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Idiopathic normal-pressure hydrocephalus: clinical
comorbidity correlated with cerebral biopsy findings and
outcome of cerebrospinal fluid shunting
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Objectives: To elucidate the importance of clinically diagnosed cerebral comorbidity in idiopathic normal-
pressure hydrocephalus (INPH) and its effect on improvement after shunt surgery as well as concordance with
parenchymal pathological changes described in frontal cerebral biopsy specimens.

Methods: In 28 consecutive patients diagnosed with INPH and shunted according to clinical, radiological and
cerebrospinal fluid dynamic criteria, concomitant disorders were carefully registered, with special emphasis
on cerebrovascular disease (CVD) and possible Alzheimer’s disease. During shunt surgery, a frontal cerebral
biopsy specimen was obtained and subsequently analysed for pathological changes.

Results: One or several concurrent disorders were present in 89% of the patients, most often CVD (n=17) and
possible Alzheimer’s disease (n = 12), of which eight patients presented both, diagnosed according to the criteria
of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease
and Related Disorders Association. The shunt success rate was 33%. A clear tendency towards increasing
prevalence of CVD or Alzheimer’s disease was found in the subgroups with no improvement or clinical
deferioration compared with the patients improving after shunt surgery. The presence of CVD tended towards an
unfavourable shunt outcome. The pathological parenchymal changes reflected the clinical diagnoses of
comorbidity, and were described in about half of the biopsy specimens, with Alzheimer’s disease (n=7) and
vascular changes (n =7) being the most common findings. However, no significant correlation was found with the
clinical diagnoses of Alzheimer’s disease and CVD. The presence of cerebral comorbidity, whether diagnosed
clinically or by brain biopsy, did not preclude clinical improvement after shunt operation.

Conclusions: A high prevalence of CVD and Alzheimer’s disease was found in patients shunted for INPH,
which was reflected, although less commonly, by similar neuropathological biopsy findings. No significant
correlation was found between the presence of comorbidity and shunt outcome. The findings support the
perception of INPH as a multicetiological clinical entity, possibly overlapping pathophysiologically with CVD
and Alzheimer's disease.

(INPH) syndrome are traditionally described as presenting

a clinical triad of progressing gait disturbances, dementia
and urinary urge incontinence, and with a radiologically
defined hydrocephalus on computed tomography or magnetic
resonance imaging.

As opposed to secondary normal-pressure hydrocephalus
(NPH), no apparent precipitating factor is identified in INPH.
The patients are generally older' and consequently more prone
to have concomitant diseases. In concordance, the shunt
success rate in patients with possible INPH is lower than in
patients with secondary NPH,”’ varying from 25% to 80%.*’

In patients not responding to shunt surgery, cerebrovascular
disease (CVD) and Alzheimer’s Disease are the predominant
disorders thought to mimic the INPH syndrome. This presump-
tion is based on the fact that Alzheimer’s disease and CVD are
the most common causes of dementia, and from autopsy and
biopsy findings of CVD or Alzheimer’s disease in patients with
INPH—including patients improving after a shunt operation.*"'
It has also been hypothesised that INPH shares common
pathophysiology with Alzheimer’s disease'* or CVD,"”** which
only further confounds the clinical picture.

Thus, the main question for the clinician contemplating a shunt
operation is not whether the patient has INPH or a concurrent
irreversible disorder, but whether the hydrocephalus or the
presence of a non-shunt responsive comorbidity—most often
CVD or Alzheimer’s disease—is the major contributor to the
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symptomatology. The selection of patients for shunt surgery has
become even more controversial after recent data suggesting
shunt improvement in patients with no symptoms or signs of
INPH but with a clinical diagnosis of Alzheimer’s disease.'

In this prospective study of patients shunted for INPH according
to clinical, radiological and cerebrospinal fluid (CSF) dynamic
criteria, frontal cerebral biopsy specimens were obtained before
the insertion of a shunt and examined for pathological
parenchymal changes. Clinical comorbidity was carefully regis-
tered, and the clinical diagnoses of CVD and Alzheimer’s disease
were established by a trained neurologist. The presence of
concomitant disorders was correlated with shunt outcome and
cerebral biopsy findings to elucidate the importance of clinical
comorbidity in patients with INPH, and its effect on improvement
after shunt surgery as well as concordance with the pathological
cerebral parenchymal changes.

PATIENTS AND METHODS
We included 28 consecutive patients (18 men and 10 women;
age range 47-77 years, mean 64 years) diagnosed with INPH.

Abbreviations: CSF, cerebrospinal fluid; CVD, cerebrovascular disease;
GDS, Global Deterioration Score; ICP, intracranial pressure; INPH,
idiopathic normal-pressure hydrocephalus; MMSE, Mini-Mental Scale
Examination; NINCDS-ADRDA, National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and
Related Disorders Association; NPH, normal-pressure hydrocephalus; SAE,
subcortical arteriosclerotic encephalopathy
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The inclusion period was from 1990 to 1992. Exclusion criteria
were intracranial haemorrhage or tumour, major cerebral
infarction, or a history of subarachnoid bleeding, meningitis,
head trauma or intracranial operation.

Informed consent to perform a brain biopsy was obtained
from all patients and their relatives. The study was approved by
the Danish Central Ethical Committee (protocol number
V.100.1500/90).

Study programme

The evaluation programme consisted of a clinical, neurological
and neuropsychological examination and scoring by the
Mini-Mental Status Examination (MMSE),"” the Hachinski
Ischaemic Score'® and the Global Deterioration Scale (GDS)."”
Gait disturbances and urinary incontinence were scored
semiquantitatively using ordinal scales with five degrees: gait:
1, normal; 2, abnormal, but possible without support; 3, need of
cane; 4, need of support from another person; and 5, wheel-
chair required; urinary incontinence: 1, none; 2, tendency of
urge incontinence; 3, rare episodes of urge incontinence; 4,
occasionally; and 5, constant.

Most patients underwent an extensive neuropsychological
assessment consisting of a range of tests covering the cognitive
domains of memory, concentration, abstract thinking, abstract
problem solving, language, visual perception and visual
construction. Presence of dementia was determined according
to the Diagnostic and statistical manual of mental disorders criteria.”
Intraventricular pressure (ICP) of all patients was monitored
for 16-24 h using a catheter in the right frontal horn. Using the
same catheter, a subsequent CSF lumboventricular perfusion
test’ or a computerised steady rate infusion test was
performed.*” ** ICP, B-wave activity as a percentage of the
monitored period, and resistance to CSF outflow (R,y) were
used to characterise the CSF dynamics.

Clinical diagnoses
Criteria for the diagnosis of INPH and hence shunt operation
were as follows:

Presence of =2 symptoms from the clinical triad

2. Ventricular enlargement on a cerebral computed tomogra-
phy scan

3. Increased Ry, (=10 mm Hg/ml/min) with or without a B-
wave activity =50% of the monitoring period.** *

The diagnosis of INPH and hence the decision on shunt
surgery were independent of the possible diagnosis of other
concomitant conditions or the cerebral biopsy findings.

The presence of concurrent conditions, which potentially
could contribute to the symptoms, was evaluated by a
neurologist, on the basis of the anamnestic, clinical, laboratory,
neuropsychological and radiological findings. The neurologist
was unaware of the biopsy findings and shunt outcome. Each
patient was diagnosed with “possible”, ‘“‘uncertain” or ‘“‘unli-
kely” Alzheimer’s disease according to the National Institute of
Neurological and Communicative Disorders and Stroke and the
Alzheimer’'s Disecase and Related Disorders Association
(NINCDS-ADRDA) criteria.”® By definition, none of the patients
fulfilled the criteria for probable Alzheimer’s disease, as
primarily they were diagnosed with and treated for INPH.

The diagnosis of CVD was based on a clinical history of
stroke, transient ischaemic attacks or radiologically (computed
tomography scanning) evident single infarcts, lacunar infarcts
or extensive leucoencephalopathy. All other disorders diag-
nosed during the evaluation programme with a possible
contribution to the symptoms were also noted.
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Sampling of biopsy specimens

The biopsy specimens (0.5-1.0 cm®) were taken from the right
superior frontal cortex and underlying white matter 1-4 weeks
after the ICP monitoring and R, measurement. The same burr
hole was used, but tissue affected by the earlier ICP monitoring
was avoided and no electrocoagulation was performed before
excision. A ventriculoperitoneal shunt insertion was performed
during the same surgical procedure.

The biopsy samples were prepared and analysed as described
previously.”” A single neuropathologist, blinded to the presence
of clinically diagnosed comorbidity or shunt outcome, reviewed
the biopsy specimens and assessed the presence of pathological
changes in the cerebral parenchyma including the extent of
arteriosclerotic vasculopathy referred to as “vascular changes”.
Alzheimer’s disease changes were said to be present when >10
neuritic plaques/mm? were observed in the most affected areas
of the biopsy sample.*

Follow-up programme

Patients included in the study were re-evaluated with neurolo-
gical examination and scoring of gait, urinary incontinence, GDS
and MMSE 3-9 months after the biopsy sampling. A score of +1
was assigned for each degree of improvement and a score of —1
was assigned for each degree of reduction in the ordinal scales of
the following variables: gait, incontinence and MMSE score (a
change of 5 points in the MMSE score corresponded to a change
of 1°). A patient was classified as improved only when a
summation of the improvement and reduction scores was =+2.
An increase of at least two degrees in the ordinal scales was thus
required to classify the patient as improved. The doctor rating the
patients was unaware of the biopsy findings. All patients who
underwent a shunt operation also underwent a cranial computed
tomography scan.

RESULTS

Clinical presentation and biopsy findings

Gait disturbances were present in 86% (n=24) of the 28
patients. The remaining patients (n = 4) presented both urinary
incontinence and cognitive deficits. Urinary incontinence was
present in 18 (64%) of all patients. Dementia was present in 21,
absent in 4 and uncertain in 3 patients, according to the
Diagnostic and statistical manual of mental disorders—third edition
revised criteria. Including the three patients presenting with
cognitive deficits but not with certainty fulfilling the criteria for
dementia, the full clinical triad of gait disturbances, urinary
incontinence and cognitive deficits was present in 64% (n = 18)
of the patients. The median (range) values of GDS, MMSE and
Hachinski Ischaemic Scores were 5 (2-7), 23 (0-30) and 4 (1-
12, not performed in one patient), respectively.

Pathological cerebral parenchymal changes were described in
15 (54%) of the 28 biopsy specimens, most often Alzheimer’s
disease changes (n = 7) or vascular changes (n = 7), which were
also present concomitantly in one patient. The remaining
pathological findings included non-specific cortical degeneration
(n=1) and sequelae of cerebral haemorrhage (n=1).
The patients were evenly distributed when subgrouped according
to the presence or absence of pathological parenchymal changes
and the presence of gait disturbances, urinary incontinence,
dementia, full clinical triad, MMSE or GDS scores (table 1).

Clinical comorbidity

Various concomitant disorders were noted in 89% (n=25) of
the patients, and in most patients they represented a possible
contribution to some or all of the symptomatology. The most
common clinical comorbidity, CVD, was diagnosed in 61%
(n=17) of the patients, followed by previous alcohol con-
sumption (n=4), arterial hypertension (n=4), epilepsy
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Table 1 Clinical presentation of 28 patients who
underwent a shunt operation for idiopathic normal-pressure
hydrocephalus

Cerebral pathology
Absent (n=13)

Present (n=15)

Gait disturbances

Absent (n=4) 8 1
Present (n=24) 10 14
Incontinence
Absent (n=10) 5 5
Present (n=18) 8 10
Dementia
Absent (n=4) 2 2
Present (n=24)* 11 13
Full clinical triad
Absent (n=10) 5 5
Present (n=18) 8 10
MMSE median score (range) 21 (8-30) 25 (0-30)
GDS median score (range) 6 (4-6) 4(2-7)

Alzheimer’s pathology

Absent (n=21) Present (n=7)
Dementia
Absent (n=4) 4 0
Present (n=24)* 17 7
Full clinical triad
Absent (n=10) 9 1
Present (n=18) 12 )
Unlikely AD (n=16)t 12 4
Possible AD (n=12)t 9 3
Vascular changes
Absent (n=21) Present (n=7)
Dementia
Absent (n=4) 2 2
Present (n=24)* 19 5
Full clinical triad
Absent (n=10) 7 3
Present (n=18) 14 4
CVD
Absent (n=11)f 9 2
Present (n=17)% 12 5
Hachinski median score 5(1-7) 3 (3-5)
(range)

AD, Alzheimer’s disease; CVD, cerebrovascular disease; GDS, Global
Deterioration Score; MMSE, Mini-Mental State Examination; NINDCS—
ADRDA, National Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related Disorders Association.
Subgroups according to the presence or absence of pathological findings on
the cerebral biopsy and findings specific to Alzheimer’s disease or CVD.

* Including three patients presenting with cognitive deficits but not fulfilling
criteria for the diagnosis of dementia.

tAccording to the NICNS-ADRDA criteria.

FAccording to clinical and/or radiological findings (described in the text).

(n = 3), myxoedema (n = 3), vitamin B, deficiency (n =2) and
other disorders (n =4).

Applying the NINCDS-ADRDA criteria, 43% (n = 12) of the
patients had possible Alzheimer’s disease, whereas the remain-
ing 57% (n = 16) presented with unlikely Alzheimer’s disease.
Concomitant CVD and Alzheimer’s disease was diagnosed in
29% (n = 8) of the patients.

Clinical comorbidity correlated with shunt outcome

One patient died from pneumonia 1 month after the shunt
operation. Of the remaining 27 patients, postoperative clinical
improvement was seen in 9 (33%) no change in 10 (37%) and
clinical deterioration in 8 (30%). A clear tendency towards
increasing frequencies of a clinical diagnosis of CVD or possible
Alzheimer’s disease can be seen when comparing the subgroup
of patients showing improvement with the subgroups of those
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with no change or those with clinical worsening (fig 1). Only
two of the nine improving patients had possible Alzheimer’s
disease, whereas all eight deteriorating patients also had
Alzheimer’s disease.

When the shunt outcome was dichotomised into improve-
ment/no improvement or deterioration to increase the numbers
for statistical analysis (table 2), the clinicoradiological diag-
nosis of CVD tended to associate with unfavourable shunt
outcome (p = 0.053, % test). We found no association between
the clinical diagnosis of possible Alzheimer’s disease and shunt
outcome (table 2).

Comparing the improvement rate in the subgroup of 24
patients presenting either clinical CVD or Alzheimer’s disease
(38%, n = 9/24) with the subgroup of 7 patients not presenting
with either clinical Alzheimer’s disease or CVD (57%, n = 4/7)
likewise showed no significant difference.

Clinical comorbidity correlated with cerebral biopsy
findings

We found no association when correlating the presence of
dementia, a full clinical triad or the clinical diagnosis of
Alzheimer’s disease according to the NINCDS-ADRDA criteria
with the presence (n=7) or absence (n=21) of Alzheimer’s
disease changes in the cortical biopsy specimens (table 1).
Likewise, the clinicoradiological diagnosis of CVD, the
Hachinski Ischaemic Score, the presence of dementia and a
full clinical triad were not correlated in the subgroups of
patients with (n =7) or without (n=21) vascular changes in
the biopsy specimens (table 1).

DISCUSSION

In patients with a clinicoradiological suspicion of INPH, no
distinct supplementary test can yet with certainty predict who
will benefit from the shunt operation, although prolonged
lumbar CSF drainage has a high sensitivity.” ** In secondary
NPH, it is generally assumed that the underlying cerebral event
generates a mechanical obstruction to the CSF absorption at the
level of the arachnoid villuses or the cortical subarachnoid
space.”’ However, in INPH it is debated whether degenerative
and arteriosclerosis-induced parenchymal changes are also
involved in the pathophysiology.”! ** Consequently, patients

30 - o m All patients
@ Clinically diagnosed AD
25— o Clinically diagnosed CVD

Prevalence (%)

Deterioration

All patients

Improvement No
improvement

Figure 1 Prevalence among 28 patients diagnosed with idiopathic
normal-pressure hydrocephalus of concomitantly fulfilled clinical criteria for
cerebrovascular disease (CVD) or Alzheimer’s disease (AD) according to
the National Institute of Neurological and Communicative Disorders and
Stroke and the Alzheimer’s Disease and Related Disorders Association
criteria. Eight patients fulfilled criteria for both CVD and AD. One patient
was lost to follow-up. The patients are subgrouped according to
improvement after shunt operation (n=9), no cri)niccﬂ change (n=10) and
clinical deterioration (n=8).
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Table 2 Clinical diagnoses of Alzheimer’s disease and cerebrovascular disease correlated
with shunt outcome in 27 patients with idiopathic normal-pressure hydrocephalus

No improvement Improvement p Value
(n=18) (n=9) (2 test)
Alzheimer’s disease*
Unlikely (n=15) 8 7 0.10
Possible (n=12)* 10 2
Cerebrovascular disease
Absent (n=11) 5 6 0.053
Present (n=16) 13 3

*Clinical diagnosis of Alzheimer’s disease according to the National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association criferia.

with INPH may present a highly variable clinical picture due to
the possible coexistence of various underlying disorders.

In this prospective study of 28 patients who underwent a
shunt operation for INPH, we found a high prevalence of
clinically diagnosed concomitant disorders, mostly Alzheimer’s
disease (n = 12), according to the NINCDS-ADRDA criteria, or
CVD (n = 17), of whom eight patients presented with both. We
found a clear tendency towards increasing prevalence of CVD or
been shown to Alzheimer’s disease in the subgroups of patients
with no improvement or clinical deterioration compared with
patients improving after shunt surgery. Although no significant
association could be seen, a diagnosis of CVD based on clinical
or radiological criteria strongly tended towards an unfavourable
shunt outcome. Our findings showed, in accordance with
previous studies on patients diagnosed with INPH, an increased
prevalence of CVD and established CVD as a predictor of poor
outcome.™ " Likewise, a marked coexistence of Alzheimer’s
disease has been reported in patients with INPH, although on
the basis of autopsy and cerebral biopsy findings rather than
clinical diagnoses.” ' **

In our patients, the high prevalence of CVD and Alzheimer’s
disease based on clinical criteria was also reflected by the
cerebral biopsy findings. Pathological parenchymal changes
were described in more than half of the 28 biopsy specimens,
with Alzheimer’s changes (n = 7) and vascular changes (n = 7)
being the most common. However, we could not show any
major correlation when comparing the presence or absence of
vascular-related changes in the biopsy specimens with the
Hachinski Ischaemic Score or the clinicoradiological diagnosis
of CVD, or when comparing the presence or absence of
Alzheimer’s changes with the clinical diagnosis of Alzheimer’s
disease according to the NINCDS—-ADRDA criteria. A compar-
ison of our biopsy findings with the results of CSF dynamics
and shunt outcome has been published previously.” *

The apparently low clinicopathological correlation of CVD
and Alzheimer’s disease may be explained by several factors.
Firstly, the present patient cohort was highly selective. All
patients were referred for and diagnosed with INPH, the
symptoms of which therefore may have confounded the clinical
picture. Secondly, the generally higher correlation of brain
pathology with the NINCDS-ADRDA criteria® is normally
based on consecutive autopsy slices rather than a single frontal
biopsy sample. Thirdly, although the neuritic plaques of
Alzheimer’s disease are rarely seen in the frontal cortex in
normal autopsy cases, a single frontal biopsy without
Alzheimer’s disease changes cannot with certainty exclude
the possibility of the disease. Conversely, the findings of
Alzheimer’s disease changes in a frontal biopsy specimen
allows for a definite diagnosis of Alzheimer’s disease, as they
are virtually invariably seen in the frontal lobes in patients with
Alzheimer’s disease.”” ** However, these changes and the
vascular changes described in the present cerebral biopsy
specimens may not yet have been sufficiently extensive to
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cause clinical symptoms resulting in the fulfilment of the
clinical criteria for the diagnoses.

The shunt success rate in our study was 33%, which we consider
rather low, although consistent with shunt results from other
studies.* > The low improvement rate may be due to the applied
CSF dynamic shunt criteria, as all patients with a resistance to the
cerebral outflow, Ry, above 10 mm Hg/ml/min underwent a
shunt operation. However, normal R, values have subsequently
been shown to increase with age,*® ** and a higher cut-off value is
currently recommended.*’ *' Accordingly, we have applied an Ry,
cut-off value =16 mm Hg/ml/min in our later studies, when
comorbidity was present, and higher improvement rates of 72%
and 76% were obtained.*” ** Furthermore, we used rather strict
outcome measures including functional scales to classify the
postoperative clinical outcome. Using functional scales tends to
result in a less positive rating of shunt outcome.’”

Several of our patients also improved cognitively, despite a
clinical or biopsy-diagnosed comorbidity of CVD or Alzheimer’s
disease. We therefore underscore that diagnosing CVD and
Alzheimer’s disease during the preoperative evaluation of
patients suspected to have INPH does not necessarily contradict
improvement by CSF shunting. Even performing a brain biopsy
with analysis of degenerative or vascular parenchymal changes
does not add any decisively predictive information on the shunt
effect, although the opposite has been suggested.”

Our findings of a high prevalence of CVD and possible
Alzheimer’s disease diagnosed both clinically and by cerebral
biopsies, along with a lack of correlation with shunt outcome,
are compatible with the hypothesis of INPH as a multifactorial
syndrome. The prevalence of biopsy-proved Alzheimer’s disease
in our patients with INPH with a mean age of 64 years was
25%. This number is much higher than expected, if the
disorders were unrelated, as the prevalence of Alzheimer’s
disease is about 10% in a general population aged =65 years.
The underlying pathophysiology of INPH thus seems to involve
a wide spectrum, ranging from purely hydrodynamic distur-
bances to major cerebral parenchymal changes, with no
manifest association between the clinical presentation, the
cerebral parenchymal findings and shunt outcome.
Consequently, INPH may share pathophysiological elements
with both Alzheimer’s disease and CVD. In CVD, more
specifically subcortical arteriosclerotic encephalopathy (SAE),
it could be increased white-matter microangiopathy.** In
Alzheimer’s disease, it could be CSF stasis resulting in reduced
clearance of potentially neurotoxic macromolecules.*
Supporting this view, studies have also indicated that vascular
dementia and Alzheimer’s disease share common risk factors,
possibly also reflecting common pathogenic pathways.* *

INPH, SAE and Alzheimer’s disease may thus pathophysio-
logically represent overlapping conditions, raising the possibi-
lity of common treatment potentials. The interesting question
of whether shunting in patients with Alzheimer’s disease or
SAE may stabilise an otherwise progressive cognitive decline or
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even improve the cognitive deficits has already been raised.'* *
Obviously, this only adds to the complexity of selecting patients
with possible INPH for shunt surgery.

In conclusion, we found the following:

® The clinical presentation of patients who undergo a shunt
operation for INPH is characterised by a high prevalence of
comorbidity, as about half of the patients fulfilled clinical
criteria for CVD and Alzheimer’s disease.

® The clinically diagnosed comorbidity was reflected, although
less commonly, by similar neuropathological findings of
Alzheimer’s disease and vascular changes, when the diagnostic
investigation was supplemented with a brain biopsy.

Even with special emphasis on the presence of concomitant
clinical conditions and the presence of the cerebral pathological
changes, we did not encounter a possible consistent character-
isation of the shunt-responsive patients with INPH. However,
clinically diagnosed CVD tended to predict a poor outcome after
shunt surgery. The findings support the perception of INPH as a
multiaetiological clinical entity, possibly overlapping pathophy-
siologically with CVD and Alzheimer’s disease.
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