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Abstract

Introduction: Blood pressure (BP) lowering reduces the risk of recurrent stroke after intracerebral haemorrhage
(ICH). However, implementation of BP lowering in clinical practice in the UK is unknown.

Patients and methods: We identified adults with first-ever incident ICH to quantify the proportion who survived
>14 days after hospital discharge and were prescribed BP-lowering medication in a prospective, population-based,
inception cohort study in the Lothian region of Scotland during June 2010—May 2012 and January—December 2019.
After the first cohort, we analysed reasons for avoiding BP-lowering medication in a sample from the Lothian region of
the Scottish Stroke Care Audit during January 2017-November 2017, which informed a quality improvement interven-
tion that was implemented in the second cohort.

Results: After efforts to improve monitoring and lowering of BP amongst ICH survivors, there was an increase in the
proportion of patients prescribed BP-lowering medication at hospital discharge between the first and second
population-based cohorts (81/130 [62%] vs. 68/89 [76%]; P=0.028). Compared with patients not prescribed BP-
lowering medication at hospital discharge, patients prescribed BP-lowering medication presented with higher systolic
BP (177 vs. 156 mm Hg, P=0.002 and 180 vs. 149 mm Hg, P < 0.001, in the first and second population-based cohorts,
respectively), and were more likely to have pre-morbid hypertension (85% vs. 33%, P <0.001 and 72% vs. 29%,
P <0.001) and atrial fibrillation (35% vs. 4%, P <0.001 and 26% vs. 5%, P < 0.034).

Conclusion: In this population-based study, the proportion of patients with ICH who were prescribed BP-lowering
medication at hospital discharge increased after a quality improvement intervention.
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Elevated blood pressure (BP) is the strongest modifi- UK
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and accounts for approximately half of the

population-attributable risk.'* In patients who survive

Introduction
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beyond 90 days after ICH, failure to achieve adequate
BP control is common,® and is associated with a higher
risk of recurrent lobar and non-lobar ICH,* and other
adverse cardiovascular outcomes.’

In 2004, the perindopril protection against recurrent
stroke study (PROGRESS) randomised controlled trial
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showed that BP lowering reduced the relative risk of
recurrent stroke by 50% in ICH survivors.® The United
Kingdom national stroke guidelines were updated in
2012 to recommend lowering systolic BP to
<130mm Hg in stroke survivors where there are no
contraindications.”

We sought to determine the frequency of prescrip-
tion of BP-lowering medication and reasons for avoid-
ance in ICH survivors at hospital discharge in the
Lothian region of Scotland, United Kingdom. Our
findings informed a quality improvement intervention
that aimed to increase the use of BP monitoring and
BP-lowering medication in Lothian. We compared the
proportion of ICH survivors who were prescribed BP-
lowering medication at hospital discharge in a
population-based cohort study before and after the
quality improvement intervention to identify a tempo-
ral change in practice, and assessed patient character-
istics associated with the prescription of BP-lowering
medication to identify areas for further improvement.

Methods

Setting

Prospective, population-based, longitudinal cohort study of ICH
used for audit, research and quality improvement. We iden-
tified patients with ICH (presumed due to cerebral
small vessel disease) in The Lothian Audit of the
Treatment of Cerebral Haemorrhage (LATCH) from
1 June 2010 to 31 May 2012, and 1 January 2019 to 31
December 2019. LATCH ascertained cases from the
Lothian Health board region of Scotland (including 3
hospitals) in residents aged >16years diagnosed with
first-ever or recurrent ICH (mid-2010 population aged
>16years: 695,335) through multiple routes: prospec-
tive hot pursuit sources through a trust-wide network
of physicians, neurologists, neurosurgeons, radiolog-
ists, pathologists, specialist nurses and audit personnel,
daily neuroradiology meetings and review of all com-
puted tomographic (CT) head scans; and retrospective
searches of electronic patient notes, International
Classification of Diseases 10th Revision (ICD-10)
coded hospital discharge records (http://www.isdscot
land.org), the Scottish Stroke Care Audit (http://
www.strokeaudit.scot.nhs.uk), and records at the
Office of the Procurator Fiscal.®

Retrospective search of the Scottish Stroke Care Audit (SSCA)
database. In order to inform a quality improvement
intervention that could be evaluated during the
second population-based study, we did a retrospective
search of the Scottish Stroke Care Audit (SSCA) data-
base to identify patients with ICH in Lothian from
2 January 2017 to 9 November 2017, and examined

their hospital records to identify reasons why BP-
lowering medication was not prescribed at hospital
discharge.

Study participants. We defined ICH as a symptomatic
event (new headache, focal neurological symptoms, or
altered consciousness), referable to a discrete parenchy-
mal bleed (confirmed by temporally consistent radiol-
ogy or pathology findings). We included patients with
incident first-ever ICH presumed due to cerebral small
vessel disease who survived >14 days after hospital dis-
charge. We reviewed patients’ medical records and
investigations to exclude cases of recurrent ICH, isolat-
ed extra-axial intracranial haemorrhage, and ICH
definitely attributable to a macrovascular cause,
tumour, trauma, and haemorrhagic transformation of
ischaemic stroke. Standard clinical practice in NHS
Lothian involves targeted use of CT angiography
informed by clinical predictors of the risk of underlying
macrovascular pathology.’

LATCH audit standard. The LATCH audit standard relat-
ing to long-term BP lowering after ICH is as follows:
‘blood pressure-lowering therapy should be prescribed by
hospital discharge if systolic BP is >130 mm Hg, unless
there is a contra-indication to the use of these drugs (e.g.
end of life care, hypotension etc).” Therefore, the prima-
ry outcome was the prescription of BP-lowering
medication at hospital discharge, irrespective of prior
BP-lowering medication use or prior hypertension
diagnosis.

Quality improvement intervention. The 2017 audit indicat-
ed that there was a persisting unexplained deficit
in proportion of ICH survivors that received a pre-
scription for BP-lowering medication at hospital dis-
charge, so we sought to improve the availability and
use of BP monitoring and BP-lowering medication
where it was indicated by clinical guidelines”'* by
implementing a quality improvement intervention on
I November 2018 (https://services.nhslothian.scot/
Stroke/ClinicalAudits/LATCH %20protocol.pdf). The
intervention involved the introduction of Lothian-
wide guidance on the treatment of ICH (Acute stroke
due to intracerebral haemorrhage: Assessment,
Consultation and Treatment [ICH-ACT]), and the
opportunity for ICH survivors to use a home BP tele-
monitoring service (Florence tele-monitoring [https://
www.getflorence.co.uk/]) or participate in one of
two ongoing research studies of BP monitoring
and BP lowering after ICH (Triple Therapy
Prevention of Recurrent Intracerebral Disease EveNts
Trial [TRIDENT, NCT02699645] and Prevention of
Hypertensive Injury to the Brain by Intensive
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Treatment in IntraCerebral
[PROHIBIT-ICH, NCT03863665]).

To promote the quality improvement intervention,
we organised a series of education sessions about ICH-
ACT and the various BP monitoring and lowering
activities for key stakeholders in secondary care (col-
leagues in neurology, stroke, acute internal medicine
and emergency departments). We worked closely with
clinical colleagues to maintain engagement with the
intervention: this included weekly departmental meet-
ings attended by stroke clinicians, and monthly email
reminders to LATCH collaborators (supplementary
material). We anticipated that these activities would
improve the uptake of guideline-recommended BP
management by raising awareness of this important
intervention amongst patients and their hospital-
based healthcare practitioners, and by providing sever-
al options for their long-term BP management.”'’

Haemorrhage

Data collection. We retrospectively collected prospective-
ly recorded data on BP-lowering medication use after
ICH from paper and electronic patient records associ-
ated with the corresponding hospital admission includ-
ing initiation of, or changes to, BP-lowering medication
during admission and BP-lowering prescription on dis-
charge. In the population-based cohorts, we extracted
additional data from patients’ medical records: medical
history; use of BP-lowering, antiplatelet and anticoag-
ulant medication at ICH diagnosis; clinical data on
admission (BP and Glasgow Coma Scale score); and
haematoma characteristics on baseline CT brain scan
(anonymised scans were prospectively collected and
held on a secure server). We rated ICH location on
baseline CT brain scans according to the CHARTS
rating system.'' In view of prescribing patterns in the
first population-based cohort, we assessed reasons for
the avoidance of BP-lowering medication in the audit
and the second population cohort (these data were not
available for the first population-based cohort). To
assess participation in several BP-monitoring activities
available from 2018 onwards, we collected information
about the long-term BP monitoring plan from the elec-
tronic discharge summary in the second population
cohort.

Statistical analysis. To identify a temporal change in
practice, we compared the proportion of ICH survivors
who were prescribed BP-lowering medication at hospi-
tal discharge before (first population-based cohort) and
after (second population-based cohort) the quality
improvement intervention using the chi-squared test.
We assessed the associated change in the proportion
of ICH survivors who were prescribed BP-lowering at
hospital discharge in a multivariable logistic regression
model adjusted for clinically important baseline

confounders, which included age (>80years vs.
<80 years), Glasgow coma scale (GCS) score (<12 vs.
>12), ICH location (infratentorial vs. other), presence
of intraventricular haemorrhage, presence of any car-
diovascular comorbidity, and prior use of anticoagula-
tion. We also compared the two population-based
cohorts by their patient characteristics, stratified by
prescription of BP-lowering medication at hospital dis-
charge (yes vs. no), using the Kruskal-Wallis test for
continuous variables, and the chi-squared test for cat-
egorical variables. The significance level was set at
P=0.05.

Results

In the first population-based cohort (1 June 2010 to 31
May 2012, inclusive), there were 268 cases of incident
first-ever ICH of whom 130 (49%) survived >14days
after hospital discharge (Figure 1). Among 130 ICH
patients who survived >14days after hospital dis-
charge, 81 (62%) were prescribed BP-lowering medica-
tion (Figure 2).

The subsequent audit that informed the quality
improvement intervention (2 January 2017 to 9
November 2017, inclusive) revealed that of 61 patients
with ICH who survived >14days after hospital dis-
charge, 33 (54%) were prescribed BP-lowering medica-
tion, 19 (31%) were not prescribed BP-lowering
medication and had a reason for avoiding them and 9
(15%) were not prescribed BP-lowering medication and
did not have a clear reason for avoiding them (Figure 2).

Following the introduction of the quality improve-
ment intervention, the second population-based cohort
(1 January 2019 to 31 December 2019, inclusive)
revealed that of 136 cases of incident first-ever ICH,
89 (65%) survived >14days after hospital discharge.
A comparison of the baseline characteristics of the
first and second population-based cohorts is shown in
Supplementary Table 1: compared to the first
population-based cohort, anticoagulant use was more
common, and subarachnoid extension less common in
the second population-based cohort. Among 89 patients
with ICH who survived >14 after from hospital
discharge, 68 (76%) patients were prescribed BP-
lowering medication, 15 (17%) patients were not pre-
scribed BP-lowering medication and had a reason for
avoiding them, and 6 (7%) patients were not prescribed
BP-lowering medication and did not have a clear reason
for avoiding them (Figure 2). Compared with the pro-
portion of patients who received BP-lowering medica-
tion at hospital discharge in the first population-based
cohort, the proportion of patients who received BP-
lowering medication in the second population-based
cohort represented a statistically significant increase
(76% vs. 62%, P=0.028). In adjusted analyses, the
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First population-based cobort
1 Jun 2010 - 31 May 2012, inclusive

Andit

2 Jan 2017 — 9 Nov 2017, inclusive

Second population-based cohort
1 Jan 2019 — 31 Dec 2019, inclusive

Spontaneous ICH Spontaneous ICH Spontaneous ICH
n=350 n=129 n=166
Opted out Opted out Opted out
] n=2 n=0 n=0
Secondary ICH Secondary ICH Secondary ICH
n=55 n=13 n=18
Recurrent ICH Recurrent ICH Recurrent ICH
n=25 n=10 n=12
First-ever primary First-ever primary First-ever primary
ICH n=268 ICH n=106 ICH n=136
Died during admission
Died during admission
£ or within 14 days of
or within 14 days of
Y hospital discharge
hospital discharge
n=47 (35%)
n=45 (42%)
y
Alive 14 days after Alive 14 days after Alive 14 days after
hospital discharge hespital discharge hospital discharge
n=130 (49%) n=61 (58%) =89 (65%)

Figure |. Flowchart of patients included in the study. Percentages relate to those with first-ever primary ICH. First population-based
cohort denotes the study period | June 2010 to 31 May 2012 inclusive; audit, 2 January 2017 to 9 November 2017; second
population-based cohort, | January 2019 to 3|1 December 2019; ICH, intracerebral haemorrhage.

First population-based cohort Audit Second population-based cohort
1 .Jun 2010 — 31 May 2012, inclusive 2 Jan 2017 — 7 Nov 2017, inclusive 1 Jan 2019 — 31 Dec 2019, inclusive

Alive 14 days after Alive 14 days after Alive 14 days after

hospital discharge hospital discharge hospital discharge

n=130 n=61 n=89

BP lowering No BP lowering BP lowering No BP lowering BP lowering No BP lowering
medication(s) on medication(s) on medication(s) on medication(s) on medication(s) on medication(s) on
discharge discharge discharge discharge discharge discharge
n=81 (62%) n=49 (38%) n=33 (54%) =28 (46%) =68 (76%) n=21 (24%)
Reason for avoiding Reason for avoiding
BP lowering? BP lowering?
Yes ‘No/uncertain Yes No/uncertain
n=19 (31%) n= 9 (15%) =15 (17%) =6 (7%)
1 |
SBP<130 SBP<130
N=11 N=9
Frailty/poor Frailty/poor
function function
N=5 N=3
Contraindication Contraindication
N=3 N=3

Figure 2. Proportion of ICH patients who survived more than 14 days after hospital discharge and received a prescription for BP-
lowering medication, and reasons for avoidance, by study epoch. Percentages relate to those with first-ever primary ICH who were at
alive at 14 days after hospital discharge. First population-based cohort denotes the study period | June 2010 to 3| May 2012 inclusive;
audit, 2 January 2017 to 9 November 2017; second population-based cohort, | January 2019 to 31 December 2019; ICH, intrace-
rebral haemorrhage; BP, blood pressure; SBP < |30, patients achieving systolic BP levels <130 mm Hg without BP-lowering medication.
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association between the quality improvement interven-
tion and the proportion of patients prescribed BP-
lowering medication at hospital discharge persisted
(adjusted odds ratio 2.26 [95% confidence interval 1.08
to 4.73], p=0.030, area under ROC curve 0.81).

The distribution of reasons for avoiding BP-
lowering medication was similar in the audit and
second population-based cohort: among patients with
a reason for avoiding BP-lowering, there were 11/19
(58%) and 9/15 (60%) with systolic BP levels

<130mm Hg; 5/19 (26%) and 3/15 (20%) with frailty/
poor function; and 3/19 (16%) and 3/15 (20%) with a
contraindication to BP-lowering medication in the audit
and second population-based cohort, respectively.
Table 1 shows the baseline characteristics of ICH
patients who survived >14days after hospital dis-
charge, stratified by population-based cohort epoch
and prescription of BP-lowering medication at hospital
discharge. Compared with patients not prescribed
BP-lowering medication at hospital discharge, patients

Table |. Baseline characteristics of patients with incident first-ever intracerebral haemorrhage who survived > 14 days after hospital
discharge, stratified by population-based study epoch and prescription of BP-lowering medication at hospital discharge.

First population-based cohort

Second population-based cohort

BP lowering at hospital discharge

BP lowering at hospital discharge

Yes No Yes No
(N=38lI) (N=49) P (N=68) (N=2I) P
Age at onset, years 74 (59-80) 74 (61-82) 0.792 74 (62-82) 74 (57-82) 0.674
Gender, female 44 (54) 29 (59) 0.588 31 (46) 10 (48) 0.870
Medical history
Hypertension 69 (85) 16 (33) <0.001 48 (72) 6 (29) <0.001
Atrial fibrillation 28 (35) 2.4 <0.001 18 (26) I (5) 0.034
Myocardial infarction 8 (10) I (2) 0.088 34 0 (0) 0.327
Ischaemic stroke I (14) 5(10) 0.570 7 (10) 2 (10) 0918
Transient ischaemic attack 7 (9) I (2) 0.129 4 (6) 0 (0) 0.255
Diabetes mellitus 8 (10) 24 0.230 13 (19) I (5) 0.114
Peripheral vascular disease 3 (4) 0 (0) 0.173 I (1) I (5) 0.374
Hyperlipidaemia 18 (22) I (22) 0.976 13 (19) 0 (0) 0.030
Medications at admission®
BP-lowering <0.001 <0.001
None 23 (28) 45 (92) 24 (36) 18 (86)
One 20 (25) 3(6) 16 (24) 3(14)
Many 38 (47) I (2) 27 (40) 0 (0)
Antiplatelet 0.018 0.786
None 44 (54) 38 (78) 53 (79) 16 (76)
One 33 (41) 1 (22) 13 (19) 5 (24)
Many 4 (5) 0 (0) 1 (2) 0 (0)
Anticoagulant 0.003 0.041
None 68 (84) 49 (100) 50 (75) 20 (95)
One 13 (16) 0 (0) 17 (25) I (5)
Clinical assessment
Systolic BF, mm Hg 177 (38) 156 (27) 0.002 180 (33) 149 (27) <0.001
Diastolic BP, mm Hg 95 (25) 85 (18) 0.060 97 (24) 83 (15) 0.027
GCS score I5 (14-15) 14 (13-15) 0.031 15 (14-15) 15 (14-15) 0.298
Haematoma characteristics
Location” 0.241 0.433
Deeplinfratentorial 43 (57) 21 (46) 39 (57) 10 (48)
Lobar 33 (43) 25 (54) 29 (34) 11 (52)
Intraventricular extension 25 (33) 14 (30) 0.778 20 (29) 4 (20) 0.350
Subarachnoid extension 25 (33) 20 (43) 0.240 14 (21) 4 (20) 0.878
Subdural extension 4 (5) 49 0.458 () I (5) 0.374

Data are number (%), mean (standard deviation) or median (interquartile range). First population-based cohort denotes the study period | June 2010
to 31 May 2012 inclusive; second population-based cohort, | January 2019 to 3|1 December 2019.

*Missing data for | patient in epoch three initially admitted to a hospital in another health board.

®CHARTS rating: 6 patients in epoch three were rated ‘uncertain — holohemispheric’ and are not included.
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prescribed them were similar in age and sex, and the
proportion with deep/infratentorial haematoma loca-
tion was also similar (57% vs. 46%, P=0.241 and;
57% vs. 48%, P=0.433, in the first and second
population-based cohorts, respectively).

Compared with patients not prescribed BP-lowering
medication at hospital discharge, patients prescribed
them presented with higher systolic BP (177 wvs.
156mm Hg, P=0.002 and; 180 vs. 149mm Hg,
P <0.001, in the first and second population-based
cohorts, respectively), and were more likely to have
pre-morbid hypertension (85% vs. 33%, P <0.001
and; 72% vs. 29%, P <0.001) and atrial fibrillation
(35% vs. 4%, P <0.001 and; 26% vs. 5%, P <0.034),
and be prescribed BP-lowering medication (none vs.
one vs. many: P <0.001 and P <0.001) and anticoagu-
lant medication (none vs. one: P=0.003 and P =0.041)
at symptom onset. Overall, there were 48/130 (37%)
and 19/89 (21%) prescribed antiplatelet medication,
and 13/130 (10%) and 18/89 (20%) prescribed antico-
agulant medication at the time of ICH onset in the first
and second population-based cohorts, respectively.

Table 2 shows the BP management of ICH patients:
3 or medications were prescribed in 26/128 (20%) and

21/89 (24%) of patients in the first and second
population-based cohorts, respectively; 8/128 (6%),
and 7/89 (8%) of patients received the combination
of a renin-angiotensin system blocker, calcium channel
blocker and diuretic. In the first population-based
cohort and the audit, renin-angiotensin system blockers
were the most frequently prescribed agent, compared
with the second population-based cohort where calci-
um channel blockers were used most frequently. In the
second population-based cohort, long-term BP moni-
toring was attributed to the patient’s general practi-
tioner in 41/89 (46%) patients, home tele-monitoring
in 10/89 (11%) patients, home self-monitoring in 3/89
(3%) patients and a clinical trial in 3/89 (3%) patients;
no plan was documented in 32/89 (36%) patients.

Discussion

In two epochs of this prospective, population-based,
longitudinal cohort study and an interim audit,
between half and three quarters of ICH survivors
were prescribed BP-lowering medication at hospital
discharge; around a third of patients who did not
receive BP-lowering medication did not have a clear

Table 2. Blood pressure management of patients with ICH at hospital discharge.

First Second
population-based Audit population-based
cohort (N =128% (N=61) cohort (N=89)
Number of BP-lowering medications
0 49 (38) 28 (46) 21 (24)
| 32 (25) 19 (31) 26 (29)
2 21 (16) 9 (15) 21 (24)
>3 26 (20) 5(8) 21 (24)
Median I (0-2) I (0-1) I (1-2)
BP-lowering medication class
Calcium channel blocker 25 (20) 13 (21) 43 (48)
Renin-angiotensin system blocker 49 (38) 17 (28) 4] (46)
Diuretic 29 (23) 8 (13) 15 (17)
Beta-adrenoreceptor blocker 28 (22) 11 (18) 30 (34)
Alpha-adrenoceptor blocker 7 (5) 3(5 6 (7)
Nitrate 17 (13) 2 (3) 33)
Other 0 (0) 0 (0) I (1)
Combination therapy
RAS blocker + CCB + diuretic 8 (6) 0 (0) 7 (8)
BP-monitoring plan
GP - - 41 (46)
None - - 32 (36)
Home tele—monitoring - - 10 (11)
Home self-monitoring - - 33
Clinical trial - - 3(3)

First population-based cohort denotes the study period | June 2010 to 31 May 2012 inclusive; audit, 2 January 2017 to 9 November 2017; second
population-based cohort, | January 2019 to 31 December 2019; BP, blood pressure; RAS, renin—angiotensin system; CCB, calcium channel blocker; GP,

general practitioner.

*Two patients in epoch one were prescribed BP—lowering at hospital discharge, but details were unavailable.



50

European Stroke Journal 6(1)

reason for avoiding them. In 2019 (the second
population-based cohort), there was a significant
increase in the proportion of patients who received
BP-lowering medication to 76% from 62% in the
first population-based cohort; 24% were prescribed 3
or more agents, and the use of calcium channel block-
ers overtook renin-angiotensin system blockers.
Premorbid hypertension and atrial fibrillation were
more common among patients prescribed BP-
lowering treatment at hospital discharge compared
with patients who were not; age, sex and the proportion
of patients with deep/infratentorial haematoma loca-
tion were similar.

Despite evidence of benefit emerging from the
PROGRESS trial nearly two decades ago,®'? and
updates to the UK National Clinical Guidelines for
Stroke in 2012 and European Stroke Organisation
guidelines in 2014,'" prescription of BP-lowering med-
ication for the secondary prevention of recurrent stroke
after ICH could be further improved. Yet, while little
change occurred between 2010-2012 (first population-
based cohort) and 2017 (audit), we found an increase in
the proportion of ICH patients that received BP-
lowering at hospital discharge in 2019 (second
population-based cohort), which was associated with
the introduction of a quality improvement intervention
involving Lothian-wide guidance on ICH management
and opportunities to recruit patients to two rando-
mised controlled trials (TRIDENT and PROHIBIT-
ICH) and a home BP tele-monitoring initiative
(Florence) from 2018 onwards. These findings are
encouraging, and may reflect increasing awareness of
the benefits of BP-lowering after ICH among clinicians
due to embedded quality improvement.

Our findings are similar to those from other obser-
vational studies of prescribing practice after ICH: 74%
of patients were prescribed BP-lowering medication
after ICH in a recent, large Australian study,'® 61%
in a large US study*; and when considered alongside
all-cause strokes, varying but substantial under-
prescribing is reported in Canada' and the UK.'> To
understand patient factors that influence prescribing
habits, we stratified patients by population-based
study epoch and BP-lowering medication prescription
at hospital discharge. We found pre-morbid hyperten-
sion and atrial fibrillation were more common among
patients who received BP lowering in first and second
population-based cohorts, and hyperlipidaemia was
more common in patients who received BP lowering
in the second population-based cohort; differences in
prior myocardial infarction, transient ischaemic attack,
and diabetes mellitus did not meet statistical signifi-
cance. These findings are consistent with those from
an Australian registry where detailed comorbidity
data were collected in 1,498 ICH patients,'® and

when considered together, probably reflect the contin-
ued use of pre-morbid BP-lowering medication in
patients with a diagnosis of hypertension or other car-
diovascular comorbidity, and f-blockers prescribed for
atrial fibrillation. The PROGRESS trial results showed
that benefits from BP-lowering treatment are likely to
exist irrespective of baseline BP and other cardiovascu-
lar comorbidities.®!'? Therefore, it is important to reach
all patients without a contraindication to BP-lowering
medication.

By the same criteria, we assessed differences in
admission BP and haematoma characteristics on diag-
nostic CT scan: compared with patients who were not
prescribed BP-lowering medication at hospital dis-
charge, patients prescribed them had significantly
higher BP on admission to hospital. We also identified
that a systolic BP level <130 mm Hg was a common
reason for avoiding BP-lowering medication. This indi-
cates some degree of concordance with clinical guide-
lines,'®'® where BP lowering to a systolic BP target
<140mm Hg is recommended during the first 7 days
due the potential for modest benefits on function and
health-related quality of life,'” followed by continued
treatment to achieve systolic BP levels <130 mm Hg in
the long term. However, haematoma location, and
presence of extension into intraventricular, subarach-
noid and subdural spaces did not significantly differ
according to discharge BP lowering. These findings
are encouraging in view of evidence to suggest benefits
from long-term BP lowering exist in both lobar and
non-lobar ICH,*'® although our small sample size
may have precluded the detection of any true
differences.

A key methodological strength of this study is its
population-based design: to our knowledge, all incident
ICH cases in the Lothian population were captured
through multiple sources of ascertainment. Patient
characteristics associated with the prescription of
BP-lowering medication at hospital discharge were
internally consistent in two population-based cohorts
separated by nearly a decade. These similarities suggest
that changes in the proportion of patients who were
prescribed BP-lowering medication may have resulted
from the introduction of quality improvement meas-
ures rather than changes in patient characteristics.
Other temporal changes in prescribing appeared to
reflect emerging evidence, including: more frequent
use of calcium channel blockers at hospital discharge
where data suggest greater efficacy for stroke preven-
tion'*?%; and more frequent use of anticoagulants in
patients with atrial fibrillation, where reductions in
the risk of ischaemic stroke are greater than in patients
taking antiplatelets.”’ However, our small sample and
multiple comparisons increase the likelihood of chance
findings.
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We acknowledge there are limitations to our study.
First, the increase in the proportion of patients with
ICH who were prescribed BP-lowering at hospital dis-
charge associated with the quality improvement inter-
vention is prone to confounding from unmeasured
factors, including temporal changes in practice related
to early intensive BP lowering. Second, in the absence
of long-term follow up data from patients identified by
our population-based study in 2019, we were unable to
assess temporal changes in the level of concordance
with treatment in the community, nor the proportion
achieving optimal systolic BP control in the longer
term. In view of our finding that multi-agent treatment
regimens are common among ICH survivors, and
recent evidence to suggest a fixed low-dose polypill in
addition to standard care is safe, tolerable and lowers
BP more than standard care alone in middle-aged
adults with hypertension,?” randomised evidence from
the TRIDENT randomised controlled trial is awaited
to determine the effects of this strategy on recurrent
stroke and vascular events in ICH survivors.

In summary, the prescription of BP-lowering medi-
cation at hospital discharge for the prevention of recur-
rent stroke after ICH over the last decade could be
improved upon. A quality improvement intervention
that involved Lothian-wide guidance on the manage-
ment of ICH, and the opportunity for ICH survivors to
participate in several BP monitoring and BP-lowering
activities, was associated with an increase in the pro-
portion of patients who received BP-lowering medica-
tion at hospital discharge. Further improvements may
be possible if BP lowering is considered in patients
without a previous diagnosis of hypertension or other
cardiovascular comorbidities.
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