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INTRODUCTION
According to the trans-lamina cribrosa (Fig. 1) gradient hypothesis,
intracranial hypotension and intracranial hypertension are risk and
protective factors, respectively, for normal tension glaucoma
(NTG) [1]. This prediction was tested in patients with normal
pressure hydrocephalus (NPH) who received CSF shunting (CSFs)
to reduce their intracranial pressure (ICP) [2]. We previously
reported on 22 of such patients who had been evaluated for NTG
in 2016. By that time, nine patients (41%) had developed NTG,
while 13 had not (Supplementary Fig. 1) [2]. Here we report the
extended follow-up to monitor the possible occurrence of NTG
among the patients of our initial cohort who were still free from
NTG.

MATERIALS AND METHODS
In this retro-prospective study (IRB approval OSS.16.253), patients were
invited to attend ophthalmic evaluation [2]. Incidence of NTG and life
status were recorded during a follow-up extended up to December 31st,
2019. We used Kaplan-Meier survival curves (with follow-up time defined
as the time from CSFs until NTG diagnosis, i.e., “exposure period”, death, or
loss to follow-up, whichever came first) to describe the occurrence of NTG.
We applied the log-rank test to identify risk and protective factors of NTG
occurrence.

RESULTS
Results are summarized in the supplemental flow chart (Supple-
mentary Fig. 1). Three patients died (one in the NGT group and
two in non-NGT group), while seven patients (two NTG and five
non-NTG) deteriorated cognitively (thus preventing their evalua-
tion) during the extended follow-up. Two of the six non-NTG
patients that could be re-evaluated developed NTG (Table 1) after
28 and 32 months from the original visit (9.5 and 4.0 years from
CSFs, respectively) raising the number of patients with documen-
ted NTG to eleven (50% of the total cohort). Four patients were
still NTG free. However, ganglion cell complex thickness, mean
deviation and pattern standard deviation values, showed sig-
nificant deterioration (Table 1).

Fig. 1 The optic nerve at the lamina cribrosa level. Artistic
drawing by Vinicio Valente, neurosurgeon at the “Annunziata”
Hospital, Cosenza, Italy, illustrating a section of the optic nerve at
the lamina cribrosa level, which forms the anatomical floor of the
optic nerve head and separates the intraocular and intracranial
pressure compartments. Lowering of intracranial pressure, by
cerebrospinal fluid shunting in idiopathic normal pressure hydro-
cephalus may increase the pressure gradient across the lamina
cribrosa leading to glaucomatous damage.
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DISCUSSION
NTG occurred at an approximately steady rate suggesting that it
may be a common fate among shunted NPH patients. Particularly,
survival analysis suggested that three quarters of such patients
will be diagnosed with NTG within approximately 10 years from
CSFs, assuming they survive long enough. In addition, four of 11
non-NTG patients experienced a worsening of their ophthalmo-
logical parameters that may suggest a possible future diagnosis of
NTG. The occurrence of NTG could not be evaluated among the
other seven patients who were non-NTG at the previous follow-up.
Therefore, the already high prevalence of NTG in our series is likely
to be underestimated.
We substantiated the trans-lamina cribrosa gradient hypothesis,

overcoming the limit of the previous study2 and demonstrating
that NTG occurred after CSFs indeed. NTG risk was not associated
with the extent of ICP decrease. This may occur simply because
the latter did not have sufficient variability to achieve statistical
significance in this relatively small-sized population. We showed
the relevance of “exposure period” in NTG occurrence and
confirmed that a longer “protection period” could protect patients
from developing NTG. A slightly enhanced ICP might make the
optic nerve, habituated for a long time to a minor translaminar
gradient, highly susceptible to barometric changes.
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