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Key Points

Question: Is there an association between the occurrence of spontaneous intracerebral hemorrhage
among blood donors and the risk of spontaneous intracerebral hemorrhage in patients transfused
with their blood?

Findings: In this exploratory retrospective cohort study, which included 759,858 patients in Sweden
and 329,512 patients in Denmark, receiving red-cell transfusions from donors who later developed
multiple spontaneous intracerebral hemorrhages was significantly associated with an increased risk
of developing spontaneous intracerebral hemorrhage compared with receiving a transfusion from
donors without subsequent intracerebral hemorrhage (hazard ratios, 2.73 and 2.32 in the Swedish
and Danish cohort, respectively).

Meaning: The findings may suggest a transfusion-transmissible agent associated with some types of
spontaneous intracerebral hemorrhage, but findings may be susceptible to selection bias and
residual confounding and further research is required to understand the potential underlying
mechanism.
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ABSTRACT

Importance: Recent reports have suggested that cerebral amyloid angiopathy (CAA), a common
cause of multiple spontaneous intracerebral hemorrhages (ICH), may be transmissible through
parenteral injection of contaminated cadaveric pituitary hormone in humans.

Objective: To determine whether spontaneous ICH in blood donors after blood donation is
associated with development of spontaneous ICH in transfusion recipients.

Design, Setting, and Participants: This exploratory retrospective cohort study utilized
nationwide blood bank and health register data from Sweden (main cohort) and Denmark
(validation cohort) and included all 1,089,370 patients aged 5-80 years recorded to have
received a red-cell transfusion from January 1, 1970 (Sweden) or January 1, 1980 (Denmark)
until December 31, 2017.

Exposures: Receipt of red-cell transfusions from blood donors who subsequently developed 1)
a single spontaneous ICH, 2) multiple spontaneous ICH, or 3) no spontaneous ICH

Main Outcomes and Measures: Spontaneous ICH in transfusion recipients. Ischemic stroke as
negative control.

Results: 759,858 patients from Sweden (median [IQR] age, 65 [48 to 73] years; 59% female)
and 329,512 patients from Denmark (median [IQR] age, 64 [50 to 73] years; 58% female) were
included, with median (IQR) follow up of 5.8 (1.4 to 12.5) years and 6.1 (1.5 to 11.6) years,
respectively. Patients transfused with red-cell units from donors who developed multiple
spontaneous ICH had a significantly higher risk of a single spontaneous ICH themselves,
compared with patients receiving transfusions from donors who did not develop spontaneous
ICH, in both the Swedish (unadjusted incidence rate [IR], 3.16 vs 1.12 per 1000 person-years;
adjusted hazard ratio [HR], 2.73; 95% confidence interval [CI], 1.72 to 4.35; p<0.001) and
Danish cohort (unadjusted IR, 2.82 vs 1.09 per 1000 person-years; adjusted HR, 2.32; 95% CI,
1.04 to 5.19; p=0.04). No significant difference was found for patients receiving transfusions
from donors who developed a single spontaneous ICH in the Swedish (unadjusted IR, 1.35 vs
1.12 per 1000 person-years; adjusted HR, 1.06; 95% CI, 0.84 to 1.36, p=0.62) nor Danish cohort
(unadjusted IR, 1.36 vs 1.09 per 1000 person-years; adjusted HR, 1.06; 95% CI, 0.70 to 1.60,
p=0.73), nor for ischemic stroke as a negative control outcome.

Conclusions and relevance: In an exploratory analysis of patients who received red-cell
transfusions, patients transfused with red-cells from donors who later developed multiple
spontaneous ICH were at a significantly increased risk of developing spontaneous ICH
themselves. This may suggest a transfusion-transmissible agent associated with some types of
spontaneous ICH, although the findings may be susceptible to selection bias and residual
confounding and further research is needed to investigate if transfusion-transmission of CAA
might explain this association.



86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

INTRODUCTION

Cerebral amyloid angiopathy (CAA) is the second most common cause of spontaneous
intracerebral hemorrhage (ICH) and is characterized by deposition of misfolded beta-amyloid in
arteries in the cerebral cortex and leptomeninges..2 Based on a chart review from 2005 to 2010
in Finland, 20% of ICH cases were estimated to be related to CAA compared with 35% of cases
from hypertension.3-5 Recent evidence suggests that CAA exhibits “prion-like” transmissivity,
with reports of transmission through cadaveric pituitary hormone contaminated with amyloid-
beta and tau protein,®® dura mater grafts,’ and possibly neurosurgical instruments.10 In animal
models, CAA has been induced by intravenous injection of amyloid-beta.11.12 As human-to-
human transmission through blood transfusion has been shown for prion illness but has not yet
been assessed for CAA,>*® a recent international consortium identified the assessment of

potential transfusion-transmission of CAA as a top priority.14

Under the assumption that at least some observed ICH are due to underlying CAA, we
hypothesized that transfusion-transmission of CAA may manifest through an increased risk of
spontaneous ICH among transfusion recipients exposed to blood from a donor with
spontaneous ICH. To probe this hypothesis, this study examined the association between the
occurrence of spontaneous ICH in blood donors and their recipients, using a nationwide cohort

in Sweden along with validation in a nationwide cohort in Denmark.
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METHODS

Study Design and Data Sources

The study and waiver of patient consent was approved by the Regional Ethics Committee in
Stockholm and the Ethics Review Authority in Sweden (reference 2018/167-31, 2019-04656,
2021-04890), Statens Serum Institut QA and Compliance (reference 21/00083), and the Data
Protection Agency in the Capital Region in Denmark (reference P-2019-99).

This was an exploratory retrospective, observational study to assess if patient risk for
spontaneous ICH was associated with receiving red-cell units from donors who later developed
spontaneous ICH, exploiting the fact that future ICH incidence among donors was unknown at
the time of donation. As CAA-related ICH is reported to have a 7-fold increased risk of
recurrence compared with non-CAA-related ICH,2 we considered multiple episodes of ICH as a
more robust proxy for CAA and separately assessed single and multiple occurrences of ICH.

All electronically available data on blood donors, donations, and transfusions were
extracted from blood banks in Sweden and Denmark and linked with nationwide health
registers using unique personal identifiers (i.e., the SCANDAT3 database).1s Data from blood
banks is available from the late 1960s in Sweden and the early 1980s in Denmark, with
essentially nationwide coverage from the mid-1990s and late 1990s in Sweden and Denmark,
respectively.16 Diagnoses of ICH, aneurysms, arteriovenous malformations, trauma, and
ischemic stroke were ascertained using National Patient Registers, which contain data on all
inpatient care in Denmark and Sweden. Primary cerebral tumors were identified using the
Swedish and Danish Cancer Registers. Reporting of diagnoses, procedures, blood donations, and
transfusions to the data sources used in this study is mandated by law, which helps ensure their

completeness. Data was kept and analyzed separately in Sweden and Denmark.



128  Participants

129  Using nationwide data from blood banks and national registers, we constructed a historical
130  cohort of transfused patients and blood donors from 1970 to 2017 in Sweden (main cohort) and
131  from 1980 to 2017 in Denmark (validation cohort). The study cohorts comprised all patients
132 transfused with a red-cell unit between ages 5 and 80 years in Sweden and Denmark without a
133 previously recorded blood transfusion, a prior diagnosis of spontaneous ICH, or a cerebral

134  tumor.

135

136  Transfusion Exposure

137  In the main analyses, exposure was restricted to transfusions administered in the first 180-days
138  (“180-day exposure assessment window”) following the first registered transfusion and was
139  classified hierarchically in this order: receipt of at least one red-cell unit from a donor who

140  eventually developed multiple spontaneous ICHs, receipt of at least one red-cell unit from a
141 donor who eventually developed a single spontaneous ICH, or neither of the above. Patients
142 transfused with red-cells from donors with a history of ICH prior to blood donation were

143 excluded. A fixed-length exposure assessment window was used to ensure unambiguous

144  exposure classification and to mitigate possible reverse causality, as in previous studies on

145  transfusion transmission using this type of register data.17-1% The length of the exposure

146  assessment window was a compromise between having a sufficiently long period to capture
147  relevant transfusion exposure but not too long as to exclude possibly relevant outcome events.
148  The choice of 180 days was informed by (1) the fact that the majority of patients in our study
149  population were transfused only within this 180-day period, and (2) the belief that outcome
150 events in the first 180 days were unlikely to be related to development of transfusion-related
151  CAA given that the development of CAA is thought to require longer incubation periods.

152

153 Outcomes
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The main outcomes were development of single and multiple spontaneous ICH among
transfusion recipients. We also assessed ischemic stroke as a negative control since it shares
risk factors for spontaneous ICH but is not associated with CAA.2° Diagnosis of spontaneous ICH
and ischemic stroke was ascertained using the 8th, 9th, and 10th revisions of the International
Classification of Diseases (ICD), using the admission date as the diagnosis date (eMethods).
Primary cerebral tumor diagnoses were ascertained from National Cancer Registers using the
7th, 9th, and 10th revision of the International Classification of Diseases. ICH with an ICD code
for trauma or vascular malformation within 30 days or primary cerebral tumor within 180 days
were excluded. Multiple spontaneous ICH or ischemic stroke was defined as having at least two
inpatient episodes at least 30 days apart with a diagnosis of spontaneous ICH or ischemic
stroke, and the diagnosis date was approximated with the admission date for the second

inpatient episode.

Statistical Analyses

In the main analyses, follow-up started 180 days after a patient’s first transfusion and ended on
the date of diagnosis of spontaneous ICH (first or second, in separate models), death,
emigration, or end of follow-up (December 31, 2017). We also censored patients 180 days after
an additional transfusion, to avoid exposure misclassification, or upon diagnosis of a cerebral
tumor. Patients were excluded if they, during the exposure assessment window, received a
platelet or plasma transfusion, received an autologous red-cell unit, or a red-cell unit from a
non-identified donor, a donor with a diagnosis of spontaneous ICH prior to donation, parent, or
child.

Cause-specific hazard ratios were estimated using a stratified Cox proportional hazards
model, with strata constituted by hospital where the first transfusion was administered, further
adjusting for the index calendar year, age, sex (as a categorical term), age and sex interaction,
number of transfusions, indication for transfusion (categorized as 9 hierarchical groups defined

using a previously derived algorithm?!22), and ABO-RhD blood group. All numerical covariates
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were treated as restricted cubic splines with 5 equally spaced knots. Adjusting for the index
calendar year also accounts for the potential available follow-up of blood donors, which is right-
censored at the end of study. Corresponding E-values were computed using the ‘E-Value
Calculator’ by Mathur et al.2324 The proportional hazards assumption was confirmed to hold by
varying the length of follow-up from 5 to 40 years.2>

Standardized cause-specific cumulative incidence functions, with corresponding
cumulative incidence differences, were estimated in the main Swedish cohort using a flexible
parametric survival model with the baseline hazard modeled as a restricted cubic spline with 5
knots. Competing risks by death, primary cerebral tumor, and additional blood transfusions
were accounted for by separately modeling for these outcomes (eFigure 1). For computational
efficiency, we limited the number of non-exposed patients per stratum to 3, matching on the
number of transfusions, region, and date of entry (* 1 year). Patients with more than 100 red-
cell transfusions were excluded to reduce the number of patients without matching controls.
Estimates were adjusted for the same confounders as for the cause-specific hazard ratios,
except for hospital that was replaced by region.

All data processing and statistical analyses were conducted using SAS version 9.4 (SAS
Institute Inc) including the %stratify macro26, and Stata 15 (StataCorp). Standardized
cumulative incidence was estimated using the stmp2 and standsurv packages for Stata.27.28
Statistical significance was set to p=0.05, tests were two-tailed and were not adjusted for
multiple testing. Analyses were performed on data as-recorded without imputation or exclusion
of missing data. A directed acyclic graph and a statistical analysis plan are provided in

eMethods.

Secondary and Sensitivity analyses
In secondary analyses, we assessed the exposure time-varyingly throughout follow-up. In this
way, rather than censoring patients upon receipt of an additional transfusion, patients could

instead change exposure classification if they later received transfusions from a donor who



208  subsequently developed a single spontaneous ICH or multiple spontaneous ICH. Analogous to
209  the main analyses, the start of follow-up commenced 180 days after the first recorded red-cell
210  transfusion and the association of transfusions with the outcome were assessed with a 180-day
211  delay. Given that potential transmission of beta-amyloid or other potential agents causing CAA
212 would likely not manifest for several years or decades after exposure, we imposed a 5-year
213 delay to the start of follow-up to assess if there were any sustained long-term associations for
214 both the main and time-varying exposure analyses. Details are available in eMethods.

215 Multiple sensitivity analyses were conducted in the main Swedish cohort. First, we

216  assessed exposure and outcome using only spontaneous ICH registered as the primary

217  diagnosis in the National Patient Register, in case follow-up care was inadvertently coded as
218 new ICH episodes. Second, as a negative control, we assessed ischemic stroke as outcome in
219 transfused patients instead of spontaneous ICH. Third, we assessed ischemic stroke in both
220  donors as the exposure and in transfused patients as the outcome as an additional negative
221 control. Fourth, we removed censoring for additional transfusions. Fifth, based on the co-

222 occurrence of CAA and Alzheimer’s disease,12 we assessed patients transfused with red-cells
223 from donors who were later diagnosed with a single episode of ICH as well as any type of

224  dementia during follow-up (using the National Patient Registers, see eMethods for ICD codes).
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RESULTS

Cohort creation

A total of 759,858 patients were included in the analysis in Sweden and 329,512 patients were
included in Denmark. Baseline cohort characteristics are displayed in Table 1. The proportion of
female patients was 59% and 58%, and the median age was 65 years (interquartile range [IQR],
48-73) and 64 years (IQR, 50-73) in Sweden and Denmark, respectively. Additionally, baseline
characteristics for the matched cohort used to estimate cumulative incidence in the Swedish
cohort are presented in eTable 1; the remaining patients without matching controls (n=192,
3%) were excluded for this analysis. Descriptive statistics on blood donors are presented in
eTable 2 and descriptive statistics of exposure and outcomes are available in eTable 3. In total,
8598 (1.1%) and 3695 (1.1%) patients were exposed to a blood unit from a donor who later
developed a single spontaneous ICH, and 862 (0.1%) and 448 (0.1%) to a donor who later
developed multiple spontaneous ICH, in Sweden and Denmark, respectively. Descriptive
statistics stratified by exposure during the 180-day exposure assessment window are presented
in Table 2. In the main Swedish cohort, the median (IQR) follow-up in years for patients exposed
to blood donors who did not develop spontaneous ICH, developed a single spontaneous ICH, and
developed multiple spontaneous ICH was 6.1 (2.0-12.5), 7.1 (1.8-16.2), and 8.2 (1.8-19.4)
respectively; follow-up for blood donors was 12.7 (6.1-20.0), 20.0 (14.2-24.8), and 22.2 (15.8-

26.7), respectively.

Main analyses

Cause-specific hazard ratios for single spontaneous ICH outcomes in patients are displayed in
Figure 1A and 1B. Descriptive statistics for transfused patients, including frequency and timing
of ICH, stratified by donor spontaneous ICH status are presented in Table 2. Compared to
receipt of transfusion from donors who did not develop spontaneous ICH, receipt of red-cell
transfusions from donors who subsequently developed multiple spontaneous ICH was

significantly associated with developing a spontaneous ICH in the main Swedish cohort (18 vs



252 5185 events; unadjusted incidence rate [IR], 3.16 vs 1.12 per 1000 person-years; HR, 2.73; 95%
253 (I, 1.72 to 4.35), corresponding to E-values of 4.9 and 2.8 for the point estimate and lower

254  confidence interval for the adjusted hazard ratio, respectively. The same association was

255  significant in the validation Danish cohort (6 vs 1901 events; unadjusted IR, 2.82 vs 1.09 per
256 1000 person-years; HR, 2.32; 95% CI, 1.04 to 5.19). In the majority of cases, donors developed
257  spontaneous ICH more than 10 years after their blood was transfused (Table 2). The

258  corresponding adjusted cumulative incidence difference associated with developing

259  spontaneous ICH was 2.3% (95% CI, 0.6 to 4.0%) in the main Swedish cohort after 30 years

260  (Figure 2). No significant association was seen among recipients of transfusions from donors
261  who later developed only a single spontaneous ICH, neither in Sweden (67 vs 5185 events;

262  unadjusted IR, 1.35 vs 1.12 per 1000 person-years; HR, 1.06; 95% CI, 0.84 to 1.36) nor in

263 Denmark (23 vs 1901 events; unadjusted IR, 1.36 vs 1.09 per 1000 person-years; HR, 1.06; 95%
264  CI, 0.70 to 1.60). With a five-year latency, hazard ratios for spontaneous ICH in recipients of red-
265  cell units from donors with multiple spontaneous ICH donors remained significant (9 vs 2190
266 events; unadjusted IR, 2.28 vs 0.82 per 1000 person-years; HR, 2.84; 95% CI, 1.47 to 5.49) in the
267  Swedish cohort, but there was only 1 exposed case in the Danish cohort. There were only 2

268  events of multiple ICH among patients who received red-cells from donors who developed

269  multiple ICH in Sweden, and none in Denmark (eTable 4).

270

271  Secondary analyses

272 Results from the secondary time-varying exposure models are presented in Table 3. Similar to
273 the main analyses, receiving red-cell transfusions from donors who subsequently developed
274  multiple spontaneous ICH, compared with donors who did not develop spontaneous ICH, was
275  significantly associated with developing a single spontaneous ICH in the main Swedish cohort
276 (21 vs 7686 events; unadjusted IR, 2.60 vs 1.28 per 1000 person-years; HR, 1.95; 95% CI, 1.26-
277  3.03).In Denmark, the corresponding hazard ratio was similar but with wider confidence

278 intervals and was not significant (10 vs 3080 events; unadjusted IR, 2.96 vs 1.27 per 1000
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person-years; HR, 1.74 ; 95% CI, 0.72 to 4.19). With a 5-year delay, the hazard ratios were 1.74
(95% CI, 0.96 to 3.15) and 2.00 (95% CI, 0.64 to 6.23), in the Swedish and Danish cohort
respectively. Comparing patients transfused with red-cells from donors who later developed a
single spontaneous ICH to patients transfused with red-cells from donors who did not develop
spontaneous ICH, there was no significant difference in risk of a single spontaneous ICH among
recipients in the Swedish cohort (114 vs 7686 events; unadjusted IR, 1.55 vs 1.28 per 1000
person-years; HR, 1.01; 95% CI, 0.84 to 1.23) or in the Danish cohort (36 vs 3080 events;
unadjusted IR, 1.29 vs 1.27 per 1000 person-years; HR, 0.75; 95% CI, 0.48 to 1.16). Similar to

the main analyses, multiple spontaneous ICH among transfused patients were rare.

Sensitivity Analysis

Sensitivity analyses for the main Swedish cohort are shown in Figure 1C. The associations
observed in the main analyses among recipients of transfusions from donors with multiple
spontaneous ICH were significant when removing censoring for additional transfusions after
the 180-day exposure assessment window (HR, 2.35; 95% CI, 1.48 to 3.75). Furthermore, the
hazard ratio was increased by restricting the spontaneous ICH definition to only registrations
where ICH was coded as the main diagnosis (HR, 3.21; 95% CI, 1.89 to 5.44). No significant
associations were seen when using ischemic stroke as the outcome (HR, 1.12,95% CI, 0.79 -
1.58) or when using ischemic stroke both in blood donors as the exposure and in transfusion
recipients as the outcome, among recipients of transfusions from donors who had a single
stroke (HR, 0.97; 95% (I, 0.92 to 1.03) and multiple strokes (HR, 0.88; 95% CI, 0.76 to 1.02).
Receiving transfusions from donors who subsequently developed both a single spontaneous ICH
and dementia was also significantly associated with developing a single spontaneous ICH (HR,

2.44; 95% 1.52 to 3.94).

DISCUSSION
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In this exploratory retrospective cohort study, there was a significantly increased risk of
spontaneous ICH among patients who received red-cell transfusions from donors who
themselves developed multiple spontaneous ICH after donating blood, but not from donors who
developed a single spontaneous ICH. Findings from the main analyses using a nationwide
Swedish cohort were validated in a nationwide Danish cohort and were robust to several of the
sensitivity analyses.

Among the sensitivity analyses, there was a significantly increased risk of spontaneous
ICH among patients who were transfused with red-cells from donors who subsequently
developed a single spontaneous ICH and dementia. Using ischemic stroke as a negative control,
there were no significant associations for ischemic stroke when it was used as either an
outcome in patients transfused from donors who developed spontaneous ICH or as both an
exposure and outcome in donors and transfused patients, respectively. In secondary analyses
allowing time-varying exposure, hazard ratios were similar for the main Swedish cohort,
however, numerically higher but non-significant in the Danish cohort and in cohorts with
delayed follow-up, although these cohorts had few cases with wide confidence intervals around
the hazard ratio estimates.

The observed increased risk of spontaneous ICH associated with receiving a red-cell
transfusion from a donor who later developed multiple spontaneous ICH, corresponding to a
30-year cumulative incidence difference of 2.3%, is a novel finding. We are not aware of blood
donor factors that have been reported to be associated with an increased risk of spontaneous
ICH in transfusion recipients. The cause-specific hazard ratios in the main analyses of the main
Swedish cohort correspond to E-values of 4.9 and 2.8 for the point estimate and lower
confidence interval, respectively, which indicates additional unmeasured confounding
associated with both donors developing multiple spontaneous ICH and recipients developing a
spontaneous ICH by a risk ratio of at least 4.9-fold or 2.8-fold each would be required to explain
away the observed association. At the time of transfusion, future spontaneous ICH in donors is

unknown and factors that affect blood allocation are measured and controlled for. We are not
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aware of additional significant confounders, especially confounders that would apply to
spontaneous ICH but not ischemic stroke. It therefore seems unlikely for the results to be
explained entirely by residual confounding.

This study was motivated by the need to evaluate possible transfusion-transmission of
agents causing CAA. Although the study does not directly assess CAA, several findings are
interesting in this context. First, there was a significant association for developing spontaneous
ICH among patients transfused with red-cells from donors who developed multiple but not
single spontaneous ICH. We expect CAA to be more prevalent among donors who develop
multiple spontaneous ICH as CAA-related ICH has been reported to have a 7-fold increase for
recurrent ICH compared with CAA-unrelated ICH.2 Second, a significantly increased risk was
found for patients transfused with red-cells from donors who developed a single spontaneous
ICH and dementia, which could be interpreted in the context of CAA frequently co-occurring
with Alzheimer’s dementia.2? Third, there were not any significant associations for ischemic
stroke, which is strongly associated with other etiologies of spontaneous ICH, including
hypertension, but is not associated with CAA.120 Fourth, it is possible that the potential true
association for CAA-related ICH is underestimated as our study also includes non-CAA-related
ICH among both donors and recipients.

In this study, there was an increased cumulative incidence of ICH within a decade of
exposure, while other studies have reported that longer time is needed for amyloid-beta to
manifest into clinical disease.3? A recent systematic review of 23 cases of iatrogenic CAA
reported a mean latency of 34 years (range, 25 to 46 years) among patients potentially exposed
to amyloid-beta through dura mater grafts or other neurosurgical procedures during early
childhood (mean age, 3.3 years; range 0.1 to 20 years).3! The difference in exposure age may
affect possible incubation periods, since the median age at study entry in this study was 64 to 65
years. In line with recent experimental evidence, incubation periods may be shorter if amyloid-
beta is inoculated in elderly patients with pre-existing subclinical amyloid-beta pathology.32

This is speculative, as this study does not conclusively determine transmission of agents causing
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CAA and includes non-CAA related ICH. Future studies should also assess neuroradiology to
validate the diagnosis of CAA and biomarkers for amyloid-beta pathology.

This study has several strengths. Strong residual confounding is unlikely given that
future development of ICH in donors is unknown at the time of donation, and measured
confounders should account for most relevant confounders. The large binational cohort with up
to almost 5 decades of follow-up allowed observation of rare events with possibly long
incubation periods. It also allowed the exposure to be tiered, using both single and multiple
spontaneous ICH as proxies, where the latter is rarer but may have a higher positive predictive
value for CAA.2 Our results were robust to several key assumptions shown in the sensitivity

analyses, and we were able to use ischemic stroke as a negative control.

Limitations

This study has several limitations. First, the analyses did not assess CAA directly and instead
used single and multiple spontaneous ICH as proxies for CAA. While this finds support in the
literature,233 we did not have access to neuropathology or neuroradiology to directly assess
CAA as an exposure or outcome in our cohort. A specific diagnosis code for CAA exists in the
tenth revision of the International Classification of Diseases, but it was rarely used. Since
spontaneous ICH is an infrequent and a late-stage manifestation of CAA,33-35 many donors who
do not develop ICH are expected to have CAA, which in turn may have attenuated the observed
associations. Second, we defined spontaneous ICH as the absence of diagnoses related to trauma
or vascular malformations, however, we did not have data to validate the sensitivity of diagnosis
codes for trauma or vascular malformations. Our definition of multiple spontaneous ICH may
misclassify spontaneous ICH that occurred less than 30 days apart or at the same time. Third,
despite using all computerized transfusion records in two countries over several decades, both
the exposure and the outcome were rare which led to small numbers of events. The study was
especially underpowered to assess multiple spontaneous ICH as the outcome, and we were

unable to consider transfusions of other types of blood products. Fourth, based on current
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understanding that incubation periods for iatrogenic CAA is multiple decades3?, we assumed
that the incubation period was at least 180 days and did not assess events within the first 180
days. Fifth, it is possible that the difference in follow-up across exposure groups may have led to
uncontrolled selection bias; however, because we controlled for calendar year of transfusion we

do not believe this materially affected our findings.

Conclusions

In an exploratory analysis of patients who received red-cell transfusions, patients transfused
with red-cells from donors who later developed multiple spontaneous ICH were at a
significantly increased risk of developing spontaneous ICH themselves. This may suggest a
transfusion-transmissible agent associated with some types of spontaneous ICH, although the
findings may be susceptible to selection bias and residual confounding and further research is

needed to investigate if transfusion-transmission of CAA might explain this association.
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Table 1. Characteristics of study population.

Sweden (Main)

Denmark (Validation)

Patients, N 759 858 329512
Male, N (%) 308 738 (41%) 139 488 (42%)
Female, N (%) 451 120 (59%) 190 024 (58%)

Age at first transfusion, N(%)

5-17y 14 602 (2%) 4883 (1%)
18-39y 122 849 (16%) 43758 (13%)
40-64y 242 368 (32%) 117 925 (36%)
65-80 y 380 039 (50%) 162 946 (49%)
Median (IQR) 65 (48-73) 64 (50-73)
Decade at first transfusion, N (%)

1970 10 798 (1%) 0 (0%)

1980 76 167 (10%) 13 277 (4%)
1990 224 493 (30%) 88 623 (27%)
2000 262 278 (35%) 182 508 (55%)
2010 186 122 (24%) 45 104 (14%)

Year at first transfusion, Median (IQR)

2002 (1995-2009)

2003 (1998-2007)

Follow-up in years®, N (%)

<5y 352221 (46%) 144 726 (44%)
59y 157 270 (21%) 81476 (25%)
10-19 y 182 014 (24%) 85 821 (26%)
20+y 68 353 (9%) 17 489 (5%)
Median (IQR) 5.8 (1.4-12.5) 6.1(1.5-11.6)
Total, person years 6096 106 2459076
Uncensored after the 180-day exposure assessment window, N° 558 032 210663

All patients who were uncensored 180 days after their first recorded red-cell transfusion between 1970-2017 (Sweden) and 1980-2017
(Denmark) are included in this table and in the time-varying analyses. See Table 2 for the study population used in the main analyses
using a 180-day exposure assessment window, which is a subset of the population in this table.

°Follow-up from 180-days after first transfusion to first of spontaneous ICH, censoring events, or Dec 31, 2017

®This differs from the total number of patients in the table due to different timings of censoring between analyses using the time-fixed

180-day exposure assessment window and the time-varying analyses

Percentages may not add up due to rounding.
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Table 2. Characteristics of study population stratified by exposure during the 180-day exposure assessment window

Sweden (Main)

Denmark (Validation)

Donor spontaneous ICH status at the end of follow-up

No ICH Single ICH Multiple ICH No ICH Single ICH Multiple ICH
Patients 552625 4904 503 208 432 1982 249
Male, N (%) 206 952 (37%) 2036 (42%) 194 (39%) 81 868 (39%) 856 (43%) 103 (41%)
Female, N (%) 345 673 (63%) 2868 (58%) 309 (61%) 126 564 (61%) 1126 (57%) 146 (59%)
Age at first transfusion, Median (IQR) 65 (45-73) 66 (48-74) 65 (44-74) 63 (47-73) 65 (50-73) 64 (51-74)
Year at first transfusion, Median (IQR) 2005 (1997-2011) 1996 (1990-2001) 1994 (1988-1999) 2004 (1999-2008) 2000 (1995-2004) 1999 (1995-2004)
Number of RBC transfusions, Median (IQR) 2 (2-4) 4(2-7) 4(2-8) 3(2-4) 5(3-9) 6(3-9)
Follow-up for patients in years, Median (IQR)° 6.1 (2.0-12.5) 7.1(1.8-16.2) 8.2 (1.8-19.4) 7.3 (2.6-12.5) 6 (1-14)° 5 (1-15)°

Follow-up for blood donors in years, Median (IQR)*

12.7 (6.1-20.0)

20.0 (14.2-24.8)

22.2 (15.8-26.7)

13.4(9.5-18.1)

17.2 (12.5-21.8)

17.6 (12.8-22)

Patients with single ICH, N (%) 5185 (0.9%) 67 (1.4%) 18 (3.6%) 1901 (0.9%) 23 (1.2%) 6 (2.4%)
Age at first ICH, Median (IQR) 77 (69-81) 76 (70-82) 77 (76-81) 75 (67-80) NA® NA®
Time to ICH, N (%)
<5y 2637 (51%) 34 (51%) 11 (61%) 1042 (55%) NA® NA®
5-9y 1313 (25%) 19 (28%) 3 (17%) 535 (28%) NA® NA®
10+y 1235 (24%) 14 (21%) 4(22%) 324 (17%) NA® NA®
Patients with multiple ICH, N (%) 350 (0.1%) 3(0.1%) 2 (0.4%) 123 (0.1%) NA® NA®
Age at second ICH, Median (IQR) 76 (67-81) 69 (65-79) 82 (80-84) NA® NA® NA®
Time to ICH, N (%)
<5y 128 (37%) 1(33%) 0 (0%) 59 (50%) NA® NA®
5-9y 107 (31%) 1(33%) 1 (50%) 38 (31%) NA® NA®
10+y 115 (33%) 1(33%) 1 (50%) 26 (21%) NA® NA®
Time to first ICH among donors, N (%)
<5y 881 (18%) 123 (24%) 309 (16%) 51 (20%)
5-9y 908 (19%) 114 (23%) 492 (25%) 69 (28%)
10+y 3115 (64%) 266 (53%) 1181 (60%) 129 (52%)
Time to second ICH among donors, N (%)
<5y 93 (18%) 28 (11%)
59y 82 (16%) 64 (26%)
10+y 328 (65%) 157 (63%)

Only patients who have survived and were uncensored after the 180-day exposure assessment window are included.
°*No decimals or not presented due to local data privacy regulations
bFollow-up from 180-days after first transfusion to first of spontaneous ICH, censoring events, or Dec 31, 2017

“Follow-up from first transfusion of the patient until the first of the blood donor’s death, emigration, or Dec 31, 2017

Percentages may not add up due to rounding.
NA = Not Applicable
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Table 3. Results from secondary analysis with time-varying exposure.

den (Main)

Denmark (

Itipl ICH as

Itipl ICH as

Single sp ICH as outcome

Single ICH as outcome

Donor status at end of follow-up

Events / Person years; IR Adjusted HR®

Events / Person years; IR

Adjusted HR”

Events / Person years; IR Adjusted HR”

Events / Person years; IR

Adjusted HR®

No spontaneous ICH 7686 / 6014477;1.28 1.00 (ref) 597 /6035297; 0.10 1.00 (ref) 3080/ 2427772;1.27 1.00 (ref) 231/2435233;0.09 1.00 (ref)

Single spontaneous ICH 114/ 73562; 1.55 1.01(0.84-1.23) 9/73869;0.12 0.97 (0.50-1.89) 36/27926;1.29 0.75(0.48-1.16) 3/28023;0.11 0.39 (0.05-2.87)
Multiple spontaneous ICH 21/8067; 2.60 1.95 (1.26-3.03) 2/8109; 0.25 2.14 (0.53-8.64) 10/3378;2.96 1.74 (0.72-4.19) 0/ 3409; 0.00 NAb

With 5-year latency

No spontaneous ICH 7745 / 6041764; 1.28 1.00 (ref) 600 / 6062657; 0.10 1.00 (ref) 3101 /2439984; 1.27 1.00 (ref) 233/2447479; 0.10 1.00 (ref)

Single spontaneous ICH 64 /48799; 1.31 0.96 (0.75-1.25) 6/49043;0.12 1.01 (0.45-2.27) 21/17045;1.23 0.73 (0.40-1.32) 1/17114;0.06 0.69 (0.10-5.02)
Multiple spontaneous ICH 12 /5543;2.16 1.74 (0.96-3.15) 2 /5576; 0.36 3.24 (0.80-13.09) 4/2047;1.95 2.00 (0.64-6.23) 0/2073;0.00 NAb

3
Adjusted for sex, age, sex and age interaction, calendar year, number of transfusions, hospital/geographical location

b
Not estimable due to insufficient events

R = Incidence rate per 1000 person years, NA = Not applicable
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Figure 1. Adjusted hazard ratios for the development of spontaneous ICH from main and
sensitivity analysis using a 180-day exposure assessment window.

Figure 2. Cumulative incidence for single spontaneous ICH as outcome using a 180-day
exposure assessment window (main Swedish cohort).
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Exposure

A Sweden (Main)
No sICH
Single sICH
Multiple sICH
5-year delay
No sICH
Single sICH
Multiple sICH

B Denmark (Validation)

No sICH

Single sICH

Multiple sICH
5-year delay

No sICH

Single sICH

Multiple sICH

Events / Personyears; IR

5185/4,611,866 ; 1.12
67/49,583 ; 1.35
18/5704 ; 3.16

2190/2,662,568 ; 0.82
27/32,191;0.84
9/3952;2.28

1901/1,751,337 ; 1.09
23/16,916 ; 1.36
6/2127 ;2.82

751/998,857 ; 0.75
11/10,375; 1.06
1/1306;0.77

C Sensitivity analyses (main Swedish cohort)
Without censoring for additional transfusions

No sICH
Single sICH
Multiple sICH

5996 / 5,000,303 ; 1.20
85/56,345 ; 1.51
1876209 ; 2.90

Only considering ICH if it is the primary diagnosis?®

No sICH
Single sICH
Multiple sICH

4596 / 4,621,577 ; 0.99
63/44,735;1.41
14 /4400 ;3.18

b

ic stroke in
No sICH

Single sICH

Multiple sICH

Ischemic stroke in donors as exposure and in patients as outcome®

No stroke
Single stroke
Multiple Stroke

23,837 /4,458,442 ; 5.35
248 /48,222 ;5.14
32/5552;5.76

22,591/ 4,234,502 ; 5.33
1339/237,163 ; 5.65
187 /39,577 ;4.72

Adding dementia in donors as exposure?

No sICH
Single sICH

Single sICH + Dementia

5184 /4,611,556 ; 1.12
69/49,859 ; 1.38
17 15738 ; 2.96

2Excluding hospital episodes with another primary diagnosis
As a negative control, the exposure is transfusions from blood donors that develop spontaneous ICH and the outcome is the first ischemic stroke

in transfused patients.

0.5

Adjusted Hazard Ratio (95% Cl)

1.00 (ref)
1.06 (0.84 to 1.36)
2.73 (1.72 to 4.35)

|

1.00 (ref)
0.94 (0.64 to 1.38)
2.84 (1.47 t0 5.49)

AEARR
|

1.00 (ref)
1.06 (0.70 to 1.60)
2.32 (1.04 t0 5.19)

:

1.00 (ref)
1.25 (0.69 to 2.28)
0.93 (0.13 to 6.62)

1.00 (ref)
1.1 (0.89 to 1.38)
2.35(1.48 t0 3.75)

P“

|

o1 -

1.00 (ref)
1.26 (0.98 to 1.62)
3.21(1.89 to 5.44)

|

1.00 (ref)
0.92 (0.81 to 1.04)
1.12 (0.79 to 1.58)

1.00 (ref)
0.97 (0.92 to 1.03)
0.88 (0.76 to 1.02)

.----i4.---f-§-.------¥

1.00 (ref)
1.09 (0.86 to 1.39)
2.44 (1,52 t0 3.94)

__{_
|

=)

20 40 6.0

°As a negative control, the exposure is transfusions from blood donors that develop ischemic stroke and the outcome is the first ischemic stroke in

transfused patients.

9The exposure is transfusions from blood donors that develop no spontaneous ICH, single spontanous ICH, or single spontaneous ICH and

dementia. Tthe outcome is the first spontaneous ICH in transfused patients.

IR = Incidence Rate per 1000 person years

sICH = spontaneous ICH
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No. at risk by exposure

Multiple sICH 502 228 115 39
Single siCH 4889 2019 841 265
No sICH 15331 6496 2740 839

Cumulative incidence difference, percent (95% CI)

Donor No sICH 0.0 (ref) 0.0 (ref) 0.0 (ref)
Single sICH vs No sICH 0.0 (-0.3-0.3) 0.0 (-0.3-0.4) 0.0 (-0.4-0.5)
Multiple sICH vs No sICH 1.6 (0.4-2.7) 2.1 (0.5-3.6) 2.3 (0.6—4.0)

Median (IQR) follow-up was 8.3 (1.8—19.4) years for recipients of donors with multiple sICH, 7.1 (1.8—-16.3) years
for recipients of donors with single sICH, and 7.6 (2.0-16.8) years for recipients of donors with no sICH.

sICH = spontaneous ICH
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