPN data confirms the
findings of another validation study of French hospital dis-
charge database for severe maternal morbidity,®' in which
the coding validity of diagnosis was described as ‘poor’,
However, after the of the BPN
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