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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.

Objectives
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 (±10.79) 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.
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Introduction 

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). Its 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).

Objectives
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

Methodology

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:

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

II. Subarachnoid Haemorrhage    
(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:

III. Blood Pressure
Blood Pressure[Title/Abstract]
AND
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IV. Subarachnoid Haemorrhage
Subarachnoid *morrhage[Title/
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.
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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 (CI=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.

Discussion
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 0 
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 

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-
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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.

Conclusion
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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