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Blood pressure variability and clinical outcome in patients with acute

intracerebral hemorrhage

Simona Lattanzi (MD), Claudia Cagnetti (MD), Leandro Provinciali (MD), Mauro Silvestrini (MD)

Abstract

Objective: The aim of this study was to evaluate whether fluctuations of BP levels occurring in the
acute stage of spontaneous intra-cerebral hemorrhage (ICH) affect the 3-month clinical outcome.
Methods: We retrospectively identified consecutive patients hospitalized for acute spontaneous
ICH. BP measurements over the first 72 hours from onset of symptoms were recorded, and SD,
coefficient of variation (CV) and maximum-minimum difference (Max-Min) were determined to
characterize both systolic and diastolic BP variability (BPV). The measure of outcome was the 3-
month functional status assessed by the modified Rankin Scale following a baseline severity-
adjusted analysis.

Results: Among the 138 enrolled patients with ICH, 67 (48.6%) were classified as having a poor 3-
month functional recovery. A dose response-relationship with poor outcome was found for each
measure of systolic BPV (adjusted ORs for the highest thirds of SD 7.95 [95% CI 2.88-21.90], CV
7.74 [95% CI 2.88-20-80] and Max-Min 8.36 [95% CI 2.72-25.62]; p<0.001). The strength of
association with diastolic BPV turned out to be weaker and significant only for the higher values
(adjusted ORs for the highest thirds of SD 6.74 [95% CI2.52-18.04], CV 4.57 [95% CI 1.77-11.81]
and Max-Min 4.34 [95% CI 1.72-10.93]).

Conclusions: In patients with acute ICH, BPV was a strong predictor of the 3-month clinical

outcome and may represent a still neglected potential therapeutic target.



Introduction

Intracerebral hemorrhage (ICH) represents approximately 10 to 30% of all strokes and affects over
one million people worldwide every year. It is associated to consistent medical and socio-economic
costs with high rates of early mortality and long-term disability among survivors (1,2). Despite the
wide spread of this disease, there are no specific medical or surgical strategies currently approved to
improve prognosis and only supportive treatments are usually provided. High blood pressure (BP)
is recognized as one of the most important risk factors for ICH (3), and BP levels have also been
related to early neurological deterioration, hematoma enlargement, unfavorable clinical outcome
and risk of recurrence (4-7). Despite the high prevalence of post-stroke hypertension and its
prognostic significance, however, the management of BP during the acute stage still remains
controversial and a matter of ongoing debate (8). The Intensive Blood Pressure Reduction in Acute
Cerebral Hemorrhage Trial 2 (INTERACT-2) showed that early intensive control of BP with a
target systolic level of < 140 mmHg improved functional outcome but did not result in a significant
reduction in the rate of the primary outcome of death or major disability (9). Additionally, there is
increasing evidence that not only absolute BP values but also their variations over time may
represent a strong vascular risk factor and contribute to the prediction of either the occurrence,
recurrence and prognosis of cerebrovascular events (10-14).

The aim of this study is to evaluate whether variability of BP during the first 72 hours from

spontaneous cerebral hemorrhage was associated with the 3-month clinical outcome.

Materials and methods

Participants and study outcome. We retrospectively identified consecutive patients hospitalized at
the Stroke Unit of Universita Politecnica delle Marche from January 2007 to December 2013 for
stroke syndrome due to acute spontaneous intracerebral hemorrhage within 6 hours from onset of

symptoms and confirmed by CT scan. Baseline demographics, past medical history, current



medications at stroke occurrence, vascular risk factors, stroke severity at admission measured by the
Glasgow Coma Scale (15) and National Institutes of Health Stroke Scale (NIHSS) (16) were
collected from medical records. Exclusion criteria were onset of symptoms > 6 hours from
admission or unknown onset time, comatose state at admission (defined as a score < 8 on the
Glasgow Coma Scale), isolated intraventricular hemorrhage, structural cerebral cause for the
intracerebral hemorrhage as tumor, ruptured arteriovenous malformation or aneurysm, and use of
anticoagulants. Potential study subjects were also excluded if they were not prospectively assessed
for functional status at 3 months after stroke onset. The BP readings obtained at admission and
subsequently at a time interval of four (1) hours during the acute phase of stroke were extracted
from medical records and considered to characterize the BP status of each patient through the mean,
maximum and minimum values for both systolic and diastolic BP. BP variability (BPV) was thus
determined as the SD, the coefficient of variation (CV) (SD x 100/mean) and the maximum-
minimum difference. We defined the acute stage as the first 72 hours from stroke symptoms onset.
In all patients, supine BP was obtained by non-invasive measurements with an automated cuff
consistently on the same, non-paralyzed arm.

All patients were managed according to the current national guidelines for stroke (17). Briefly, in
addition to the baseline brain CT performed on admission (to confirm the diagnosis), patients
underwent brain CT on follow-up as part of routine practice and CT angiography or conventional
cerebral angiography to exclude the presence of structural parenchymal or vascular abnormalities.
Size, location and intraventricular extension of ICH were considered. In order to estimate
haematoma volume, the previously validated ABC/2 or ABC/3 methods were used for round and
ellipsoid or irregularly and separately shaped haemorrhages, respectively (18,19). The threshold for
the initiation of acute intravenous treatment (e.g., labetalol, urapidil, nitroprusside) was a systolic
level greater than 180 mmHg or a diastolic level above 105 mmHg. Patients who had been taking

antihypertensive therapy prior to hospitalization were allowed to continue their usual medication



when oral administration was possible, unless the agents were considered to be inappropriate by the
physician in charge.

The measure of outcome was the 3-month functional status prospectively assessed by direct clinical
evaluation and measured using the modified Ranking Scale (mRS) (20). According to the baseline
severity-adjusted analysis (responder analysis) for dichotomization of outcome status, we
considered as poor outcome a 3-month mRS score of 2 to 6 if the baseline NIHSS score was <7
points, mRS score of 3 to 6 if the NIHSS score was 8 to 14 points, and mRS score of 4 to 6 if the
NIHSS score was >15 points (21,22).

Statistical analysis. Values are presented as mean + SD or median (interquartile range [IQR]) for
continuous variables and as the number (percent) of subjects for categorical variables. The Student t
test, Mann-Whitney test or Chi-squared test, as appropriate, were used to test differences on each of
the subjects’ characteristics. In order to examine the relationship between acute BP fluctuations and
clinical outcome, BPV parameters were categorized into tertiles and firstly analyzed by the Chi-
squared test for linear trend. The risk of a poor outcome was then evaluated using a logistic
regression model, after adjusting for the effect of the potential confounding variables. Odds ratios
(ORs) and corresponding 95% Cls were calculated to quantify this effect. The variables with p
values <0.02 from comparisons of baseline characteristics and associations with outcome that were
biologically plausible were chosen as potential confounders for statistical adjustment in the
multivariate analysis. Selected variables were: age, sex, baseline NIHSS score, initial ICH volume,
location of the hematoma (deep vs. lobar), and intraventricular hemorrhage (presence vs. absence).
As a sensitivity analysis, multiple logistic regression analyses for the BPV parameters were
repeated using simple dichotomization of mRS score into 0-2 vs. 3—6, instead of the baseline
severity-adjusted dichotomization. Separate models were constructed for each systolic and diastolic
BPV index. Results were considered significant for p values < 0.05 (two sided). Data analysis was

performed using STATA/IC 13.1 statistical package.



Standard protocol approvals, registrations, and patient consents. The study was approved by
the local ethical committee and performed in accordance with the Declaration of Helsinki. The
board allowed the study to be conducted without patients’ consent because of the retrospective

nature of the study.

Results

A total of 197 Caucasian patients admitted to our Stroke Unit for acute spontaneous ICH were
initially considered, out of which 59 were excluded: 18 had the onset of symptoms more than 6
hours before admission, 15 were still using anticoagulants, 1 was diagnosed with an isolated
intraventricular hemorrhage, 11 were detected with a structural cause for the intracerebral
hemorrhage, and 14 had not been assessed for functional outcome at 3 months. As a result, a total of
138 patients were included in the analysis. Following the baseline severity-adjusted dichotomization
of functional outcome, 67 patients (48.6%) were classified as having a poor 3-month outcome.
Baseline characteristics and their comparisons according to the outcome are summarized in table 1.
The median GCS at admission was 14 (IQR, 13-15) in both groups. The BP profile of the acute
stage was derived from a median number of 18 (IQR, 17-18) BP readings for each subject, and is
summarized in table 2. Maximum BP and all BPV parameters (SD, CV, maximum-minimum
difference) for both systolic and diastolic BP were significantly higher in patients with poor
outcome. Each parameter of BPV was only weakly correlated to both baseline NIHSS and initial
ICH volume (Spearman’s correlation coefficients ranging from 0.17 to 0.21 and from 0.08 to 0.18
for systolic and diastolic indices, respectively). After categorization into tertiles, a dose-response
relationship with poor outcome was found for each systolic and diastolic BPV parameter as
demonstrated by the Chi-squared test for linear trend (figure 1). In the multiple logistic regression
analysis after adjustment for potential confounders, all systolic BPV parameters turned out to be

significantly associated to poor outcome, while for diastolic BPV indices, the association resulted



significant only for their highest tertiles (table 3).The associations between BPV parameters and
poor outcome remained significant when adjusting for mean and maximum BP values
(supplemental tables e-1-2), and when substituting the simply dichotomized outcome for the

baseline severity-adjusted outcome (supplemental tables e-3-5).

Discussion

The key finding of our study was that the variability of systolic BP (SBP) during the first 72 hours
from the ICH onset represented a strong predictor of the 3-month functional outcome and,
furthermore, the greater was the variability, the stronger was the association. Also wider
fluctuations in diastolic BP (DBP) were associated to a greater risk of poor functional recovery,
although the strength of the association turned out to be weaker with respect to the systolic
counterpart and was only evident for the highest values of variability.

BP variability has been clearly recognized as a risk factor for first-ever and recurrent stroke, and its
role even as prognostic indicator is growing. In this respect, the current evidence is still scarce,
conflicting and mostly related to ischemic rather than hemorrhagic stroke subtype. Although many
researches involving patients with acute ischemic stroke have linked the increased fluctuations of
BP to the likelihood of worse clinical outcome, early neurological deterioration or cerebral
hemorrhage after intravenous thrombolysis (23-25), similar correlations have not been found in
other clinical investigations enrolling patients with cerebral infarcts whether of ischaemic or
haemorrhagic type (26). Conversely, our findings are consistent with post-hoc analysis of the
INTERACT-2 and the Stroke Acute Management with Urgent Risk-factor Assessment and
Improvement (SAMURAI)- ICH study which found the variability of SBP to be predictor of
unfavorable outcome (27,28), and a small-scale observational investigation which showed systolic
BPV to be associated to early neurological deterioration (29). The most striking and relevant

difference towards these trials lied in the BP levels of the included patients: all patients enrolled in



the interventional investigations should in fact present high initial systolic BP, while the absence of
this restriction among the inclusion criteria of the present study allowed our findings to reach
greater generalizability to population affected by ICH and for a wider range of BP levels.

Different mechanisms may be hypothesized to explain the relationship between BPV and outcome
in patients with ICH. High BPV during the acute stage might favor continuous bleeding, resulting in
larger initial hemorrhage, or increase the likelihood of early rebleeding, leading to hematoma
expansion. Although the real pathogenesis of primary ICH still remains unknown, the fibrinoid
necrosis of small-vessels has been advocated as possible etiology, and it is reasonable to
hypothesize that damaged vessels may be particularly vulnerable to the effects of BP variations
(30,31). Furthermore, blood pressure fluctuations might enhance the formation or promote the
enlargement of the edema around cerebral hematoma (32,33). Finally, when cerebral autoregulatory
capacities are impaired, as frequently occurs during the acute and subacute stages of hemorrhagic
stroke (34), high BPV might negatively affect blood flow and brain perfusion enhancing the injury
of the perihematoma tissue, hypoperfused and thus particularly susceptible to BP changes, and in
turn amplifying the secondary brain damage (35-37).

Our study has some limitations that should be taken into consideration when interpreting the results.
The small number of patients involved does not allow for definitive conclusions. Moreover, the
observational design and retrospective nature of the study may be only considered reliable for the
development of preliminary insights, and for suggesting working hypotheses. Our findings do not
necessarily imply a direct causal involvement of BPV in determining the poor outcome. BPV might
represent a consequence of stroke and a marker of the severity of ICH rather than a predictor of
subsequent recovery. However, the independence of BPV values from either the baseline NIHSS
score or ICH volume and the adjustment of the outcome for baseline severity, strongly suggests a
causative role for the BPV. Our analysis did not differentiate between medical treatments and

antihypertensive agents, but their potential influence on BPV could be expected to reflect on the BP
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status. Furthermore, the study sought to assess the impact of BP fluctuations rather than the effects
of specific antihypertensive agents, ensuring the results maximal generalizability to routine clinical
practice. Finally, our study did not provide the assessment of cerebral hemodynamics and a follow-
up neuroimaging; in this perspective, future studies including appropriate and serially performed
evaluations of cerebral perfusion state and infarct size are desirable to clarify the pathological
mechanisms underlying the relationship between BP variability and ICH outcome. The strengths of
the study include the enrollment of patients despite their initial BP values and ICH location, either
lobar or deep, and the outcome dichotomization through a severity-adjusted analysis based on
different cutoffs for the 3-month mRS score for different baseline NIHSS scores. This method has
been indicated as particularly useful to measure the real strength of associations (21,22). The
number of BP readings is in accordance with the evidence that the reproducibility of measures of
variability increases with the availability of BP monitoring values, independently of the mean BP
(38). Furthermore, the automatized system of BP measurement reduced the potential variability and
observer bias related to manually performed assessments.

The relationship between BP and the clinical outcome of cerebral infarct has been widely
investigated, but little is known about the effects of BPV. Our study adds to the currently available
knowledge that wide BP fluctuations over the first days of ICH are independently associated with
the risk of poor functional outcome or death despite the mean BP levels. These findings strengthen
the importance of close BP monitoring in the acute phase of a stroke and suggest that stability of BP
values may favorably influence recovery and represent a potential therapeutic target beside early
BP lowering. This perspective stimulates the ongoing debate about the best appropriate ICH policy
management and may have relevant clinical implications in the selection criteria of the
antihypertensive drug and approach to be used in routine medical practices in view of the different
effects exerted on BPV by each class of BP lowering agents (39-41). Although the currently

available stroke guidelines insist on a reduction of BP per se, BPV could reasonably provide to



clinicians useful complementary prognostic information and even influence the strategies of care.

Further investigations are needed to explore whether and how antihypertensive treatments influence

BPV during the acute stage of ICH and to evaluate whether the early reduction of overall BP

variability might reduce patient morbidity and mortality risk.
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Table 1. Baseline characteristics according to 3-month outcome

Full cohort Good Poor
(n=138) outcome outcome P
value
(n=71) (n=67)

Age (mean (SD)) (years) 65.91 (12.83) 63.78 (12.09) | 68.16 (13.30) | 0.044°

Sex, females (no. (%)) 53 (38.4) 25 (47.2) 28 (52.8) 0.427°

NIHSS score at admission (median (IQR)) 10 (7-15) 9 (7-13) 12 (8-15) 0.009¢

History of hypertension (no. (%)) 86 (62.3) 41 (57.7) 45 (67.2) 0.254°

History of diabetes (no. (%)) 31 (22.5) 15 (21.1) 16 (23.9) 0.698°
Intracerebral haemorrhage parameters

Volume (mL) (median (IQR)) 9.4 (4.8-18.0) 8.0 (4.2-13.6) | 12.1(6.4-18.1) | 0.014°

"Deep location (no. (%)) 94 (68.1) 46 (64.8) 48 (71.6) 0.388°

Intraventricular extension (no. (%)) 34(24.6) 14 (19.7) 20(29.9) 0.167°

2 Two-sample t test. ® Chi-squared test.“ Mann-Whitney test.

" Deep location refers to basal ganglia or thalamus.
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Table 2. Systolic and diastolic blood pressure parameters according to 3-month outcome

BP parameter Full cohort Good outcome Poor outcome p value?
(n=138) (n=71) (n=67)

SBP mean 142.40 (17.60) 139.51 (17.25) 145.47 (17.58) 0.046
SBP maximum 166.97 (24.60) 160.87 (23.63) 173.43 (24.12) 0.002
SBP minimum 116.80 (13.73) 117.45 (13.99) 116.10 (13.54) 0.567
SBP SD 15.37 (5.93) 13.04 (5.32) 17.85 (5.56) <0.001
SBP CV 10.70 (3.70) 9.28 (3.53) 12.21 (3.27) <0.001
SBP Max-Min 50.17 (19.53) 43.42 (18.34) 57.33 (18.28) <0.001
DBP mean 78.21 (7.11) 77.43 (7.13) 79.05 (7.05) 0.180
DBP maximum 93.30 (9.54) 91.30 (8.43) 95.42 (10.24) 0.010
DBP minimum 63.21 (8.66) 63.72 (8.99) 62.67 (8.32) 0.480
DBP SD 8.97 (2.40) 8.21 (2.07) 9.77 (2.48) <0.001
DBP CV 11.53 (3.15) 10.73 (3.02) 12.38 (3.10) 0.002
DBP Max-Min 30.09 (8.49) 27.58 (6.92) 32.75 (9.21) <0.001
BP=blood pressure, CV=coefficient variation, DBP=diastolic =~ blood pressure,

Max-Min=maximum-minimum difference, SBP=systolic blood pressure, SD=standard deviation.

Values are mean + SD. * Two-sample t test.
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Table 3. Associations between tertiles of blood pressure variability and poor 3-month outcome

Systolic BP Diastolic BP
Parameter

OR (95% CI) p value OR (95% CI) p value
SD
IT - - - -
2T 3.58 (1.33-9.65) 0.012 1.42 (0.57-3.50) 0.449
3T 7.85 (2.85-21.63) <0.001 7.43 (2.72-20.32) | <0.001
Cv
1T - - - -
2T 3.52(1.36-9.11) 0.009 1.80 (0.73- 4.40) 0.201
3T 7.75 (2.87-20.91) <0.001 5.08 (1.92-13.44) 0.001
Max-Min
IT - - - -
2T 5.76 (1.97-16.84) 0.001 1.29 (0.52- 3.22) 0.582
3T 8.08 (2.63-24.77) <0.001 4.69 (1.83-12.01) 0.001

T for tertile categorization. ORs and their Cls are obtained with logistic regression analysis adjusted

for age, sex, baseline NIHSS score, initial ICH volume, deep location of hematoma, presence of

intraventricular hemorrhage. The lowest tertile is reference.

BP=blood pressure, CV=coefficient of variation, Max-Min=maximum-minimum difference,

OR=o0dds ratio, SD=standard deviation.
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FIGURE LEGEND

Figure 1. Associations of blood pressure variability and death or major disability at 3 months.

Proportions of poor outcome by tertiles of SD, CV and Max-Min for systolic (top row) and diastolic
(bottom row) blood pressure are reported (p values are for Chi-squared test for linear trend with the
lowest tertile as reference).

CV=coefficient of variation, DBP=diastolic blood pressure, Max-Min=maximum-minimum

difference, SBP=systolic blood pressure, SD=standard deviation.
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