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Abstract

Background

Blood pressure (BP) is one of the most frequently measured and monitored physiologic vital
signs by all stroke clinicians, yet data suggest that only 1 out of 5 clinicians applies evidence-

based methods for BP monitoring.

Methods

An exhaustive review of the literature was conducted and assembled to provide a historical
clinical account of BP monitoring modalities and related evidence-based clinical methods.

Results

Evidence-based clinical methods are described for use of manual sphygmomanometry,
noninvasive oscillometric automatic BP (NIBP) monitors, and arterial lines. Implications for
practice are discussed in relation to provision of acute and critical care of ischemic and

hemorrhagic stroke patients.

Conclusion

Use of evidence-based BP monitoring methods ensures accurate management of highly
vulnerable stroke patients. Knowledge of the history of BP monitoring, along with the
benefits and limitations of different measurement methods enables accuracy in BP treatment,

benefitting stroke patient outcomes.

Key words: Blood pressure; arterial pressure; mean arterial pressure; clinical monitoring; vital

signs; acute stroke.

INTRODUCTION

Blood Pressure (BP) is one of the most
important signs of human life. It reflects not
just the cardiovascular health of an
individual but, also is a vital sign of
perfusion to organs and cells throughout the
body.! Because the brain is the most
energy-demanding organ in the body, it is
the most important and “particular” organ
to perfuse.? The healthy adult brain receives
an estimated 15-20% of the cardiac output
in resting conditions.? Autoregulation
ensures that the brain maintains a delicate

balance of cerebral perfusion and
neurovascular coupling for the high
metabolic demands of oxygen and glucose.?
Neurons are unique because they do not
regenerate nor survive without blood flow
to deliver oxygen.* Correct measurement of
blood pressure is essential to the treatment
and management of both chronic diseases
and acute illness and can profoundly affect
patient outcomes in patients with stroke.

Simply defined, BP is the force of blood
pushing through and against arterial walls
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with each heartbeat.> Most commonly, the
BP measurements used clinically are
systole and diastole, followed by mean
arterial pressure (MAP).® Systolic blood
pressure (SBP) is the pressure caused by the
heart contracting and forcing outward blood
flow, whereas diastolic blood pressure
(DBP) is the pressure during heart
relaxation while the left ventricle fills with
blood. MAP is the average arterial pressure
that pulses through the vasculature in one
cardiac cycle.’

The importance of SBP/DBP goals in adults
has been well established, and both are used
for hypertension management in primary
and secondary prevention of cardiovascular
and cerebrovascular disease.>®® In patients
with systemic blood flow limitations, as in
trauma or types of shock, MAP becomes an
increasingly  valuable parameter for
assessing tissue and organ perfusion.’ MAP
is influenced by cardiac output and
systemic vascular resistance, making it
ideal to reflect overall systemic organ
perfusion.” Maintaining a MAP that is too
low may result in inadequate perfusion and
subsequent organ failure, with catastrophic
outcomes; conversely, a MAP that is too
high can strain the heart muscle and rupture
small  perforating arterioles.’®®  The
parameters for MAP in cardiac diseases are
tailored to the vascular dynamics of the
patient.®112 However, goals for MAP
remain understudied in neurovascular
diseases. In fact, ischemic and hemorrhagic
stroke guidelines are totally silent on MAP
goals for both acute and post-acute care.

THE HISTORY OF BLOOD
PRESSURE MEASUREMENT

There are several methods used in the
clinical setting to measure BP. Non-
invasive measurements utilizing manual
sphygmomanometer as well as automated
intermittent oscillometric devices are most
common across the world and are used in

nearly all clinical settings. Invasive
monitoring is used in select patient groups
requiring critical care services for severe
illness, injury, frequent blood draws, or in
intraoperative monitoring.

While the first clinical BP measurement
was reported in 1856 by the surgeon Faivre,
who connected an artery to a mercury
manometer to obtain direct readings during
an operation, the earliest crude observations
of pulse pressure in horses were published
by Hales in the middle of the eighteenth
century.’® Hales’ methods resulted in the
death of each horse, making them
unsuitable for studying human BP. It was
not until the nineteenth century, nearly 100
years after Hales’ work, that the physician-
physicist Poiseuille published his work on
resistance in the cardiovascular system,
pushing innovation forward. Poiseuille’s
1882 doctoral dissertation was published on
the use of a mercury manometer to measure
arterial blood pressure.!* After some
modifications to Poiseuille’s equipment,
the remaining two decades of the nineteenth
century offered methods equipped with
graphic recordings. In 1855, Vierordt’s
sphygmograph emerged which provided
the first attempt at non-invasive methods of
BP monitoring.*

NON-INVASIVE BP METHODS

Early non-invasive BP measurement
methods required obliteration of the radial
pulse by a cumbersome weight attached to
a lever on a sphygmograph; this did not fare
well in clinical practice. Finally, in 1881,
Von Basch presented a more accurate,
portable apparatus to investigate the first
hemodynamic pathologies with a mercury
bulb and rubber bag of water; later, an air-
filled bladder replaced the water for arterial
compression. 4

Manual Sphygmomanometer
After gradual improvement in BP
measurement  devices, Riva-Rocci’s
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mercury  sphygmomanometer  method
emerged in 1896 and is what present-day
monitoring is based upon.t® His inflatable
cuff method compressed the brachial artery
from all sides equally and allowed for
observation of oscillations associated with
SBP. Interestingly, it was Harvey Cushing,
the American neurosurgeon, who brought
this method to the US in 1901 from Italy,
marking the beginning of modern non-
invasive BP measurement.'®

Riva-Rocci’s mercury sphygmomanometer
method worked well for SBP, and
ultimately, assumptions about DBP arose in
relation to different compression pressures.
However, Korotkoff’s technique offered a
crucial advancement in BP measurement by
using a stethoscope to listen for the sounds
of blood flowing through the artery,
ultimately providing more valid and
reliable measures of both SBP and DBP.'’
The Korotkoff auscultatory method
involves compression of the brachial artery
and auscultation over the antecubital fossa
to determine the SBP and DBP. Although
true  MAP is obtained using invasive
monitoring, it can also be calculated based
on a physiologically sound formula that
uses SBP and DBP obtained during
auscultation. The MAP calculation was
developed from the knowledge that diastole
persists for 2/3 and systole for 1/3 of each
cardiac cycle; therefore the calculation uses
a third of the pulse pressure added to the
DBP.X" MAP = (SBP — DBP)/3 + DBP.1/
This simple calculation is still used today to
determine  MAP from manually-derived
SBP and DBP.

Korotkoff’s technique has limitations, such
as artifacts due to movement and
challenging physiologic variations of
Korotkoff sound patterns or poor signals
that can be difficult to hear by the
clinician.® Korotkoff’s sounds can also be
hard to hear in morbidly obese patients or

those with rigid arteries due to systemic
atherosclerotic disease or simply advanced
age.! Additionally, auscultation is often
difficult when patients have severe
hypotension or organ failure, making
Korotkoff sounds difficult to distinguish
due to fluctuations in intra-arterial pressure.

The American Heart Association (AHA)
Scientific Statement for Recommendations
for Blood Pressure Measurement in
Humans and Experimental Animals
describes  the  proper cuff and
sphygmomanometer technique.® First, the
examiner palpates the brachial artery in the
antecubital fossa and places the bladder of
the cuff midline on the patient’s upper arm
just above the brachial arterial pulsation,
with the lower end of the cuff 2 to 3 cm
above the antecubital fossa, leaving room
for the stethoscope. Artifact can be
generated by noise in the room, clinicians
or the patient speaking, and if the
stethoscope touches the cuff.b The cuff is
first inflated without auscultation until the
pulse is no longer palpable; this indicates
suspected systolic pressure.® The cuff is
further inflated to at least 30 mmHg above
the point at which the radial pulse
disappeared; auscultation occurs during
slow deflation of the cuff.?’ The rate of
deflation has a significant effect on blood
pressure determination.?! Deflation rates >
2 mm per second can lead to a significant
underestimation of SBP and an
overestimation of DBP.1° Korotkoff sounds
accompany the return of pulsatile blood
flow as the cuff deflates, with phase 1
sounds indicating SBP and phase 5 sounds
indicating DBP. A full 5 minutes should
occur between re-inflation of the BP cuff to
allow for arm revascularization.

Automatic Oscillometric Methods

Until the 1980s, the manual
sphygmomanometer was the only means of
obtaining a non-invasive BP. The evolution
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of computers and the need for timely, non-
invasive BP measurement led to the first
automatic oscillometric BP (NIBP) device
patent by Ramsey, 111 (Johnson & Johnson,
assignee), with approval for use in 1982
(Device Non-invasive Measurement of
Arterial Pressure [DINAMAP]).2? These
early devices only displayed MAP, but this
quickly evolved to devices that displayed
algorithmically determined SBP and DBP,
which gave way to later generations of the
more sophisticated devices used today.>?223
NIBP devices have become the standard of
care within American and most high and
middle income healthcare settings, with
many companies manufacturing bedside
instruments and software packages.

Digital NIBP devices do not measure SBP
and DBP. Instead, these devices use
software to algorithmically assign an
estimate of SBP and DBP from the
measurement of MAP.%24 The endpoint
for DBP is indistinct since cuff pressure
oscillations continue when cuff pressure
falls beneath diastolic blood pressure.?%?°
MAP is determined by measuring cuff
pressure oscillations as the cuff pressure is
reduced by discrete increments.?® The
heartbeat-induced pulse volume changes
small oscillations of intra-cuff pressure,
which are sensed by the cuff and measured
by a pressure transducer, allowing
incremental data to be tested for artifact and
averaged rather than to allow for
continuous artifact-rejection.> MAP is
selected as the lowest cuff pressure at
maximum oscillation amplitude.?* MAP
correlates  directly  with  maximum
oscillations and is accepted as the most
accurate value derived from NIBP
devices.?® NIBP devices are not
recommended for use in patients with
arrythmias that impact stroke volume, such
as atrial fibrillation, 222" pecause of an
erratic MAP with stroke volume variation
that results in inaccurate  device

performance. Unfortunately, very few
interprofessional clinicians are aware of
this fact, leading to continued use of NIBP
in patients with atrial fibrillation which
leads to highly invalid and unreliable BP
measurement. Many clinicians also fail to
document MAP when documenting vital
signs from an NIBP device despite the fact
that MAP is the most accurate pressure
measured by NIBP. Although the MAP
formula could be applied, interestingly,
there is no agreement between the MAP
generated from an NIBP and the MAP
calculated from NIBP-produced SBP and
DBP; this fact clearly demonstrates the
proprietary, unknown nature of the
formulas used by these devices to produce
SBP and DBP variables from the NIBP
estimated MAP.

Each NIBP manufacturer uses different
computer algorithms and software for
testing and validation procedures to
estimate MAP, SBP, and DBP data, and
these vary significantly from one device to
another.?® These proprietary patented
algorithms for SBP/DBP present a
scientific dilemma as they cannot be easily
validated by external authorities.?> To
ensure the accuracy of data from machines
and the validity of devices, in 1987, the
American National Standards Institute
(ANSI) and the United States Association
for the Advancement of Medical
Instrumentation (AAMI) published the first
joint standards and recommended practices
for automated non-invasive oscillometric
devices.?® Updates have been made in
subsequent years from ANSI/AAMI and
others from around the world through
protocol publication by the International
Organization of Standardization (1SO) for
device validation.?® The most recent update
from ANSI/AAMI/ISO states that a device
is considered acceptable if its estimated
probability of a tolerable error (< 10 mm
Hg) is at least 85%;%%?® this means that
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there should be no more than a 10 mm Hg
difference in BP readings in at least 85% of
patients tested. While statistically, this
tolerable error may be acceptable,
clinically, a 10 mm Hg difference in BP
readings can lead to potentially harmful
therapeutic  interventions or  missed
opportunities to implement critical
treatments. For example, failure to lower
BP in an intravenous thrombolysis patient
because the reading was 172 mm Hg SBP,
while the “true” reading was 182 mm Hg,
may increase the risk for a symptomatic
intracerebral hemorrhage (sICH).

The proper cuff size is paramount for any
“cuff-based” non-invasive method of BP
measurement, and inappropriate cuff sizing
constitutes the most common form of
measurement error. The “ideal” cuff should
have a bladder length of 80% and a width
of at least 40% of the arm circumference (a
length-to-width ratio of 2:1).'° However, in
patients with morbid obesity, the very large
arm circumference combined with a short
upper arm length often results in geometry
that cannot be correctly cuffed.?* Difficulty
with properly applying BP cuffs in obese
patients often causes clinicians to resort to
the use of a thigh cuff placed on the
forearm, with Korotkoff sounds auscultated
over the radial artery by the wrist;
unfortunately, this method may
overestimate SBP.3%® Even when brachial
cuffs are used, on average, NIBP tends to
overestimate BP during hypotension and
underestimate BP during hypertension,
demonstrating significant measurement
bias.®® In comparison, invasive BP
measurement with an arterial catheter can
detect nearly twice as many episodes of
hypotension as NIBP taken with a brachial
cuff.3t

INVASIVE BP MONITORING

Invasive arterial pressure monitoring by
arterial lines, or “A-lines,” constitutes the

gold standard for BP measurement;
however, it is used most commonly in
critical care and intraoperative settings.’+2
Unlike discontinuous cuff measurements,
the A-line offers a direct and continuous
measurement method that gives more
accurate and frequent detection of
alterations in BP for the most critical
patients at high risk of complications.
Precise measurements in the most
vulnerable patient populations can make a
significant  difference, as observed
measurement differences are clinically
significant because they trigger a change in
treatment in as many as 20% of critical care
patients.>® Indications for A-lines are as
follows: %

e Patients who require timely adjustments
for sudden changes in hemodynamics,
where interval BP measurements may
be unsafe.

e Patients being treated with vasoactive
medications requiring safe and precise
titration of medication to the desired
blood pressure effect.

e Surgical patients at increased risk of
morbidities or mortality, either because
of preexisting comorbidities (cardiac,
pulmonary, anemia, etc.) or because of
more complicated procedures. These
include but are not limited
to neurosurgical and cardiopulmonary
surgeries and procedures in which a
large volume of blood loss is
anticipated.

e Patients who require frequent lab
draws. The A-line allows clinicians
easy blood sampling access without
repeat venipuncture, thereby decreasing
discomfort and infection  risks.
Additionally, frequent arterial blood gas
measurements can be obtained by A-
line to guide adjustments in mechanical
ventilation settings; hemoglobin, and
hematocrit can also be monitored in
relation to blood loss or transfusion, and
both electrolyte imbalance/correction,
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and patients’ responsiveness to fluid
resuscitation can be monitored.

Much like Faivre’s original technique,
modern arterial pressure monitoring is
accomplished by cannulating an artery to
measure real-time BP changes. Generally, a
peripheral artery puncture site, such as the
radial artery, is chosen for ease of access. A
short catheter is placed inside the artery's
inner wall and connected to a pressure
transducer. The pressure transducer
interface changes the mechanical pressure
into SBP, DBP, and MAP measures for use
in clinical practice.®® The phlebostatic axis
corresponds to the height of the patient’s
right atrium, which is the hydrostatic
pressure reference level, and the transducer
must be kept at this level to ensure accurate
pressure measurements.®* Most  high
income countries utilize transducers that are
disposable and calibrated by the
manufacturer; these are filled with a saline
interface and zeroed at the phlebostatic
axis. Accuracy of disposable transducers
must be less than +/- 3% or +/- 3mm Hg in
accordance with the published ISO/ANSI
standards.¢’

Transducers are prone to drift and must be
re-zeroed at regular intervals.® To
accurately measure BP using an A-line, the
clinician must level and zero the transducer
and check the quality of the resulting BP
waveform.?® The morphology of the BP
waveform changes when the BP wave
moves from the aorta to a more peripheral
artery.®® Correct leveling of the transducer
is crucially important, as a height difference
between the transducer level and the level
of the cannulated vessel of only 10cm
results in a pressure difference of
7.5mmHg because of the hydrostatic
pressure gradient.®® Zeroing is considered
successful when the fluid-filled transducer
interface shows a pressure line at 0 mmHg
with the stopcock turned off to the patient’s

artery; the stopcock is then returned to a
position that opens the interface between
the patient’s artery and the transducer to
resume monitoring. The optimal quality of
the arterial waveform is fundamental to
correct BP and measurements, as well as
hemodynamic variable measurements.>®

There are risks of inaccuracy during
leveling, zeroing, and transducing A-lines
caused by human error. The natural
frequency of the measurement must exceed
the frequency range of the arterial pulse;
this extends to 20-25 Hz for accurate
measurement of maximum pressure during
left ventricular isovolumetric contraction
(dP/dtmax), which is reflected by the
systolic  upstroke on the arterial
waveform.®® The A-line system requires
critical dampening to prevent overshoot of
measurements. In  theory,  proper
dampening ensures the amplitude is
accurately measured within 2% in up to
two-thirds of the natural frequency, with
distortion rates no more than 6% of the
natural  frequency.®®*  Over-dampening
results in under-reading of SBP and
dP/dtmax, while over-reading the DBP.
Additionally, when under-dampening
occurs, the SBP average can be
overestimated.*® Some studies have shown
that SBP overestimation of 2.6+£1.9
(meantSD) mm Hg can occur even in
adequately dampened systems.3? Clinicians
should understand the importance of the
shape of arterial BP waveforms due to
dampening and resonance phenomena. The
BP waveform is a complex amalgamation
of antegrade and retrograde pressure waves.
It is affected by vascular compliance (e.g.,
atherosclerosis), distance of the transducer
from the left ventricle, and the 3D structure
of the vascular tree.** MAP is considered
the most accurate variable produced by A-
line since it is less affected by dampening
and resonance than SBP and DBP.*
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Mean arterial pressure is the product of
cardiac output (CO), systemic vascular
resistance (SVR), and venous volume (as
reflected by central venous pressure
[CVP]), where CVP is typically a value of
0 mm Hg. However, SVR is strictly a
calculated variable that cannot be measured
directly and requires a known MAP to
calculate (SVR = 80 x [MAP-CVP]/CO);
therefore, the simplified MAP equation of
one-third the pulse pressure added to the
DBP is used in clinical practice.*> But the
relationship between CO, SVR, and MAP is
important to acknowledge as the bedrock
for understanding systemic hemodynamics,
in that a decrease in CO produces an
increase in SVR in an attempt to ensure the
stability of MAP. This inverse relationship
between CO and SVR is essential to
understand; in fact, under non-septic
conditions, severe drops in CO that lead to
a decrease in MAP are classically still
accompanied by markedly elevated SVR.
DBP can be used clinically to reflect
changes in SVR since SVR cannot be
measured directly; for example, abnormally
low DBP reflects extremely low SVR, as
seen in conditions such as sepsis, whereas
abnormally high DBP reflects increases in
SVR which may occur during severe
hypovolemia, early cardiogenic shock, or in
combination with elevation in SBP during
states of acute downstream increased
resistance to blood flow resulting in
sympathomimetic activation (e.g. increased
intracranial pressure, vascular stenoses or
occlusions).

Although non-invasive continuous BP
monitoring has fewer complications than
arterial cannulation, it has not replaced A-
line monitoring as the standard of care in
high-risk patients. For example, patients
with hemorrhagic stroke are at high risk for
mortality and morbidity, making them more
likely to require A-lines. According to the
AHA/ASA guidelines, these patients

should be admitted to critical care or
specialized stroke units and managed by
specialty-trained vascular neurologists and
neurocritical care clinicians.** While not all
hemorrhages are severe nor require
mechanical ventilation, hemorrhagic stroke
patients very commonly require vasoactive
medications that must be titrated. Of
paramount significance, most current
therapeutic interventions for intracerebral
hemorrhage are based upon the assumption
of accurate BP measurements, making A-
lines the most optimal choice despite
concerns for infection tied to invasive
monitoring.

COMPARISON STUDIES
BETWEEN BLOOD PRESSURE
METHODS

Clinicians and researchers must ensure that
valid and reliable measures of BP are
obtained. Efforts have been made to
determine factors associated with different
BP measurement devices, most of which
have been done on healthy individuals,
making it difficult to determine consensus
regarding chronically ill or acutely ill
individuals. The AHA states there is little to
no evidence regarding validation of BP
measurements obtained in the acute care
setting®* which is unsettling.

There are limited comparison studies for
BP methods in specific disease processes
and patient populations, surprisingly even
in patients with hypertension diagnoses.
Epidemiologists who study the prevalence
of hypertension conducted comparison
studies between NIBP and mercury
sphygmomanometer and found that despite
minor differences in mean values, the
agreement and reliability were deemed not
good enough to adopt in epidemiologic
surveys of hypertension because the “true”
prevalence of hypertension was determined
to be significantly underestimated.**
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Comparison studies in critically ill patients
can be especially challenging because of
compromised vascular systems and less
than favorable critical care unit conditions.
Additionally, some studies have shown that
NIBP measurements are inaccurate in
critically ill patients.>®*° For example, a
critical care study using the AAMI protocol
compared 150 pairs of measurements using
three different brands of NIBP devices,
versus the average of 1 minute of intra-
arterial reference pressures, found that only
MAP was accurately measured by all, one
device measured DBP accurately, and there
were no devices that measured SBP
accurately.” Another study with 852
patients utilized regression-based Bland-
Altman technique to evaluate differences of
27,022 concurrently measured A-line/NIBP
sample pairs, found that clinically
significant discrepancies existed between
the two, especially during hypotension and
suggested that MAP rather than SBP is the
preferred metric to guide ICU therapy.*®

Another critical care study looking at 3
different BP methods (oscillometric,
auscultated, and palpated) compared to A-
line that included 44 patients with common
diagnoses known to have unstable
hemodynamics requiring A-line placement
(septic shock 47.7%; stroke 13.6%;
increased intracranial pressure 13.6%).
The data from this study showed that
palpated SBP values had a clinically
significant difference compared to A-lines.
There was no significant statistical
difference between the oscillometric and
auscultated SBP readings, but NIBPs were
found to significantly under-estimate A-
line measurements. Findings also suggested
that auscultated and oscillometric BPs may
provide similar measurements.*®

Recently, comparison work on the
agreement between manual and NIBP
measurements of SBP, DBP, and MAP in

ischemic stroke patients treated with
intravenous thrombolysis with analysis
using Bland-Altman technique and Lin
Concordance correlation coefficient found
that NIBP devices produce significantly
different BP measures than manual
sphygmomanometry auscultated BP.*" The
differences in SBP, DBP, and MAP
between NIBP and sphygmomanometry
failed to reach AAMI qguideline
recommendations.*”  These data are
concerning since the BP thresholds used for
BP lowering to reduce the risk for sICH
after thrombolysis were derived from
manual sphygmomanometry methods in the
NINDS rt-PA Stroke Study, because of a
concern that bruising would occur from
NIBP cuffs after thrombolytic treatment.
Currently, a similar study is underway in
patients with hypertensive intracerebral
hemorrhage. Collectively, these two studies
may create a need to rethink the widespread
use of NIBP, and/or the neurovascular
community’s use of SBP values instead of
use of MAP when NIBP devices are
utilized.

Current comparison research has led to no
consensus as to which device is “best” to
use in the acute care setting or with any
cohort of critically ill patients such as
patients with stroke. There is a vital need to
better understand the agreement of BP
methods and how this affects blood
pressure management. Furthermore, it is
not without consequences when there are
discrepancies between devices.

IMPLICATIONS FOR PRACTICE

This article identifies many key
implications for practice that are tied to the
need for accurate BP monitoring. The
physiology of cerebral blood flow (CBF)
and BP are closely intertwined. Optimal
perfusion to the brain is driven by
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autoregulation, which, under normal
conditions, allows for constant blood flow
to the brain despite variations in arterial
pressure. Intact autoregulatory processes
illustrate the relationship between MAP and
mean CBF“; active regulation of brain
arterial vasoconstriction and dilation occur
to maintain a MAP between 60 to 150 mm
Hg.?

Overall cerebral perfusion can be estimated
by calculating cerebral perfusion pressure
(CPP), which is the product of MAP minus
intracranial pressure (ICP). However, this
formula does not account for discrete CPP
within ~ the  boundaries of local
hemodynamically challenged vascular
regions.*®%® In fact, within local regions
deprived of sufficient arterial blood flow
due to hematoma compression in ICH,
vasospasm in aneurysmal subarachnoid
hemorrhage (aSAH), or arterial occlusion
in ischemic stroke, all autoregulatory
mechanisms are lost since they are
dependent on intracellular adenosine
triphosphate reserves produced by oxygen
and glucose. Poor perfusion with absence of
autoregulatory processes results in passive
vasomotor exhaustion of arterial vessels
along with accumulation of lactic acidosis.
Autoregulatory failure makes perfusion
fully dependent on BP within ischemic
regions to ensure some degree of forward
arterial flow through affected vasculature.

Sympathomimetic  activation®®?  from
arterial occlusion, hematoma expansion,
and/or development of increased ICP can
be contributors to elevated BP in stroke
patients.>*>* Large hematoma volume or
large territory ischemic stroke in patients
with less brain atrophy, or stroke occurring
in specific territories that may compress the
ventricular system or brainstem (e.g.
cerebellum) all contribute to whether ICP
will increase after a stroke. Clinicians must
fully understand factors associated with BP

elevation to ensure appropriate patient
management and optimal perfusion when
increased ICP occurs. However, there are
additional considerations in stroke patients
that are not tied to ICP when considering
optimal BP monitoring and management.

In ICH, the primary danger of precipitous
BP elevation is worsening of secondary
brain injury with the extension of bleeding
into the wventricular and subarachnoid
spaces, resulting in worsening neurologic
disability.>>°® While it is clear that BP
elevation and hematoma expansion are
related, it still remains unclear whether the
hematoma expansion causes BP elevation,
or whether the BP elevation causes
hematoma expansion; in fact, it may be that
this differs on a patient to patient basis.
While the current [ICH guidelines
recommend that BP should be controlled as
quickly as possible (within two hours of
ICH onset, with BP at goal within one
hour),* it is also important to note that
sharp spikes and large variability in BP
should also be avoided. Secondary analyses
of data suggest that smooth and sustained
control that limits variability may reduce
hematoma expansion and produce better
functional outcomes,® although at this
time, this finding is hypothesis generating
only. Despite this, the early effects of BP
lowering should be evaluated in the first 24
hours by repeat non-contrast CT of the
brain to assess hematoma growth, as well as
frequent neurologic exams using the
National Institutes of Health Stroke Scale
(NIHSS)®>” to detect early neurologic
deterioration.

Guidelines supporting BP management in
ischemic stroke are supported by better
evidence for BP lowering, despite the
arbitrary selection of the BP values that
originated with the NINDS rtPA Stroke
Study.>®* Elevated risk for sSICH has been
documented with excessive BP levels®®
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ensuring widespread adoption of BP
thresholds of 180/105 mm Hg. Similarly,
guidelines supporting management of
aneurysmal subarachnoid hemorrhage call
for control of BP to less than 140/90 mm
Hg in the period before aneurysm
occlusion,® although use of permissive
hypertension and induced hypertension
may also support the management of
patients with arterial vasospasm by
augmenting brain perfusion following
aneurysm occlusion.®

Most compelling is the fact that guidelines
are silent regarding goals for MAP, despite
the knowledge that MAP significantly
affects CBF,*49%061 and despite the
widespread use of NIBP monitoring which
only directly measures MAP and
algorithmically  assigns  systolic and
diastolic pressures. CBF is known to
decrease in the setting of both ischemic and
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hemorrhagic  stroke,®28364  yet  few
clinicians document or even consider MAP
values in the management of acute stroke
patients.

CONCLUSIONS

Although BP is among the most commonly
monitored vital signs, the methods
supporting accurate BP monitoring are
often overlooked in everyday practice.
Additionally, given the widespread use of
NIBP devices and the importance of MAP
values, further exploration is paramount to
increase understanding of critical MAP
thresholds that should support stroke
patient management.  Clinicians are
encouraged to document and examine MAP
values as they manage both ischemic and
hemorrhagic stroke patients to further
knowledge of this key parameter in relation
to stroke patient outcomes.
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