
CASE REPORT Open Access

Normal pressure hydrocephalus secondary
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Abstract

Background: Infection with tick borne Borrelia Burgdorferi (Lyme disease) can without treatment rarely develop
into a chronic phase. Secondary Normal Pressure Hydrocephalus (sNPH) based on chronic infection with Borrelia
Burgdorferi (Bb) is an even rarer entity, that with the right treatment is potentially curable.

Case presentation: A 67-year-old male with a slow onset of progressive balance problems, also presented
unspecified dizziness, urge feeling, neck soreness and discrete cognitive complaints. An MRI scan revealed an
enlarged ventricular system compatible with NPH. After further liquor dynamic procedures, cerebrospinal fluid (CSF)
was analysed with the surprising results of lymphocytic pleocytosis, and signs of increased antibody production.
Microbiology revealed chronic neuroborreliosis and the patient was treated with antibiotics accordingly. At the one-
year follow-up no symptoms remained and the ventricular system almost normalized.

Conclusions: We describe the 7th published case of sNPH secondary to chronic Borreliosis in a previous healthy adult.
Existing published literature has been reviewed and previous cases showed similarly nearly full clinical recovery.
Primary/idiopathic NPH (iNPH) is treated with the surgical intervention of ventriculoperitoneal shunt and can be
mistaken for a sNPH. The awareness of rare causes of sNPH like chronic Borreliosis is important as it is easily treated
non surgically.

Keywords: Secondary normal pressure hydrocephalus, Chronic Borreliosis, Normal pressure hydrocephalus, Lyme
disease

Background
The chronic phases of infection with the spirochete Borre-
lia Burgdorferi (Bb), European Lyme disease is character-
ized by involving several organ systems. Involvement of
the nervous system, neuroborreliosis, can develop in un-
treated individuals usually within 2–6 weeks [1], and typic-
ally includes signs of meningeal irritation comprising of
nuchal tenderness, fatigue, nausea and the two cardinal
symptoms: painful meningoradiculitis and peripheral
motor deficits (the clinical part of Bannwarth’s triad [1]).

The rare condition of chronic neuroborreliosis (dur-
ation > 6months) can evolve to a variety of different sub
conditions, normal pressure hydrocephalus (NPH) being
one of them.
In this article we present a rare adult case of NPH in a

prior healthy individual, who turned out to have devel-
oped the clinical and radiological syndrome secondary to
chronic neuroborreliosis. Full recovery was achieved
after antibiotic (AB) treatment.

Case presentation
A 67-year-old male, healthy and with no prior admis-
sions, was seen in autumn of 2009 by his General
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Practitioner (GP). The patient complained of increas-
ing dysfunctional levels based on several different
symptoms, all onset within 3–4 months and progres-
sing slowly. The main complaints included balance
problems (no falls reported), diffuse dizziness (not ro-
tatory or nautical) and urinary urge-incontinence.
During the same period, he had problems concentrat-
ing and with finding words with an increased irritabil-
ity. He complaint of sore muscles of the arms
muscles and around the neck a moderate morning
headache (VAS = 5) and an increasing feeling of ex-
haustion. He had no problems of slow movements,
coordination problems, body stiffness, hallucinations,
lateralized symptoms nor changes of personality. An
MRI scan of the brain without contrast, revealed dila-
tated lateral and third ventricles, normal forth ven-
tricle and sulci. The radiologist concluded a suspicion
of NPH (Fig. 1) based on an Evans index of 0.377 a
(DESH signs). The callosal angle was 117 o and so
not significantly decreased. The patient was referred
to a neurosurgical clinic, who transferred the patient
to a specialized Memory Disorders Clinic for evalu-
ation of possible NPH.

At the first examination here (December 2009) he also
reported fragmented sleep during the night. He reported,
no exposure of tick, insect bite nor rash.

Assessment
pt?>On physical examination the neurologist found nor-
mal vital signs and no fever. No sign of frontal lope dys-
function. No stiffness to the neck and no skin rash. The
neurological examination revealed occasional searching
for words, but normal sentence construction and flu-
ency, normal naming of objects. There was no sign of
dysarthria. Cranial nerves and muscle strength were nor-
mal, but a discrete ataxia in the left arm and leg was
found. The patient had no sign of parkinsonism: no
tremor, had a normal posture and arm swing in gait.
Gait was with slight gait apraxia but with normal speed.
He walked with normal speed, broadened, but with nor-
mal step length and height. Walking on a straight line
caused imbalance. There was a negative test of Romberg.
Tonicity of the lower extremities was moderately in-
creased bilaterally, but the deep reflexes, plantar re-
sponses and clonus were normal. Primary reflexes of
snout and frontal tapping were negative.

Fig. 1 NPH hos case
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On cognitive testing with the Minimal Mental State
Examination (MMSE [2]) and Addenbrooke’s Cognitive
Examination (ACE [3]) he showed mild cognitive im-
pairment (MMSE = 28/30, ACE = 89/100. Affected ani-
mal fluency and s-word fluency.).

Diagnosis and management
The initial laboratory test found marginally elevated C
reactive Protein (CRP) = 11 and sedimentation reaction =
20. Complete blood cell count, electrolytes, liver en-
zymes, albumin, creatinine, lactate dehydrogenate, thy-
roid stimulating hormone, B12, folate and calcium were
normal.
In the workup battery of NPH, a lumbar puncture

(LBP) was performed with a normal opening pressure
(17 mmHg), but a lumbar infusion test (4) with an R-
OUT = 21.2 mmHg/ml/min, being diagnostic for NPH
(> 16mmHg/ml/min).
The CSF showed an increased protein count (93 mg/

dL, [20–40mg/dL]), lymphocytic pleocytosis (118 U/
mm3, 80% lymphocytes) and microscopy with polyform
leucocytes but no microorganisms (especially no crypto-
coccus). Further CSF-analysis showed at first negative
oligoclonal bands, positive Bb IgG with a CSF/serum-ra-
tio = 11.7 and no synthesis of Bb IgM.
In lack of enough CSF and with the surprising pleocy-

tosis, an LBP was repeated 4 days after showing add-
itional increases in protein count (101 mg/dL), more

pronounced pleocytosis (186 U/mm3, 95% lymphocytes)
and now positive oligoclonal bands and an IgG CSF/
blood-ratio of 12.4.
The CSF was cultured for bacteria and fungus showing

neither. Further tests for both HIV (PCR and DNA),
cryptococcus (antibodies), HSV and VZV (PCR and anti-
bodies) and mycobacteria and Tuberculosis (PCR) were
negative. A flowcytometry showed sign of reactive but
not malignant immune response.
Screening for Syphilis and sarcoidosis (S-ACE) tested

negative, and a repeated general laboratory test (a month
later than the first) showed normalized CRP and again
no further abnormality.
The MRI scan of the brain was repeated (4 months

after the first), showing unchanged dilated lateral and
third ventricles (unchanged EI), persistent periventricu-
lar hyperintensity and no post contrast enhancements.
Despite the lack of leptomeningeal enhancement, the

positive intrathecal Bb antibody synthesis and the pro-
longed symptoms gave the diagnosis: chronic neurobor-
relioses, and so indicated AB treatment.
As the patient within a week after the first LBP re-

ported slight decrease in symptoms, he was discharged
with peroral Doxycyclin, 200 mg. × 2 the first day and
hereafter 100 mg. × 2 for 10 days.

Outcome and follow-up
At 3-month follow-up, a control LBP was performed,
with the pleocytosis almost diminished (23 U/mm3, 96%
lymphocytes), decreased protein count (62 mg/dL) but
still showing signs of increased antibody concentrations
with elevated unspecified IgG and positivity for oligoclo-
nal bands.
Subjectively the patient reported no more headache,

balance problems nor urge. The subjective cognitive
problems of concentration and search for words were al-
most gone, yet occasionally muscle soreness remained.
Another 3 months later, the patient reported neck ten-

derness as the only symptom. The repeated LBP proved
further improvement with only slight pleocytosis (11 U/
mm3), normalized protein count (58 mg/dL), decreasing
unspecified Still present oligoclonal bands.
At the 1- year follow-up (after treatment) the patient

was symptom free.
At that point a control LBP showed normal CSF cell

count, normal protein count and decreasing immuno-
globulins: unspecified IgG = 0.110 g/L, IgG-index = 1.76.
An MRI scan was repeated with now almost normal-

ized ventricle size, normal sulci, no periventricular
hyperintensity and still no post contrast enhancement.
MMSE was unchanged (29/30) but the patient per-
formed better in ACE (97/100).
The patient was discharged with no further control.
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Discussion and conclusions
NPH was first recognized in 1965, as a syndrome of
hydrocephalus with normal CSF opening pressure and
with cognitive decline, urinary incontinence and gait dis-
turbance, potentially reversible by neurosurgical proce-
dures [4].
Since 2000 [5] the term secondary NPH in contrast to

idiopathic NPH has been used in the literature, and
while the definition of iNPH previously was “just” the
lack of an explanation [6], later studies [7, 8] have
shown, that both the pathophysiology, the type of expan-
sion of the ventricular system [7], the epidemiological
characteristics [9] and the prognosis after treatment [9]
differs between iNPH and sNPH.
sNPH caused by neuroborreliosis is believed to be trig-

gered in arachnoid granulate in the subarachnoidal
spaces when the chronic infection presents itself in the
form of infiltration of the spirochete, and when inflam-
matory cells and proteins disturb the CSF absorption
[5]. It falls in the same category as NPH by neurosyphilis
[10] and by cryptococcus infection [11]. Infectious sNPH
is believed to develop within a time span from 10 days to
up to 6months after the infection [9].
The first Bb induced sNPH case was described in

1993, published in 1997 [12]. In total there are only eight
published cases [12–19] appearing in the Pubmed data-
base, identified by the systematic combination of the
search words: Lyme, Borrelia, Borreliosis AND Normal
pressure hydrocephalus (also including a non-English ar-
ticles) (Literature search and selection can be seen in
Fig. 2, overview of the articles in Table 1).
As the early phase of NPH can present itself with only

cognitive symptoms, and as NPH can be mistaken for
the radiology of an atrophic, neurodegenerative brain
[20], one could suspect that some of the cases of “Lyme
induced dementia” [21, 22] or “neuropsychiatric symp-
toms of neuroborreliosis” [23] could in fact be patients
having Bb induced sNPH. For these conditions the lit-
erature describes similar chronic meningitis with inflam-
mation and infiltration as the cause and mechanism of
symptoms [5, 24] and this could argument for some de-
gree of diagnostic overlap or misdiagnosis. Furthermore,
NPH is generally considered underdiagnosed.
The international guidelines of iNPH in 2005 [25] and

the Japanese guidelines from 2004 [26] both have the
Evan’s Index (EI) as an obligational criterion for the en-
larged ventricular system, supporting the clinical criteria
of NPH [27]. EI is the ratio of the transverse diameter of
the anterior horns of the lateral ventricles to the greatest
internal diameter of the skull and has a cut-off of ≥0.30.
Imagine features of the callosal angle (CA) of 90° or

less at the level of the posterior commissure [25, 26],
presence of periventricular hyperintensity and deep
white matter intensity (DWMH), low flow void of 3rd or

4th ventricle, z-Evan’s Index (z-EI) ≥0,3, enlarged sylvian
fissure and the narrowing of sulci and subarachnoid
spaces over the high convexity (DESH) are all features
that can increase the probability of iNPH [27].
The CSF dynamic test of (spinal) tap test and lumbar

infusion test (LIT) has been used to both increase the
diagnostic probability of iNPH but also to select the pa-
tient group that will profit from a potential shunt oper-
ation [26].
While the same diagnostic approach has been used for

sNPH for many years, studies from 2017 [7, 8] show that
not only does sNPH affect a younger patient group with
faster progression of symptoms, but the ventricular sys-
tem also expands in a symmetrical and proportional way
with a lower total CSF-volume than iNPH and with di-
minished subarachnoid areas than the healthy controls.
This concludes, that the features of CA, periventricular
hyperintensity, DWMH, z-EI and DESH are less likely to
develop and be present in sNPH than in iNPH, and as
such suggested to be accounted less for in the diagnos-
tics [7].
sNPH as a group is as well as iNPH being treated with

neurosurgical procedure of shunt implantation and in
fact with a better prognosis (75%) for symptom improve-
ment [5].
Table 1 list the characteristics and diagnostics of each

published case based on a review of the literature to date
(see Fig. 2).
Only one of the prior cases reported a tick bite within

a year before symptom debut [13], and the symptom
duration at admission time ranged from approximately
4 months to 1 year.
All had intrathecal synthesis of Bb antibodies either

IgG or IgM with lymphocytic CSF-pleocytosis and ele-
vated CSF-protein (though the latter was not stated in
one case [17]) and so fulfilled the consensus criteria for
neuroborreliosis [28, 29].
All cases reported some degree of progressive gait and

cognitive problems, and all but one [15] presented de-
grees of urinary incontinence.
Objectively all cases had disorientation or word latency

to different degrees with the addition of either broad
based gait or inability to walk in a line. Five out of 9 had
mild to moderate ataxia, one had bradykinesia and rigor,
and one had emotional lability and one presented with
abnormal almost psychotic behaviour. Of diagnostics all
had dilated lateral ventricles, but not all articles specified
the radiology in detail. In one case only was the EI
noted. Two cases (including ours) reported a normal
opening pressure at LBP, while the measurement was
not reported in the rest.
Neither of the prior published cases nor the case pre-

sented in this article were treated with ventricular shunt,
probably because of the clear effect of the AB. All except
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Fig. 2 Flow diagram of literature
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our case was treated with intravenous ceftriaxone 2 g./
day for between 2 and 5 weeks (the general agreement of
treatment of Lyme disease [1]). All were eventually de-
scribed with either full recovery or very limited non-
invalidating remaining symptoms.
In only two cases did the radiological findings (12 and

18months after AB) follow the clinical improvement
with decreased dilatation of the lateral ventricles. In 4
cases, the control scan was unchanged, while 3 cases
didn’t make a control scan.
In conclusion, this article is a rare presentation of

chronic neuroborreliosis in the shape of sNPH, that have
similar clinical presentation and treatment outcome as
the prior 6 published cases. It shows the importance of
early diagnosis and distinction from iNPH, as the cheap
and minimally invasive procedure of LBP can shorten
the symptom duration and completely prevent an un-
necessary surgical intervention.
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