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Summary

The objective of this prospective study was to find outcome predic-

tors for better selection for treatment of normal-pressure hydroce-

phalus (NPH) patients. A total of 125 patients were evaluated and

provided with a gravitational shunt.

Cerebrospinal fluid hydrodynamics provided better predictive

values if an algorithm to shunt all patients with a pressure/volume

index of <30 mL or resistance to outflow > 13 mmHg/mL�min

was used. In general, outcome became worse with increasing anam-

nesis duration, worse preoperative clinical state, and increasing co-

morbidity. If one of these parameters was lower than a critical value,

the shunt-responder rate was about 90% and the normally negative

influence of older age was not seen. The well-known paradigm of a

worse prognosis with NPH is not the result of the hydrocephalus eti-

ology itself, but the consequence of a typical accumulation of nega-

tive outcome predictors as a consequence of the misinterpretation of

normal aging and delayed adequate treatment.
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Introduction

Responder rates after treatment of normal-pressure

hydrocephalus (NPH) are suboptimal [9, 22]. Up to

70% of patients with NPH su¤er further neurodege-

nerative diseases, which may cause symptoms similar

to those of NPH [1, 20]. On one hand these patients

may benefit from shunting, but on the other, the deci-

sion whether to shunt or not is more demanding.

One objective of this prospective study was to find

outcome predictors which improve with the indication

for shunting. Another objective was to re-evaluate the

paradigm that NPH, and especially idiopathic normal-

pressure hydrocephalus (iNPH), has a worse outcome

than other forms of chronic hydrocephalus [22].

Materials and methods

Patients, clinical management

A total of 125 patients (68 female, 57 male) were included in the

study: 64 iNPH, 19 secondary NPH (sNPH), 42 non-communicating

hydrocephalus (aqueduct stenosis: n ¼ 40; Chiari I malformation:

n ¼ 2). Patients with at least 2 symptoms of Hakim’s triad and an

Evans Index > 0.3 received gravitational valves: 82 Aesculap-

Miethke Dual-Switch valve (Christoph Miethke GMBH & Co.

KG, Potsdam, Germany), 18 Aesculap-Miethke gravity-assisted

valve (Christoph Miethke GMBH & Co. KG, Potsdam, Germany),

and 25 received a combination of an adjustable Codman-Hakim

valve (Codman and Shurtle¤, Inc., Raynham, MA) and Aesculap-

Miethke Shunt-Assistant (Christoph Miethke GMBH & Co. KG,

Potsdam, Germany) [12, 17]. Complications were treated as de-

scribed earlier [12]. Average follow-up was 4:3G 2:4 years.

Indication policy

Shunt indication was based on intracranial pressure monitoring. If

mean intracranial pressure was >20 mmHg or B-wave frequency

> 50%, shunt implantation was indicated. Additionally, a constant-

volume infusion test was performed, but without influence on indica-

tion for surgery [12, 16].

Documentation

Each patient was examined clinically and by magnetic resonance

imaging or cranial computed tomography preoperatively, at 1 and

12 months postoperatively, and yearly thereafter. To document the

clinical state and the ventricular size, we used the Kiefer Index

(KI) [12, 16], the Recovery Index [12, 16] and the Evans Index.

Comorbidity was documented according to a new grading scale

(Table 1).

Statistics

Mann-Whitney U, Spearman, analysis of variance, and Kruskal-

Wallis tests at a significance level of a ¼ 0:05.



Results

Preoperative clinical state

The worse the clinical state was at admission, the

worse the clinical outcome (p ¼ 0.003). A mild clinical

obstruction at admission (0–5 KI points) indicated

an excellent prognosis (89% shunt-responder rate). In

contrast, if severe preoperative obstructions were pres-

ent (>12 KI points), responder rate dropped to 64%.

Comorbidity

From a statistical viewpoint, hypertension

(p ¼ 0.015), cerebrovascular diseases (p < 0.001),

peripheral/coronary vascular occlusion (p < 0.001),

diabetes mellitus (p < 0.001), and Parkinson’s disease

(p < 0.003) had a negative influence on outcome,

while non-coronary heart failure (p ¼ 0.226) and a

history of alcohol abuse (p ¼ 0.738) had none. How-

ever, each disease alone could not be taken as an in-

dependent variable of outcome, but only the combina-

tion of several diseases. To value the influence of

all comorbidities, the usage of the Comorbidity Index

(CMI) has been valuable. Three CMI points seemed

to represent a critical value. Patients with 0–3

CMI points had a shunt-responder rate > 90% (age-

independent), while beyond 3 CMI points the chance

for a clinical benefit from shunting decreased to 65%

(p ¼ 0.002) overall with worse values for older

patients.

Age

In general, outcome was worse with increasing age

(p < 0.001); however, age was not an independent

outcome predictor. A clear correlation between co-

morbidity and age was found (p ¼ 0.002), because

comorbidity normally increased with age. The influ-

ence of age on outcome has been mediated mainly by

comorbidities.

Anamnesis duration

Shunt-responder rate decreased the longer the

period between first hydrocephalus symptoms and

treatment initiation (p ¼ 0.002). Shunt-responder

rates were higher (86%) for a shorter anamnesis (criti-

cal value: 1 year) than with a longer one (p < 0.001).

Comorbidity plays an important role: at 0–3 CMI

points the typical influence of the anamnesis duration

seemed meaningless (responder rate > 90% indepen-

dent from the anamnesis duration). In contrast, pa-

tients with >3 CMI points and a short anamnesis had

responder rates of 80%, while those with an anamnesis

of >1 year had responder rates < 60%.

Cerebrospinal fluid (CSF) hydrodynamics

Using CSF resistance to outflow (ROF) >

13 mmHg/mL�min as an independent outcome

predictor alone, the positive predictive value (PPV)

was 75%, the negative predictive value (NPV) 40%,

Table 1. Comorbidity Index. Each mentioned symptom or disease has to be assigned according to the indicated parameter-values (1–3 points).

The sum represents the individual comorbidity index

1 Point 2 Points 3 Points

Vascular risk factors – Hypertension – Diabetes mellitus

Peripheral vascular occlusions – Aortofemoral bypass

– stent

– ICA stenosis

– Peripheral vascular occlusion

Cerebrovascular disease – Posterior circulation insu‰ciency – Vascular encephalopathy

– TIA

– PRIND

– Cerebral infarct

Heart – Arrhythmia

– Valvular disease

– Heart failure (coronal)

– Stent

– Aortocoronary bypass

– Infarction

Others – Parkinson’s disease

ICA Internal carotid artery; PRIND prolonged reversible ischemic neurologic deficit; TIA transient ischemic attack.
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with a sensitivity of 96% and a specificity of 7%. At a

critical value > 18 mmHg/mL �min, the specificity

increased to 33%, PPV did not increase, while NPV

and sensitivity decreased. Similar predictive values

could be found regarding pressure/volume index

(PVI) alone at varying critical values as an indepen-

dent outcome predictor. However, combining both,

according to an algorithm whereupon all patients

with a PVI < 30 mL or a ROF > 13 mmHg/

mL�min are shunted, provided a specificity and

sensitivity > 90%, PPV@ 80%. Only NPV remained

at a clinically unsatisfying 60%.

Impact of hydrocephalus etiology

NPH patients responded to shunt surgery in 71%

of the cases (iNPH, 66% responders; sNPH, 82%

responders), while 87% of ‘‘non-NPH’’ responded;

however, this narrowed perspective may lead to a

wrong assumption about the meaning of hydrocepha-

lus etiology. Shunt-responder rates of NPH and

non-NPH with similar favorable preconditions such

as mild (KI < 6 points) preoperative obstruction

(p ¼ 0.643), short (<1 year) anamnesis (p ¼ 0.114),

mild (CMI < 3 points) comorbidity state (p ¼ 0.082),

were not significantly di¤erent. NPH patients with

favorable preconditions had a similar or better prog-

nosis than non-NPH patients with worse preconditions

(responder rates, CMI value: iNPH 83%, sNPH 85%,

non-NPH 66%; anamnesis duration: iNPH/sNPH

82%, non-NPH 80%; KI value: iNPH 84%, sNPH

86%, non-NPH 81%). Some influence of the hydroce-

phalus etiology could be seen with worse precondi-

tions only. With a longer anamnesis (p ¼ 0.0109) and

a worse preoperative clinical condition (p ¼ 0.021),

NPH had a 20% lower responder rate than non-

NPH su¤erers with similarly worse preconditions.

However, for a worse CMI (>3 points), NPH and

non-NPH shared the same worse prognosis of

66% and 65% of responders (p ¼ 0.856), respectively.

Considering independent outcome predictors, the

paradigm of a worse NPH prognosis no longer held

true.

We found a worse NPH prognosis compared to

non-NPH simply from an accumulation of negative in-

fluences in the NPH group such as older age

(p < 0.001), longer anamnesis (p < 0.001), worse clin-

ical state at admission (p < 0.001), more comorbidity

(p < 0.001).

Discussion

An important finding of this study is that iNPH does

not mean a worse prognosis, as is often assumed [9,

22]. When taking into account similar favorable pre-

conditions, the post-interventional outcome of NPH

may be as good as with non-communicating hydroce-

phalus or better compared to non-communicating hy-

drocephalus with worse preconditions. From a patho-

physiological viewpoint, the worse prognosis of NPH

remained an enigma. Apparently it is not the hydroce-

phalus type which results in worse clinical outcome in

NPH patients, but the generally worse precondition

they have when first seen. Because the first symptoms

of NPH are often neglected or misinterpreted as a nat-

ural consequence of older age, a drop in rehabilitation

chances occurs.

Whether old age automatically results in a worse

prognosis is controversial [7, 10, 18, 19]. According to

our data, age must not be the determining factor for

outcome; rather, it is a pseudo-correlation between

age and outcome mediated by comorbidity, which nor-

mally becomes worse with older age. Accordingly, el-

derly persons (>80 years) with a low CMI (0–3 points)

could have an excellent prognosis (responder rates

> 90%).

The clinical state at admission is typically not a

discussion point. Mostly, specific symptoms are men-

tioned as good or bad outcome predictors instead of a

global approach to the clinical state. We showed that

grading allows an outcome prediction. A milder pre-

operative obstruction (5 KI points seems to represent

a critical value) due to hydrocephalus allows better

rehabilitation chances. Our grading system contrasts

with earlier assumptions focusing on complete Ha-

kim’s triad and outcomes related to purity of the triad

[2, 14, 20, 22]. However, other findings point in the

same direction as ours in that a worse prognosis occurs

with advanced mental deficits or the presence of uri-

nary incontinence [2, 14, 20].

Additional diseases, especially cerebrovascular dis-

eases, vascular occlusions, and Parkinson’s disease, are

important comorbidities [3, 13, 21], which can be seen

in our data as well. There was previously no method

established to value comorbidities as a prognostic in-

strument such as our Comorbidity Index, which allows

gathering and valuing the influence on outcome of all

additional diseases. Beyond a critical value of 3 CMI

points, prognosis becomes worse even if other outcome

predictors point to a favorable prognosis.
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Our data indicates that both disputed viewpoints,

an existing [3, 19] and a non-existing [2] influence of

anamnesis duration on outcome, can be correct. Gen-

erally, prognosis becomes worse with longer anamne-

sis; however, this no longer holds true under favorable

preoperative preconditions (CMI value < 4 points,

KI < 6 points).

While the value of the ROF or PVI has been studied

extensively with inconsistent results [4–6, 9, 11, 15, 16,

22], the recent trend to elevate the critical ROF value

[3] may not be supported by our data. The infrequent

use of PVI is astonishing, because recent data suggests

that compliance is the initially disturbed parameter at

the beginning of hydrocephalus, while ROF is only an

epiphenomena [8]. Against this background, the men-

tioned algorithm may be found to be a better outcome

predictor than those typically mentioned [9].

References

1. Bech RA, Waldemar G, Gjerris F, Klinken L, Juhler M (1999)

Shunting e¤ects in patients with idiopathic normal pressure hy-

drocephalus; correlation with cerebral and leptomeningeal bi-

opsy findings. Acta Neurochir (Wien) 141: 633–639

2. Black PM (1980) Idiopathic normal-pressure hydrocephalus.

Results of shunting in 62 patients. J Neurosurg 52: 371–377

3. Boon AJ, Tans JT, Delwel EJ, Egeler-Peerdeman SM, Hanlo

PW,Wurzer HA, Avezaat CJ, de Jong DA, Gooskens RH, Her-

mans J (1997) Dutch normal-pressure hydrocephalus study: pre-

diction of outcome after shunting by resistance to outflow of cer-

ebrospinal fluid. J Neurosurg 87: 687–693

4. CzosnykaM,Whitehouse H, Smielewski P, Simac S, Pickard JD

(1996) Testing of cerebrospinal compensatory reserve in shunted

and non-shunted patients: a guide to interpretation based on an

observational study. J Neurol Neurosurg Psychiatry 60: 549–

558

5. Delwel EJ, De Jong DA, Avezaat CJJ (1993) The relative prog-

nostic value of CSF outflow resistance measurement in shunting

for normal pressure hydrocephalus. In: Avezaat CJJ, van Eijnd-

hoven JHM, Maas AIR, Tans JTJ (eds) Intracranial pressure

VIII. Springer, Berlin Heidelberg New York, pp 816–820

6. Gjerris F, Borgesen SE (1992) Pathophysiology of the CSF cir-

culation. In: Crockard A, Hayward R, Ho¤ JT (eds) Neurosur-

gery: the scientific basis of clinical practice, 2nd edn. Blackwell

Scientific Publications, Boston, pp 146–175

7. Greenberg JO, Shenkin HA, Adam R (1977) Idiopathic normal

pressure hydrocephalus – a report of 73 patients. J Neurol Neu-

rosurg Psychiatry 40: 336–341

8. Greitz D (2004) Radiological assessment of hydrocephalus: new

theories and implications for therapy. Neurosurg Rev 27: 145–

165; discussion 166–167

9. Hebb AO, Cusimano MD (2001) Idiopathic normal pressure

hydrocephalus: a systematic review of diagnosis and outcome.

Neurosurgery 49: 1166–1184; discussion 1184–1186

10. Hughes CP, Siegel BA, Coxe WS, Gado MH, Grubb RL, Cole-

man RE, Berg L (1978) Adult idiopathic communicating hydro-

cephalus with and without shunting. J Neurol Neurosurg Psy-

chiatry 41: 961–971

11. Kahlon B, Sundbarg G, Rehncrona S (2002) Comparison be-

tween the lumbar infusion and CSF tap tests to predict outcome

after shunt surgery in suspected normal pressure hydrocephalus.

J Neurol Neurosurg Psychiatry 73: 721–726

12. KieferM, EymannR,Meier U (2002) Five years experience with

gravitational shunts in chronic hydrocephalus of adults. Acta

Neurochir (Wien) 144: 755–767; discussion 767

13. Krauss JK, Regel JP, Vach W, OrszaghM, Jungling FD, Bohus

M, Droste DW (1997) White matter lesion in patients with idio-

pathic normal pressure hydrocephalus and in an age-matched

control group: a comparative study. Neurosurgery 40: 491–495;

discussion 495–496
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