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Usefulness of Health Registers for detection of bleeding events in 
 outcome studies
Leif Friberg; Mika Skeppholm
Karolinska Institute, Department of Clinical Sciences at Danderyd Hospital, Stockholm, Sweden

Summary
Administrative and claims databases are attractive for safety studies 
of anticoagulant and antithrombotic drugs. However, the validity of 
such data is often uncertain. It was our aim to assess the usefulness of 
the Swedish administrative health databases for detection of major 
bleeding events. All individuals with atrial fibrillation in Stockholm 
County from 2006 to 2013 (n=78,022) were identified from the Swed-
ish Patient register. A search for bleeding diagnoses was done in the 
Patient register and in the Cause of Death register. The medical records 
of a random sample of 761 patients were studied and classified in a 
blinded and pre-specified way. The highest sensitivity (99.5 %) and 
specificity (94.0 %) were obtained by counting fatal bleeding events 
with the bleeding diagnosis recorded as first or second cause of death, 
and all hospitalisations without regard to the position of the diag-

nosis. Codes for transfusions were unreliable and did not increase ac-
curacy. The registries identified 99.4 % of intracranial bleeding events 
and 82.6 % of gastrointestinal bleeding events correctly. All patients 
classified as „no bleedings“ were indeed without bleeding. Overall 
the sensitivity was 85.5 % and the specificity 95.9 % for major bleed-
ing events. In conclusion, Swedish nationwide health registries are 
well suited for conducting outcome studies involving identification of 
bleeding events. The use of a diagnostic code for bleeding, irrespective 
of its position as primary or secondary diagnosis, provided the best 
sensitivity and specificity for detection of bleeding events, as long as it 
was limited to contacts resulting in hospital admission.
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Introduction

Administrative and claims databases are being used for post-auth-
orisation safety studies of new drugs and treatments. Huge 
numbers of patients and, at least in some countries, unselected in-
clusion of all exposed patients, makes registries attractive for safety 
studies. However, individual adjudication of outcome events is 
rarely possible with registry data.

The usefulness of administrative databases for outcome studies 
is dependent on the validity of the specific outcomes. It is not only 
a matter of knowing if a given diagnosis is correct, but also how 
often it is missed. The accuracy of data in databases and registries 
varies between diagnoses and procedures, and also between data 
sources, and may also be subject to change over time (1–4).

For safety studies of non-vitamin K antagonist oral anticoagu-
lants and antiplatelet drugs bleeding outcomes are central. More 
complications are expected when a broader population of patients 
are treated with potent drugs e. g. warfarin, which has been shown 
to cause more bleeding in real life than in randomised controlled 
trials (5). Post-authorisation studies are mostly of an observational 
nature and counting of spontaneous reports of adverse effects is 

often of limited value (6). Therefore, structured registry studies 
must be considered as the most robust way to describe bleeding 
complications related to treatment.

In clinical trials, the definition of major bleeding developed by 
the International Society on Thrombosis and Haemostasis (ISTH) 
is used frequently (7). That definition includes fatal bleeding and 
symptomatic bleeding in critical areas or organs. It does not say 
exactly which areas or organs, but gives examples; "intracranial, in-
traspinal, intraocular, retroperitoneal, intra-articular or pericar-
dial, or intramuscular with compartment syndrome". The ISTH 
definition of major bleeding also counts bleeding "causing a fall in 
haemoglobin level of ≥20 g/l, or leading to transfusion of two or 
more units of whole blood or red cells". This definition is not well 
suited for data from administrative databases, which mostly is bi-
nary, and calls for a more suitable definition of how bleeding 
events should be counted.

Cunningham et al. (8) reported a positive predictive value be-
tween 89 and 99 % for an algorithm for database detection of seri-
ous bleeding events related to anticoagulant use, which was vali-
dated by manual scrutiny of the medical records of patients with 
186 bleeding events. The study did not assess the proportion of 
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missed bleeding events and was therefore unable to assess sensitiv-
ity, specificity and negative predictive value with the method em-
ployed.

Arnason et al. reported high positive and negative predictive 
values (both 91 %) in a Canadian validation study where the medi-
cal records of 616 patients were reviewed using diagnostic criteria 
based on ICD-9 (9).

Study aim

Our aim was to assess the accuracy of Swedish administrative 
health data bases for detection of major bleeding events, and to es-
tablish a method to evaluate clinically significant bleeding compli-
cations related to anticoagulant and antiplatelet treatment from 
registry data.

Methods

All individuals (n=78,022) with a diagnosis of atrial fibrillation 
(ICD-10 code I48 with or without an optional fourth or fifth digit 
or letter indicating the type of atrial fibrillation) recorded between 
2006 and 2013, and living in Stockholm County (population 2.2 
million) were identified from anonymised data in the Swedish Pa-
tient register. For the patients thus identified, a search was made in 
the National Swedish Patient register and in the Cause of Death 
register for diagnoses indicating that a bleeding had occurred. The 
codes used to identify bleeding events are listed in Suppl. Table 1 
(available online at www.thrombosis-online.com). A search was 

also done for healthcare contacts where no bleeding diagnoses had 
been used. The contacts were grouped according the assumed se-
verity of bleeding as shown in ▶ Table 1.

A random sample without replacement of 200 individuals was 
drawn from each of the five bleeding severity categories (The 
sample consisted of 21.0 % of all fatal bleeding events, 1.9 % of all 
non-fatal major bleeding events, 2.4 % of all non-major bleeding 
events requiring hospitalisation, 1.7 % of all minor bleeding events 
and 0.4 % of all contacts without a bleeding diagnosis).

Personal identity numbers was obtained from the Board of 
Health and Welfare for this sample of 1000 patients in order to 
make it possible to validate the bleeding events through scrutiny of 
local medical records.

Due to the diversity of computerised systems for storing medi-
cal records at the beginning of the study not all 1000 records could 
be assessed. However, local records could be accessed for 761 pa-
tients.

The examiners of the medical records were blinded to the grad-
ing made from the Patient register. The scrutiny of records was 
performed by three individuals according to a pre-specified form. 
In case of uncertainty about the correct classification of the infor-
mation in the medical records, the first author re-examined the 
records and decided.

The reason for inclusion of patients with atrial fibrillation 
rather than patients with a diagnosis of bleeding was two-fold: if 
only patients with bleeding diagnoses had been included, it would 
not have been possible to verify if patients without bleeding diag-
noses were truly free from bleeding (i. e. to assess sensitivity and 
negative predictive value); secondly, patients with atrial fibrillation 
are often elderly with multiple risk factors and using anticoagu-
lants or antiplatelet drugs. The expected incidence of bleeding 
events in this group is therefore relatively high increasing the like-
lihood of finding sufficient numbers of individuals with rare, but 
severe bleeding episodes.

For the identification of patients and record linkage, we used 
the individual civic registration numbers that are given to all per-
manent residents in Sweden irrespective of citizenship. These 
numbers never change and are used in all contacts with healthcare, 
including pharmacies across the country. This makes it possible to 
follow each individual´s medical history over a lifetime. Opting 
out is not possible. The only way patients can be lost to follow-up 
is by emigration out of the country, in which case patients can be 
censored on the date of emigration.

The Swedish Patient register carries information about all hos-
pitalisations in the country since 1987 with a principal and up to 
30 secondary diagnoses, up to 30 surgical and procedure codes 
and up to five trauma codes for each contact. The Cause of Death 
Register carries detailed information about deaths, with at least 
one underlying cause of death and up to 48 contributing causes of 
death.

The Swedish Patient register misses information about princi-
pal diagnoses in 0.5 % to 0.9 % of hospitalisations in somatic care 
(2). A diagnosis of atrial fibrillation or flutter has a positive predic-
tive value of 97 % (4). A diagnosis of stroke or transient ischaemic 
attack is correct in 98.6 % of the cases. The proportion of stroke 

Friberg, Skeppholm: Detection of bleedings through Health Registers

Grade

Fatal bleeding

Non-fatal 
major bleeding

Bleeding requiring 
hospitalisation

Minor bleeding

No bleeding

Definition

Diagnosis of bleeding as underlying or first contributory 
cause of death in the Cause of Death Register and/or a 
diagnosis of bleeding as principal or first secondary diag-
nosis in the Patient Register if the discharge code was 
"4" indicating death in hospital.

Hospitalisation with a bleeding diagnosis as principal or 
first secondary diagnosis if it was associated with a code 
for transfusion of whole blood or erythrocyte concen-
trate.
All intracranial bleeding events irrespective of whether 
transfusion was given or not.

Hospitalisation with a diagnosis of any extracranial 
bleeding in any position, without transfusion of whole 
blood or erythrocyte concentrate.

Diagnosis of any extracranial bleeding in any position 
without hospitalisation or  transfusion.

Absence of any bleeding diagnosis during the entire fol-
low-up. In the subsequent  analyses, one specific health 
contact was randomly assigned which was studied in 
 relation to whether there had been a bleeding on that 
particular date.

Table 1: Classification of bleeding severity.
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events identified through the Patient register (sensitivity) ranges 
from 84 % to 98 % (2).

Statistical methods

Sensitivity was calculated as the proportion of patients with bleed-
ing events according to the information in their medical records, 
who were correctly identified as having had a bleeding event by the 
registers. Specificity was defined as the proportion of patients 
without bleeding events according to the medical records, who 
were correctly identified as without bleeding events by the reg-
isters. The positive predictive value is the share of true bleeding 
events according to the medical records among all who had a 
bleeding diagnosis in the registries. The negative predictive value 
is the share of true non-bleeding events among all who were with-
out a bleeding code in the registries. Confidence intervals are cal-
culated by the exact binomial method. C-statistics was calculated 
as the area under the ROC-curve with confidence intervals ac-
cording to the exact method.

Data management and statistics was performed using Stata 14 
software (StataCorp, College Station, TX, USA).

The study was approved by the regional ethics committee (EPN 
2015/296–31/2) and conforms to the Declaration of Helsinki.

Results

▶ Table 2 shows how the classification from registry data matched 
with the classification made from examination of individual medi-
cal records, used as gold standard.

Classification according to severity

Fatal bleeding

According to the Patient register and the Cause of Death register, 
159 patients suffered a fatal bleed. Death from bleeding was con-
firmed by the medical records in 140 (88.1 %) cases. In the remain-
ing 19 cases where death appeared to have been due to bleeding, 
the medical records indicated that death in reality was due to is-
chaemic stroke (n=4), cancer (n=3), pneumonia (n=3), multi-
organ failure (n=2), respiratory insufficiency (n=1), end stage 
renal failure (n=1), mesenteric emboli (n=1), anoxic brain damage 
after in-hospital cardiac arrest (n=1), heart failure (n=1), trauma 
with neck fracture (n=1) and in one elderly patient with multiple 
diseases no obvious single cause of death was found. Notably, all 
but one of these patients had also been bleeding, although bleeding 
was not the ultimate cause of death.

Friberg, Skeppholm: Detection of bleedings through Health Registers

Classification
according to
registers

Total
aAll had bleeding, but the ultimate causes of death were pneumonia, ischaemic stroke, respiratory insufficiency, renal failure and cardiac arrest. bAll had bleeding, 
but the ultimate causes of death were pneumonia, heart failure, suspected vascular catastrophe in the gut and cancer. cAlcoholic hospitalised for minor superfi-
cial wounds who died from ischaemic stroke during hospital stay. dDied from brain  tumour. eDied from large traumatic subdural haematoma, but had the code 
in third position which, according to the criteria, did not classify it correctly. fPatients with surgical or gastrointestinal bleeding who according to coding receiv-
ed transfusions, but not according to the records. gFour had elective contacts for follow-up of previous bleeding, one had an infected wound after surgery with 
some blood in the exudate and one had a miscoded cerebellar infarction. hOne patient had a minor intracranial bleeding as complication to neurosurgery which 
had been classified as a complication to a procedure (T810) without mention of its intracranial location. All other patients (46) had received transfusions which 
had not been adequately coded at discharge. jMinor bleeding managed in outpatient care erroneously registered as hospitalised. kSix of these had had previous 
bleeding but no ongoing bleeding. Two had anaemia and one heart failure with suspected pulmonary embolism. lOne patient with nosebleed and one with hae-
maturia who stayed overnight,  although the contacts had been registered as visits to the emergency department without hospitalisation. mAll but one of the 
contacts were for follow up of previous bleeding. One was for discussion of the benefits of anticoagulation although there had been no bleeding events for 
many years.

Fatal

Major

Requiring
hospitalisation

Minor

No bleeding

Classification according to local medical records 
"Gold standard"

Fatal

140
(88.1 %)

2e

-

-

-

142

Major

9a

105
(90.5 %)

47h

-

-

161

Requiring 
 hospitalisation

8b

3f

109
(64.9 %)

2l

-

122

Minor

1c

-

3j

101
(83.5 %)

-

105

No bleeding

1d

6g

9k

18m

197
(100 %)

231

Total

159

116

168

121

197

761

Table 2: Crude classification of bleeding events with percent correctly classified.
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The registries misclassified two fatal bleeding events as "non-
fatal major bleedings" because the patients had been adminis-
tratively transferred to other care units before they died, and this 
made them appear to have been discharged alive, according to the 
register.

Thus, the registries identified fatal bleeding events with both 
high sensitivity (98.6 %) and specificity (96.9 %) (▶ Table 3).

Non-fatal major bleeding

According to the Patient register, 116 patients had suffered intra-
cranial bleeding or bleeding events requiring hospitalisation and 
transfusion. The records confirmed the diagnosis in 105 (90.5 %) 
of these patients. The patient register failed to identify 56 major 
bleeding events correctly, mostly because transfusions that had 
been given had not been recorded by code at discharge (n=47). As 
a consequence, with the definition used the sensitivity for non-
fatal major bleeding events was poor (65.8%) (▶ Table 3). Despite 
high specificity (98.2 %), the c-statistic was reduced (0.820).

Bleeding events requiring hospitalisation

According to the registers, 168 patients had had been hospitalised 
for extracranial bleeding events without having had a transfusion. 
The records confirmed the classification in 109 (64.9 %) of these 
patients. The most common reason for misclassification was the 
same as with the non-fatal major bleeding events, i. e. transfusions 
that had not been recorded at hospital discharge. The registries 
therefore identified non-major bleeding events requiring hospitali-
sations with modest sensitivity (87.8 %) and specificity (90.9 %) 
(▶ Table 2 and ▶ Table 3).

Minor bleeding

According to the Patient register, 121 patients had suffered "minor 
bleedings", i. e. bleeding events managed without hospitalisation or 
transfusion. The records confirmed the classification in 101 pa-
tients (83.5 %). More than half of these events were nosebleeds 
(53/101), 14 were gastrointestinal and 18 urogenital. Examination 
of the medical records showed that 18 out 20 contacts, which had 
not been correctly identified were related to follow-up visits after 
previous bleeding events. The Patient register had a sensitivity of 
93.5 % and a specificity of 97.1 % for minor bleeding events man-
aged in outpatient care using medical records as gold standard 
(▶ Table 3).

No bleeding

All patients classified as without bleeding events according to the 
registries (n=197) were also without bleeding events according to 
the medical records. However, 34 contacts without bleeding events 
had been falsely classified as due to bleeding according to the diag-
nostic codes used. Most often, this was when patients came for fol-
low-up after previous bleeding, e. g. when patients came for 
planned gastroscopy after a previous finding of blood in faeces. 
The Patient Register classified 95.6 % of the patients correctly with 
regard to „no bleeding“. The sensitivity was 85.7 % and the specifi-
city 100 %.

Redefining "major bleeding"

Simplifying the scheme by combining all hospitalisations with 
bleeding diagnoses, irrespective of the position of the diagnostic 
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Bleeding

Fatal

Non-fatal major

Requiring 
 hospitalisation

Minor

No bleeding

Fatal or non-fatal 
major

Fatal or requiring 
 hospitalisation

Any diagnosis
of bleeding as
in or outpatient

Sensitivity
% (95 %CI)

98.6
(95.0–99.8)

65.8
(58.0–73.1)

87.8
(80.7–93.0)

93.5
(87.1–97.4)

85.7
(80.4–89.9)

84.5
(79.9–88.4)

99.5
(98.3–99.9)

100.0
(99.3–100.0)

Specificity
% (95 %CI)

96.9
(95.2–98.1)

98.2
(96.7–99.1)

90.9
(88.4–93.0)

97.1
(95.5–98.2)

100.0
(99.3–100.0)

95.9
(93.6–97.5)

94.0
(91.0–96.3)

85.7
(80.5–90.0)

Positive pre-
dictive value
% (95 %CI)

88.1
(82.1–92.7)

90.6
(83.8–95.2)

65.1
(57.3–72.3)

84.2
(76.4–90.2)

100.0
(98.1–100.0)

93.1
(89.4–95.8)

95.5
(93.1–97.2)

94.1
(91.9–95.9)

Negative pre-
dictive value
% (95 %CI)

99.7
(98.8–100.0)

91.5
(89.0–93.5)

97.5
(95.9–98.6)

98.9
(97.8–99.6)

94.1
(91.9–95.9)

90.3
(87.3–92.8)

99.4
(97.7–99.9)

100.0
(98.2–100.0)

C-statistic
(95 %CI)

0.978
(0.966–0.989)

0.820
(0.783–0.857)

0.894
(0.862–0.925)

0.953
(0.929–0.977)

0.928
(0.906–0.951)

0.902
(0.879–0.924)

0.968
(0.955–0.981)

0.929
(0.906–0.951)

Table 3: Any kind of bleeding.
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code, and without regard to whether transfusions had been given 
or not made the scheme perform better with 95.5 % correctly 
identified (423/443) and a c-statistic of 0.968. Addition of bleeding 
events diagnosed in outpatient care (contacts not leading to hospi-
talisation), however, made specificity suffer (85.7 %), resulting in a 
lower c-statistic 0.929.

Classification according to organ system

Of the bleeding events studied: 169 were intracranial (of which 82 
had been preceded by trauma); 140 gastrointestinal; 75 urogenital; 
142 „other“ (of which 66 were nosebleeds); and 10 of unknown 
origin. Aetiologically, 61 bleeding events were preceded by surgery 
and 116 by trauma. Some patients (n=29) had bleeding in more 
than one organ system. Nineteen of these patients had gastrointes-
tinal bleeding as the main diagnosis with a secondary diagnosis of 
bleeding in another location.

Intracranial bleeding

The registries identified 99.4 % of the intracranial bleeding events 
correctly (168/169) (▶ Table 4). Ten cases had been classified as 
intracranial bleeding while the true diagnosis was ischaemic stroke 
with haemorrhagic transformation (n=4), or sequel to an old in-
tracranial bleeding (n=2). In four of the cases there was no con-
vincing evidence in the medical records supporting a diagnosis of 
an intracranial bleeding. If only hospitalisations were counted, 
only four misclassified patients remained. Accordingly, the regis-
tries had very high sensitivity (99.4 %), specificity (99.3 %) as well 
as c-statistic (0.994) for detection of intracranial bleeding events.

Gastrointestinal bleeding

The registries identified 82.6 % of the gastrointestinal bleeding 
events correctly (116/140) (▶ Table 5). Of 24 gastrointestinal 
bleeding events not identified by the registries, 16 had codes for 
anaemia after blood loss (D500 or D629), which counted them as 
„other bleeding“ in our scheme. Unfortunately, gastrointestinal 
bleeding events had often been coded as anaemia secondary to 
blood loss even when the records clearly showed that the origin of 
the bleeding was gastrointestinal.

Among eight cases falsely classified as gastrointestinal bleeding, 
five were follow-up visits for previous bleeding, two had been hos-
pitalised for other causes, and one got a code for unspecified gas-
trointestinal bleeding after a tooth extraction. Restricting the 
analysis to hospitalised patients reduced the number of falsely clas-
sified bleeding events to two individuals.

As a consequence, the sensitivity of the registries for detection 
of gastrointestinal bleeding events was reduced (82.3 %) although 
the specificity was 99.3 %.

Urogenital bleeding

The registries identified 94.7 % of urogenital bleeding events cor-
rectly (71/75) (▶ Table 6). Four true urogenital bleeding events 
had not been identified as such by the registries but had been re-
cognised as "other bleedings". Thirteen patients had codes for uro-
genital bleeding in the registries, but no evidence for such an event 
in the records: ten referred to previous bleeding, two were misclas-
sified gastrointestinal bleeding events and one had nothing to sup-
port the diagnosis in the records.

Friberg, Skeppholm: Detection of bleedings through Health Registers

Position of 
diagnostic 
code

Main only

Main + 1st
secondary

Main + 1st + 2nd
secondary

Main + 1st–3rd 
secondary

Main + 1st–4th 
secondary

Any position

Any position + 
only with 
hospitalisation

Sensitivity
% (95 %CI)

91.7
(86.5–95.4)

98.8
(95.8.–99.9)

99.4
(96.7–100.0)

99.4
(96.7–100.0)

99.4
(96.7–100.0)

99.4
(96.7–100.0)

99.4
(96.7–100.0)

Specificity
% (95 %CI)

98.8
(97.6–99.5)

98.3
(96.9–99.2)

98.3
(96.9–99.2)

98.3
(96.9–99.2)

98.3
(96.9–99.2)

98.3
(96.9–99.2)

99.3
(98.3–99.8)

Positive pre-
dictive value
% (95 %CI)

95.7
(91.3–98.2)

94.4
(89.9–97.3)

94.4
(89.9–97.3)

94.4
(89.9–97.3)

94.4
(89.9–97.3)

94.4
(89.9–97.3)

97.7
(94.2–99.4)

Negative pre-
dictive value
% (95 %CI)

97.7
(96.1–98.7)

99.7
(98.8–100.0)

99.8
(99.0–100.0)

99.8
(99.0–100.0)

99.8
(99.0–100.0)

99.8
(99.0–100.0)

99.8
(99.1–100.0)

C-statistic
(95 %CI)

0.953
(0.931–0.974)

0.986
(0.976–0.995)

0.989
(0.981–0.996)

0.989
(0.981–0.996)

0.989
(0.981–0.996)

0.989
(0.981–0.996)

0.994
(0.987–1.000)

Table 4: Intracranial bleeding events.

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2016-12-03 | ID: 1000518515 | IP: 193.54.110.33



Thrombosis and Haemostasis 116.6/2016 © Schattauer 2016

1136

Other bleeding

The registries identified 97.9 % of the „other“ bleeding events cor-
rectly (139/142) (▶ Table 7).

Of 53 patients with a code for „other bleeding“ but without a cor-
relate in the records: 38 had a code for anaemia after chronic or 
acute blood loss (most often with a concomitant diagnosis of a gas-
trointestinal or urogenital bleeding); five concerned previous bleed-
ing; five were due to bleeding complications after surgery; three 
were unclear; and two had obviously received the wrong code.

Impact of secondary diagnoses

The c-statistic for all types of bleeding increased with inclusion of 
successively more secondary diagnoses, and especially if identifi-
cation of bleeding events was restricted to hospitalisations (▶ Fig-
ure 1, ▶ Tables 4–7). This was mostly due to increases in sensitiv-
ity that came with use of more secondary diagnoses, while there 
were small changes in specificity with inclusion of more secondary 
diagnoses.

Friberg, Skeppholm: Detection of bleedings through Health Registers

Table 5: Gastrointestinal bleeding events.

Table 6: Urogenital bleeding events.

Position of 
diagnostic
code

Main only

Main + 1st 
 secondary

Main + 1st + 2nd
secondary

Main + 1st–3rd 
secondary

Main + 1st–4th 
secondary

Any position

Any position + 
only with 
hospitalisation

Sensitivity
% (95 %CI)

52.1
(43.5–60.7)

70.0
(61.7–77.4)

75.7
(67.8–82.6)

77.9
(70.1–84.4)

80.7
(73.2–86.9)

82.9
(75.6–88.7)

82.3
(74.4–88.5)

Specificity
% (95 %CI)

99.2
(98.1–99.7)

99.0
(97.9–99.6)

99.0
(97.9–99.6)

99.0
(97.9–99.6)

98.9
(97.7–99.5)

98.7
(97.5–99.4)

99.3
(97.6–99.9)

Positive pre-
dictive value
% (95 %CI)

93.6
(85.7–97.9)

94.2
(87.9–97.9)

94.6
(86.7–98.0)

94.8
(89.0–98.1)

94.2
(88.4–97.6)

93.5
(87.7–97.2)

98.1
(93.2–99.8)

Negative pre-
dictive value
% (95 %CI)

90.2
(87.4–92.3)

93.6
(91.5–95.4)

94.8
(92.8–96.3)

95.2
(93.3–96.7)

95.8
(93.9–97.2)

96.2
(94.4–97.6)

93.1
(89.8–95.7)

C-statistic
(95 %CI)

0.757
(0.715–0.798)

0.845
(0.807–0.883)

0.874
(0.838–0.910)

0.884
(0.850–0.919)

0.898
(0.865–0.931)

0.908
(0.876–0.939)

0.908
(0.874–0.942)

Position of 
diagnostic 
code

Main only

Main + 1st 
secondary

Main + 1st + 2nd
secondary

Main + 1st–3rd 
secondary

Main + 1st–4th 
secondary

Any position

Any position + 
only with hospitali-
sation

Sensitivity
% (95 %CI)

53.3
(41.4–64.9)

80.0
(69.2–88.4)

86.7
(76.8–93.4)

88.0
(78.4–94.4)

90.7
(81.7–96.2)

94.7
(82.1–97.9)

92.6
(82.1–97.9)

Specificity
% (95 %CI)

98.4
(97.1–99.2)

98.4
(97.1–99.2)

98.3
(97.0–99.1)

98.1
(96.8–99.0)

98.1
(96.8–99.0)

98.1
(96.8–99.0)

99.5
(98.1–99.9)

Positive pre-
dictive value
% (95 %CI)

78.4
(64.7–88.7)

84.5
(74.0–92.0)

84.4
(74.4–91.7)

83.5
(73.5–90.9)

84.0
(74.1–91.2)

84.5
(75.0–91.5)

96.2
(86.8–99.5)

Negative pre-
dictive value
% (95 %CI)

95.1
(93.2–96.5)

97.8
(96.4–98.8)

98.5
(97.3–99.3)

98.7
(97.5–99.4)

99.0
(97.9–99.6)

99.4
(98.5–99.8)

98.9
(97.3–99.7)

C-statistic
(95 %CI)

0.759
(0.702–0.816)

0.892
(0.846–0.938)

0.925
(0.886–0.964)

0.931
(0.893–0.968)

0.944
(0.910–0.977)

0.964
(0.938–0.990)

0.960
(0.925–0.996)
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Discussion

Our study shows that it is possible to identify patients with major 
bleeding events with a high degree of accuracy by use of the Swed-
ish Patient register and the Swedish cause of Death register.

Scrutiny of local medical records of a random sample of 761 pa-
tients showed that a composite of either a bleeding diagnosis as the 
first or second cause of death or a hospitalisation with a bleeding 
diagnosis, without regard to its position as primary or secondary, 
had a sensitivity of 99.5 % and a specificity of 94.0 %. The detection 

of intracranial bleeding events was almost perfect, but gastrointes-
tinal bleeding events were occasionally misclassified due to con-
fusion of previous and acute events.

Our initial assumption that use of transfusion codes, and re-
striction to principal and first secondary diagnoses would result in 
optimal identification of patients with major bleeding events was 
proved wrong. The results showed that higher sensitivity and spe-
cificity actually could be achieved without these restrictions. In 
theory, transfusion could be a marker of major bleeding, as per the 
ISTH criteria. However, the codes for transfusions were missing 

Friberg, Skeppholm: Detection of bleedings through Health Registers

Figure 1: The validity of diagnoses in the 
registries as a function of the number of 
first and secondary diagnoses used (c-stat-
istic).

Table 7: Other bleeding events. Position of 
diagnostic 
code

Main only

Main + 1st 
secondary

Main + 1st + 2nd
secondary

Main + 1st–3rd 
secondary

Main + 1st–4th 
secondary

Any position

Any position + 
only with 
hospitalisation

Sensitivity
% (95 %CI)

58.0
(49.5–66.2)

76.9
(69.1–83.6)

87.4
(80.8–92.4)

91.6
(85.8–95.6)

93.7
(88.4–97.1)

97.2
(93.0–99.2)

97.2
(93.0–99.2)

Specificity
% (95 %CI)

96.4
(94.7–97.8)

94.2
(92.0–95.9)

92.9
(90.6–94.8)

92.1
(89.7–94.1)

91.1
(88.6–93.2)

90.5
(87.9–92.7)

90.5
(87.9–92.7)

Positive pre-
dictive value
% (95 %CI)

79.0
(70.0–86.4)

75.3
(67.5–82.1)

74.0
(66.7–80.4)

72.8
(65.7–79.1)

70.9
(63.9–77.3)

70.2
(63.3–76.5)

59.2
(49.8–68.0)

Negative pre-
dictive value
% (95 %CI)

90.9
(88.4–92.9)

94.6
(92.5–96.3)

97.0
(95.2–98.2)

97.9
(96.4–98.9)

98.4
(97.0–99.3)

99.3
(98.2–99.8)

99.3
(97.7–99.9)

C-statistic
(95 %CI)

0.772
(0.731–0.814)

0.855
(0.820–0.891)

0.901
(0.872–0.931)

0.918
(0.893–0.944)

0.924
(0.901–0.947)

0.938
(0.920–0.956)

0.917
(0.891–0.943)
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frequently, although the records showed that transfusion had been 
given. A criterion for a major bleeding using transfusion codes 
therefore resulted in lower sensitivity and prognostic value than if 
there was no such condition.

Neither did our assumption that identification ought to be re-
stricted to principal and the first secondary diagnosis prove cor-
rect. Using secondary diagnoses in lower positions did not reduce 
significantly the specificity, but greatly improved the sensitivity, 
and thereby improved the overall performance of the scheme. This 
was on the condition that only diagnoses for contacts with hospi-
talisation were used. Outpatient care contacts were often related to 
previous bleeding events and were therefore less reliable for identi-
fication of incident bleeding events.

Identification of intracranial bleeding in our study was al-
most perfect, while there were some problems with correct 
identification of gastrointestinal bleeding due to the frequent 
use of codes for bleeding-related anaemia. When the anaemia 
codes (D500, D629) were used, it was most often for gastrointes-
tinal bleeding events, but these codes could be used for any type 
of bleeding. We classified them as "other bleedings", which 
made the distinction between gastrointestinal bleeding events 
and other bleeding imprecise. The option to classify the entire 
group of patients with anaemia codes as gastrointestinal bleed-
ing would lead to unacceptable misclassification of patients with 
non- gastrointestinal bleeding. However, a positive predictive 
value of 98.1 % for gastrointestinal bleeding is still very high, is 
consistent with other analyses examining the accuracy of data-
base coding (9, 10), and does not compromise the utility of the 
registers, especially if the issue is a comparison between differ-
ent drugs.

The most elaborate scheme for automated detection of bleeding 
events from registry data is the Cunningham scheme (8) that 
counts only principal discharge codes, except in ambiguous cases 
when secondary diagnoses and transfusion codes also are con-
sidered. The scheme was developed in a study of 186 Medicaid pa-
tients with suspected bleeding-related hospitalisations, of which 
165 (positive predictive value 88.7 %) could be verified. Fatal 
bleeding event that occurred out-of-hospital were not considered, 
as they were in our study. Sensitivity or negative predictive values 

were not assessed. Our scheme showed a higher positive predictive 
value of 95.5 % coupled with a negative predictive value of 99.4 %, 
and was much simpler to calculate. Our figures are also in line 
with the work of Arnason et al. (9) who reported that a true bleed-
ing occurred 96 % of the time when bleeding code was used as ad-
mission or most responsible diagnosis.

Limitations

We have used c-statistics as a measure of how well registry-based 
identification performs when compared to the gold standard of the 
medical records. However, the c-statistics only indicate when the 
combination of sensitivity and specificity identifies the highest 
proportion of individuals correctly. For some studies it may be 
more important to have the highest possible positive predictive 
value even if this means that sensitivity and c-statistics may be 
lower. Thus there is not just one „correct“ way to use registry data 
for outcome studies.

Validation studies are only valid for the data source they are 
performed on. Even though administrative or claims databases in 
other countries may show similarities with the Swedish databases, 
our results cannot be applied to other sources. At best, they can be 
indicative or help to understand differences in results when similar 
studies are performed in different countries.

Conclusion

Swedish nationwide health registries are well suited for conducting 
outcome studies involving identification of bleeding events. The 
use of a diagnostic code for bleeding, irrespective of its position as 
principal or secondary, provided the best sensitivity and specificity 
for detection of bleeding events as long as it was limited to contacts 
resulting in hospital admission.
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