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Abstract

Fluid management in aneurysmal subarach-
noid hemorrhage is challenging in view of the
associated conditions like neurogenic stunned
myocardium (NSM) and neurogenic pulmo-
nary edema (NPE) and the need to institute
hypertensive therapy in patients who develop
delayed cerebral ischemia (DCI). Fluid ther-
apy should aim for maintenance of euvolemia
that can be achieved by clinical assessment
along with close hemodynamic monitoring.
Both hypovolemia and hypervolemia have
been found to be associated with poor out-
come. In patients developing DCI, hypervol-
emia has to be induced through the use of
isotonic crystalloid infusion. Evidence is still
not strong enough for recommending the use
of colloids as maintenance fluid, even though
studies have shown that they are safe to use in
aSAH patients without underlying renal
disease.
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Aneurysmal subarachnoid hemorrhage (aSAH)
is a neurological emergency often associated
with significant debility. Fluid forms an impor-
tant part of early management, as patients often
present with history of vomiting and altered con-
sciousness resulting in a potentially dehydrated
state. The development of associated neurogenic
stunned myocardium and neurogenic pulmonary
edema requires strict titration of fluid transfusion.
Moreover, one of the unique features of aSAH is
cerebral vasospasm and delayed cerebral isch-
emia (DCI) where optimization of hemodynam-
ics is considered the foremost step. This makes it
imperative to transfuse correct amount and type
of fluid, which needs to be rationalized on the
basis of available evidence.

How Much Fluid to Be Transfused?

Patients presenting in emergency department
often have a raised blood pressure which is a
compensatory response to elevated intracranial
pressure (ICP) while, actually, patients may be in
a hypovolemic state. Altered consciousness,
coma, and neurological deficits predispose these
patients to reduced oral intake while presence of
vomiting and fever increases the fluid loss.
Nakagawa et al. measured the changes in circu-
lating blood volume in 73 patients during acute
and very acute stages of SAH. The authors found
that before surgery, patients in acute stage (within
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72 h of onset of SAH) had lower circulating
blood volume (CBV), while those in very acute
stage (within 6 h of onset of SAH) had similar
CBYV as other neurosurgical cases. On basis of
these findings, authors suggested to maintain
normovolemia in very acute stage and relatively
hypervolemia during 3-5 days after surgery for
patients who undergo surgery during acute stage
of SAH [1]. The reduction in CBV is even more
pronounced in patients with poor clinical grades
[2].

On the other hand, positive fluid balance has
been found to be associated with increased odds
of transcranial Doppler vasospasm and pro-
longed hospital length of stay as well as poor
functional outcome [3, 4]. In a retrospective
study including 237 nontraumatic SAH patients,
total daily amount of fluid and fluid balance were
calculated over 15 days. The main fluids trans-
fused constituted of nutritional compounds, IV
drugs, and volume substitution. A higher daily
fluid intake was associated with increased pul-
monary fluid accumulation, prolonged mechani-
cal ventilation, higher SAH, early brain edema
score, development of anemia, DCI, and poor
functional outcome [5]. The “triple-H ther-
apy” propagated maintenance of hypervolemia
as a modality for management of vasospasm
for many years. Volume expansion leading to
increase in cerebral blood flow (CBF) has been
studied by several authors. In one such study,
no difference in net fluid balance, mean global
CBF, or measured blood volume was seen in
patients receiving postoperative hypervolemic
or normovolemic therapy [6]. Hypervolemia
only increased cardiac filling pressures without
resulting in increased CBF. The prophylactic
hypervolemia thus does not confer any protec-
tion from delayed cerebral ischemia and has
no role in the prevention of delayed ischemic
neurological deficits (DIND) [6, 7]. However,
on measurement of regional cerebral blood flow
by positron emission tomography in patients
having vasospasm, bolus of 15 ml/kg saline
increased mean regional CBF in areas of the
brain most vulnerable to ischemia [8]. This
indicated that it had some beneficial effect when
instituted therapeutically. The efficacy of triple

H in improving outcome remains uncertain.
A systematic review was carried out to study
the effect of different components of triple-H
therapy on cerebral perfusion. For analyzing
the effect of prophylactic or therapeutic hyper-
volemia on CBF, seven studies were included
[9]. When compared to baseline measurement,
prophylactic hypervolemia did not result in
significant change in CBF. Therapeutic hyper-
volemia resulted in a significant CBF increase
(mean increase of 9 ml/100 gm/min) compared
to baseline values in one of the studies [10].
Authors concluded that among three compo-
nents, hypertension seemed to be more effective
in increasing CBF than hypervolemia or hemo-
dilution [9]. The American Heart Association/
American Stroke Association and Neurocritical
Care Society (NCS) recommend maintenance of
euvolemia and normal circulating blood volume
for the prevention of DCI [11, 12]. Prophylactic
hypervolemia and intravascular volume contrac-
tion are not recommended. In patients with per-
sistent negative fluid balance, fludrocortisone or
hydrocortisone may be considered [12].

Right patient selection is one of the important
factors for deciding about fluid management. For
413 patients enrolled in CONSCIOUS 1 trial,
propensity scored-matched cohorts were assessed
for development of DIND and outcome in those
who received colloids between 3 and 14 days and
had a positive fluid balance. The authors found
that administration of colloids and positive fluid
balance did not reduce the risk of DIND or DCI
but was associated with worse 6-12-week func-
tional outcome [13]. A negative fluid balance was
associated with more infarcts in patients with
severe angiographic vasospasm, while positive
fluid balance was associated with worse out-
comes. While Martini et al. found positive fluid
balance to be associated with increased odds of
vasospasm, Ibrahim et al. did not find positive
fluid balance to be associated with DIND or
delayed infarcts. Another recent retrospective
study, including 223 aSAH patients, concluded
that high early fluid input is associated with DCI
[14]. This highlights the importance of judicious
fluid management and careful identification of
patients who need volume expansion.



Fluid Management in Aneurysmal Subarachnoid Hemorrhage

135

Monitoring

Euvolemia as a goal for management is subject to
individual interpretation and may highly vary if
no monitor is used for guiding fluid administra-
tion. For maintenance of fluid balance, CBV
needs to be monitored reliably. Volume replace-
ment guided by clinical parameters like heart
rate, blood pressure, and fluid balance is often
unreliable. Central venous pressure is considered
less reliable for volume assessment. Pulmonary
artery catheter is a gold standard for cardiac out-
put (CO) measurement but is not preferred these
days because of its safety concern and cost.
Similarly, serum sodium concentration may not
be accurate enough to judge volume status of a
patient. Patients with hyponatremia caused by
cerebral salt-wasting (CSW) are hypovolemic,
while that caused by syndrome of inappropriate
antidiuretic hormone secretion (SIADH) are
euvolemic. High brain natriuretic peptide is also
unable to differentiate between hypovolemic and
non-hypovolemic hyponatremic state after SAH
[15]. This makes all these modalities less accu-
rate for prediction of intravascular volume status.
The use of radioactive isotopes for CBV mea-
surement is reliable but impractical in clinical
management. Pulse dye densitometry (PDD) is a
noninvasive technique based on indicator dilution
technique with pulse spectrophotometry, used for
accurate estimation of CBV [16]. It measures the
arterial concentration of injected indocyanine
green by special PDD probes. However, for clini-
cal management, we rely on dynamic monitors
like echocardiography, passive leg raising, and
other semi-invasive cardiovascular monitoring.
Transesophageal echocardiography-derived
parameters like superior vena cava collapsibility
index (SVCCI) (>38%), aortic velocity time inte-
gral variability (>20%), and delta down (>5 mm
Hg) have been found to be good predictors of
fluid responsiveness in patients with aSAH [17].
Similarly, distensibility of the inferior vena cava
(>16%) as measured by ultrasound is also a reli-
able predictor of fluid responsiveness in aSAH
patients admitted in ICU [18]. The non-calibrated
pulse contour systems like FloTrac, LiDCOrapid,
and PulsioFlex use arterial pulse to calculate var-

ious direct and derived parameters like stroke
volume, stroke volume variation, and cardiac
index. Bedside transpulmonary thermodilution
(TPT) technique has been found to be feasible
and reliable for estimating cardiac index, global
end-diastolic volume index (GEDVI), and extra-
vascular lung water (ELW) on basis of which
fluid management protocol can be devised [19].
The PiCCO (pulse index continuous cardiac out-
put) device uses pulse contour analysis along
with TPT to measure cardiac preload, cardiac
output, afterload, contractility, and volume
responsiveness. These monitoring devices have
been found to be of great help in aSAH patients
to understand the volume changes. TPT per-
formed in poor-grade aSAH patients has shown
higher ELW, pulmonary vascular permeability,
and systemic vascular resistance (SVR) indices,
indicating a heart failure-like afterload mismatch.
Patients with DCI were found to have decreased
GEDVI (hypovolemia) in the early stage of SAH
[20]. GEDVI <822 ml/m and >921 ml/m best
correlate with development of DCI and severe
pulmonary edema, respectively [21]. As com-
pared to TPT, cardiac index obtained from
FloTrac is less reliable and underestimates CI but
is an acceptable indicator for preload [22]. Other
noninvasive monitors based on bioreactance have
also shown to be reliable in initial studies [23].
Simonassi et al. conducted a systematic review
and meta-analysis to understand whether stan-
dard compared with advanced hemodynamic
monitoring can improve patient management and
clinical outcomes after aSAH [24]. The authors
found incidence of DCI was lower in advanced
compared with standard hemodynamic monitor-
ing group. Rest, there were no differences in neu-
rological outcome, fluid intake, or development
of pulmonary edema. Based on the results, these
authors have proposed a flowchart to guide clini-
cians in decisions regarding the use of advanced
hemodynamic monitoring in aSAH patients.
Basic hemodynamic monitoring like ECG, inva-
sive arterial pressure, and serial troponin mea-
surement has been suggested in initial period in
all patients. The use of advanced hemodynamic
monitoring is suggested in (a) patients with poor
SAH grade (WFENS grades 4-5); (b) those requir-
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ing high dose of inotropes/vasopressors; (c)
patients having cardiovascular complications
(raised troponin values, abnormal wall motion,
and/or ejection fraction <40%); (d) those having
pulmonary complications (neurogenic pulmo-
nary edema, respiratory failure); as well as (e)
those developing neurological complications
such as DCI and vasospasm (diagnosed clini-
cally/radiologically).

The SAH guidelines state that monitoring of
volume status may be beneficial and it is reason-
able to monitor volume status in certain patients
with recent aSAH by combination of CVP, pul-
monary wedge pressure, and fluid balance [11].
Vigilant fluid balance management should be
the basis for monitoring intravascular volume
status, and no specific modality of noninvasive
or invasive monitoring technology can be rec-
ommended over clinical assessment [12]. Also,
CVP lines should not be placed solely for CVP
measurement, and fluid management based solely
on CVP measurement is not recommended [12].
Routine use of pulmonary artery catheters is also
not recommended as it incurs risk and lacks clear
benefit [12]. The European Society of Intensive
Care Medicine (ESICM) guidelines recommend
assessing the efficacy of fluid infusion in SAH
patients with DCI using a multimodal approach
that includes arterial blood pressure and reversal
of neurological deficit as the main endpoints [25].

Goal-directed fluid therapy (GDFT) has been
observed to be better than standard therapy for
correction of fluid and hemodynamic derange-
ments. It helps in earlier recognition and better
management of dehydration and hemodynamic
derangements [26]. For patients with poor SAH
grade, early GDFT using TPT lowers the rate of
DCI (5% vs 14%) and improves functional out-
come when compared to standard therapy [27].
In a recent RCT, GDFT focusing on normovole-
mia and induced hypertension was found to be
superior to standard therapy in terms of reduced
rate of DCI after SAH along with a better 3-month
functional outcome [28]. The authors used
induced hypertension rather than hyperdynamic/
hypervolemic therapy, based on current guide-
lines. GDHT is believed to improve not only the
microcirculatory parameters but possibly also the

microcirculation, which can be beneficial in pre-
vention of DCI. Also, TPT-based hemodynamic
management has shown better cognitive function
compared with standard (pressure-based param-
eters and clinical examination) hemodynamic
management in one of the studies [29]. Table 1
shows overview of studies using GDFT in aSAH
patients.

The occurrence of systemic complications of
aSAH like NPE and NSM is associated with poor
outcome. TPT enables measurement of extravas-
cular lung water and pulmonary vascular
permeability index (PVPI) along with other car-
diac indices enabling better management [32, 33].
This has been found to be helpful in understanding
different etiologies (permeability or hydrostatic)
of pulmonary edema, thus assisting with appropri-
ate fluid management during NPE. The PVPI is
high and GEDV low without cardiac dysfunction
in permeability edema, while in hydrostatic
edema, CO is low and GEDV high with cardiac
dysfunction and without PVPI elevation [32].

Type of Fluid

The use of hypoosmotic fluids (0.45% saline and
dextrose containing fluids) after acute brain injury
is discouraged because of the risk of increase in
brain edema and intracranial pressure. For the
same reason, lactated Ringer’s solution being
hypoosmolar can cause increase in cerebral edema
if infused in large volumes. The AHA/ASA SAH
guidelines and the Neurocritical Care Society rec-
ommend against the use of large volumes of hypo-
tonic fluids and intravascular volume depletion
and prefer volume replacement with isotonic crys-
talloid [11, 12]. Hyponatremia is quite common in
SAH patients, and it has been shown to increase
incidence of brain swelling, cerebral vasospasm,
and even mortality. The type of fluid infused can
significantly affect sodium levels. To elucidate
whether sodium content of the fluid infused affects
mortality and morbidity in SAH patients, a clinical
trial has been undertaken which is estimated to be
complete by 2023 [34]. Isoosmolar crystalloid
(0.9% saline) or hypertonic crystalloid (hypertonic
saline) can shift water from the brain tissue into
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Table 1 Studies utilizing goal-directed fluid therapy in aneurysmal SAH patients

Patients Intervention Comparator Results
Chui et al. 40 adult patients | Goal-directed therapy Standard therapy GDT resulted in earlier
(2022) [26] with aSAH within | (GDT) guided by recognition and more
RCT 5 days of noninvasive cardiac consistent treatment of
aneurysm rupture | output monitoring dehydration and
undergoing hemodynamic
endovascular derangements
coiling
Ali et al. 84 aSAH patients | Transpulmonary Traditional pressure- | TPT monitor-based
(2019) [29] admitted to ICU thermodilution (TPT) based hemodynamic | hemodynamic management
Cohort monitor-measured parameters and provides better cognitive
comparison flow-based parameters | clinical examination | outcome as assessed by
study MoCA score
Mutoh et al. | 116 patients with | Transpulmonary Conventional fluid Both techniques showed
(2009) [30] | SAH who thermodilution (PiCCO | management protocol | close agreement. Patients
comparative | underwent plus) guided by pulmonary | managed by PiCCO appear
study surgical clipping artery catheter to have a therapeutic
and were thermodilution advantage over
diagnosed with conventional methods for a
vasospasm better clinical course with
less cardiopulmonary
complications
Mutoh etal. | 160 patients Early GDT guided by Standard therapy For patients with poor
(2014) [27] | treated within preload volume and guided by fluid clinical grade, those who
RCT 24 hours after cardiac output balance or central received early GDT had a
subarachnoid monitored by venous pressure or significantly lower rate of
hemorrhage transpulmonary uncalibrated, DCI and mRS of 0-3 at
thermodilution less-invasive CO 3 months than those who
monitoring in received standard therapy
patients with DCI
Bloriaetal. | 50 adult patients | GDFT using left CVP-guided fluid GDFT maintained blood
[31] (2021) | undergoing ventricular outflow tract | management pressure with lower
RCT surgical clipping | velocity time integral volumes of intravenous
(LVOT-VTI) measured fluid with no adverse
by transesophageal impact on outcome
echocardiography

RCT randomized controlled trial, aSAH aneurysmal subarachnoid hemorrhage, MoCA montreal cognitive assessment,
CO cardiac output, DCI delayed cerebral ischemia, mRS modified rankin scale, CVP central venous pressure

intravascular compartment, thus reducing cerebral
edema. Hypertonic saline (23.5%) in dose of 2 ml/
kg, when administered to poor-grade SAH
patients, is associated with an increase in arterial
blood pressure, cerebral perfusion pressure, flow
velocity, brain tissue pH, and brain tissue oxygen
content along with decrease in ICP [35].
Hypertonic saline has been found to be as effective
as mannitol at reducing increasing ICP in aSAH
Patients [36].

The hyperchloremia associated with saline
infusion can lead to acute kidney injury (AKI)
resulting in increased morbidity and mortality
[37]. The incidence of hyperchloremia has been
observed to be about 64% (CI > 109 meq/l) with

60% developing levels >115 meq/l. This is associ-
ated with increased risk of AKI, prolonged ICU
stay, and in-hospital mortality [38]. In a recent
study, Sadan et al. compared the effect of two
hypertonic solutions with different chloride con-
tent (23.4% NaCl versus 16.4% NaCl) on serum
chloride concentrations in SAH patients who
have already developed hyperchloremia (serum
Cl1> 109 mmol/L). Authors found both these solu-
tions to have similar effects on ICP reduction. The
chloride load and AKI rate were significantly less
in 16.4% Nacl/Na-acetate infusion [39].
Balanced salt solutions include crystalloids
as well as hydroxyethyl starch (HES) solutions.
These fluids decrease the risk of hyperchloremic
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acidosis in brain-injured patients as compared
to saline solutions [40]. Lehmann et al. random-
ized 36 SAH pateints to receive either normal
saline or balanced crystalloid and colloid solu-
tions for 48 hours. Saline-based fluids led to
more rate of hyperchloremia, hyperosmolality,
and positive fluid balance >1500 ml early after
SAH. Hypoosmolality and hyponatremia were
not more frequent in the balanced solution group
[41]. HES has been associated with development
of renal insufficiency in patients having sepsis.
But no association between application of HES
and development of AKI has been found espe-
cially in aSAH patients with intact renal function
and without an elevated baseline creatinine [42,
43]. Administration of colloids during the DIND
risk period has not been found to be beneficial in
terms of reduction of DIND and delayed infarcts
[13]. Albumin has been used in aSAH patients to
induce hypervolemia and was found to improve
clinical outcome. A phase I pilot study conducted
at six North American sites investigated the
safety and tolerability of 25% human albumin in
patients with subarachnoid hemorrhage. Albumin
in dose up to 1.25 g/kg/day was administered for
7 days, and it was tolerated by patients without
any major complications. Doses higher than this
resulted in significant cardiovascular complica-
tions. However, as guidelines no longer recom-
mend induction of hypervolemia, its utility for
this aspect is doubtful. More trials are required
to investigate its neuroprotective action in human
trials [44].

To conclude, fluid therapy should target main-
tenance of euvolemia that can be achieved by
clinical assessment along with close hemody-
namic monitoring. Both hypovolemia and hyper-
volemia have been found to be associated with
poor outcome. In patients developing DIND,
hypervolemia has to be induced through the use
of isotonic crystalloid infusion. Evidence is still
not strong enough for recommending the use of
colloids as maintenance fluid, even though stud-
ies have shown that they are safe to use in aSAH
patients without underlying renal disease.

References

10.

. Capampangan

. Nakagawa A, Su CC, Sato K, et al. Evaluation of

changes in circulating blood volume during acute
and very acute stages of subarachnoid hemorrhage:
implications for the management of hypovolemia. J
Neurosurg. 2002;97:268-71.

. Kasuya H, Onda H, Yoneyama T, et al. Bedside moni-

toring of circulating blood volume after subarachnoid
hemorrhage. Stroke. 2003;34:956—60.

. Martini RP, Deem S, Brown M, Souter MJ, Yanez ND,

Daniel S, Treggiari MM. The association between
fluid balance and outcomes after subarachnoid hem-
orrhage. Neurocrit Care. 2012;17:191-8. https://doi.
org/10.1007/s12028-011-9573-0.

. Kissoon NR, Mandrekar JN, Fugate JE, Lanzino

G, Wijdicks EF, Rabinstein AA. Positive fluid bal-
ance is associated with poor outcomes in sub-
arachnoid hemorrhage. J Stroke Cerebrovasc
Dis.  2015;24:2245-51.  https://doi.org/10.1016/j.
jstrokecerebrovasdis.2015.05.027.

. Rass V, Gaasch M, Kofler M, Schiefecker AJ, Ianosi

BA, Steinkohl F, Beer R, Pfausler B, Gizewski ER,
Thomé C, Schmutzhard E, Helbok R. Fluid intake
but not fluid balance is associated with poor outcome
in nontraumatic subarachnoid hemorrhage patients.
Crit Care Med. 2019 Jul;47(7):e555-62. https://doi.
org/10.1097/CCM.0000000000003775.

. Lennihan L, Mayer SA, Fink ME, Beckford A, Paik

MC, Zhang H, Wu YC, Klebanoff LM, Raps EC,
Solomon RA. Effect of hypervolemic therapy on
cerebral blood flow after subarachnoid hemorrhage : a
randomized controlled trial. Stroke. 2000;31:383-91.
https://doi.org/10.1161/01.str.31.2.383.

DJ, Wellik KE, Aguilar MI,
Demaerschalk BM, Wingerchuk DM. Does prophy-
lactic postoperative hypervolemic therapy prevent
cerebral vasospasm and improve clinical outcome
after  aneurysmal  subarachnoid  hemorrhage?
Neurologist. 2008;14:395-8. https://doi.org/10.1097/
NRL.0b013e31818a0f29.

. Jost SC, Diringer MN, Zazulia AR, Videen TO,

Aiyagari V, Grubb RL, Powers WIJ. Effect of nor-
mal saline bolus on cerebral blood flow in regions
with low baseline flow in patients with vasospasm
following subarachnoid hemorrhage. J Neurosurg.
2005  Jul;103(1):25-30.  https://doi.org/10.3171/
jns.2005.103.1.0025.

. Dankbaar JW, Slooter AJ, Rinkel GJ, Schaaf IC. Effect

of different components of triple-H therapy on cere-
bral perfusion in patients with aneurysmal subarach-
noid haemorrhage: a systematic review. Crit Care.
2010;14(1):R23. https://doi.org/10.1186/cc8886.

Mori K, Arai H, Nakajima K, Tajima A, Maeda
M. Hemorheological and hemodynamic analysis of
hypervolemic hemodilution therapy for cerebral vaso-


https://doi.org/10.1007/s12028-011-9573-0
https://doi.org/10.1007/s12028-011-9573-0
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.05.027
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.05.027
https://doi.org/10.1097/CCM.0000000000003775
https://doi.org/10.1097/CCM.0000000000003775
https://doi.org/10.1161/01.str.31.2.383
https://doi.org/10.1097/NRL.0b013e31818a0f29
https://doi.org/10.1097/NRL.0b013e31818a0f29
https://doi.org/10.3171/jns.2005.103.1.0025
https://doi.org/10.3171/jns.2005.103.1.0025
https://doi.org/10.1186/cc8886

Fluid Management in Aneurysmal Subarachnoid Hemorrhage

139

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

spasm after aneurysmal subarachnoid hemorrhage.
Stroke. 1995;26:1620-6.

Connoly ES Jr, Rabinstein AA, Carhuapoma JR,
et al. Guidelines for the management of aneurys-
mal subarachnoid hemorrhage: a guideline for
healthcare professionals from the American Heart
Association/American Stroke Association. Stroke.
2012:43:1711-37.

. Diringer MN, Bleck TP, Claude Hemphill J 3rd,

et al. Critical Care management of patients follow-
ing aneurysmal subarachnoid hemorrhage: recom-
mendations from the Neurocritical Care Society’s
Multidisciplinary Consensus conference. Neurocrit
Care. 2011;15:211-40.

Ibrahim GM, Macdonald RL. The effects of fluid
balance and colloid administration on outcomes in
patients with aneurysmal subarachnoid hemorrhage:
a propensity score-matched analysis. Neurocrit Care.
2013 Oct;19(2):140-9.  https://doi.org/10.1007/
$12028-013-9860-z.

Vergouw LJM, Egal M, Bergmans B, et al. High
early fluid input after aneurysmal subarachnoid
hemorrhage: combined report of association with
delayed cerebral ischemia and feasibility of cardiac
output-guided fluid restriction. J Intensive Care Med.
2020;35:161-9.

Dorhout Mees SM, Hoff RG, Rinkel GJ, et al. BNP
and blood volume after subarachnoid hemorrhage:
relationship with hypovolemia and hyponatremia.
Neurocrit Care. 2011;14:176-81.

Hoff RG, vanDijk GW, et al. Fluid balance and blood
volume measurement after aneurysmal subarachnoid
hemorrhage. Neurocrit Care. 2008;8:391-7.

Hrishi AP, Senthuraman M, Menon G. Quest for
the holy grail: assessment of echo-derived dynamic
parameters as predictors of fluid responsiveness in
patients with acute aneurysmal subarachnoid hemor-
rhage. Ann Card Anaesth. 2018;21:243-8.

Moretti R, Pizzi B. Inferior vena cava distensibil-
ity as a predictor of fluid responsiveness in patients
with subarachnoid hemorrhage. Neurocrit Care.
2010;13:3-9.

Mutoh T, Kazumata K, Ajiki M, Ushikoshi S,
Terasaka S. Goal-directed fluid management by bed-
side transpulmonary hemodynamic monitoring after
subarachnoid hemorrhage. Stroke. 2007;38:3218-24.
https://doi.org/10.1161/STROKEAHA.107.484634.
Yoneda H, Nakamura T, Shirao S, et al. Multicenter
prospective cohort study on volume management after
subarachnoid hemorrhage: hemodynamic changes
according to severity of subarachnoid hemorrhage
and cerebral vasospasm. Stroke. 2013;44:2155-61.
Tagami T, Kuwamoto K, watanabe A, et al. Optimal
range of global end-diastolic volume for fluid man-
agement after aneurysmal subarachnoid hemorrhage:
a multicenter prospective cohort study. Crit Care Med.
2014;42:1348-56.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

Mutoh T, Ishikawa T, Nishino K, et al. Evaluation
of the Flotrac uncalibrated continuous cardiac out-
put system for perioperative hemodynamic moni-
toring after subarachnoid hemorrhage. J Neurosurg
Anesthesiol. 2009;21:218-25.

Sivakumar S, Lazaridis C. Bioreactance-based non-
invasive fluid responsiveness and cardiac output
monitoring: a pilot study in patients with aneurysmal
Subarachnoid hemorrhage and literature review. Crit
Care Res Pract. 2020;2020:2748181.

Simonassi F, Lorenzo B, Badeness R, et al.
Hemodynamic monitoring in patients with sub-
arachnoid hemorrhage: a systematic review
and meta-analysis. J Neurosurg Anesthesiol.
2021;33(4):285-92.

Oddo M, Poole D, Helbok R, et al. Fluid therapy in
neurointensive care patients: ESICM consensus and
clinical practice recommendations. Intensive Care
Med. 2018;44:449-63.

Chui J, Craen R, Dy-Valdez C, et al. Early goal-
directed therapy during endovascular coiling
procedures following aneurysmal subarachnoid hem-
orrhage. J Neurosurg Anesthesiol. 2022;34(1):35-43.
https://doi.org/10.1097/ANA.0000000000000700.
Anestsberger A, Gempt J, Blobner M, et al. Impact
of goal-directed therapy on delayed ischemia after

aneurysmal  subarachnoid hemorrhage. Stroke.
2020;51(8):2287-96.
Ali A, Abdullah T, Orhan-Sungur M, et al.

Transpulmonary thermodilution monitoring-guided
hemodynamic management improves cognitive func-
tion in patients with aneurysmal subarachnoid hemor-
rhage. Acta Neurochir (Wein). 2019;161:1317-24.
Mutoh T, Kazumata K, Ishikawa T, et al. Performance
of bedside transpulmonary thermodilution monitor-
ing for goal-directed hemodynamic management after
subarachnoid hemorrhage. Stroke. 2009;40:2368-74.
Mutoh T, Kazumata K, Terasaka S, et al. Early inten-
sive versus minimally invasive approach to postopera-
tive hemodynamic management after subarachnoid
hemorrhage. Stroke. 2014;45:1280—4.

. Bloria SD, Panda NB, Jangra K, Bhagat H, Mandal

B, Kataria K, Chauhan R, Luthra A, Soni SL, Kaloria
N, Mahajan S, Paul SK, Gupta S, Agrawal S, Singla
N. Goal-directed Fluid therapy versus conventional
fluid therapy during craniotomy and clipping of cerebral
aneurysm: a prospective randomized controlled trial. J
Neurosurg Anesthesiol. 2021; https://doi.org/10.1097/
ANA.0000000000000769. Epub ahead of print

Mutoh T, Kazumata K, Kobayashi S, et al. Serial
management of extravascular lung water and blood
volume during the course of neurogenic pulmo-
nary edema after subarachnoid hemorrhage: initial
experience with 3 cases. J Neurosurg Anesthesiol.
2012;24:203-8.

Mutoh T, Kazumata K, Terasaka S, et al. Impact of
transpulmonary thermodilution-based cardiac con-


https://doi.org/10.1007/s12028-013-9860-z
https://doi.org/10.1007/s12028-013-9860-z
https://doi.org/10.1161/STROKEAHA.107.484634
https://doi.org/10.1097/ANA.0000000000000700
https://doi.org/10.1097/ANA.0000000000000769
https://doi.org/10.1097/ANA.0000000000000769

140

C. Mahajan et al.

34.
35.

36.

37.

38.

39.

tractility and extravascular lung water measurements
on clinical outcome of patients with takotsubo car-
diomyopathy after subarachnoid hemorrhage: a retro-
spective observational study. Crit Care. 2014;18:482.
https://clinicaltrials.gov/show/NCT04043598, 2019.
Al-Rawi PG, Tseng MY, Richards HK, et al.
Hypertonic saline in patients with poor-grade sub-
arachnoid hemorrhage improves cerebral blood flow,
brain tissue oxygen and pH. Stroke. 2010;41:122-8.
Pasarikovski CR, Alotaibi NM, Al-Mufti F, Macdonald
RL. Hypertonic saline for increased intracranial pres-
sure after aneurysmal subarachnoid hemorrhage: a
systematic review. World Neurosurg. 2017;105:1-6.
https://doi.org/10.1016/j.wneu.2017.05.085.  Epub
2017 May 23

Sadan O, Kai S, Prem AK, et al. Hyperchloremia
is associated with acute kidney injury in patients
with subarachnoid hemorrhage. Crit Care Med.
2017;45:1382-8.

Barlow B, Thompson Bastin ML, Bissell BD, et al.
771: incidence and associated consequences of hyper-
chloremia in aneurysmal subarachnoid hemorrhage.
Crit Care Med. 2021;49:382.

Sadan O, Singbartl K, Kraft J, et al. Low-chloride-
versus high-chloride-containing hypertonic solution
for the treatment of subarachnoid hemorrhage-related

40.

41.

42.

43.

44.

complications: the ACETatE (a low ChloriE hyper-
tonic solution for brain Edema) randomized trial. J
Intensive Care. 2020;8:32.

Roquilly A, Loutrel O, Cinotti R, et al. Balanced
versus chloride-rich solutions for fluid resuscitation
in brain-injured patients: a randomized double-blind
pilot study. Crit Care. 2013;17(2):R77.

Lehmann L, Bendel S, Uehlinger DE, et al.
Randomized, double -blind trial of the effect of
fluid composition on electrolyte, acid-base, and fluid
homeostasis in patients early after subarachnoid hem-
orrhage. Neurocrit Care. 2013;18:5-12.

Kunze E, Stetter C, Willner N, et al. Effects of fluid
treatment with hydroxyethyl starch on renal function
in patients with aneurysmal subarachnoid hemor-
rhage. J Neurosurg. 2016;28:187-94.

Kieninger M, Unbekannt D, Schneiker A, et al. Effect
of Hydroxyethyl starch solution on incidence of acute
kidney injury in patients suffering from cerebral vaso-
spasm following aneurysmal subarachnoid hemor-
rhage. Neurocrit Care. 2017;26:34—40.

J1S, Martin RH, Calvillo E, et al. The albumin in sub-
arachnoid hemorrhage (ALISAH) multicenter pilot
clinical trial: safety and neurologic outcomes. Stroke.
2012;43:683-90.


https://clinicaltrials.gov/show/NCT04043598
https://doi.org/10.1016/j.wneu.2017.05.085

	Fluid Management in Aneurysmal Subarachnoid Hemorrhage
	How Much Fluid to Be Transfused?
	Monitoring
	Type of Fluid
	References


