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OBJECTIVE Feasible clinical scores for predicting shunt-dependent hydrocephalus (SDHC) after aneurysmal sub-
arachnoid hemorrhage (aSAH) are scarce. The chronic hydrocephalus ensuing from SAH score (CHESS) was intro-
duced in 2015 and has a high predictive value for SDHC. Although this score is easy to calculate, several early clinical
and radiological factors are required. The authors designed the retrospective analysis described here for external
CHESS validation and determination of predictive values for the radiographic Barrow Neurological Institute (BNI) scoring
system and a new simplified combined scoring system.

METHODS Consecutive data of 314 patients with aSAH were retrospectively analyzed with respect to CHESS param-
eters and BNI score. A new score, the shunt dependency in aSAH (SDASH) score, was calculated from independent risk
factors identified with multivariate analysis.

RESULTS Two hundred twenty-five patients survived the initial phase after the hemorrhage, and 27.1% of these patients
developed SDHC. The SDASH score was developed from results of multivariate analysis, which revealed acute hydro-
cephalus (aHP), a BNI score of = 3, and a Hunt and Hess (HH) grade of = 4 to be independent risk factors for SDHC
(ORs 5.709 [aHP], 6.804 [BNI], and 4.122 [HH]; p < 0.001). All 3 SDHC scores tested (CHESS, BNI, and SDASH) reliably
predicted chronic hydrocephalus (ORs 1.533 [CHESS], 2.021 [BNI], and 2.496 [SDASH]; p < 0.001). Areas under the
receiver operating curve (AUROC) for CHESS and SDASH were comparable (0.769 vs 0.785, respectively; p = 0.447),
but the CHESS and SDASH scores were superior to the BNI grading system for predicting SDHC (BNI AUROC 0.649; p
=0.014 and 0.001, respectively). In contrast to CHESS and BNI scores, an increase in the SDASH score coincided with
a monotonous increase in the risk of developing SDHC.

CONCLUSIONS The newly developed SDASH score is a reliable tool for predicting SDHC. It contains fewer factors and
is more intuitive than existing scores that were shown to predict SDHC. A prospective score evaluation is needed.

https://thejns.org/doi/abs/10.3171/2016.12.JNS162400

KEY WORDS shunt-dependent hydrocephalus; aneurysmal subarachnoid hemorrhage; patient outcome; BNI scale;
CHESS; SDASH; risk factors; vascular disorders

mon condition after aneurysmal subarachnoid hem-
orrhage (aSAH). Data indicate that occurrence rates
vary between 6.5% and 67%, and diverse information
about potential risk factors exists.*!1%721:2332 Early and reli-
able identification of patients in need of shunt placement
might help to decrease the incidence of catheter-related

S HUNT-dependent hydrocephalus (SDHC) is a com-

meningitis, shorten the overall hospital stay, and poten-
tially reduce treatment costs."*

A recent meta-analysis identified the following risk fac-
tors (in decreasing importance): high Fisher grade, acute
hydrocephalus (aHP), intracerebral hemorrhage (ICH),
intraventricular hemorrhage (IVH), high Hunt and Hess
grade, rehemorrhage, posterior circulation location of the

ABBREVIATIONS aHP = acute hydrocephalus; aSAH = aneurysmal SAH; AUROC = area under the receiver operating curve; BCI = bicaudate index; BNI = Barrow Neu-
rological Institute; CHESS = chronic hydrocephalus ensuing from SAH score; FRI = failure risk index; ICH = intracerebral hemorrhage; IVH = intraventricular hemorrhage;
SAH = subarachnoid hemorrhage; SDASH = shunt dependency in aSAH; SDHC = shunt-dependent hydrocephalus.
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aneurysm, age = 60 years, and female sex.”® Certain at-
tempts have been made to define scores for predicting the
occurrence of SDHC. For example, the failure risk index
(FRI) score included the following parameters: third ven-
tricular diameter, Hunt and Hess grade, CSF protein levels,
sex, and posterior circulation location of the aneurysm.*
So far, the FRI score has not gained wide clinical use. The
most recent proposal for such a score is the chronic hydro-
cephalus ensuing from SAH score (CHESS)."# Based on a
multivariate analysis, the following factors were identified
as risks for developing SDHC and therefore were included
in the score, which ranges from 1 to 8 points: Hunt and
Hess grade = 4 (1 point), posterior circulation location of
the ruptured aneurysm (1 point), aHP (4 points), the pres-
ence of IVH (1 point), and early cerebral infarction found
with a follow-up CT scan (1 point). Patients with a CHESS
of = 6 points were at higher risk for SDHC (p < 0.0001)
than other patients.* Because of these criteria, the CHESS
empbhasizes the aHP parameter.

Some studies correlated the amount of cisternal blood
and the development of chronic hydrocephalus, but strate-
gies for measuring cisternal blood load varied extensive-
ly.>B Introduced in 2012 by colleagues from the Barrow
Neurological Institute (BNI),” the BNI score is an easily
applicable method for scoring and quantifying the amount
of subarachnoidal blood. The BNI score proved to pre-
dict angiographic and symptomatic vasospasm as well as
CT-identified infarction and clinical outcome. It results
in a score of 1 through 5 in accordance with increasing
thickness of the subarachnoid blood clot, measured per-
pendicular to a cistern or fissure (1, no visible SAH; 2, <5
mm; 3, 10 mm; 4, 15 mm; 5, 20 mm). The presence of IVH
was shown to correlate with an increasing BNI score.” The
relationship between BNI scoring and SDHC is currently
unknown.

With the variety of possible predisposing factors and
scoring attempts made, we questioned whether there
might be a less complex variable that is available early in
the clinical course and can predict SDHC reliably.

We designed this retrospective study to evaluate the
predictive value of the BNI scale for the development of
SDHC. Moreover, we aimed to validate the CHESS and
compare it with the BNI scale in terms of SDHC predic-
tion. In addition, a question arose: does a more simpli-
fied score than CHESS exist and reach similar predictive
power?

Methods

Patient Treatment and Data Collection

Clinical and radiographic data of 314 consecu-
tive patients who suffered an aSAH between 2009 and
2015 were analyzed retrospectively. This data collection
was approved by the local ethics committee (approval
EA1/291/14). aSAH confirmed by admission CT scan-
ning or xanthochromic CSF was the inclusion criterion.
Patients with a bleeding source other than an intracranial
aneurysm and/or traumatic origin of the SAH were ex-
cluded. The BNI scale and the CHESS were applied ac-
cording to the literature.'*? The term “acute hydrocepha-
lus” (aHP) was assessed based on the description given
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by Jabbarli and colleagues' for the CHESS (according to
Bae and colleagues, “aHP was defined as development of
ventricle enlargement on the basis of the third ventricle
width and periventricular low density on CT scan with-
in 72 hours of the aneurysmal rupture, and as a clinical
manifestation such as mental deterioration, memory im-
pairment, gait disturbance, and urinary incontinence”).?
Moreover, the bicaudate index (BCI)*?° was measured.
Patients with a BCI of > 0.18 but a discrepancy in quali-
tative ventricular evaluation were reevaluated by a sec-
ond reviewer to reduce possible bias of the variable aHP.
Radiographic information, consisting of initial admission
CT, postintervention CT, and discharge CT or MRI, was
evaluated. Scores were applied as described in the litera-
ture.l'* A clinical evaluation was performed at admis-
sion using the Hunt and Hess grading system.!* Our local
treatment protocol was applied as previously described.??
Briefly, all patients were treated with attempted early an-
eurysm occlusion within 48 hours after ictus, according to
international guidelines.®?* Posthemorrhagic hydrocepha-
lus management was equivalent with the protocol used by
Jabbarli and colleagues.'® An external ventricular drain or
lumbar drain challenge was performed. A ventriculoperi-
toneal shunt was placed when temporary external ven-
tricular or lumbar drain occlusion after the acute phase of
SAH (14 days) resulted in significant patient deterioration
or an increase in ventricle width. Information about shunt
dependency and clinical outcome was acquired from
files during scheduled control visits 6—-12 months after
the initial hemorrhage and classified using the modified
Rankin Scale.® When this follow-up was not available,
a telephone interview was performed. For evaluations of
shunt dependency, only patients who survived the initial
hospital stay were included.

Scores for Assessing SDHC
CHESS

The CHESS was applied as described by Jabbarli and
colleagues."* The following parameters were included in
the CHESS, which ranges from 1 to 8 points: Hunt and
Hess grade = 4 (1 point), posterior circulation location of
the ruptured aneurysm (1 point), aHP (4 points), the pres-
ence of [IVH (1 point), and early cerebral infarction identi-
fied on CT imaging (1 point).

BNI

The BNI score was assessed as described by Wilson
and colleagues.” Scores 1-5 were differentiated accord-
ing to the thickness of the subarachnoid blood clot mea-
sured perpendicular to a cistern or fissure, as described
earlier (1: no visible SAH; 2: < 5 mm; 3: 6—10 mm; 4:
11-15 mm; 5: 16—20 mm).

SDASH

Based on the results of multivariate analysis, our new
simple score variant for predicting SDHC, which ranges
from 1 to 4 points, was tested in our patient cohort. The
following parameters were included: presence of aHP (2
points), BNI score = 3 (1 point), and Hunt and Hess grade
=4 (1 point).
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Data Analysis

For statistical analysis, SPSS 23 (IBM SPSS) and R
3.2.0 (R Software Foundation) were used. All values are
expressed as mean and standard deviation (SD) or median
and interquartile range and were compared by the non-
parametric Mann-Whitney U, Fisher exact, Spearman rho,
or Kruskal-Wallis test, as appropriate. Binary logistic re-
gression analysis was performed. Data are given as ORs
with 95% CIs. The 3 different scores were treated as con-
tinuous scores for the calculation of ORs. Statistical sig-
nificance was assumed at a p value of < 0.05. Areas under
the receiver operating curve (AUROCs) were calculated.
The Hosmer-Lemeshow test was performed to validate the
goodness of fit for logistic regression models. Comparison
of AUROC was performed using the DelLong test.®

Results
Patient Characteristics

Three hundred fourteen patients were treated at a sin-
gle institution between January 2009 and December 2015.
Two hundred twenty-five patients survived the initial
phase after the hemorrhage and were at risk for the devel-
opment of SDHC; 27.1% (61) of these patients developed
SDHC and underwent a shunt-placement procedure. The
demographic characteristics and factors with possible rel-
evance for the development of SDHC are listed in Table 1.
Patients who developed SDHC had a significantly poorer
clinical state and poorer radiographic scores at admission
and worse clinical outcome at follow-up (Table 1).

Univariate and Multivariate Risk Factors for the
Development of SDHC

Univariate risk factors for the development of SDHC
were assessed. ORs and p values of all variables tested
are listed in Table 2. IVH, age, presence of aHP, Hunt and
Hess grade, and radiographic scores, such as BNI score
and original Fisher scale, were identified to be risk factors
for SDHC. Posterior location of the aneurysm was of no
predictive value, nor was the presence of early infarction
on CT imaging after initial aneurysm treatment (p = 0.893
and 0.397, respectively) (Table 2). To identify the strongest
prediction parameters and rule out possible colinearities,
multivariate analysis of significant factors was performed.
IVH, age, and Fisher grade lost their predictive capability,
whereas the presence of aHP, a Hunt and Hess grade of =
4, and a BNI score of = 3 were of significant independent
predictive value (p = 0.002, 0.001, and 0.020, respectively)
(Table 2).

Prediction of SDHC With the CHESS

A strong correlation between the CHESS and the de-
velopment of shunt dependency was found: 7.7% of the pa-
tients who were scored at 0; 26.7% who were scored at 1;
28.6% who were scored at 2; 75.0% who were scored at 3;
36.4% who were scored at 4; 41.2% who were scored at 5;
73.9% who were scored at 6; and 66.7% who were scored
at 7 developed SDHC (p < 0.001). The maximum score of
8 points was not reached by anyone in our patient cohort
(Fig. 1A). The OR for the CHESS to predict SDHC, when

SDASH

TABLE 1. Patient characteristics

Patients Patients p
Characteristic w/o SDHC w/SDHC  Value
Total no. 164 61

Age (median [IQRY) (yrs) 51 (50-54) 56 (53-59) 0.705

Sex, female (% [n]) 66.5(109) 70.5(43)  0.566

Hunt & Hess grade (% [n])

1 409 (67) 11.5(7)

2 25.0(41)  18(11)

3 177(29)  21.3(13)

4 6.1(10)  18(11)

5 104 (17)  311(19) <0.001
BNI score (% [n])

1 10.4 (17) 0(0)

2 22.0 (36) 6.6 (4)

3 33.5(55)  39.3(24)

4 29.3(48)  37.7(23)

5 4.9 (8) 16.4 (10)  0.006
Original Fisher grade (% [n])

1 6.1 (10) 1.6 (1)

2 5.5(9) 1.6 (1)

3 75 (123) 77.0 (47)

4 134(22) 197(12) 0.215
Aneurysm location (% [n])

MCA 28.0 (46) 29.5(18)

ACA 36.6 (60)  37.7(23)

ICA 20.7 (34)  19.7(12)

Posterior circulation 14.6 (24) 131 (8) 0.985
Intervention (% [n])

Clipping 68.3 (112)  59.0 (36)

Coiling 28.7 (47)  36.1(22)

Other 1.8 (3) 4.9(3)

None 1.2 (2) 0(0) 0.294
Presence of IVH (% [n]) 34.1(56) 73.8(45) <0.001
Early ischemia (% [n]) 8.0(13) 9.8(6) 0.640
aHP (% [n]) 14.0(23) 52.5(32) <0.001
Posterior aneurysm location (% [n]) 13.4(22)  14.8(9) 0.893
Outcome (MRS) (% [n])T

0 38.9 (58) 8.6 (5)

1 36.2(54) 15.5(9)

2 9.4 (14) 8.6 (5)

3 6.7(10) 241 (14)

4 5.4 (8) 241 (14)

5 1.3(2) 19 (1)

6 2(3) 0(0) <0.001
Lost to follow-up (n) 15 3

ACA = anterior cerebral artery; ICA = internal carotid artery; IQR = interquartile
range; MCA = middle cerebral artery; mRS = modified Rankin Scale.

Boldface type indicates a significant result.

* Evaluated only in patients who underwent intervention (n = 162 in the non-
SDHC group).

1 Evaluated in patients with follow-up (149 in the non-SDHC group and 58 in
the SDHC group).
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TABLE 2. Univariate and multivariate risk factors for SDHC

Risk Factors OR 95% Cl p Value
Possible relevance for development
of SDHC (univariate analysis)
IVH 4670 2.403-9.076  <0.001
Sex 1194 0.632-2.258  0.585
Age 1.036 1.006-1.066 0.018
aHP 5709 2915-11.181 <0.001
HH 1822 1.461-2.273  <0.001
HH grade =4 4122 2143-7.927  <0.001
Posterior circulation 0.944 0.407-2.189 0.893
Early infarction 2397 0470-12.224  0.397
BNI score 23 6.804 2.345-19.743 <0.001
Original Fisher grade 1.734  1.011-2.974 0.045
Analysis of significant factors
(multivariate analysis)
IVH 1480 0.612-3.582  0.385
Age 1.013  0.978-1.050 0.463
aHP 3.814 1.823-7.979 0.002
HH grade 24 2731 1.278-5.837  0.001
BNI score =3 3.873 1.233-12158  0.020
Original Fisher grade 0.563 0.217-1.464 0.239
Predictive power of BNI, CHESS, &
SDASH scores
BNI 2.021 1.447-2.822 <0.001
CHESS 1533 1.325-1.775  <0.001
SDASH 2496 1.859-3.352  <0.001

Boldface type indicates a significant result.

analyzed as a continuous score, was 1.533 (CI 1.325-1.775;
p <0.001) (Fig. 1A, Table 2). The receiver operating curve
is shown in Fig. 1. The area under the curve for CHESS
was 0.769.

Prediction of SDHC With the BNI Score

The BNI score was tested for its power to predict
SDHC. The OR for BNI was 2.021 (CI 1.447-2.822; p <
0.001). Increasing BNI scores correlated with an increas-
ing prevalence of SDHC (0% of patients with BNI Score
1, 10% with BNI Score 2, 30.4% with BNI Score 3, 32.4%
with BNI Score 4, and 55.6% with BNI Score 5; p < 0.001)
(Fig. 1B, Table 2). The AUROC for BNI score was 0.654
(Fig. 1D).

Prediction of SDHC With the Newly Developed SDASH
Score and Comparison With Existing Scores

With an aim to develop a score that is as simple as pos-
sible, we included significant parameters according to the
results of our multivariate analysis. Calculation of a score
based on weighted ORs resulted in a nonlinear distribu-
tion of patients who suffered SDHC and a relatively small
AUC of 0.665. Therefore, we modified the approach by
trial and error and tested the following point distribution
for a new score that we called “shunt dependency in SAH”
(SDASH) score: aHP (2 points if present), Hunt and Hess
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grade = 4 (1 point), and BNI score = 3 (1 point). This dis-
tribution resulted in a score that ranges from O to 4.

The percentage of patients who developed SDHC in-
creased linearly with higher scores (p < 0.001); 2.9% of
patients with an SDASH score of 0, 18.6% of patients with
a score of 1, 40.6% with a score of 2, 50% with a score of
3, and 76.2% with a score of 4 developed SDHC (Fig. 1C).
The OR for the new score to predict SDHC was 2.496 (CI
1.859-3.352; p < 0.001). The AUROC was 0.785 (Fig. 1D).
A comparison of SDASH and CHESS revealed no statisti-
cally significant difference in predictive performance of
the scores (p = 0.447). CHESS and SDASH scores were
superior to the BNI score for predicting SDHC (p = 0.014
and 0.001, respectively).

Discussion

Our data show that the recently introduced CHESS
reliably predicted the occurrence of SDHC. Moreover,
increasing BNI scores predicted SDHC. Additional in-
dependent risk factors for the development of SDHC in
patients with aSAH were aHP and a Hunt and Hess grade
of =4. Based on our multivariate analysis, we developed
the SDASH score, which included a simple combination
of 3 factors, aHP, Hunt and Hess grade, and BNI score.
The AUROC of CHESS and SDASH were comparable.
The SDASH score resulted in a more intuitive distribution
of values and was easier to calculate than the CHESS. No
statistically significant difference in score performances
between the CHESS and SDASH was detected.

Although they have some predictive potential, clinical
or radiographic scores alone did not result in satisfactory
accuracy in predicting SDHC, as shown in our analysis
and that of others. In our review of the literature, a variety
of conditions were identified risk factors for the develop-
ment of SDHC.#19202330 Therefore, the development of a
score that includes a combination of relevant risk factors
seemed reasonable. Complex scores that have not gained
wide clinical use exist.** The newly developed CHESS,
introduced in 2016 by Jabbarli and colleagues,* was an
easy and accurate approach predicting SDHC. The accu-
racy of the score was reproduced in our data set, but some
factors lost relevance in our univariate and multivariate
analyses. Posterior location of the aneurysm did not show
predictive value in our patients, which is consistent with
the results of other studies that did not find an association
of posterior aneurysm location and SDHC.** However, a
recent meta-analysis found it to be significant.® These
disparities might be attributed to differences in patient
characteristics and local treatment strategies, including
type of aneurysm treatment, or variations in considering
the necessity to place a shunt after aSAH."!® The risk fac-
tor of early cerebral infarction detected by CT was also
not significant in our analysis, which is in contrast to the
results of Jabbarli and colleagues. An assumed differ-
ence in occurrence rates of early cerebral infarction might
explain the varied results.'*!> The fact that Fisher grade
was a relevant predictor for SDHC in our series is con-
sistent with the results of a previous meta-analysis?® but
does not match the findings of another recent study.'* The
discrepancy is explained partially by the different scoring
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FIG. 1. Development of SDHC in patients with aSAH according to different scores. A: CHESS. B: BNI. C: SDASH. ***p <0.001.

D: AUROC.

systems used (modified vs original Fisher scale) with dif-
ferences in weighting for the presence of IVH and ICH.
For the first time, increasing BNI scores were shown to
be associated with increasing risk for the development of
SDHC. Findings from a previous study in which an as-
sociation between subarachnoid blood volume and SDHC
was assumed support our findings."

Calculation of a score taking the exact weight of multi-
variate ORs into account did not result in an intuitive, lin-
early increasing and powerful score with respect to SDHC
prediction. However, modifying the weight of the 3 inde-
pendently predictive parameters revealed a more power-
ful score with an intuitive distribution of shunt rates. The
SDASH provides an easy grading system from O to 4 and
includes only 3 parameters (aHP, BNI score > 3, and Hunt
and Hess grade = 4). Its accuracy was comparable to that
of CHESS, even though CHESS is more complex because
more parameters are taken into account. Because of a cor-
relation between BNI score and the presence of IVH, the
BNI scale might serve as a variable that describes not only
subarachnoidal blood clot load but also IVH. Therefore, it
might be an excellent factor for inclusion in a score to pre-
dict SDHC that might be influenced by both entities. Use
of the SDASH score is somewhat intuitive and resulted in

a monotonous increase in the number of predicted patients
who required a shunt per increase in score level. In con-
trast, the CHESS and BNI showed inconsistent frequen-
cies with a decrease in SDHC rates but higher score values
at certain points. Another advantage of the SDASH is its
calculation from factors that are available at admission
and that do not vary during the clinical course or depend
on treatment strategies. In the literature, additional but
variable factors that influence the development of SDHC,
such as the presence of a ventricular drain, increased dai-
ly CSF output, and/or aneurysm treatment strategy, have
been discussed.! 1014

Limitations

Its single-center retrospective design reduces the gen-
eralizability of our prediction model. An external and
prospective evaluation is needed. Other factors, such as
the presence of a ventricular drain and the amount of
daily CSF output, which might be additional risk factors
for shunt placement, were not included in our analysis.
Potential collinearities of these factors with the presence
of aHP or severity of SAH exist. Moreover, information
about in-hospital complications and recurrent hemorrhage
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was not included. To acknowledge possible difficulties in
retrospectively defining aHP, a 2-sided analysis was per-
formed. One reviewer qualitatively evaluated CT results
at admission according to the definition given by Bae and
colleagues (“development of ventricle enlargement on the
basis of the third ventricle width and periventricular low
density on CT scan within 72 hours of the aneurysmal
rupture”). A second evaluation was performed according
to BCI diameters. In case of differences, a case-specific
review by an additional reviewer was performed until con-
sensus was reached. The definition of chronic hydroceph-
alus that necessitates a shunt-placement procedure might
vary between clinicians, even though a ventricular or lum-
bar drain challenge was performed.*!* Our usual manage-
ment after the acute phase included close cooperation with
rehabilitation caregivers and readmission to our hospital if
routine follow-up CT performed 2 weeks after discharge
revealed increasing ventricular width or if clinical deterio-
ration occurred. However, there might be a limited number
of patients who developed untreated hydrocephalus that
was not recognized this way.

Conclusions

The newly developed SDASH score is a reliable tool
for predicting SDHC. It involves fewer factors and is more
intuitive than existing scores that were shown to predict
SDHC. A prospective score evaluation is needed.
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