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obJective Normal pressure hydrocephalus (NPH) remains most often a clinical diagnosis and has been widely con-
sidered responsive to the placement of a cerebrospinal fluid (CSF) shunt. The high incidence of patients with Alzheimer’s 
disease (AD) with NPH symptoms leads to poorer outcomes than would be expected in patients with NPH alone. This 
article reviews a series of patients operated on for presumed NPH in whom preoperative high-volume lumbar puncture 
(HVLP) and intraoperative cortical brain biopsies were performed. The data derived from these procedures were then 
used to understand the incidence of AD in patients presenting with NPH symptoms and to analyze the efficacy of HVLP in 
patients with NPH and patients with concurrent AD (NPH+AD). A review of the outcomes of shunt surgery is provided.
methods The cases of all patients who underwent placement of a CSF shunt for NPH from 1998 to 2013 at the Uni-
versity of Virginia by the senior author were retrospectively reviewed. Patients who underwent HVLP and patients who 
underwent cortical brain biopsies were stratified based on the biopsy results into an NPH-only group and an NPH+AD 
group. The HVLP results and outcomes were then compared in these 2 groups.
results From 1998 to 2013, 142 patients underwent shunt operations because of a preoperative clinical diagnosis 
of NPH. Of the patients with a shunt who had a diagnosis of NPH, 105 (74%) received HVLPs. Of 142 shunt-treated pa-
tients with NPH, 27 (19%) were determined to have concomitant Alzheimer’s pathology based on histopathological find-
ings at the time of shunting. Patients who underwent repeat biopsies had an initial positive outcome. After they clinically 
deteriorated, they underwent repeat biopsies during shunt interrogation, and 13% of the repeat biopsies demonstrated 
Alzheimer’s pathology. Improvements in gait and cognition did not reach significance between the NPH and NPH+AD 
groups. In total, 105 patients underwent HVLP before shunt placement. In the NPH cohort, 44.6% of patients experi-
enced improvement in symptoms with HVLP and went on to experience resolution or improvement. In the NPH+AD 
cohort, this proportion was lower (18.2%), and the majority of patients who experienced symptomatic relief with HVLP 
actually went on to experience either no change or worsening of symptoms (p = 0.0136).
coNclusioNs A high prevalence of AD histopathological findings (19%) occurred in patients treated with shunts for 
NPH based on cortical brain biopsies performed during placement of CSF shunts. HVLP results alone were not predic-
tive of clinical outcome. However, cortical brain biopsy results and the presence of Alzheimer’s pathology had a strong 
correlation with success after CSF shunting. Thirteen percent of patients who initially had a normal cortical brain biopsy 
result had evidence of AD pathology on repeat biopsy, demonstrating the progressive nature of the disease.
http://thejns.org/doi/abs/10.3171/2015.2.JNS142318
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Normal pressure hydrocephalus (NPH) is character-
ized by the clinical triad of gait disturbance, cog-
nitive impairment, and urge urinary incontinence 

in conjunction with radiographic findings of ventriculo-

megaly out of proportion to cortical atrophy.3,23 Thus, the 
diagnosis is based on a combination of history, the physical 
and neurological examination, and brain imaging.14 Since 
the description of NPH proposed by Hakim and Adams in 
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1965, neurosurgical management with cerebrospinal fluid 
(CSF) shunting has been the recommended treatment. 
However, the identification of patients with NPH most 
likely to benefit from shunting procedures remains dif-
ficult.8,17,21 Marmarou et al. performed a literature review 
and found that the sensitivity of predicting successful out-
comes based on clinical and imaging findings alone can be 
as low as 46%. The addition of high-volume lumbar punc-
ture (HVLP) yielded a sensitivity of 26%–61%, and CSF 
outflow resistance studies had sensitivities of 57%–100%.10

Neurological comorbidities like Alzheimer’s disease 
(AD) have been hypothesized to hinder shunt responsive-
ness in patients with NPH.3 But it is difficult to differenti-
ate patients with NPH from patients with AD by history 
and physical examination alone. In an effort to determine 
what percentage of patients with the clinical triad of NPH 
have AD, several studies have analyzed cortical brain 
biopsies obtained from subjects with NPH during place-
ment of CSF shunts. The incidence of AD in these pa-
tient populations varied from 18%–75%.2,5,7,9,16 Cabral and 
colleagues reviewed brain autopsy reports and found that 
89% of a cohort of patients with NPH also had AD.3 If pa-
tients with AD could be identified and excluded from the 
population of patients who present with the triad of NPH, 
then improved outcome measures would be expected.

In the present study, we retrospectively reviewed a co-
hort of patients who underwent shunt placement and had 
cortical brain biopsies performed by the senior author 
for presumed NPH over a 15-year period. The results of 
HVLPs, cortical brain biopsies, and clinical improvement 
following shunting is reviewed and compared between the 
patients with NPH and those with NPH plus Alzheimer’s 
pathology found on cortical brain biopsies.

methods
Following institutional review board approval, all pa-

tients operated on by the senior author (J.A.J.) from 1998 
to 2013 at the University of Virginia Health Science Center 
were identified from a departmental database. All patients 
who had undergone placement of a ventriculoperitoneal 
shunt for a preoperative diagnosis of NPH were included 
in the study. Patients were selected for shunting based on 
clinical history, physical examination, radiological find-
ings, and neuropsychological and physical therapy review 
before and after an HVLP was performed. All patients were 
evaluated and followed up in a clinical setting by the senior 
author who performed the shunt procedure, or another cli-
nician at the same institution. Average follow-up time was 
34.7 months. Patient demographics, presenting symptoms, 
preoperative and postoperative radiographic imaging and 
reports, physical therapy assessments before and after lum-
bar puncture, neuropsychological assessments before and 
after lumbar puncture, operative notes, histology reports, 
and follow-up clinic reports were reviewed.

Clinical outcomes were categorized as full resolution 
of symptoms, improvement, no change, worsened, or un-
known based on patient and family reports. Within the 
limitations of the pathological diagnosis of AD performed 
in a single frontal biopsy, the diagnosis of “neuropatho-
logic findings consistent with AD” was established when 

a clinical history of dementia was present coupled with 
the relative density of neuritic plaques, as established by 
criteria outlined by the Consortium to Establish a Registry 
for Alzheimer’s Disease (CERAD) classification scheme 
in a joint publication by the National Institute on Aging 
and the Reagan Institute.11,12 Annotation of the presence of 
neurofibrillary disease and amyloid angiopathy was also 
performed.

Statistical significance calculations were obtained us-
ing ANOVA and the chi-square test. Categorical variables 
were compared using Fisher’s exact test. For all statistical 
tests, a p value < 0.05 was considered significant.

From 1998 to 2013, 142 patients underwent shunt op-
erations for a preoperative diagnosis of NPH. Of the shunt-
treated patients who had a diagnosis of NPH, 105 (74%) 
received HVLPs and pre- and postprocedural inpatient 
evaluations conducted by a combination of a neuropsy-
chologist, occupational therapist, or a physical therapist. 
At the time of surgery, 159 total cortical brain biopsies 
were performed; 46 were repeat biopsies from the original 
113 (80%) unique patients who underwent biopsies during 
primary shunt implantation. Biopsies were only obtained 
when patients and their families consented to the biopsy 
to obtain further information on the presence of comorbid 
neurodegenerative disease.

preoperative assessment
Routine histories and physical examinations were per-

formed at the initial clinic visit and/or hospital admission. 
Patients also underwent high-resolution MRI, using stan-
dard T1- and T2-weighted spin echo sequences, or CT 
scanning. Imaging studies were independently reviewed 
at diagnosis by a neuroradiologist and the senior author.

A preoperative diagnosis of NPH was determined 
through a combination of dyspraxic gait instability, im-
paired cognition, urge urinary incontinence, and MRI or 
CT findings consistent with ventriculomegaly out of pro-
portion to cerebral atrophy. The diagnosis of NPH and 
hence the decision to proceed with a shunting procedure 
were independent of the possible diagnosis of other con-
comitant conditions or the cerebral biopsy findings, which 
were only known after the placement of a ventriculoperi-
toneal shunt.

Over the time period reviewed, 113 patients underwent 
a baseline assessment of neuropsychological function that 
included neurocognitive functioning across multiple do-
mains, including memory, language, attention and mental 
status, control, and formal gait/balance and motor skills. 
Of these patients, 105 also received HVLP with pre- and 
postprocedural assessment of functioning to measure 
changes in cognitive and psychomotor abilities. In addi-
tion to a clinical interview, the following tests were ad-
ministered: Mini-Mental State Exam (MMSE); Repeat-
able Battery for the Assessment of Neuropsychological 
Status (RBANS); Wechsler Memory Scale, Third Edition 
(WMS-III); Grooved Pegboard Test; and Graphomo-
tor Sequences. These measures were repeated following 
HVLP procedures. Gait assessment included the time and 
number of steps necessary to walk 10 m as well as the 
time to make two 360° rotations. Improvement in gait was 
determined as a decrease in the amount of time and num-

J Neurosurg  Volume 124 • February 2016 383

Unauthenticated | Downloaded 05/23/23 11:18 PM UTC



i. J. pomeraniec

ber of steps needed. These evaluations were performed 
by a neuropsychologist and, in most instances, an occupa-
tional and/or physical therapist also and were reviewed by 
the senior author. Lumbar punctures were performed in 
the hospital setting in the usual sterile fashion at the L3/4 
or L4/5 interspace with an average of 34.1 ml of CSF re-
moved. CSF pressure was measured before and after fluid 
was removed with the patient in a recumbent position.

operative procedure and sample preparation
The operative procedure for placement of a ventricu-

loperitoneal shunt is well known.1,13,24 Unless contrain-
dicated, patients underwent placement of a right frontal 
ventriculoperitoneal shunt with placement of the perito-
neal catheter through a subxyphoid midline incision. The 
Codman-Hakim programmable valve system was used in 
most procedures with an initial setting of 100–120 mm 
H2O. In more recent patients, the authors have moved to a 
Medtronic Strata programmable valve with an initial set-
ting of 1.0 and Sophysa Polaris SPV-200 programmable 
valves with an initial setting of 110 mm H2O. Patients 
were not stratified in the analysis based on valve sys-
tem. Clinical improvements and adverse effects to these 
programmable settings were observed, recorded, and re-
viewed; pressure adjustments continued to be performed 
until optimal settings were attained for each patient.

The cortical brain biopsy was performed after the dura 
was opened following bur hole creation. A region of cor-
tex was identified free of overlying vessels and a sample 
of cortex approximately 3 × 3 × 5 mm was obtained and 
fixed in neutral buffered formalin.

All specimens, after fixation, were processed into par-
affin blocks and shaved for histological examination. Con-
secutive sections were further examined with H & E stain 
as well as modified silver Bielschowsky stain and immu-
nohistochemical stains for b-amyloid and hyperphorylated 
tau protein. In a few cases, immunohistochemical staining 
for a-synuclein was also performed. A neuropathologist, 
blinded to the presence of any clinical comorbidities or 
shunt outcome, reviewed these biopsy specimens for the 
presence of pathological changes in the cerebral paren-
chyma, such as inflammation, neoplastic process, neuritic 
and diffuse plaques, amyloid angiopathy, neurofibrillary 
tangles, Lewy bodies, and other intracellular inclusions.

Patients who exhibited clinical deterioration following 
initial shunting, and who consented to both shunt interro-
gation and biopsy, were candidates for repeat biopsy.

results
patient demographics and presenting symptoms

Patient demographics are summarized in Table 1. 
Mean age was 75.6 years at presentation (range 43.7–88.4 
years). Of these patients, 27 (19%) were determined to 
have concomitant Alzheimer’s dementia based on histo-
pathological findings at the time of shunting. There was 
no significant difference in distribution of age or sex. At 
presentation, most patients (68%) were between 70–90 
years of age; 2 were between 40–50, 3 were between 50–
60, 30 were between 60–70, 66 were between 70–80, and 
31 were between 80–90.

All 142 patients presented with one or a constellation 
of symptoms consistent with idiopathic NPH, including 
cognitive disturbance, gait difficulties, and urinary incon-
tinence (Table 2). Approximately 82% of the total patients 
exhibited the full triad of symptoms, 92% exhibited some 
form of memory disturbance (by subjective report and 
confirmed by testing), 87% presented with urinary distur-
bance, and 98% experienced gait difficulty. There was no 
significant difference in these symptoms between groups 
(p = 0.6903, 0.7492, and 0.4715, respectively). Interest-
ingly, 10/115 (9%) patients in the NPH group and 1/27 
(4%) patient in the NPH+AD group presented without any 
memory disturbance, though this was not a significant dif-
ference (p = 0.6903). Gait imbalance, either alone or in 
combination with other symptoms, was the most common 
presenting feature at presentation.

high-volume lumbar puncture
A total of 105 patients (83 with NPH, 22 with NPH+AD) 

underwent HVLP before shunt placement. Overall, 80 of 
105 patients experienced some form of relief in symptoms 
(59%)experienced improvement in gait and 37% experi-
enced improvement in cognition). More patients experi-
enced improvement in gait and/or cognition in the NPH 
group than in the NPH+AD group, though this was not sta-
tistically significant (64% improved gait in the NPH versus 
41% in the NPH+AD group, p = 0.2326 and 40% improved 
cognition in the NPH versus 27% in the NPH+AD group, p 
= 0.3292). A higher proportion of patients with NPH+AD 
experienced any kind of improvement following HVLP 
(77% vs 76% in the NPH group), though this difference 
was not statistically significant (p = 1.0000). These results 
are illustrated in Table 3.

There appeared to be a statistically significant correla-
tion between immediate response to HVLP and progres-
sion of symptoms over the course of follow-up. In the 
NPH cohort, 45% of patients experienced improvement in 
symptoms with HVLP and went on to experience reso-
lution or improvement of symptoms versus 18% in the 
NPH+AD cohort. The majority of NPH+AD patients who 
experienced symptomatic relief with HVLP actually went 

table 1. patient demographics

Characteristic
Group

Total p ValueNPH NPH+AD

No. of patients 115 27 142
Age (yrs)
  Mean ± SD 74.6 ± 8.8 76.6 ± 6.6 75.6 ± 7.6 0.2694
  Min  43.7 62.9 43.7
  Max  88.4 87.5 88.4
Male 72 12 84 0.1267
Female 43 15 58
Follow-up months, 

by neurosurgery 
department 

28.0 23.5 27.1 0.1267

Follow-up months, 
any

36.3 27.9 34.7
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on to experience either no change or worsening of symp-
toms (p = 0.0136).

Neuropathology
A total of 159 cortical brain biopsies were performed 

during shunt procedures in 113 individual patients, with 46 
repeat biopsies across 36 individual patients. The aggre-
gate number of biopsies that revealed neuritic plaques was 
78 (49%), neurofibrillary tangles was 19 (12%), and amy-
loid angiopathy was 15 (9%). With regards to individual bi-
opsies, 53% of patients exhibited neuritic plaques, 14% had 
neurofibrillary tangles, and 9% had amyloid angiopathy.

Of the 113 patients who received cortical brain biopsies, 
27 patients were diagnosed with AD based on pathogno-
monic neuropathologic changes along with clinical symp-
toms, suggesting a co-occurrence of 24% with NPH. Only 
one of these biopsies did not reveal neuritic plaques, but 
rather extensive neurofibrillary disease. Alternatively, 60 
patient biopsies revealed the presence of any number of 
neuritic plaques, which might suggest a much higher rate 
(53%). Of the 36 patients who had repeat biopsies, 5 had 
histopathologic evidence suggestive of an AD diagnosis. 
One of the 5 patients (20%) diagnosed with AD on repeat 
biopsy did not have histopathologic changes consistent 
with AD on the original brain biopsy. The breakdown of 
these findings is shown in Table 4.

Compared with patients in the NPH-only cohort, pa-
tients with a diagnosis of concurrent AD on initial biopsy 
exhibited a much higher proportion of neuritic plaques 
(96%, p < 0.0001), neurofibrillary tangles (41%, p < 0.0001), 
and cerebral amyloid angiopathy (30%, p = 0.0001). These 
patients’ biopsies also stained positive on histochemical 
and immunohistochemical stains much more frequently: 
70% were positive for Bielschowsky stain (p = 0.0017), 
93% for β-4-amyloid (p < 0.0001), and 52% for tau (p < 
0.0001). Based on these criteria, 34 of 113 biopsies sug-
gested CERAD Grade A, 19 suggested Grade B, and 7 
suggested Grade C.

outcomes
Clinical symptom outcomes are summarized in Table 

5. Over a mean clinical follow-up of 34.7 months, 70 pa-

tients (49%) experienced either improvement or complete 
resolution of symptoms. All of the 6 patients who experi-
enced complete resolution were diagnosed with only NPH, 
and their ages ranged from 65.4 to 86.5 years (no patients 
with concomitant AD exhibited such a drastic improve-
ment in symptoms). Of the 115 patients with NPH only, 
62 (54%) experienced improvement or complete resolu-
tion of symptoms, which was significantly different from 
8 (30%) of the 27 patients with NPH+AD (p = 0.0317). In 
the NPH-only group, 16 (14%) patients had a progression 
of presenting symptoms, whereas 6 (22%) patients in the 
AD group had worsening of symptoms, though this differ-
ence was not statistically significant (p = 0.3732). Of note, 
17 (15%) patients with NPH and 2 (7%) with AD died over 
the course of follow-up.

Patients with a histopathological diagnosis of concur-
rent AD can be further subclassified by relative density 
of neuritic plaques into CERAD Grades A, B, or C11,12 
as follows: CERAD Grade A (sparse, low probability of 
AD), CERAD Grade B (intermediate, medium probability 
of AD), or CERAD Grade C (frequent, high probability 
of AD). Of the 26 patients in the NPH+AD cohort with 
identifiable neuritic plaques on cortical biopsy (1 patient 
biopsy did not show plaques but rather extensive neuro-
fibrillary tangles and tau deposition), 10 were found to 
have sparse plaques (CERAD Grade A), 12 intermedi-

table 2. clinical presentations of 142 symptomatic patients 
with Nph and concurrent ad*

Characteristic
Group

p ValueNPH NPH+AD

Memory 105 (91) 26 (96) 0.6903
Urinary 101 (88) 23 (85) 0.7492
Gait 113 (98) 26 (96) 0.4715
Memory only 1 (1) 1 (4)
Urinary only 0 (0) 0 (0)
Gait only 3 (3) 1 (4)
Memory + urinary 1 (1) 0 (0)
Memory + gait 10 (9) 2 (7)
Urinary + gait 7 (6) 0 (0)
Memory + urinary + gait 93 (81) 23 (85)

*  Data are shown as number and percentage (%) unless otherwise indicated.

table 3. high-volume lumbar puncture results and correlation 
to outcomes following shunt placement in both the Nph and 
Nph+ad groups

Factor
Group¶ p 

Value**NPH NPH+AD

Patients receiving HVLP 83 (72) 22 (82)
Mean age at HVLP, yrs 76.0  76.6
Gait improvement following 

HVLP
53 (64) 9 (41) 0.2326

Cognition improvement following 
HVLP

33 (40) 6 (27) 0.3292

Any improvement following 
HVLP

63 (76) 17 (77) 1.0000

No improvement following HVLP 20 (24) 5 (23)
Positive HVLP results and posi-

tive shunt results*
37 (45) 4 (18) 0.0136

Positive HVLP results and nega-
tive shunt results†

26 (31) 13 (59)

Negative HVLP results and posi-
tive shunt results‡

10 (12) 1 (5) 0.3406

Negative HVLP results and 
negative shunt results§

10 (12) 4 (18)

*  Patients who showed post-HVLP improvement in symptoms and improve-
ment in symptoms over follow-up.
†  Patients who showed post-HVLP improvement in symptoms but did not 
show improvement in symptoms over follow-up.
‡  Patients who did not show post-HVLP improvement in symptoms but 
showed improvement in symptoms over follow-up. 
§  Patients who did not show post-HVLP improvement in symptoms or im-
provement in symptoms over follow-up.
¶  Data are shown as number and percentage (%) unless otherwise indicated.
**  Boldface value is statistically significant (p ≤ 0.05). 
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ate plaques (CERAD Grade B), and 4 frequent plaques 
(CERAD C), conferring a low, medium, and high prob-
ability of AD, respectively. No patients with concurrent 
AD had complete resolution of symptoms. However, 50% 
of patients with NPH+AD CERAD Grade A classifica-
tion had symptomatic improvement and 25% of patients 
classified as CERAD Grade B had improvement, but none 
of the CERAD Grade C–classified patients had any im-
provement over the course of follow-up, though these dif-
ferences were not statistically significant (CERAD Grade 
A vs B, p = 0.3777; Grade A vs C, p = 0.2208; Grade B vs 
C, p = 0.5286). Table 5 displays the relevant information 
of symptoms observed in follow-up by CERAD category.

In all, 46 repeat biopsies were performed in 36 unique 
patients (28 patients had 1 repeat biopsy, 6 had 2 repeat 
biopsies, and 2 had 3 repeat biopsies). Of all of these re-
peat biopsies, 6 biopsies (13%) suggested histopathological 
changes consistent with AD. These changes were observed 
across 5 unique patients (1 patient had 2 repeat biopsies 
that revealed AD both times). Of the 36 unique patients 
with repeat biopsies, 32 (89%) did not have evidence of 
AD on the initial biopsy and 4 (11%) did have evidence 
of AD on the initial biopsy. One patient who did not have 
evidence of AD on the initial biopsy had AD on the repeat 
biopsy (1/32 = 3%). Of the 5 patients with AD on the re-
peat biopsy, 4 (80%) had initial improvement in symptoms 
following the initial ventriculoperitoneal shunting proce-
dure and 1 (20%) did not experience any improvement fol-
lowing surgery. All of the 4 patients with initial improve-

ment eventually experienced recurrence and worsening of 
symptoms. Notably, one of these patients presented with 
gait instability as the predominant symptom and went on 
to experience worsening urinary incontinence.

discussion
In this study of a cohort of 142 patients who underwent 

CSF shunting procedures for presumed NPH over a 15-
year period, 19% of all patients (and 24% of biopsied pa-
tients) exhibited neuropathologic changes consistent with 
the CERAD criteria for AD.11 This finding appears to be 
consistent with the co-occurrence of NPH-AD reported in 
the literature of approximately 18%–42%, including 75% 
of those with severe dementia.2,5,7,9,16 The prevalence of AD 
pathology in patients with NPH reportedly increases in 
proportion to the severity of dementia.7 More recently, Ca-
bral and colleagues reported 89% of clinically diagnosed 
NPH patients (n = 9) were found to have AD at autopsy.3 
The prevalence of AD pathology in NPH and its variabil-
ity reported in the literature may be partly attributable to 
NPH clinical diagnostic criteria. Cabral’s result suggests 
that, in the patients who will ultimately develop AD, NPH 

TABLE 4. Detailed histopathological findings across groups with 
classification of density of neuritic plaques and positive staining 
on initial biopsies (top) and repeat biopsies (bottom)

Finding
Group§

p Value¶ NPH NPH+AD

Initial biopsy
  No. of initial biopsies 86  27 
  Neuritic plaques 34 (40) 26 (96) <0.0001
  CERAD Grade
  A* 24 (28) 10 (37)
    B† 7 (8) 12 (44)
    C‡ 3 (4) 4 (15)
  Neurofibrillary tangles 5 (6) 11 (41) <0.0001
  Amyloid angiopathy 2 (2) 8 (30) 0.0001
  Bielschowsky + 30 (35) 19 (70) 0.0017
  β-4-amyloid + 32 (37) 25 (93) <0.0001
  Tau + 8 (9) 14 (52) <0.0001
Repeat biopsy
  No. of repeat biopsies 35 11
  Neuritic plaques 7 (20) 11 (100) <0.0001
  Neurofibrillary tangles 1 (3) 2 (18) 0.1377
  Amyloid angiopathy 1 (3) 3 (27) 0.0374

*  Low probability of Alzheimer’s dementia.
†  Medium probability of Alzheimer’s dementia.
‡  High probability of Alzheimer’s dementia.
§  Data are shown as number and percentage (%) unless otherwise indicated.
¶  Boldface values are statistically significant (p ≤ 0.05). 

table 5. symptomatic progression following shunt procedure 
based on presence of concurrent ad and based on density of 
neuritic plaques 

Factor
Group§

p Value¶NPH NPH+AD

Symptomatic progression
  Resolution 6 (5) 0 (0) 0.0317
  Improvement 56 (49) 8 (30)
  No change 32 (28) 10 (37)
  Worsened 16 (14) 6 (22)
  Unknown 5 (4) 3 (11)
  Deceased 17 (15) 2 (7)
Density of neuritic plaques
  Resolved or improved
    CERAD Grade A* 5 (50)
    CERAD Grade B† 3 (25)
    CERAD Grade C‡ 0 (0)
  No change
    CERAD Grade A* 1 (10)
    CERAD Grade B† 7 (58)
    CERAD Grade C‡ 2 (50)
  Worsened
    CERAD Grade A* 3 (30)
    CERAD Grade B† 1 (8)
    CERAD Grade C‡ 1 (25)

*  Low probability of Alzheimer’s dementia; percentages shown as proportion 
of patients with CERAD A (n = 10).
†  Medium probability of Alzheimer’s dementia; percentages shown as propor-
tion of patients with CERAD B (n = 12).
‡  High probability of Alzheimer’s dementia; percentages shown as proportion 
of patients with CERAD C (n = 4).
§  Data are shown as number and percentage (%) unless otherwise indicated. 
¶  Boldface value is statistically significant (p ≤ 0.05).
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is an early clinical indicator. Our results suggest that early 
shunting in patients with progressive AD may improve pa-
tient’s symptoms. Furthermore, shunting in patients with 
later stage AD, as evidenced by CERAD Grades B and C 
pathologic criteria, does not appear to be beneficial.

The clinical characteristics at baseline were largely 
consistent with the constellation of gait, cognitive, and 
urinary disturbances, and no significant differences were 
observed in the clinical presentation of patients with NPH 
or NPH+AD. The prevalence of AD pathology has been 
shown to correlate with cognitive impairment, as mea-
sured by the Global Deterioration Scale (GDS) with 18% 
of patients with a GDS score of 3 and 75% of patients with 
a GDS score 6 and above found to have concurrent AD.7

Detailed histopathological assessment at the time of 
surgery revealed the importance of the presence and den-
sity of neuritic plaques in unearthing concomitant neu-
rodegenerative disease. Neuritic plaques were observed 
in nearly half of all patient biopsies (49%), and patients 
with presumed AD exhibited a statistically significantly 
higher proportion of plaques, neurofibrillary tangles, and 
cerebral amyloid angiopathy (p < 0.0001, p < 0.0001, and 
p = 0.0001, respectively). Looking at these findings with 
higher granularity suggests that the majority of patients 
diagnosed with concurrent AD exhibited sparse to inter-
mediate plaque density (37% CERAD Grade A and 44% 
CERAD Grade B).

One of the more salient findings of the current study 
was the statistically significant difference in shunt respon-
siveness between groups (54% of NPH patients vs 30% of 
NPH+AD, p = 0.0317, Table 5). These patients showed ei-
ther complete resolution of symptoms (all of these patients 
were in the NPH-only cohort) or improvement in symp-
toms to the point of improving activities of daily life. The 
density of plaques (CERAD Grades A, B, and C) seemed 
to be inversely proportional to responsiveness to shunting 
as measured by resolution or improvement in symptoms, 
though these differences were not statistically significant. 
Patients with NPH and concurrent AD would be expected 
to experience progressively worsening symptoms,7,20 but 
shunting procedures may in fact attenuate long-term dis-
ease burden and dampen an otherwise accelerated and ag-
gressive trajectory of decline in neurological function. The 
data indicate that if patients were to undergo cortical brain 
biopsies before committing to CSF shunting, then the pa-
tients in the CERAD Grade B and C subgroups would 
avoid having received unnecessary CSF shunts (12% of all 
NPH CSF shunt placements), while only missing the small 
subgroup of CERAD B patients, which had a positive out-
come (3 patients). 

There is disagreement with regard to the validity of a 
true NPH diagnosis and the long-term benefits of shunting 
versus the risks and complications of surgery.22 Recent lit-
erature has demonstrated the consistently greater success in 
treating the gait disturbance and incontinence of NPH with 
minimal improvement in cognition.3 One theory advanced 
by Silverberg points to the prospect of fixed tissue damage 
and a dementing process with multifactorial origins.18

While an exact pathophysiological link between AD 
and NPH is not known, one explanation might rest on al-
tered CSF dynamics resulting in pathologic accumulation 

of β-amyloid in the brain.6,20 Investigators have also noted 
that NPH as a single entity may be quite rare and that an 
AD-NPH syndrome may manifest as a result of coexist-
ing NPH and AD pathology.4,15,20 Idiopathic NPH seems to 
involve an underlying pathophysiology wide in scope, one 
that ranges from hemodynamic disturbance to major ce-
rebral parenchymal changes. NPH may share pathogenic 
pathways associated with AD, specifically CSF stasis that 
might result in reduced clearance of neurotoxic macromol-
ecules.2 Studies have revealed poor outcomes in terms of 
cognitive improvement after shunt placement in individu-
als with NPH and concomitant AD, perhaps challenging 
the idea that simply restoring proper CSF circulation does 
not wholly reign as a therapeutic option.19 However, our 
data would indicate that if NPH is an early clinical indi-
cator of AD, then the timing of when the CSF shunts are 
placed determines the overall outcome.

The use of HVLP, or lumbar drain trials, to assess the 
usefulness of shunting in patients with NPH symptoms 
is not novel. These data demonstrated that > 75% of the 
patients in both the NPH and NPH+AD groups had im-
provement in symptoms after HVLP. This did not directly 
correlate with clinical outcomes following shunt place-
ment in this series. There was a significant difference in 
improvement after shunting between NPH-only patients 
with improved HVLP results versus the NPH+AD patients 
(45% vs. 18%, p = 0.0136). Unfortunately, the diagnosis of 
AD is a clinical and histological diagnosis that cannot be 
confirmed until a brain biopsy is performed. These data 
provide some insight into why some patients have failed 
outcomes despite positive HVLP results, but these data do 
not improve our ability to screen patients on initial presen-
tation. We have found that having the brain biopsy results 
in further clinic assessments is a valuable tool for discus-
sions with families regarding future shunt interrogations 
when patients experience further cognitive decline. The 
data would support obtaining a cortical brain biopsy prior 
to committing the patient to shunting to improve the likeli-
hood of obtaining improvement in symptoms.

The present study has several strengths, chief among 
them being the number of patients and the longitudinal 
nature of follow-up relative to other retrospective re-
ports in the literature. Comprehensive neuropathologi-
cal, radiographic, and neuropsychological examinations 
were instrumental in confirming prospective diagnoses 
of concurrent NPH and AD. Going forward, longitudinal 
follow-up studies with special emphasis on the presence of 
concomitant neurological conditions in patients with NPH 
will help to further elucidate the potential mechanisms of 
cerebral pathological change underlying these disorders. 
With a richer grasp of the etiological underpinnings of 
these clinical entities, we may further be able to refine 
diagnostic criteria, predict symptomatic progression, and 
accordingly match appropriate surgical and nonsurgical 
therapeutic modalities to patient functioning.

conclusions
A high prevalence of AD neuropathological findings was 

found in patients receiving shunts for NPH (24%), which 
was reflected by neurodegenerative changes consistent with 
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AD on neuropathological biopsies. A significant correlation 
was found between the presence of AD comorbidity and 
shunt outcome, though the density of neuropathological 
features had no significant impact on symptoms over the 
follow-up period. All of the patients who exhibited histo-
pathological changes consistent with AD on repeat biopsy 
had a clinical course ultimately characterized by recur-
rence and worsening of presenting symptoms, though the 
majority of these patients enjoyed initial clinical improve-
ment following ventriculoperitoneal shunting. Obtaining a 
cortical brain biopsy either during primary placement of a 
shunt, or prior to committing to a shunt, provides valuable 
information and correlates with clinical outcomes follow-
ing shunt surgery.
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