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INTRODUCTION

Hemostasis in cranial surgery is one of the
most important skills that a neurosurgeon
must acquire. Generalized oozing bleeding
from multiple surface vessels of the dura
mater and brain may be bothersome. Al-
though bipolar cautery may arrest bleeding
from the operative field, this method bears
the risk of injury to normal nervous tissue,
with deleterious neurologic deficits in some
cases. Various hemostatic agents and tech-
niques are used by neurosurgeons depend-
ing on the type, source, and location of the
bleeding.

Arista AH consists of patented Micropo-
rous Polysaccharide Hemospheres (MPH)
(Medafor, Inc, Minneapolis, Minnesota,
USA), a plant-based, flowable powder engi-
neered to dehydrate blood, enhancing clot-
ting on contact (16). The commercial infor-
mation of absorbable hemospheres states

Key words
� Absorbable hemospheres
� Arteriolar bleeding
� Cerebral capillary
� Cerebral hemorrhage
� Cerebral oozing
� Microporous polysaccharide hemospheres (MPH)
� Surgical cerebral hemostasis
� Venous

Abbreviations and Acronyms
MPH: Microporous polysaccharide hemospheres
MRI: Magnetic resonance imaging

From the 1Department of
Neurosurgery, “Virgen de la

Arrixaca” University Hospital, Murcia, Spain; 2Unit of
Neuropsychology, University Miguel Hernández, Elche,
Alicante, Spain; and 3Department of Neurosurgery, San
Giovanni–Addolorata Hospital, Rome, Italy

To whom correspondence should be addressed:
Marcelo Galarza, M.D. [E-mail: marcelo.galarza@carm.es]

Citation: World Neurosurg. (2011) 75, 3/4:491-494.
DOI: 10.1016/j.wneu.2010.10.008

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter © 2011 Elsevier Inc.
All rights reserved.
that their use is indicated in surgical proce- e
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ures as an adjunctive hemostatic agent in
he control of capillary, venous, and arteri-
lar bleeding. Their use facilitates the for-
ation of an elastic, natural clot within a

ew minutes regardless of the patient’s co-
gulation status. Absorbable hemospheres
ere first used as a topical dressing based
n MPH technology for the control of bleed-

ng wounds from traumatic injuries includ-
ng cuts, lacerations, and puncture wounds
n military scenarios (personal communica-
ion). This hemostatic agent has been made
vailable on the market for the past few
ears, but its use is still limited to cardiovas-
ular (3, 7), orthopedic (6), spleen and liver
9, 10) and renal surgery (2, 14). One re-
earch study, completed on a rat brain as a
eurosurgical model, refers specifically to

ts intracranial application (5). This prelim-
nary report was conducted to evaluate the
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orbable hemospheres in cranial cerebral
rocedures for superficial cerebral and du-
al hemostasis.
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ies of 10 patients 28 – 65 years old undergo-
ng elective cranial surgery with a total of 12

PH applications. The criterion for intra-
perative inclusion of MPH was persistent
r excessive bleeding that required more

han standard techniques for hemostasis,
uch as bipolar coagulation and use of cel-
ulose and collagen sponge, or the consid-
ration that these methods were excessively
ime-consuming or could lead to injury of
eural tissue. In each case, the decision to
se absorbable hemospheres was made by

he surgeon according to his preferences

ience in using Microporous Polysac-
c, Minneapolis, Minnesota, USA) for

r hemostasis were used in 10 patients
ndergoing cerebral procedures. The
hemostasis after resection of menin-
case, absorbable hemospheres were
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evidence of bleeding.
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The primary endpoint was defined as no
hemorrhage in the operative field after ap-
plication of hemostatic hemospheres.

The following data were collected and
analyzed for all patients: age, sex, diagno-
ses, assessment of level of consciousness
on admission, operative site, neurosurgical
procedures, and length of procedure. Pre-
operative clinical laboratory tests included
(i) complete electrolyte panel, (ii) liver func-
tion tests, (iii) full blood count with differ-
ential, (iv) prothrombin time, and (v) partial
thromboplastin time. Evaluation of the fol-
lowing was also done: intraoperative source
and type of bleeding (arteriolar, venous, or
generalized venous oozing), time to bleed-
ing control, and quantity of hemostatic he-
mospheres used. After surgery, patients were
evaluated with the following assessments:
laboratory tests (C-reactive protein, eritro-
sedimentation rate, alkaline phosphatase,
blood urea, creatinine, and leukocyte count),
neurologic examination, and adverse events
at postoperative day 1, 7, and 30. All patients
underwent postoperative cranial magnetic
resonance imaging (MRI). The neuropsy-
chologist, who was not involved in the ini-
tial clinical care of patients, performed the
3-month outcome evaluation.

RESULTS

Between January and August 2009, 10 con-
secutive patients (6 men, 4 women, mean
age 56.2 years) were included in this study.
The patients underwent a supratentorial
craniotomy for brain tumor, five for cere-
bral convexity meningiomas and five for
corticosubcortical gliomas. The lesion was
located in the frontal area in five cases and
in the parieto-occipital region in five cases.
In all patients, the surgical method involved
the use of standard techniques for hemosta-
sis initially (ie, bipolar and suction cautery,
oxidized cellulose, and collagen sponge);
when these measures failed, were exces-
sively time-consuming (�2 minutes of ooz-
ing), were considered risky, or were inade-
quate, a single dose (2–3 mL) of hemostatic
hemospheres was applied directly to the
site of bleeding.

Effective hemostasis, defined as cessa-
tion of bleeding after topical hemostatic
agent application, was achieved no later
than 2 minutes in all except two patients
with continuous cerebral oozing (Figure A

and B). In these latter cases, the bleeding

492 www.SCIENCEDIRECT.com
Figure. (A) Photograph depicting diffuse bleeding over the cortex after
resection of a meningioma in the central area. (B) Application of MPH
hemostat over cerebral oozing. (C) A cottonoid is applied over the
hemostat template; after less than 2 minutes, the cottonoid is removed
without irrigation, leaving excess MPH hemostat on site and without
WORLD NEUROSURGERY, DOI:10.1016/j.wneu.2010.10.008
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was finally stopped after a new application
of MPH. In one case, bleeding occurred
from a small tear along the superior sagittal
venous sinus. The bleeding could not be
repaired by suture; a small piece of oxidized
cellulose was placed over the bleeding gap
of the venous sinus, and hemostasis sub-
sequently was achieved by additional appli-
cation of MPH over the cellulose and the
rest of the sinus. The conformation of the
cellulose prevented the hemostatic hemo-
spheres from entering the underlying ve-
nous sinus, avoiding the possibility of sinus
thrombosis and embolism.

Mean follow-up was 12 months (range
7–15 months), and clinical and neurologic
examinations were performed on day 1
postoperatively, at discharge, and 1 month
after discharge. All identified neurologic
deficits were already present before surgical
intervention or were known as potential
complications of the type of operation per-
formed, as in the case of central area menin-
gioma invading the subjacent cortex. In this
latter case, the patient developed a new up-
per extremity motor deficit after a complete
resection of the lesion. In all cases, neuro-
psychologic evaluations were unchanged or
improved. No patient developed fever, aller-
gic reactions, or systemic complications
such as embolism or distant infections.
Neurosurgical wound infections were not
recorded.

Postoperative MRI was performed at dis-
charge or after 1 month in all patients. MRI
with contrast agent was done after 1–3
months. Normal postoperative conditions
were found; there were no signs of acute
rebleeding, hematoma, inflammation, per-
ifocal edema, or scar formation attributable
to the hemostatic sealant. In one case of
malignant glioma, the patient developed
status epilepticus 3 days after surgery, with
normal postoperative changes on brain
computed tomography scan. Seizures were
controlled pharmacologically, and the pa-
tient was discharged after 20 days. Clinical
laboratory test results (mean values) re-
vealed almost no differences between the
preoperative data compared with the find-
ings obtained at 1 day, 1 week, and 1 month
after surgery.

DISCUSSION

We report here our preliminary experience

with the use of MPH for cerebral hemo- F
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tasis in 10 patients with corticosubcortical
erebral oozing. We observed adequate
emostasis in all patients except two, in
hom the hemostatic MPH application was

epeated after 2 minutes to stop the persis-
ent oozing. We also used MPH in one case
ver the dural sinus. MPH is an absorbable
emostatic powder derived from purified
lant starch polymer and free of all biologic
omponents (7, 9, 10). When applied di-
ectly to the source of bleeding, it begins on
ontact accelerating the intrinsic clotting
ascade and reaching its maximum volume
cts as a molecular sieve to extract fluids
rom blood instantly on contact. This pow-
rful osmotic action causes the particle to
well and concentrates serum proteins,
latelets, and other formed elements on its
urface (5, 16). The particles and their coat-
ng of compacted cells create a scaffold for
he formation of a fibrin clot within a few

inutes of application.
In clinical studies, MPH has produced no

dverse reactions (1, 2, 16), and it is readily
bsorbed and enzymatically cleared from
he tissue within 24 – 48 hours. In an exper-
mental study (5) comparing commonly
sed topical hemostatic agents in brain

issue defects, residual material was not
resent with Arista, contrasting with the
resence of residual material in lesions in

he Avitene (microfibrillar collagen; Alcon,
nc., Hünenberg, Switzerland), FLOSEAL
gelatin matrix thrombin sealant; Baxter
ealthcare Corp., Deerfield, IL, USA), and

urgicel (oxidized cellulose; Ethicon, Inc.,
est Somerville, NJ, USA) cohorts. Avitene

nd FLOSEAL have also shown a propensity
or causing granuloma formation, but there
as no evidence of this with Arista and Sur-
icel.

In neurosurgery, mechanical measures
o stop intraoperative bleeding are limited if
ifficulties are encountered during bipolar
oagulation. Although bipolar coagulation
requently provides control of bleeding, it is
ime-consuming and leads to a wide en-
argement of the working channel (11, 15).

emostatic agents may be difficult to apply
n the walls of the operative cave through a
arrow operating channel. MPH has a plas-

ic device applicator, which is a lightweight,
ong, flexible tube, to provide delivery of the
emostatic powder deep into hemorrhagic
ounds and into difficult-to-reach loca-

ions. This applicator is similar to the

LOSEAL (4, 8). Capillary ooze is a general M

94, MARCH/APRIL 2011 ww
roblem at the end of tumor removal, but
he use of MPH solved the problem expedi-
iously in all our cases. We injected this
gent with a syringe tip, and the powder
ature of the MPH enabled the material to
onform to any irregular surgical cave ge-
metry. In our opinion, it is less precise for
elivery than FLOSEAL (8), given its powder
ature. The MPH hemostat is ready to use,
owever, requiring no mixing, no addi-

ional patient blood or other components,
nd no special handling or storage condi-
ions. Excess granular material not incor-
orated in the hemostatic clot was carefully
emoved by application of a cottonoid,
ithout disrupting the hemostatic seal and
ithout normal saline washing. Mainly be-

ause it degrades rapidly, MPH does not
romote infection or any foreign body reac-

ion as other materials may (12, 13, 17). The
ost is similar to other hemostatic agents on
he market.

One potential concern when using any
iologic hemostatic agent is the risk of virus

ransmission (12); however, MPH is a non-
iologic hemostat. Also, there is a theoreti-
al danger of aggravating perilesional brain
dema when increasing any local powder
oncentration; such edema may partially re-
ult from a direct opening of the blood-
rain barrier. In our series, after application
f MPH, in less than 1 minute in most cases,

he excess material was removed by gentle
uction and application of a cottonoid, re-
ucing the concentration of formed clot
nd leaving a white clear operative field
Figure C). A control head computed to-

ography scan performed after surgery
howed absence of abnormal perilesional
dema formation in all cases. Control MRI
ith contrast agent did not show abnormal

nhancement.
Of concern with hemostatic medications

s the potential of thrombotic complica-
ions; there are isolated unpublished case
eports of thromboembolic complications
econdary to injection of gelatin hemostatic
atrix over a bleeding venous sinus tear. In

his case, using oxidized cellulose or gelatin
ponge as a web to prevent migration of
PH into the venous sinus, we did not ob-

erve embolism or sinus thrombosis in the
reated patient. The presence of Surgicel
ver the bleeding sinus tear permitted ade-
uate coherence of the hemostatic powder
ith effective hemostasis, and, excess of

PH was not removed from the bleeding
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site in this case. The difficulty with this
strategy in the assessment of MPH efficacy
is the confounding effect of the previously
applied agents. We mainly used MPH, how-
ever, in a single dose (2–3 mL), when super-
ficial oozing was encountered. Because we
used bipolar cautery, oxidized cellulose,
and collagen sponge concomitantly, we
cannot evaluate the sole hemostatic effect
of MPH. The difficulty in the assessment of
MPH efficacy with this strategy is the con-
founding effect of the previously applied
agents. We found MPH particularly useful
in cases of arteriolar bleeding at the cortex.
Instead of using bipolar coagulation, we
found the powder nature of MPH controlled
hemostasis adequately.

After evaluation in a multicenter clinical
trial, MPH has received CE certification, and
it has recently been approved for clinical use
by the U.S. Food and Drug Administration
(FDA) (5, 10) for most types of surgery, in-
cluding cardiovascular (3), orthopedic (6),
nose and throat (1), and general surgery (9)
applications. Safety and biocompatibility
after direct application of MPH to neural
tissue has been shown in preclinical studies
(2, 5, 7 14). Inflammatory reaction to MPH
in the brain was reported to be equivalent to
the reaction of other commonly used neuro-
surgical hemostatic agents with a short me-
dian time to biodegradation compared with
the other implanted hemostatic materials
(5). In this preliminary report of 10 cases,
there was no evidence of any immune-me-
diated coagulopathy after exposure to he-
mostatic powder, and there were no adverse
events related to the direct application of
the hemostatic agent to the brain.

MPH marketing materials advertise he-
mostatic properties “regardless of the pa-
tient’s coagulation status,” which, in our
opinion, is not true because it cannot be
tested specifically. The hemostatic efficacy
of MPH in the setting of known hyperco-
494 www.SCIENCEDIRECT.com
as, or other coagulopathies, cannot be
xamined. Although superficial cerebral
pplication of MPH seems to be safe and
ffective, further investigations, longer fol-
ow-up periods, and prospective trials are
trongly recommended to arrive at final
onclusions.
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