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ABSTRACT

Introduction: To detect the ability of the lumbar infusion test to predict the outcome of shunt surgery in patients
with suspected normal pressure hydrocephalus.

Methods: Twenty patients with suspected normal pressure hydrocephalus were studied. Preoperative CT and/ or
MRI of the brain was done in all cases. The absence of preceding history indicated idiopathic disease. All patients
were assessed with walking and psychometric tests before lumbar infusion test and tap test assessments. Tap test
was done in all cases becauseit is the standard test used in these cases. The lumbar infusion test was done using a
constant infusion rate (0.80 mi/min) using a syringe pump and regarded as positive if the steady state CSF plateau
pressure reached levels of > 22 mm Hg (16 cm H20). The tap test was regarded as positive if two or more of three
different test items improved after CSF removal. Walking and psychometric tests were used to assess patients
postoperatively.

Results: The results of the CSF tap test and the lumbar infusion test agreed in only 40% of cases. Of all casesin
the study, 18 (90%) had positive test results and were operated on; 16 (80%) of patients reported subjective
improvement, and postoperative assessments verified the improvements in 15 patients (75%). |mprovements were
highly significant in walking and memory. Most of the patients improved by surgery (90%) were selected by a
positive lumbar infusion test, and only 67% by a positive tap test.

Conclusions: Both the lumbar infusion test and the tap test can predict a positive outcome of shunt operationsin
patients with suspected normal pressure hydrocephalus. Lumbar infusion test has a higher predictive value than
the CSF tab test. The two tests are complementary and should be used together for a better patient selection.
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INTRODUCTION impaired CSF absorption at the arachnoid lli.

Normal pressure hydrocephalus (NPH) There are 2 forms of normal pressure
Normal pressure hydrocephalus is a chronic tyd@/drocepha!us. The secondary form V\./h.ICh is due lto
of communicating hydrocephalus whereby thsubarachnoid ha_emorfhage, head_ injury, cranial
increase in intracranial pressure (ICP) due t8urgery, or CNSllnfectlon, and the idiopathic form
accumulation of cerebrospinal fluid (CSF) become¥here the cause is at present unkn&n.
stable and that the formation of CSF equilibrates Recent population-based studies have estimated
with absorptio? The ICP maintains a slightly the prevalence of NPH to be about 0.5% in those
elevated level and the CSF pressure reaches a higter 65 years old, with an incidence of about 5.5
normal level of 150 to 200 mmB. Measurements patients per 100,000 of people per yéar.
of CSF, therefore, are not usually elevated aboveAs regards to patients with dementia that are
normal values. Because of this equilibration, pasie confined in a nursing home and have undiagnosed
do not exhibit the classic signs of increase®iPH may become again independent if treated, so
intracranial pressure such as headache, nausgs, only one study was able to evaluate the
vomiting, or altered consciousness (though somsrevalence of NPH, both diagnosed and
studies have shown pressure elevations to occyr onindiagnosed, among residents of assisted-living
intermittently)®® However, patients do exhibit the facilities, that ranged between 9 to 14% of the
classic triad of gait difficulties, urinary inconéince, resident$®
and mental decllge as first described by Hakim andpjagnosis of NPH is usually first done by a lumbar
Adams in 19657 It is often misdiagnosed as puncture, followed by the evaluation of clinical
Parkinson's disease, Alzheimer's disease, apgsponse to removal of CSF. Other methods for

senility due to its chronic nature and its presEnti giagnosis include continuous external lumbar CSF
symptoms?  Although the exact mechanism iSgrainage during 3 or 4 daf.

unknown, normal pressure hydrocephalus is though

S UGN sion test is a test with higher sensitivit
to be a form of communicating hydrocephalus with 9 Y

and specificity than a lumbar puncture. The
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NPH may be relieved by surgically implantingThetest battery included the following:

a ventriculoperitoneal shunt to drain excess Walking test: The patient was asked to walk for a
cerebrospinal fluid to the abdomen where it igjistance of 20 ms as fast as possible. The test was

absorbed:” repeated three times and the number of steps &s wel

METHODS as the performance time was recorded. The average

. of the three attempts was calculated and usedeas th
Patients test result.

Twenty patients W'th assumegl normal pressurg Reaction time: The patient was asked to raise his
hydrocephalus were included in the study. All

atients suffered from either gait disturbance of .- “P in the air and the estimated response time
P g was calculated. This was done for twenty times and

CogniFi"e dysfunction alone, or from both symptoms Iternating between the right and left arms and the
combined, or from one or both of them combine verage time for the response was calculated.

with urinary incontinence. Symptom duration ] . .
was less than eight years. Computed tomograpg?;}v'e'mry test: The patient was told a number of six

(CT) (Fig.1) or magnetic resonance imagin igures and was asked to recall the number after fi

(MRI) showed widening of the ventricular Systemmmutes. This was rt_apeated for three times and an
relative to the age matched ventricular index@Verage score was given.

Postoperative CT brain was done in all cases (Fig.Zurgery

A lumbar infusion test and a tap test were doralin -~ Surgery was undertaken if either the lumbar
patients. infusion test or the tap test or both tests were
Procedures positive. The patients received a low pressure
ventriculoperitoneal shunt. If both tests were

Lumbar infusion test :
egative, surgery was not done.

The lumbar infusion test was done with the patienq )
in the lateral recumbent position; two cannula&Vvaluation of Outcome
(diameter 0.9 mm) were inserted in the lower lumbar All patients were evaluated at a follow up visit
region (L3—4 or L4-5). One of these was connectegfter one, three and six months using the same test
to a let down infusion device on a scaling ruled anbattery as at baseline. As in the tap test crit¢hie
the other to an infusion pump. The initial steadyatients were considered objectively improved if
state CSF pressure was recorded for at least fitlwo or more of the test items showed improvement
minutes before starting an infusion of Ringeicompared with the better of the two baseline result
solution (NaCl 8.6 g/l, KCI 0.3 g/l, CaCl 0.33 g/l; Patients and relatives were also asked for their
290 mosm/kg). The constant infusion rate wasubjective opinion as to whether or not there had
0.8 ml/min. The CSF pressure was recordedieen animprovement.
continuously during a period of at least 45 minutes RESULTS
to establish a steady state pressure plateau _
representing the pressure level at which absorption! he Study included 8 men and 12 women (table 1),
balanced infusion. A plateau pressure level'€@n age was 70 years (range 50 to 76) (table II).
exceeding 22 mm Hg (16 cm H20) was considere,-BWO pat|gnts had an earlier history of sppntaneous
pathological (a positive test result). Alternatiyel Ntracranial haemorrhage (more than five years
if the CSF pressure increased steadily to greatBffore, including one patient with subarachnoid
than 40 mm Hg (29 cm H20) without a p|ateamgemorrhage), and one of the patients haq an rearlie
the infusion was stopped and the test was regardBt§tory of central nervous system infection (> 5
as positive. After completion of the infusion test/€ars before). One patient had an earlier histéry o
the lumbar puncture cannulas were left in placd unSevere head trauma (> 5 years before). In the
the CSF pressure had returned to the initignajority of cases (80%) there was no evidence of

preinfusion resting value and had been stable Gor £arlier neurological disease to explain the
minutes. development of normal pressure hydrocephalus.

CSF tap test (table II)

: Disturbance of gait was the most common
The C.SF tap test was _done directly af_ter th reoperative symptom (90%), while fewer patients
lumbar infusion test and involved assessing th

. . uffered from cognitive impairment (70%) or
effect on a series of functional tests of removeiGy . : o . .
ml of CSF through one of the cannulas used for thlncontmence (60%). In most patients, different

. . . ) N mbinations of symptoms were found. Of 12
infusion test. We had previously obtained baselin atients who had all three symptoms of the clabsica

?ata for watlking abi!ity an(: {ahsychometrti_c test? 8 riad, 11 (90%) had either a positive lumbar infusi
WO separate occasions at the same time o 'st, a positive tap test, or both, while of 3 gatis

After CSF removal and a rest period of one to thre\ﬁith one symptom, one had a positive test result

hours, these tests were repeated for comparisdn WHBS%) and of 5 with two symptoms, 3 had a positive
the baseline data. ' '

Bull. Alex. Fac. Med. 46 No.3, 2010.
© 2010 Alexandria Faculty of Medicine.




Alexandria Bulletin 263

objective improvement, 13 (80%) had a positive

W M. Moussa et al.

result (60%).
Complications and Assessment of Shunt Function lumbar infusion test but only 6 (35%) had a positiv

Jgp test. Only one of the two patients who were not
to the lumbar infusion test or the tap test. In on proved had a negative lumbar infusion test, while

patient the shunting procedure was complicated by @t the two patients had a negative tap test.
subdural haematoma. In this patient, the haematoman the operated group, walking, memory and
was managed surgically. All operated patients whigaction time tests showed improvements. Fourteen
did not show objective improvement at the follow ugP@tients with a positive lumbar infusion test (90%)
evaluation had a plain skuttray, CT of the brain, had significant improvements in walking, memory,
and a repeat lumbar infusion test. In all casespsh @nd reaction time tests. Of 12 patients with a

placement, continuity, and function were found ¢o bPOSitive tap test, 9 patients (80%) had a significa
adequate. improvement in memory and reaction time at the

N . follow up evaluation. Only 8 patients were positive
Variability of the basdline tests for both the lumbar infusion and the CSF tap tests,
In order to study and compensate for spontaneoyg || these were both objectively and subjectivel

variations in the patients’ ability to perform thejmnroved postoperatively. In this group of patients
different tests, we used the mean values of diftere o improvement was significant for walking and

measurements for the walking and reaction timF‘nemory tests. In 6 patients a positive lumbar

There were no complications or side effects relat

evaluations, and repeated all tests twice. infusion test was an indication for shunt surgényt,
Lumbar Infusion Test and the Tap Test Related the tap test was negative, while two patients had
to the Outcome; surgery because of a positive tap test but had a

In 10 patients (50%), the tap test and the lumb#&egative lumbar infusion test. The improvement in
infusion test showed a positive result. The 2 pagie Walking, reaction time, and memory tests after
not operated upon (because both the tap test @nd gtrgery was more in patients chosen by a positive
lumbar infusion test were negative), were bothumbar infusion test than those with a CSF tap. test
objectively and subjectively improved at follow up.(table IV)

These two patients did not have any history of hegdegree of postoper ative improvement:

trauma or intracranial hemorrhage and were likely t |, the majority of patients walking improved more
be ischaemic. Eighteen patients fulfilled the ciite o the reaction time. In 20% of the patients éhes
for surgery and underwent the shunting procedurgssts were improved significantly. Fewer patients

Sixteen (80%) of these patients showed an objectivg,,wed improvements in cognitive function.
improvement and 15 patients (75%) reported a

subjective improvement. Of the 16 patients with

Tablel: The sex distribution of studied patients

Gender Number of patients
Males 8 (40%)
Females 12 (60%)

Tablell: The age distribution of studied patients

Age category Number of patients

50 to less than 60 4 (20%)
60 to less than 70 7 (35%)
More than 70 9 (45%)

Tablelll: The distribution of patients according to the lety
Category of patients Number of patients

Idiopathic 16 (80%)
Intracranial hemorrhage 2 (10)
Meningitis 1 (5%)

Severe head trauma 1 (5%)
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TablelV: The number of patients improved by different testd the predictive value of tests used

Number of patients ~ Number of patientsimproved
ez with positiF\’/etest postoperativgly of positi?/e cases
Infusion test 16 (89%) 14 (88%)

Tap test 12 (67%) 9 (75%)
Infusion test only positive 6 (33%) 5 (83%)
Tap test only positive 2 (11%) 1 (50%)
Both infusion and tap tests positive 8 (44%) 8 (1D0%

Fig. 1 Coputerised scan of the brain, axial view, sefiute window showing ventricular dilatation in afe
patients suspected with normal pressure hydrocaphal

o3 1um 2010
LIE

"\lw

Fig. 2: Computerised scan of the brain, axial view, 9efiue window showing resolved ventricular dilatatio
in one of patients suspected with normal pressydedtephalus after ventriculoperitoneal shunting
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DISCUSSION the two baseline tests in comparisons with theltresu

Our aim in this prospective study was to establisffter CSF removal, as well as for evaluating the
how well the results of the lumbar infusion test an©utcome at follow up.
the tap test agree with each other and with theln earlier studies of normal pressure
outcome after shunt treatment for suspected normydrocephalus, using standardised tap test criteria
pressure hydrocephalus. The results show that bdire baseline tests were performed only once before
tests can predict a positive outcome after surgersgmoval of CSF. The present results indicate theat t
but there was agreement between the test resultshiaseline assessments should be repeated on differen
only 50% of the patients. This was in accordanceccasions and the best of at least two test proesdu
with most other studie&? should be used to compare with the result after CSF
removal. Of the 16 patients improved after shunting

M ethodological considerations the tap test predicted i It onlv iB675
Both the tap test and the lumbar infusion tes{1e ap test predicted a postiive resuit only 1o

require lumbar puncture, and even though this cdrvaluation of outcome
be done with small diameter needles it is diffidolt  In the present study, we used the patients’ (and
exclude the possibility that repeated Ilumbarelatives’) subjective impression of the clinical
punctures within a limited time period may influenc outcome was in good agreement with the test results
the test results. Thus if the tap test is perforfirsti The subjective evaluations showed improvement in
a leak from the puncture may influence the restilt @& greater number of patients than the objectivis,tes
a lumbar infusion test, at least for some weekghich may reflect the fact that more than one
afterwards. On the other hand, a leak after a lumb#unctional test had to be improved to classify the
infusion test could influence the result of baselinpatient as objectively improved; however, it may
test data before CSF drainage in the tap‘test. also include a placebo effect.

To circumvent these difficulties we chose toprediction of outcome

perform both tests on the same day, using the samgq, the CSF tap test and the lumbar infusion test

lumbar puncture. We have earlier observed thgfere shown to predict a positive outcome of shunt
patients may improve for a time after a lumbag,yery in patients with suspected normal pressure
infusion test and have interpreted this as being i/drocephalu§®'® We followed a strategy of not
possible effect of leakage of CSF after the lumbgaqing the decision for surgery on clinical sympgom
puncture. If so, this effect is similar to the effe ,n4 yengricular widening alone, so, patients with
measured by the tap test and should not, therefofg,yative results in both the lumbar infusion test a
influence the result a tap test performed directly,q tap test were not operated &%The positive

after the lumbar infusion test using the same Iumb%redictive value was 75% for the tap test. The

puncture. positive predictive value of lumbar infusion testsv
Lumbar infusion test 88%. These data indicate that the lumbar infusion
For the lumbar infusion test, a pressure of 22 mi@st is the more sensitive test than the tap sl
Hg was regarded as the cut off level above whieh thin the small group of patients in whom both tests
mean steady state plateau during the infusion wa¢ere positive did every patient improve after
considered pathological. shunting. These results are in accordance with most
CSF tap test other authof$®?” However, 8 patients (50%) with
The CSF tap test has the advantage of being Sim@gstoperatlve Improvement would have t?gen missed
to perform without any specialised equipment bo_th tests were required to be positive before
considering surgical treatment. Taken together, the

Drawbacks  include the fact that. the test'nqjata indicate that the tap test and the lumbasiafu
procedure needs active cooperation from thFestarecomplementarydiagnostictools.

patients, and that unrelated diseases or deficitg Mconclusions
interfere with the resuft>'® This is at least partly In a patients with clinically suspected normal
compensated for by using different test items, wit ressure hydrocephalus, most patients (88%) with

the requirement that improvement in only two o

X o Improvement after shunt surgery were selected by a
them is needed for a positive test result. More " .: : : :
. - positive lumbar infusion test, while fewer (75%)
importantly, there may be spontaneous variation Were selected by a positive CSF tap test. There was
the patient’s ability to perform the tests. In factr yap P .

only partial agreement between the two tests and

results confirmed a high spontaneous variation '{hey enhance the results of each other. We therefor

bgﬁglrll?elvlt:i rzstiuelastsWheer?or:}ggaLeecitelp vf/EZns?h Sggest that both tests should be included in a
P ' P P greoperative evaluation, and one or both should be

baseline tests were repeated on the second d Ysitive before recommending surgery

indicating some learning effect.
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