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Introduction Patients who have external ventricular drainage (EVD) inserted are
prone to many risks and complications. Intraventricular hemorrhage (IVH) is a frequent
and life-threatening complication for spontaneous intracerebral hemorrhage (ICH) and
results in an increased morbidity and mortality for those patients. An EVD insertion is a
frequent surgical procedure for those with IVH. However, it is also known that IVH
patients have a much higher rate of ventricular catheter occlusion. We hypothesize that
blood clots have a predominant participation as a pathophysiological mechanism for
EVD occlusion, and that a different and more appropriate catheter design might
decrease the occlusion rate occurring during the utilization of EVDs on patients with
IVH and, therefore, reduce implantation time.

Methods The electronic data sheets of 30 patients with spontaneous IVH from
March 2014 until April 2015 were evaluated. Two concepts in catheter design were
evaluated: A group of 15 patients with a conventional type of catheter inserted was
identified as Group C (conventional). A group of 15 patients with a new design of
catheter inserted was identified as Group H (hemorrhagic). Both groups were
compared regarding survival end parameters, outcomes, days spent in intensive
care units (ICUs) and time spent with EVDs implanted.

Results Hospitalization at the ICU was statistically significantly reduced for Group H
compared with Group C. There was no significant difference among the hospitalization
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days between both groups. There was no statistical difference either for acute
hydrocephalus or death rate. External ventricular drainage implantation days were
significantly reduced for Group H related to Group C.

Conclusion The results of the present study points to the fact that, although
apparently the new catheter design did not change some secondary complications
such as hydrocephalus and hospitalization rate, it seems that a better or specifically
designed catheter for IVH purposes might lead to less ICU hospitalization days and EVD
implantation days, two factors that have economic impact on healthcare due to the
reduction of hospitalization costs and reduced incidence of related complications. The
information obtained by this preliminary study should be grounded by a larger, more
detailed and prospective evaluation; if these preliminary data are maintained, the new
design should be considered for IVH associated EVDs insertions.

Pacientes que utilizam drenagem ventricular externa (DVE) estdo sujeitos a muitos
riscos e complicacoes. A hemorragia intraventricular (IVH) é uma complicacdo
frequente na hemorragia intracerebral espontdanea (HIC) e resulta em um aumento
da morbidade e mortalidade para esses pacientes. A insercao de DVE é um procedi-
mento cirdrgico frequente para pessoas com HIV. No entanto, também se sabe que os
pacientes com HIV tém uma taxa muito maior de oclusdo do cateter ventricular. Nossa
hipotese é que os coagulos sanguineos tém uma participacao predominante como um
mecanismo fisiopatologico para a oclusdo da DVE, e que um design de cateter diferente
e mais apropriado pode diminuir a taxa de oclusdo que ocorre durante a utilizacdo de
DVEs em pacientes com IVH e, portanto, reduzir o tempo de implantagdo.

Métodos Foram avaliadas as planilhas eletronicas de 30 pacientes com HIV esponta-
nea de marco de 2014 a abril de 2015. Dois conceitos no desenho do cateter foram
avaliados: Um grupo de 15 pacientes com um tipo convencional de cateter inserido foi
identificado como Grupo C (convencional). Um grupo de 15 pacientes com um novo
desenho de cateter inserido foi identificado como Grupo H (hemorragico). Ambos os
grupos foram comparados em relacdo aos parametros finais de sobrevivéncia, resulta-
dos, dias passados em unidades de terapia intensiva (UTI) e tempo gasto com EVDs
implantados.

Resultados A internacdo na UTI foi estatisticamente reduzida para o Grupo H em
comparagao com o Grupo C. Ndo houve diferenca significativa entre os dias de
internacdo entre os dois grupos. Ndo houve diferenca estatistica para hidrocefalia
aguda ou taxa de mortalidade. Os dias de implantacdo de drenagem ventricular externa
foram significativamente reduzidos para o Grupo H em relacdo ao Grupo C.
Conclusao Os resultados do presente estudo apontam para o fato de que, embora
aparentemente o novo desenho do cateter ndo tenha alterado algumas complicagées
secundarias, como hidrocefalia e taxa de hospitalizacao, parece que uma melhor ou
especifica.

(CSF) pathways, immunological deficiency,* higher rates of
infection,>* acute hydrocephalus and intracranial hyperten-

Although intracerebral hemorrhage (ICH) estimates are be-
tween 10 and 15% of all strokes,"? it is related to worse
prognosis compared with any other isolated stroke event,
especially in the presence of intraventricular hemorrhage
(IVH)."->* Morbidity and mortality rates are in between 50
and 80% %> When IVH occurs, blood drawn into the cerebral
ventricles and/or cisterns often causes, as an immediate
result, a partial or total blockage of the cerebrospinal fluid
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sion,>® possibly requiring surgical treatment in an urgent
basis. Ultimately, IVH is a life-threatening condition, which
increases morbidity and mortality when associated with ICH.
Surgical management consider external ventricular drainage
(EVD) alone, bilateral EVDs, fibrinolytics + EVD, endoscopic
surgery, endoscopic surgery -+ EVD, among others.”
However, it is also known that IVH patients have a much
higher rate of ventricular catheter occlusion. We hypothesize
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that blood clots have a predominant participation as a
pathophysiological mechanism for EVD occlusion, and that
a different and more appropriate catheter design might
decrease the occlusion rate occurring during the utilization
of EVDs in patients with IVH and, therefore, reduce implan-
tation time.

Material and Methods

The present study was approved by the Fundacdo Faculdade
Regional de Medicina (FUNFARME, in the Portuguese acro-
nym) Ethics Committee. It is an observational retrospective
study done with 30 nontraumatic ICH patients with exten-
sion to the ventricular cavities (IVH) during the period of
March 1% 2014 until April 30™" 2015 at FUNFARME, Sao José
do Rio Preto, state of Sdo Paulo, Brazil. In the present
preliminary study, we compared two different concepts of
ventricular catheters. At first, we searched for an EVD model
that follows the recommendations of Tronnier et al.” for an
adequate EVD to minimize mechanical failures and infec-
tions. There were a total number of 30 patients, 15 patients
for each conceptual group. The first concept was denomi-
nated as C (conventional, because it is the conventional
catheter offered in drainage sets for this manufacturer). It is
a 23 cm length silicone tubing, closed tip, 1,7 L.D. x 3,0 mm
0.D., with 12 oblong holes 1 x 2 mm each, the more distant
hole being 17 mm distant from the catheter tip. (~Fig. 1A).
The model C product has a Brazilian ANVISA registration #
10175060016. The second group was identified as H (hem-
orrhage), and it has an ANVISA registration # 10175060037,
both made commercially available by the same manufac-
turer. Group H patients (Type H catheter, =Fig. 1B) included

Conventional

-1 =
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a larger bore, open end tip, 2,6 I.D. x 4,0 m 0.D, four oblong
and bigger sized lateral holes, the more distant hole being
15 mm distant from the catheter tip. The type H catheter
was specifically designed for IVH, in an attempt to decrease
the incidence of blockage caused by particles in the CSF that
regularly would clog the small orifices, the catheter lumen,
and/or the connector site into the EVD set in conventional
EVDs and, consequently, would require surgical revision or
manual unclogging procedures at bedside leading to either
increased infection rates, increased number of ICU hospi-
talization days, increased number of hospitalization days,
acute hydrocephalus (defined as hydrocephalus while at the
hospital), or increased number of EVD implantation days.6

The objective of the present study was to verify the
efficacy of two different external ventricular drainage cath-
eter concepts regarding: 1. ICU hospitalization days; 2. EVD
implantation days, and 3. Occurrence of acute hydrocepha-
lus. Acute hydrocephalus was defined as hydrocephalus
while the patient was hospitalized.

Inclusion criteria: spontaneous intracranial hemorrhage
seen on initial computed tomography (CT) scan at the emer-
gency room (ER), Glasgow coma score (GCS)® < 9 at admission
after patient resuscitation, ICH < 3 (ICH score),” to whom EVD
insertion was clinically indicated. The target ventricle for
Group H was always the most blood compromised ventricle.
For Group C, we followed the literature, inserting them in the
least compromised ventricle. The reasoning for that was to
make sure that a larger bore catheter would unequivocally
have some effect on drainage of liquified blood.

Exclusion criteria: abnormal coagulation patterns at ini-
tial blood sample, initial utilization of antifibrinolytics, ICH
score >3 or GCS > 9 at resuscitation
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Fig 1A left : Conventional catheter dimensions
Fig 1 center : EVD set — changes are related to catheter
Fig 1B right : hemorrhage catheter dimensions

Sao Jose do Rio Preto — SP — Brazil.
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Fig. 1 Overall dimensions. (A) Left: Conventional catheter dimensions. (B) Center: EVD set - changes are related to catheter. (C) Right:
hemorrhage catheter dimensions.
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0 0.05 >04
SIG I ‘ NOT
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The average days at ICU in Group H was significantly
lower than the average at group C (P<0,01).

Fig. 2 (A) Intensive care unit average days - comparison between
Group H and Group C. Intensive care unit average days for Group H
was statistically significant smaller when compared to Group C at
p=0.001. (B) Ventricular catheter implantation days. Ventricular
catheter implantation days for Group H was statistically significant
compared with Group C.

Procedures

After approval by the Ethics Committee, electronic files
were reviewed and the patients were identified. Collected
data were age, pupils at admission, GCS score, pre-existent
pathologies, and type of catheter used. It was possible to
select 30 patients, 15 patients for each group. Both groups
were then compared according to the parameters described
above.

Table II II-A Total Hospitalization days

0 005

| | ]
Sim j | | Nao
I I
P =0210

Average total hospitalization days isn’t
statistically significant for groups H and C

1I-B Hydrocephalus

0 0,05 > 04
NOT

SIG | SIG
P = 0,500

Hydrocephalus cases aren’t statistically significant
for groups Hand C

II-C Deaths
0 005 > 0,4
l: NOT
SIG SIG

P =0225

Death cases in Group H wasn'’t statistically
significant lower than in Group C.

Fig. 3 (A) Total Hospitalization days. Average total hospitalization
days isn’t statistically significant for groups H and C. (B) Hydroceph-
alus. Hydrocephalus cases aren’t statistically significant for groups H
and C. (C) Deaths. Death cases in Group H wasn’t statistically
significantly lower than in Group C.
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Data Analysis

We used parametric tests (t-student test for ordinary
variables and the chi-squared test for nominal variables)
and a level of significance of p < 0.05.

Results

The average ICU hospitalization days for group H was
14.4 + 8.4 standard deviation (SD) versus 24.4 +7.9 days
for group C, a mean difference of 9.8 ICU hospitalization
days. This difference was statistically significant
(p=0.001 =Fig. 2A). This result made us review the total
hospitalization days, which was 21.4 + 13.0 days for group H
versus 25.94 + 16.9 days for group C. This difference still was
not statistically significant (=Fig. 3A p=0.21). The number
of patients who developed hydrocephalus between Groups H
and C respectively were 4 and 5, percentual of 26.67 and
33.33% respectively, with no statistical significance (~Fig. 2B
p = 0.5). Finally, the number of patients who died between
Groups H and C were 8 and 11, percentual of 53.3% and
73.33% respectively, again with no statistical significance
(=Fig. 3C p=0.225). The average implanted catheter days
between Group Hand Cwas 7.7 + 3.3 versus 11.2 4+ 2.93 days
for group C, a mean difference of 3.5 days favoring Group H.
This difference was statistically significant at p=0.003
(~Fig. 2B).

Discussion

It is reported that ICH accounts for between 10 and 30
incidents / 100.000 habitants, with an estimate of ~ 2 million
strokes per year.? Intracranial hemorrhage with or without
IVH accounts for 15% of all strokes, and subarachnoid hem-
orrhage (SAH) accounts for 5% of all strokes. The prognosis for
ICH is disproportional and devastating, reaching between 35
and 50% of mortality for 30 days, being half of them during
the first 2 days; it is even higher when associated with IVH,
reaching between 50 and 80% of mortality for 30 days.
Intraventricular hemorrhage occurs in between 5-10% of
SAH patients and in up to 40% of ICH patients. Only 38% of ICH
patients survive for 1 year. Therefore, massive IVHs require
aggressive and rapid management to decrease intracranial
hypertension, mainly due to acute hydrocephalus. The im-
mediate control of intracranial pressure (ICP) by external
ventricular drainage is a salvage procedure; the amount of
intraventricular blood is a strong negative prognostic pre-
dictor on outcome.’>* External ventricular drainages are the
most common surgical procedure for IVH, and they are
indicated for the control of intracranial pressure as the blood
and blood clots compromise acutely the CSF circulation.
External ventricular drainages are hydraulic devices that
work against a positive pressure, regulated by the position-
ing aside the patient at the ICU.'? It is known that EVDs do
not decrease morbidity and mortality, but catheter occlu-
sions do increase de risk of infection, hydrocephalus and
neurological deterioration. Yet, EVD insertions are at large
the most common choice of treatment,>'" and the search for
additional and/or concomitant treatments is constant.

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Catheters are usually inserted in the cleanest lateral ventri-
cle. As mentioned in the Methods section, our target ventri-
cle for the Group H was the most blood compromised
ventricle. The whole of blood into the ventricles and the
catheter design has been a matter of discussion either on
permanent shunts or EVDs.®'"2 Thomale et al'? replaced a
regular catheter design with 16 holes by a new design with 4
or 6 holes only, both with a closed end, maintaining the same
diameter and distance among holes for all of them, but the
maximum distance from the tip was 6,4 mm as compared
with 15,4 mm from the conventional catheter. The 6-hole

Fig Il : Group H CT scan

PRS

Patient 1 - Day 4 GROUP H

AMAUR,

Patient 1 — Day 11 GROUP H
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catheter was implanted in 55 hydrocephalic patients with a
mean follow-up period of 15+9 months. A total of 12
catheters were explanted, revealing an overall survival pro-
portion of 77.4%. He concluded that “fewer amounts of
perforations in the catheters with equal flow features might
decrease this risk when catheters can be implanted with
adequate precision. However, EVDs work in a different
environment as compared to shunts, are short term
implants, and therefore ventricular catheters face different
CSF conditions, since those patients frequently are submitted
to increased concentrations of proteins, debris and blood.”

Patient 2 - Day 04 GROUP H

Patient 2 —Day 4 GROUPH

Fig. 4 Group H computed tomography scan. (A) Patient 1 - Day 0 GROUP H. (B) Patient 2-Day 0 GROUP H. (C) Patient 1 - Day 4 GROUP H. (D)
Patient 2 - Day 04 GROUP H. (E) Patient 1-Day 11 GROUP H. (F) Patient 2-Day 4 GROUP H.
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Tronnier et al,” in 1991, evaluated 12 commercially available
sets for drainage of CSF for several mechanical aspects. “All
systems showed considerable deficiencies in their reliability
and handling. None of them can be recommended without
certain restrictions and they should all be revised.” Thus,
they suggested changes in the catheter hole design, men-
tioning specifically that in “75% of our patients the CSF is
hemorrhagic or very viscous and the risk of catheter occlu-
sion is high.” Length markers, type of catheter fixation,
surface properties, one-way valve, orthograde and retro-
grade flows, fixation and adjustment of the drip chamber,
system ventilation and collection bag also were all matter of
evaluation and further suggestions. The choice of the EVD for
the present work was based on those presumptions, and we
selected the one that included most of those attributes. We
did not implant two catheters simultaneously in either
group. Basaldella et al'® recommended that “tetra-ventricu-
lar blood inundation should be managed using bilateral
ventricular catheters, which frequently become obstructed
by blood clots and need to stay in place for a longer period for
blood washout.” Naff et al'* clearly demonstrated that the
percentage of clot clearance is 10.8% per day and is indepen-
dent from the initial clot volume, patient age and gender,
type of underlying hemorrhage, and use of EVD. Another
approach is endoscopic surgery, sucking the blood clots and
apparently improving CSF circulation, although EVDs are still
inserted after endoscopic surgery. Basaldella' compared
retrospectively EVD alone (group B; n=48) versus endo-
scopic surgery + EVD (group A, n=48). They all had acute
hydrocephalus before obstruction, 3™ and 4™ ventricles
obstruction, similar average Glasgow Coma Scale (GCS),
similar average GRAEB'® scale. His conclusions, among
others, were “the endoscopic procedure resulted in adequate
clot removal. Mean GRAEB score changed from 9.5 to 3.8;
endoscopic aspiration had an EVD in place for 0.18 days fewer
than patients treated with an EVD alone. Neuroendoscopy
plus external drainage reduces shunting rates by 34% when
compared with external drainage alone. However, and as
seen in that same work, ' patients end up reaching the same
modified Rankin scale'® and, on average, the EVDs on
patients submitted to endoscopy remained only 0.18 days
less. Although endoscopy remains elusive regarding several
aspects, for sure the ventricular system is cleaned much
faster and there is less exposition of the subarachnoid vessels
to the products resulting from degradation of the blood.
Tuhrim et al'’ did a prospective study to determine the
prognostic significance and pathophysiologic implications of
intraventricular extension of ICH and showed that 30-day
mortality was much higher in patients with IVH. There was a
direct correlation between IVH volume and poor outcome,
and this correlation persisted when comparing for the pres-
ence or absence of hydrocephalus and size of associated ICH,
thus establishing IVH volume as an independent prognostic
factor of poor outcome, independent of the volume of ICH."”
Another technique is the use of fibrinolytics agents to
dissolve clots. This technique tries to expedite the ventricular
blood clots and decrease mortality and morbidity. However,
results from Randomised, multicentre, multiregion, placebo-
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controled trial (CLEAR 111)'8 did not get the expected results;
irrigation with alteplase did not substantially improve func-
tional outcomes at the mRS3 cutoff compared with irrigation
with saline. Alteplase demonstrated to be a safe procedure,
though. In the present preliminary work, we utilized a recent
EVD commercially available in Brazil for hemorrhage. Since
the proposal of the EVD made sense to us, we decided to use
15 EVDs for an initial assessment. Along with the utilization,
we observed a striking difference between both types of
catheter regarding drainage capability. The elimination of
clots that were unthinkable on a regular EVD was a common
event for the hemorrhage type, and the occlusion rate was
small. The CSF became cleaner faster with the hemorrhage

Fig III : Example of Conventional group.

Patient 1 Day O Group C

Patient 1 — Day 16 Group C

Fig. 5 Example of Conventional group. (A) Patient 1 Day 0 Group C.
(B) Patient 1-Day 6 Group C. (C) Patient 1-Day 16 Group C.
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type of catheter. The chosen EVD system has some important
details that avoid mechanical clogging or occlusion for
several reasons. A common weakness in EVD refers to the
disparity of the lumen of the male connector to insert into
the ventricular catheter and the catheter itself. This EVD has
the lumen of the ventricular catheter as the smallest diame-
ter along the whole EVD tubing set. Another advantage is the
horizontal fixation tab as part of the body of the connector.
There is no chance of the ventricular catheter to slip through
the fixation tab and allow vertical slides by the catheter. As a
preliminary work, there was no randomization regarding
imaging dates from the ictus day. Computed tomographies
were made according to the necessity of each patient (~Fig. 4
for Group H and =Fig. 5 for Group C). Although with a small
number of patients, the optimistic results regarding ICU days
and ventricular catheter implantation days between both
types of catheter led us to maintain the initial target of 15
patients and organize a trial in such a way that we could
collect a larger number of patients taking into consideration
several other factors. At least for those 15 patients, we did not
observe any additional adverse events for using a larger bore
ventricular catheter.

Conclusion

Despite the small number of patients, some results seemed
to favor the type H ventricular catheter and encouraged us to
proceed with a trial. The reduced number of ICU days and
ventricular catheter implantation time favoring Group H
reached statistical significance at p < 0.01. Considering the
daily cost for hospitalization in our country, the impact on
the daily ICU costs due to use of Type H catheters may
represent an interesting tool for cost reduction and maybe
to avoid collateral damage to the patient. These results are
motivating for a prospective, more detailed study with a
larger number of patients.
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