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Abstract

Background

Trends in Blood Pressure (BP) following Subarach-
noid Haemorrhage (SAH) have been reported in
literature since 1982 (1). Recent studies suggest a
correlation to the incidence of Cerebral Vasospasm
(2, 3). This renders BP a candidate for possible early
detection of Vasospasm. However, conflicting results
regarding the nature and numerical of this correla-
tion exist.

Obijectives

To determine trends in BP following SAH in terms

of Systolic (SBP), Diastolic (DBP) and Mean Arterial
Pressure (MAP) and collaborate current literature evi-
dence of their association to Cerebral Vasospasm.

Methods

Two databases (EBSCO Medline and PubMed) sys-
tematically reviewed using specified search criteria.
Thirteen studies were portrayed, of which ten were

accessible. Thorough critical appraisal of each pa-
per was then manually performed using the CASP

Cohort study checklist.

Results

A consistent pattern of change is seen through time
in majority of studies with differences in the defi-
nite values of the BP variables. Collation of results
showed a gradual rise in SBP followed by a plateau
of 154.08 (x10.79) mmHg on days 4-8 post-SAH.
Variations exist with regards to the association with
Cerebral Vasospasm: a third of the studies depicted
a significant steeper rise in SBP in Vasospasm pa-
tients (1-3), another third conversely reported sud-
den drops in SBP (4-6), and one study concluded
that MAP has no significant relation to Vasospasm

(7).

Conclusion

A biphasic trend is expected following SAH with an
initial gradual rise followed by a sustained hyper-
tensive plateau. Considerable conflict exists in the
nature of association between BP and Vasospasm.
Further analysis of such beneficial predictive poten-
tial is recommended for advancement in Vasospasm
and Neuro-Cardiogenic care.



Cerebral Vasospasm is defined as the nar-
rowing of the large and medium intra-cranial
arteries. It is a major complication following
Subarachnoid Haemorrhage (SAH) occurring
in up to half of successfully treated SAHs and
is responsible for 20% of deaths and seri-
ous neurological deficit (8-10); and is still of
unclear aetiology (11). lts incidence is sudden
and usually presents within the first 4-9 days
after SAH without any preceding signs or
symptoms (12). Diagnosis is usually confirmed
via the gold standard invasive CT angiogra-
phy after which, various treatment approach-
es are initiated to salvage adequate cerebral
perfusion (13). Several efforts have been
made to identify potential factors that may be
used for early detection of Vasospasm; how-
ever, it remains one of the major challenges
in Neuro-intensive care (14). Recent trials
include the use of continuous EEG monitoring,
measuring CSF glutamate and serum S100
Biomarkers, regular Transcranial Doppler
(TCD) ultrasonography imaging, or Motor
Evoked Potentials (13, 15-17); none of which
proved significant and practical enough for
their application.

Fluctuations in Blood Pressure (BP) follow-

ing SAH have been reported in early studies
rendering them a candidate for possible
detection of Vasospasm (1). A recent German
study (2), targeted specifically at this associa-
tion, reported spontaneous changes in BP as
early as day 4 post-operation to be correlated
with the incidence of vasospasm. Arterial BP
is a routine measurement in all post-opera-
tive SAH patients, the presence of correlation
with Vasospasm may suggest a non-invasive,
easily accessible, and cost-effective strategy
to sensitise healthcare and guide prophylactic
measures. Detecting specific changes in either
Systolic, Diastolic or Mean Arterial Pressure
may also aid in the understanding of the un-
derlying pathophysiology and development of
new treatments (2).
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This systematic review seeks to condense and
appraise existing literature on the relationship
between BP and Cerebral Vasospasm follow-
ing SAH through the following objectives:

1. Determine the trends in BP after SAH with
regards to SBP, DBP and MAP

2. Analyse current evidence on the relation-
ship of BP to the incidence of Cerebral
Vasospasm

Search Strategy

On the 3rd of January 2020, electronic
searches were conducted in EBSCO MEDLINE
and PubMed to retrieve all relevant articles
that will achieve the objectives of this review.

The following search criteria was finalised:

* In EBSCO MEDLINE (https://www.ebsco.
com/products/research-databases/med-
line) with the aid of MeSH Terms:

|. Blood Pressure
(MM “Blood Pressure+") OR
(MM “Arterial Pressure”) OR (MM
“Venous Pressure+") [All Fields]
AND

Il. Subarachnoid Hoemorrhage
(MM “Subarachnoid Hemor-
rhage+") OR (MM “Subarach-
noid Hemorrhage, Traumatic”)
[All Fields]

Initial search yielded 94 articles. 74 ar-
ticles were obtained after application of
language and human subject filters.

* In PubMed (https://pubmed.ncbi.nlm.nih.
gov/) with the aid of MeSH Terms:
ll. Blood Pressure
Blood Pressure[Title/Abstract]
AND




IV. Subarachnoid Hoemorrhage
Subarachnoid *morrhagelTitle/
Abstract] OR “subarachnoid hem-
orrhage”[MeSH Terms]

Initial search yielded 674 articles. 472
articles were obtained after application of
language and human subject filters.

Equations generated by EBSCO MEDLINE and
PubMed are found in Appendix A.

Selection Criteria
Table 2 lists the inclusion and exclusion crite-
ria applied in this review.

Selection Process

Due to the limited number of results, the
timeframe for the published articles was not
restrained to avail all the relevant literature
possible.

Articles involving drug trials were excluded
to avoid the effect of drug therapy on the BP
trend observed. Articles that merely analysed
BP within the first 24 hours were excluded to
avoid unnecessary analysis not aiding Va-

sospasm prediction; along the same basis,
articles that initiated analysis more than 4
days after SAH were deemed inaccurate for
this review as uncertainty will retain on wheth-
er Vasospasm has already onset.

Thorough screening eventually yielded 5
articles from Medline and 12 from PubMed;
upon removal of duplicates, 13 articles were
drawn. Three of the resulting articles were
denied access and required paid subscrip-
tions, yielding a total of 10 articles for analy-
sis.

Critical appraisal and analysis

The 10 articles were then thoroughly read and
critically appraised using the CASP Cohort
Study checklist (20). Although the tool does
not provide quantitative analysis to papers’
validity, its use was preferred as it avails the
option to annotate and encourage reasoning
for each analytic answer to the paper’s ac-
curacy and findings. It is also appropriate for
cohort studies given that all our search results
have a cohort study design.

Table (4) found in Appendix B summarizes the
Yes/No answers to the CASP checklist for the
10 reviewed articles.

Inclusion Criteria Exclusion Criteria

Studied SAH patients Involved drug trials

Recorded BP measurements of either SBP, Evaluated unconscious/comatose/vegetative

DBP or MAP as a variable patients

Conducted on human population Analysed BP before the incidence of SAH
Available in English Analysed <24 hrs of BP after SAH
Started BP analysis > 4 days after SAH onset

Not accessible even through the UCC portal

Studies conducted on animal populations

Table 2: Inclusion and Exclusion Criteria
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EBSCO Medline
Search Results

Excluded based on Filters applied:
English + Human Subject

Excluded based on Abstract
Review for Selection Criteria

Duplicates
Removed

PubMed
Search Results

Excluded based on Filters
applied: English + Human

Excluded based on Title
Review for Relevance

Excluded based on Abstract
Review for Selection Criteria

3 Excluded for
Denied Access

Data of daily BP measurements provided by
3 studies was extracted and inputted into an
Excel spreadsheet for production of a collated
line graph and to facilitate visual and mathe-
matical analysis of BP trends (refer to Figure 2
in Section 4.2).

Results

Summary table of results
Refer to Appendix C

Presentation of results

All 10 articles analysed BP trends after SAH

to an extent: 3 of which provided daily read-
ings (extrapolated into the results line graphs,
Fig.2 (1-3)), 2 emphasised specific changes

in SBP (5) or MAP (21) in terms of magnitude
and frequency, and 7 attempted to analyse BP
in terms of prediction of Cerebral Vasospasm
(1-7). Analysis and results of 2 studies focused
on presenting the complexity, variability and
Time-Frequency analysis of BP and did not
provide absolute BP values (18, 19); hence,
they were not very specific to the objective of
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Blood pressure trends following SAH

The majority (62.5%) of the studies report-

ed rises in SBP and an equivalent reported
MAP but only a minority (25%) reported DBP
trends. Each variable differs significantly
between the studies with SBP ranging between
126.04mmHg (2) and 180mmHg (1) on Day
0 (day of SAH), MAP between 81.25mmHg
(2) and 122.824mmHg (4), and DBP between
58.32mmHg (2) and 67.76mmHg (3) (refer
to Fig.2).

Fontana et al. (3) and Faust et al. (2) agree
that a gradual rise is seen amongst the BP
variables as the days progress after SAH,
while Disney et al. (1) depict that an initial

fall is seen in Day 1 followed by a gradual
rise to Day 8 and a subsequent gradual fall
afterwards. The plateau seen between Day 4
and 7 is consistent with the findings of Teping
et al. (21) where Endogenous Persistent Hy-
pertension of MAP > 117.16 (= 9.92) mmHg
was noted at a greater frequency in Phase 2
of their study period (Days 4-14). Tabuchi et
al. (5), on the other hand, annotated spon-
taneous falls in SBP defined as drops of >

40 mmHg mostly seen in Days 2-5 and Days
7-17; both of which are inconsistent with the
line graphs illustrated.

Blood pressure and cerebral vasospasm pre-
diction

The correlation between BP and Cerebral
Vasospasm was depicted in all but one study
(21) which analysed Delayed Cerebral Isch-
aemia without specifying if associated to Va-
sospasm or not. One third of the studies (1-3)
agree that a significant steeper rise in SBP is
seen in Vasospasm patients. This is seen as
early as Day 3 by Disney et al. (1), who also
emphasise that the increase in BP precedes
the onset of clinical symptoms; Day 6 (SBP)
and Day 4 (MAP) by Faust et al. (2), who also
claim that >20% rise in MAP provides a Posi-
tive Predictive Value (PPV) of 86%. Fontana et
al. (3) illustrated a secondary Norepinephrine
(NE) independent rise in SBP seen in patients
with severe global Vasospasm as shown be-
tween Days 8-9 in Figure 2.

In contrast, another third of these studies

demonstrated a drop in BP as a predictor of
vasospasm (4-6). Yarlagadda et al. (6) re-
ported that a drop of SBP below 130 mmHg
in Day 5 post-SAH is associated with death
(OR=6.7) which coincides within the “clinical
window"” of Cerebral Vasospasm. Tabuchi et
al. (5) evoke that 70.4% of the spontaneous
falls in SBP recorded were significantly asso-
ciated with symptomatic Vasospasm, 22% of
which occurred before the incidence. Roed-
erer et al. (4), however, only elicit the associ-
ation of MAP on Day 1 post-SAH and claim
that MAP of 107.524mmHg (Cl=2.99-27.72)
has a better PPV and sensitivity than TCD im-
aging in predicting Vasospasm. Placek et al.
(18) and Soehle (19) report opposing results
arguing an increase or decrease in complexity
of BP during Vasospasm. In contrast to all of
the other studies, Kirkness et al. (7) concluded
that MAP (both level and variability) measured
over 4 days has no significant relation to Va-
sospasm.

Blood pressure trends following SAH

Trends in BP following SAH have been elicited
across clinical and physiological studies since
the early 1980s and as shown by this review,
BP fluctuations are inevitable and vary despite
rigorous control (1). In this discussion, the
time period following SAH is divided into 2
phases as done by Teping et al. (21) to facil-
itate analysis: Phase 1 (Day 0-3), and Phase
2 (Days 3-14). A conflict is seen from Day O
of Phase 1 between the results of Disney et al.
(1) and the results of Fontana et al. (3) and
Faust et al. (2) (Fig.2) where the former claim
a significantly higher SBP that remains at a
mean SBP of (156 + 3.02) mmHg throughout
the first phase. The 3 eventually conjoin at the
start of Phase 2 with a noticeable steeper rise
in Fontana et al. (3).

Given the limitations of the study by Disney et
al. (1) in neglecting vital confounding consid-
eration such as Vasopressor Therapy, appli-
cation of Nimodipine, history of hypertension,
sedation level etc. and the fact that only 24%
of the proposed sample had available records
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gives a potential for sampling and confound-
ing bias. It is also worth noting the age of the
study (1989) which although limits its avail-
able technology, sets a basis for all present
studies in SAH and BP association.

The steeper and more pronounced rise be-
tween Days 1-5 seen in Fontana et al. (3) can
be explained by its strict yet plausible control
in its study design; it is the only prospective
study and controlled for all aforementioned
confounding including the restriction of stan-
dard Nimodipine prophylaxis (22). As one

of the most recent available research, with

its multi-level quality assurance in terms of
comprehensive measure of exposure and
outcome and analytical testing, its relevance
and viability are greatly strengthened. The
only limitations encountered were the relative-
ly small sample and the undisclosed mode of
treatment.

Despite the relatively less pronounced rise
seen with Faust et al. (2), it provides a more
accurate reflection of the actual ICU setting,
where prophylactic Nimodipine is applied and
various covariables matched for to ensure
reliability. The study provides promising results
in predicting Vasospasm as will be seen in the
next section. The sample was larger and in-
cluded patients from both surgical and endo-
vascular SAH treatment, providing significant
level of evidence. Both studies (2,3) provide
substantial evidence for a relatively normoten-
sive BP on Day 0 that rises within the next few
days to reach a plateau of (154.08+10.79)
mmHg between Days 4-8. Disney et al. (1)
also remains within proximal statistical range
throughout this period.

Spontaneous blood pressure increases (SBI)
as well as prolonged Endogenous Persistent
increases (EPI) are seen by Teping et al. (21)
- detected across all phases but predomi-
nantly during Phase 2. The quality assurance
strategies with regards to visual cross-check-
ing for artefacts, frequent exposure measure,
comprehensive confounding analysis and
evidential exclusion criteria avail a significant
result that cannot be overlooked. In addition
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to its alignment to the results above in terms
of temporal distribution of BP rises, Teping

et al. (21) evoke a disparity in BP regulation
that was merely hypothesised in other stud-
ies (1-3); The difference in timing seen in SBI
and EPI suggests that the initial response to
demand and the capacity to sustain this re-
sponse are not necessarily interchangeable.
On the contrary, sudden falls (rather than
rises) in SBP are depicted by Tabuchi et al. (5)
predominantly in Phase 2. However, consid-
ering that only 41.6% of their sample expe-
rienced these falls and given the old sample
set (1987-1996) relative to the date of the
study (2006), the low prevalence and histori-
cal changes in management and recording of
data provide an unavoidable level of inaccu-
racy. It is also worth noting that the biological
plausibility of the study is based on non-hu-
man experiments. Nevertheless, since the
hypotensive effect is claimed to be seen even
after aggressive volume resuscitation, analysis
of falls is recommended to be in consideration
in future research.

Blood pressure and cerebral vasospasm pre-
diction

With regards to Cerebral Vasospasm predic-
tion, promising results are seen by Disney et
al. (1), Faust et al. (2) and Fontana et al. (3);
a statistically significant rise in SBP is associ-
ated with Vasospasm in all three. Faust et al.
(2) studied a German sample of 98 patients
and was particularly targeted at finding the
predictive value of BP changes to Vasospasm
incidence. It concluded that a 20% elevation
in MAP is sufficient to sensitise care into an-
ticipating Vasospasm. However, the study was
limited to retrospective analysis and matching
for confounding factors, confounding rando-
misation in future prospective studies is rec-
ommended to increase diagnostic specificity.

A year later, Fontana et al. (3) revealed similar
promising results, also in a German sample
of 61 patients, with higher accuracy through
eliminating most potentially influencing vari-
ables. Given the various limitations of Disney
et al. (1) aforementioned, a similar significant
result was still elicited, in addition to associat-




ing unstable varying BP to mortality. (refer to
brown line in Fig.2)

Meanwhile, Yarlagadda et al. (6), Tabuchi

et al. (5), and Roederer et al. (4) conversely
display a drop in BP as a predictor of Vaso-
spasm. Despite the high odds ratio (OR=6.7)
portrayed by Yarlagadda et al. (6), it is worth
mentioning that the study focused on other ex-
posures of cardiovascular abnormalities and
its measurement of outcome was not suffi-
ciently accurate in identifying Vasospasm. For
example, treatment of Vasospasm or head CT
evidence of cerebral infarction are not neces-
sarily indicative of Vasospasm as defined in
this study. BP was also only measured 3 times
during the 5-Day study period.

In support of this drop in pressure relation-
ship, 22% of Tabuchi et al. (5) reported drops
in BP happened prior to the incidence of
symptomatic vasospasm, however, only 5.5%
are stated by the study to be within 6 hrs and
considered causative. Nonetheless, to our
analysis, a significant association is consid-
ered whether causative or not. However, the
aforementioned critical analysis in the accu-
racy of this study must be noted. (refer to the
last paragraph of Section 5.1)

A relatively new study (2014) analysing the
viability of using automated physiologic data
to predict Vasospasm in the ICU setting also
supported the drop in pressure hypothesis and
associated an MAP of 107.524mmHg on Day
1 to Vasospasm compared to 122.874mmHg
in Non-Vasospasm patients (4). The study

had extensive analytic statistical and valida-
tion techniques and an apt consideration of
confounding variables. However, the 3-day
study period was insufficient, only high-grade
patients were recruited and no plausible
physiologic evidence is available for the re-
lationship of Vasospasm with BP on first day
following SAH. Kirkness et al. (7) had similar
MAP values for a similar study period (4 Days)
yet concluded that there is no significance be-
tween MAP and Vasospasm. This is in agree-
ment to the current available evidence afore-
mentioned that Vasospasm is usually onset

Day 4 post-SAH (12).

Limitations of study

This review was limited by the number of
available literature examining the trends of
BP following SAH. Denied access to 3 addi-
tional studies found may have restricted vital
evidence. The use of only 2 databases also
provides possibility of non-accessed literature.

Despite the inconsistent absolute values of

BP variables, it is rational to conclude that a
biphasic trend is expected following SAH with
an initial gradual rise during the first 4 days
followed by a sustained hypertensive plateau
fluctuating depending on severity and prog-
nosis. With regards to Cerebral Vasospasm,
considerable conflict is depicted in literature
on whether spontaneous rises or falls in BP
are associated with Vasospasm incidence;
with the former showing greater significance
in recent literature. Nevertheless, the presence
of a correlation and potential prediction is
almost ascertained; further analysis of such
beneficial predictive potential is hence re-
quired for further advancement in Vasospasm
and Neuro-Cardiogenic care.
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Appendix A

EBSCO MEDLINE Generated Equation

( (MM "Blood Pressure+") OR (MM "Arterial Pressure”) OR (MM "Venous Pressure+") )
AND ( (MM "Subarachnoid Hemorrhage+") OR (MM "Subarachnoid Hemorrhage,
Traumatic") )

PubMed Generated Equation

(Blood Pressure[Title/Abstract] AND (Subarachnoid *morrhage[Title/Abstract] OR
"subarachnoid hemorrhage"[MeSH Terms]))

Appendix B

CASP Checkiist Question oy Pl MRS T e RN Seer sedeat mar e N
1. Did the study address a clearly focused issue? Y Y Y Y Y Y Y Y Y Y
2. Was the cohort recruited in an acceptable way? CT Y Y CT Y N#4 Y Y Y Y
ila\:{,as the exposure accurately measured to minimise - - - - i - o o v or
éla\zas the outcome accurately measured to minimise v v v P p v o1 v+ v N
5. (a) Have the authors identified all important

confounding factors? N Y Y Y CT Y Y Y Y Y
5. (b) Have they taken account of the confounding factors

in the design and/or analysis? N Y Y Y Y CT Y CT Y Y
6. (a) Was the follow up of subjects complete enough? N Y Y Y Y3 Y Y Y Y Y
6. (b) Was the follow up of subjects long enough? CT Y Y N CT N CT Y Y N

7. What are the results of this study?
Refer to Table (3): SUMMARY OF RESULTS

11. Do the results of this study fit with other available

evidence? Y Y Y Y CT N Y Y*6 Y N
12. What are the implications of this study for practice? Refer to Table (3): SUMMARY OF RESULTS
Y :Yes 1 . " . ' .
. Qs maybe be tailored to Parent Only High-grade patients recruited
N :No 5
CT: Can’t Tell Study Clearly defined; however, not Gold standard measure
’ *2Not all results believed *6Evidence from Rat studies

Other reasons for CT and N answers are explained in the Limitations section of the Summary of Results Table
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Appendix C

Table 3: SUMMARY OF RESULTS
Author Study
Yo Design, - Strengths /
L:>c:irc)>’n Samesllgg' Methods Key Findings o 9 . Future
, ple Size Limitations Research
Title / Selection
Disney L. Retrospective Exposure: BP Trend: Strengths:
et al. (1989) Cohort study BP from Patients’ e Highest mean SBPonDay 0 e Biologically
charts (not every = 163torr plausible evidence
Alberta, N= 173 day available!) e FellonDay 1, gradualriscto ®  Temporality
Freis Day 8 the fell again established
SAH Patients Outcome: ° g‘](;;sidel'a?lc \'?ﬁation of a O\'er:;ll lgrge
. . - . SBP over time for sample size
Trends in admitted to Mortality — Death in o l fl ” ' o p. :
Blood (e R e —— Non-survivors e Clearly defined
versity ! outcome
Pressurej, AIberFa Vasospasm — Vasospasm: - Tt s
Osmolality Hospitals or Delayed ‘ e Days 3-14: significantly oy
and Royal Neurological higher SBP in Vasospasm sample (Gender,
Electrolyte Alexandra deterioration group Age, Hunt & Hess
s after Hospital occurring > 4 days e Low BP = % incidence of grade on
Subarachn after SAH and VS admission)
oid Inclusion: associated with e Difference increases Limitations:
Hemorrhag ¢ 1971 - Angiographic progressi\'ely ox:e.rt%me e No confounc.ling
e from early 1987  Vasospasm e BP rise before Clinical onset factors considered
A e >2daysof of VS e Not all days of
Ll peq o e  Difference emphasized data available
Vital signs e :
(1) d = when categorized in e  Only Surgical
an . comparison to Highest SBP treatment
Biochemic on that day. e 173 patients from
al data 721 had recorded
available data — sampling
bias

UCC Medical Research and Technology Society I58



Literature Reviews

Table 3: SUMMARY OF RESULTS

Clinical Outcome -
Glasgow Clinical
Outcome Scale

* Lindegaard
index: the ratio

between the
mean flow
velocity in the
median cerebral
artery and the
mean flow
velocity in the
internal
carotid artery

Author Study
(Year)! DeSign! - . Strengths / Future
Location, Sample Size Methods Key Findings Limitations Research
Faust K. et Retrospective Exposure: BP Trend: Strengths: Future
al. (2014) Cohort study | BP from Patients’ e Daily data of DBP, MAP, e Confounding Prospecti
charts SBP of available factors matched ve studies
Berlin, N= 98 For 8 Days Vasospasm: e Reflectreal ICU  yandomizi
Germany Outcome: e Days 1-8 = VS+ MAP 1 situation ng
Inclusion: Vasospasm -33% 28% e Temporality variables
Blood e Aneurvsmal . VS- MAP P 3.5% established . d
00 Iy narrowing of . ; : S db (instea
pressure SAH Cerebral vessels via Statistical difference in MAP ®  Supported by of
Exclusion: & DBP between VS+ & VS- physiological ,
changes e« No  Catheter on Day 4 evidence matching)
after Angiogram Angiography on e Statistical difference in SBP  ® Good sample size
aneurysma to confirm | P&y 7-9 on Day 6 e Clearly defined
I diagnosis Earlier if: e Predominance in changes of outcome
subarachn o .00 e Delayed DBP Limitations:
oid presentation neurological e >20% spontaneous elevation ® Not sqfﬁc1e_nt
haemorrha of VS deterioration not in MAP might sensitize ICU variation with
ge and e No detected attributable to for VS regards to age
their aneurysm as another source ® Regular
relationshi sourceof | ® TCD flow e Result unaffected by History Nimodipine may
p to bleed elevation of Hypertension, Age, affect BP trend
cerebral ® Received (MCA>120cm/ Gender, Treatment modahty
delaved AMCA e SAH severity (WFNS) did
vasospasm y s, late with BP
and clinical aneurysmal velocity ot correfate wi
outcome disabling 24hr>50,
2 Lindegaard
index*>3)
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Fontana J. Prospective
et al. Cohort study
(2015)
N= 61
Bochum,
Germany Inclusion:
® Aneurysmal
The SAH
spontaneo *® 18<Age
us arterial <85
ST e Saccular
aneurysm
Rressure by DSA
rise after =i
BNOLIySIRGS chronologic
| ally defined
subarachn onset
oid Exclusion:
haemorrha e Non-
ge-A aneurysmal
biphasic SAH
phenomen * S;:;:s
on(3) e No or only
thin clot on
baseline CT
(>20mm
length)
Kirkness Descriptive
C.J.etal correlational
(2009) analysis of
physiological
Seattle, data gathered
USA as part of a
Randomized
Intracranial Clinical Trial
and Blood
Pressure N=90
Variability
and Long- | Inclusion:
Term e Age =16
Outcome e Enrolled
After overa2
Aneurysma year period
I
Subarachn
oid
Hemorrhag
e(7)

Exposure:
BP - Continuously

monitored by intra-
arterial catheter

SBP, DBP & MAP
for 9 Days

Outcome:
Vasospasm -DSA
on Day 8=2
quantified as None,
Mild, Moderate or
Severe via DSA by
measuring diameter
relative to baseline
angiogram on
admission
Angiography on
Day 7-9

Clinical Outcome -
modified Rankin
Scale, National
Institute of Health
Stroke Scale,
Glasgow Outcome
Scale Extended at
Discharge

Exposure:
BP - Continuously

monitored by intra-
arterial catheter
connected to fluid-
filled pressure
transducers

for 4 Days

saved as 5-second
means

Variability
calculated on 4
timescales: 5sec,
5min, 1hr, 2 hrs

Outcome:
Vasospasm —
Defined by TCD
criteria or other

Clinical Outcome -
trained interviewers
using Glasgow
Outcome Scale
Extended 6 months
after discharge

BP Trend:

Daily data of DBP. MAP,
SBP of available
Significant rise in all
(P<0.0001)

Steepest rise between Days
1-3

Vasospasm:

Isolated secondary rise of
SBP in severe VS global on
Day 8-9

Mean vessel diameter
reduction =
(=23.30)%

Global VS significantly
related to daily rise of DBP,
SBP and strongly MAP

-213

Steeper rise in patients with
History of Hypertension

No significance of BP ad
Gender, Aneurysm Location,
NE application

Propofol had significant
inhibitory influence on SBP
SBP rise sig. correlation to
SAH severity by Hijdra
score

Faster variability correlates to
better outcome
BP Trend:

Avg. MAP over 4 days =
(103.2=10.7)mmHg

Vasospasm:

No significant association
between MAP Level &
variability and VS
Higher MAP level over 4
days associated with sig.
lower odds of favourable
outcome

No association between
variability and Aneurysm
location

Age inversely correlated
with MAP

Women had greater 24hr
MAP variability

MAP significantly correlated

with anxiolytic, sedative,
hypnotic dose (OR=0.2;
p=0.02) & Corticosteroid
dose (OR=0.39; p<0.001)
MAP 3sec variability
significantly correlated with
Antiarrhythmic, diuretic,
vasodilator dose

Strengths:

e Prospective

e Confounding
factors dissected
including
Nimodipine use

e Continuous
exposure
monitoring

e Multi-level
quality checks

e Outcome
measured for
inter-observer
variability

e Outcome sub-
quantified relative
to baseline of
individual

e Plausibility based
on physiological
evidence

Limitations:

e Small sample size

e Most treated by
Surgical clipping

e Influence of NE
doses cannot
eventually be fully
excluded

Strengths:

e Confounding
factors analysed
with statistical
tests

e Clearly explained
method of
exposure
measurement

Limitations:

e Gender ratio
imbalance

e Unclear definition
VS outcome

e Interview
questions
accustomed to
parent study
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Placek M. Retrospective Exposure: Vasospasm: Strengths:
et al. Cohort study BP - measured ® Onset of V8= 944 days e Spatial and Whether
(2015) invasively by radial ® VS did NOT affect mean Temporal analysis
N= 31 artery line Time-Frequency comparison of VS of
Cambridge, Recorded Distribution measures of * Strong and complexit
UK Inclusion: simultaneously ;&?ﬁﬁﬁiﬁﬂeﬂw " I\'Iu@n\.fazate woeic V of CBFV
® Aneurysmal every 1 or 2 days - piexi _ Statistical analysis 5.4 Agp
Complexity SAH for 20mins at a ABP in early days after SAH  Limitations: with
P : . e Gradual fall in ABP e Analysis of study
of Cerebral ® Admittedto sampling frequency —_ . - cerebral
complexity before VS and focused on time-
Neuro
Blood Flow - of 50Hz rise during VS (p=0.002) P autoregul
Veloci Critical ) . q . ) -
elocity Care Unit * MayserveasEarly waming gistributionand 210D
and of Outcome: index of narrowing of BP complexity ~ @ssessme
Arterial e Vasospasm cerebral arteries and did not nt using
Blood T e TCD criteria: provide raw Time-
Pressure in Hospital © MeanFV absolute BP data.  Frequenc
Subarachn e Daily TCD >120cm/s ® Goldstandard CT  y analysis
oid monitoring ~ © Lindegaard ratio ot nsed can
Hemorrhag = - ;m‘}vl}ssample Slize advance
e Using * grc;up et prediction
Time- e No sufficient dles
Freque_ncy Confounding
Analysis control
(18)
Roederer Retrospective = Exposure: Vasospasm: Strengths:
A.etal Cohort study = BP - Continuously | ® 43.2% of sample developed | e Patients well Exploratio
(2014) monitored by Vs matched for n of tests
N= 81 arterial lines ® MAP on Day 1 VS+= clinical features to detect
Philadelphia for 3 Days 10'3’-8324!1;1:111'1514 . bl Differ_e!;tl o intellectua
, USA Inclusion: v .- statistic |
’ o_ﬁsmal Outcome: (p=0.018; CI1 2.99-27.72) validation impairme
o S AHuq _— e Better PPV & Sensitivity techniques for P ]
Prediction . ’601-”011 Vagosr;asm osical than TCD quality assurance nt with
°t N . ;'i <her ¢ oenalneurologica All automated data variables | ® Useful as early normal
Significant Grade 3 or exa.m-s ) measured deemed significant warning MMSE
Vasospas ) . ff*‘}tTCdD St“d‘els with VS (p<0.03) except Limitations: scores
- e Monitored every 1- fanyv
o Exclusion: 3hrs for headache CSF output *  Aaoy expomcs
Aneurysma e Delaved linical variables lead to
| S .- or clnical reduced focus on
presentation deterioration MAP
Subarachn >48hrs ® Other diagnostic ® Only high-grade
old ® Early VS tests such as CT atients — sgam le
Hemorrhag (during first  perfusion, Xenon 5 F
e Using 2 days) CT. MR perfusion, > Does ot inatioate
Automated cEEG available to thine ab
help anything about
Data (4) underlying cause
e Timespan of 10
yr3,— risk of
historical bias
e Lackof
temporality
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Soehle M. Retrospective Exposure: BP Trend: Strengths:
et al. Cohort study BP - measured ® Considerable amount of e Blinded
(2008) invasively by radial fluctuations in both FV & investigator for

N= 31 artery line ABP after SAH outcome
Cambridge, Recorded ® Vaniability more pronounced o Temporal
UK Inclusion: simuftaneously Vas;ns}:;sm' igm;;lar.ison °§VS

i : o Visual inspection
vy S e ey o raatia Vs ot
dfractal ® Admittedto sampling frequenc e High GOS (more favot_xrable * Good analytic
=k ?c N pling freq y outcome) correlated with control for
analysis of Creﬂtgr: al of 50Hz high standard deviation of confounding
middle c : ABP (p<0.05)
are Unit
cerebral of Outcome: ® Decomplexification theory Limitations:
artery Addenbroo  Y2SOSpasm of illness may apply to SAH e  Analysis of study
blood flow ke's ® TCD criteria: too focused on FV
velocity Hospital o MeanFV and BP variability
and arterial >120cm/s and did not
blood o Lmdegaa;rd ratio pfo\ride raw
pressure in -3 absolute BP data.
subarachn Clinical Outcome - e Gold standard CT
oid Glasgow Outcome not used _
haemorrha Scale by telephone ® Small sample size
ge (19) interview 1 year
after SAH

Tabuchi S. Retrospective Exposure: BP Trend: Strengths: Further
et al. Cohort study = BP - SBP & DBP e 41.6% experienced fall in e Clearly defined investigati
(2006) measured every BP at least once outcome onto

N= 125 2hrs by nurses Vasospasm: ® Wide confounding | characteri
Yonago, using Riva Rocei ® 344%ofall patients _ analysis ze
Japan Inclusion: manometer for >2 if‘Pmenced Symptomatic Limitations: mechanis

| T, sy | Sttt T
Relationshi . J- log7 Cont.lnupus_ BP to Delayed Cerebral used preventio
p of ) Na:\, 1996 monitoring in Vasospasm in 48.1% of falls | @ Sample is from a n of Falis
hypotensio e Head CTto  SSVere grade in BP long period and in BP to
n and dingnose patients e 70.4% of Falls in BP relatively old to | uUnderstan
cerebral SAH Fall in BP: drop of correlated to VS study — historical | d the
vasospasm >40mmHg in SBP e 22% before Symptomatic bias pathophy
in patients Exclusion: of any 2 Vs - o L] ?lausible evidence  siology
with e Barbiturate A CONSEcUtive ® Only 5.5% within 6hrs of is of non-human
aneurysma Therapy measurements Symptomatic VS experiments
I e Continued | Outcome: e Effect stll seen after
subarachn administrati @ Head CT in all aggressive ¥olkuma
oid on of patients every resuscitation
hemorrhag Vasopressor week for >2 . e Falls in BP significantly
e (5) or mon@s OR when hi i old tient
Antitiyperte there is an acute gher in older pa ients, poor
. hange WFNS grade on admission
l’;;l;:apy Sy‘l:nptimatic e Falls in BP NOT related to
e Brain death Vasospasm: ig{i;?;;il:;g}&imrsm
* Headaghe, location, mode of treatment
confusion,
disorientation,

focal neurological

deficit, decline in
consciousness
e CT scan confirm

exclusion of other

causes

e Absence of other
causes of decline
e.g. electrolyte
imbalance,
hypoxia, seizure
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Teping F. Retrospective Exposure: BP Trend: Strengths:
etal. Cohort study BP - Electronic e Avg MAP during SBI ® Clearly defined
(2018) patient record SBP, episode = 103.68 (=10.7) exposures
N=115 MAP & DBP every mmHg _ » Confounding
Aachen, 15 mins e Avg. MAP during EPH factors dissected
Germany  Inclusion: Spontaneous gt Al | LT
e Aneurysmal Blood Pressure Most frequent during Phase e  Graphs visually
Suontanec SAH Increases (88 2 (Days 4‘1-14) (p<0.0§) cross-checked to
P Jan 2011 ) (. 1) e EPH during Phase 1 increase exclude artefacts
us Y Ry, mellaElinE risk of DCI Limitations:
Elevation € 25mmHg verified e EPH during Phase 2&3 e Not all results
of Blood Exclusion: over consecutive reduce risk of functional statistically
Pressure T?»yrs.or readings DCI significant
After SAH: >80 yrs Endogenous N e  Gender ratio
An e Died within Persistent = lnitial Tesponse o demand & e
Epiphenom  g.io06ns  Hypertension gbiliyito mainiain sesponse
enon of e Confoundin (EPH) defined as not interchangeable
Disease g persistent MAP > SO e
Severity com_orbiditi 160mmHg for at e treat;nent modality
and es (hned) least 3hrs do NOT influence EPH
Demand, * i:econdmo for 21 Days e EPH more in older patients
But Not a ) 0.001
Surrogate Potentxal_ly Outcome: = )
influencing -
for BP (listed) Clinical Outcome -
Outcome? Glasgow Outcome
(21) Scale at Discharge
Yarlagadd @ Prospective Exposure: BP Trend: Strengths: Treatment
aS.etal Cohort study  BP -SBPrecorded e OnDaylSBP>180mmHg e Multivariate s that
(2006) once on Days 0,3,5 associated with increased regression could
N= 300 of study risk of death (OR=5.6; analysis for potentially
California, p=0.008) . ~ confounding prevent
USA Inclusion:  Outcome: © OnDay5SBP<130mmHg | Limitations: _ | neurocard
® Aneurysmal Death caused by :ﬁiﬁti?i;iﬁ-d:; .t:,.lsm * gﬁ:;’ll;ataken ° iogenic
Cardiovasc SAH neurological e Cardiac abnormalities ﬁequéncy of injury
ular ° ;eb'l,’999~— deficit due to: contribute to morbidity and exposure such as
Predictors ov 5(303 e SAH only mortality after SAH e Outcome may not Beta
of In- ® ?ﬁ;{:"‘l ® Evidence of DCI | yasospasm: always be due to | blockers
Patient d;agnose 4 * W orst;m.r‘xga?f e Hypotension during the Vs should be
Mortality by CT or . ?;iroi;glec\'iditz:els c.lim'cal window of VS is a . Mafay exposure studied in
After Lumbar of \'is oi asm by risk of death variables lead to the
Subarachn puncture TCD or %T J g;““d focuson | current
oid Exclusion: Angiography era of
Hemorrhag e Historyof e Neurointerventiona SAH
e (6) Hypertensio | treatment for VS therapy
n ® Head CT evidence
e Cardiomyo of Cerebral Further
pathy infarction research
* I;;;)EOF required
70
e SAH caused to .
by trauma dete.rmlne.
or mycotic relationshi
aneurysm p
between
cardiac
abnormali
ties &
neurologi
cal
outcome
are causal
in nature
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