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INTRODUCTION

~200) ABSTRACT CQo—

Objective: The role of elevated intraocular pressure in the progression of glaucoma
is well known. The exact mechanisms of intraocular pressure regulation are still un-
clear. Central control has been suggested, but the autonomic pathway through which
it acts is not known. The aim of this study was to investigate if isolated cranial nerve
palsies of the third, fourth and sixth nerves are associated with an intraocular pres-
sure difference between the affected and the unaffected eyes.

Materials and Methods: This was a retrospective study including patients diagnosed
with a third, fourth and sixth nerve palsy at a single tertiary centre. We included only
patients with an isolated unilateral palsy. Patients with a history of strabismus, orbit-
al disease or neurosurgical cases were excluded.

Results: The charts of 1712 patients were reviewed. Third, fourth and sixth nerve pal-
sies were found in 469 patients, 314 patients and 929 patients, respectively. Of all pa-
tients, 190 (10.6%) were eligible for inclusion in the study. A third nerve, fourth nerve
or sixth nerve palsy was present in 85 (44.7%), 65 (34.2%) and 40 (21.1%) patients, re-
spectively. The mean intraocular pressure of the affected eyes and the unaffected eyes
was not statistically significant different: 14.1 + 3.1 mmHg vs. 14.6 + 2.7 mmHg in the
cranial nerve 3 group (p=0.087); 13.6 + 2.6 mmHg vs. 13.7 + 2.3 mmHg in the cra-
nial nerve 4 group (p=0.69); and 14.3 + 2.7 mmHg vs. 14.9 + 3.3 mmHg in the crani-
al nerve 6 group (p=0.089). There was no statistically significant difference between
the mean intraocular pressure differences of the affected and unaffected eyes among
the three groups (p=0.47).

Conclusion: Our study demonstrated no difference in intraocular pressure between
affected and unaffected eyes in patients with an isolated cranial nerve palsy. These
findings are the first and important for ophthalmology practice.
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the “ophthalmotonic consensual reaction” (OCR),

The role of elevated intraocular pressure (IOP) in
the incidence and progression of glaucoma is well
known [1-4]. However, the exact mechanisms of IOP
regulation are still unclear. The effect of extra ocular
muscles’ tone on IOP is not known exactly. Circadian
variations in IOP are associated with human circadi-
an rhythms, which are under the control of the au-
tonomic nervous system [5, 6]. Also, a phenomenon
whereby the change of IOP in one eye leads to a cor-
responding IOP alteration in the contralateral eye,

suggests an involvement of the autonomic nervous
system in the control of IOP. Therefore, the ques-
tion arises which afferent and efferent pathways
and central nervous centres are involved in the reg-
ulation of IOP. The aim of this study was to investi-
gateif isolated cranial nerve (CN) palsies of the third,
fourth and sixth nerves are associated with an IOP
difference between the affected and the unaffect-
ed eye..
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MATERIALS and METHODS

This was a retrospective study including patients di-
agnosed with a third, fourth and sixth nerve palsy
at a single tertiary centre. We included only patients
with an isolated unilateral palsy, in one week after
presentation to ophthalmology clinic. Diagnosis
was confirmed in a neuroophthalmological exam-
ination including visual field testing, ocular motility,
pupil examination and fundus examination. Other
inclusion criteria were existing IOP measurements
at the time of presentation and at least three times
at different daily hours (08.00, 14.00, 18.00), with a
single same technician, best-corrected visual acu-
ity, slit-lamp anterior segment and fundus exam-
ination, and orthoptic status in both eyes. Patients
with a history of strabismus, orbital disease, trau-
ma, trigeminal nerve palsy, optic neuropathy, giant
cell arteritis or neurosurgical cases were excluded
from the study. The following data were collected
for each patient: age, sex, date of presentation, clin-
ical symptoms and ophthalmic history, surgical and
medical management, best-corrected visual acuity
(BCVA) and IOP. Glaucoma patients are controlled
by medications at least for a year. Diabetic patients
who don’t have any neurological symptoms are well
controlled. The statistical analysis was performed
with the JMP 14.0 statistical package (SAS Institute
Inc., Cary, NC, USA). The t test was used to com-
pare continuous variables. The mean difference in
IOP between affected and unaffected eyes for the
three groups was compared using one-way anal-
ysis of variance (ANOVA). A value of p < 0.05 was
considered statistically significant. This study was
approved by the Institutional Review Board of the
University Eye Hospital, Eberhard-Karls University,
Tuebingen, Germany (740/2017B02-10.11.2017). This
study adhered to the tenets of the Declaration of
Helsinki.

RESULTS

The charts of 1712 patients were reviewed. Third,
fourth and sixth nerve palsies were found in 469 pa-
tients, 314 patients and 929 patients, respectively.

Of all patients, 190 (10.6%) were eligible for inclu-
sion in the study. Demographic data of the pa-
tients are presented in Table 1. A third nerve, fourth
nerve or sixth nerve palsy was present in 85 (44.7%),
65 (34.2%) and 40 (21.1%) patients, respectively.
Diabetes mellitus was thought to cause the palsy
in 12.4 % of the eyes in the 3.CN palsy group, 1.5%
of the eyes in the 4.CN palsy group and 20% of the
eyes in the 6.CN palsy group. Systemic hypertension
was reported by 31.9%, 41.5%, and none in the 3.CN,
4.CN and 6.CN palsy groups, respectively.

In all three groups the mean IOP of the affected eyes
was lower than that of the unaffected eyes: 14.1 + 3.1
mmHg vs. 14.6 + 2.7 mmHg in the CN3 Group; 13.6
+ 2.6 mmHg vs. 13.7 = 2.3 mmHg in the CN4 Group;
and 14.3 + 2.7 mmHgvs. 149+ 3.3 mmHg in the CN6
Group. However, the differences were small and not
statistically significant:-0.39 £ 2.1 (95% CI -0.8 - 0.06;
p=0.087); -0.11 £ 2.2 (95% Cl -0.65 — 0.43; p=0.69);
and -0.63 + 2.3 (95% Cl -1.35 — 0.1; p=0.089) for the
CN3, CN4 and CN6 Groups, respectively. There was
no statistically significant difference between the
mean |OP differences of the affected and unaffect-
ed eyes among the three groups (p=0.47).

DISCUSSION

Increased intraocular pressure is considered to be
the most important risk factor for the incidence
and progression of glaucoma [4, 7-9]. An imbal-
ance between aqueous humor secretion in the cil-
iary body (CB) and outflow in the anterior chamber
angle mainly due to increased outflow resistance is
responsible for the increased IOP in glaucoma [10,
11]. However, little is known about the exact mech-
anisms of IOP regulation. Theoretically, IOP can be
influenced by changes in the aqueous humor pro-
duction in the ciliary processes and/or alteration of
the outflow facility involving the trabecular mesh-
work, the Schlemm’s canal, the collector channels
and the episcleral blood vessels. All of these struc-
tures are densely innervated by sympathetic, para-
sympathetic, sensory and intrinsic neurons suggest-
ing a role of the autonomic nervous system in the
regulation of the IOP (Figure 1).
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Table 1. Distribution of AST, ALT, HBV DNA values 1st, 3rd, 6th, 9th and 12th month

Number of Patients
Mean Age (Range)
Right Eye

Left Eye

Females

Males

IOP Affected Eye
IOP Unaffected Eye
BCVA RE (logMAR)
BCVA LE (logMAR)
CDRRE

CDRLE

Glaucoma
Hypertension

Diabetes mellitus

3.CN PALSY

97 (40%)
67.7 +18.8 (13-100)

46 (47.4%)

51 (52.6%)

50 (51.5%)

47 (48.5%)
14.3 3.1 (5-24)
14.7 £ 2.8 (9-24)
0.2+0.4(0-2.3)

0.31£0.61(0-2.3)
0.32+£0.21 (0.1-1)
0.34+0.18 (0.1-1)
10 (10.3%)
29 (31.9%)

12 (12.4%)

4.CN PALSY

65 (27%)
61.9 £ 16.8 (26-96)
37 (56.9%)
28 (43.1%)
30 (46.2%)
35 (53.8%)
13.6 £ 2.6 (8-23)
13.7 £ 2.3 (10-20)
0.04 +0.08 (0-0.3)
0.06 +0.10 (0-0.4)
0.33 £0.15 (0.1-0.8)
0.32+0.14 (0.1-0.8)
5(7.7%)
27 (41.5%)

1 (1.5%)

6.CN PALSY

40 (16%)
65.7 +18.3 (22-101)
24 (60%)
16 (40%)
18 (45%)
22 (55%)

14.3 + 2.7 (8-20)
149 +3.3(8-23)
0.17 £0.39 (0-2.3)
0.19 = 0.50 (0-2.30)
0.39+0.18 (0.2-1)
0.36 £ 0.16 (0.1-0.8)
6 (15%)

0 (0%)

8 (20%)

CN: cranial nerve, BCVA: best corrected visual acuity, IOP: intraocular pressure, CDR: cup disc ratio, RE: right eye, LE: left eye

Regulation of IOP

Aqueous humor formation Aqueous humor outflow
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Figure 1. A schematic diagram showing the autonomicinnervation of intraocular structures possibly involved in the IOP regulation.
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CG- Ciliary ganglion; EW- Edinger-Westphal nu-
ILM- PPG-
Pterygopalatine ganglion; SCG- Superior cervi-

cleus; Intermediolateral nucleus;
cal ganglion; SSN- Superior salivatory nucleus; TG-

Trigeminal ganglion; TN- Trigeminal nucleus

Agueous Humor Secretion

A detailed review of the autonomic control of the
IOP has been presented by McDougal and Gamlin
[5]. Briefly, the ciliary body vasculature receives
parasympathetic innervation along the facial nerve
by fibers arising from cholinergic, postganglion-
ic neurons in the pterygopalatine ganglion. It has
been suggested that decreased parasympathet-
ic innervation might be expected to reduce blood
flow in the ciliary body and aqueous humor produc-
tion, and hence reduce IOP. In accordance to the lat-
ter, Ruskell et al. demonstrated a long-lasting reduc-
tion in IOP in monkeys after the removal of the pter-
ygopalatine ganglion [12]. Sympathetic innervation
of the ciliary body vasculature is provided by fibers
that arise from noradrenergic postganglionic neu-
rons in the superior cervical ganglion [13]. Increased
sympathetic innervation results in decreased ciliary
body blood flow with a consequent reduction of
aqueous humor secretion and decrease in IOP [14-
16]. Also, the trigeminal nerve provides innervation
of ciliary body blood vessels. Its stimulation caus-
es increased blood flow in the ciliary body and sig-
nificantly increased IOP [17]. Additionally, non-pig-
mented epithelial cells in the ciliary epithelium pos-
sess adrenergic and muscarinic receptors suggest-
ing a possible direct control of the autonomic ner-
vous system on the secretion of aqueous humor [18,
19].

Outflow Facility

A major part of the aqueous humor leaves the eye
via the conventional route in the anterior chamber
angle. Accommodation or stimulation of the third
cranial nerve causes a contraction of the ciliary mus-
cle which is followed by changes in the trabecular
meshwork and possibly dilation of Schlemm’s ca-
nal leading to a decreased outflow resistance [20].
Also, studies have shown sympathetic, parasympa-
thetic and sensitive innervation of the trabecular

meshwork and scleral spur region [21-23].

The episcleral veins are another important part of
the outflow system of the eye. They are innervat-
ed by sympathetic, parasympathetic and trigemi-
nal nerve fibres [24]. It has been suggested that the
episcleral circulation is under tonic neural control
that is either arterial (vasodilatory) or venous (vaso-
constrictor) [25].

Taken together the above findings suggest a possi-
ble role of the third, fifth and seventh cranial nerves
in the control of IOP. The fourth and the sixth cranial
nerves are not involved in the autonomic control of
the eye. Consequently, we did not expect to find a
difference in IOP between affected and unaffected
eyes in patients with unilateral isolated fourth and
sixth cranial nerve palsy. The third cranial nerve s in-
volved in the autonomic regulation of the sphincter
pupillae and the ciliary muscle and, at least theoret-
ically, in the neural control of IOP. However, we did
not find any difference between the IOP of the af-
fected and unaffected eyes in patients with an iso-
lated third cranial nerve palsy. There are several pos-
sible explanations for these results. Firstly, due to
the retrospective nature of our study only ten per-
cent of the patients were eligible for inclusion main-
ly because of missing IOP measurements in one or
both eyes at the time of presentation in the major-
ity of cases. Secondly, there is no data concerning
the latency between a triggering event causing a
change in the IOP homeostasis and the response of
the regulatory mechanisms to that change. A baro-
reflex-type of response could be expected to oc-
cur within seconds similarly to the baroreflex deal-
ing with postural hypotension. However, slowly de-
veloping and long-lasting adaptive changes are also
possible. Consequently, even if a third cranial nerve
palsy is immediately followed by a change of IOP in
the affected eye, it is possible that homeostasis is
re-established after some time. Since we measured
IOP at the time of presentation, which could have
been days or even weeks after occurrence of the pal-
sy, we might have simply missed the time at which
an IOP difference between the affected and unaf-
fected eyes would have been present. Consistent
with that possibility, studies on the ophthalmotonic
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consensual reaction (OCR) suggest, that changes in
IOP might be better observed shortly after a trigger-
ing event than after weeks or months [26, 27].

Finally, the exact location or even the existence of a
central control of IOP is still unclear. Some early stud-
ies in the 1950s and 1960s suggested a diencephal-
ic control of the IOP in cats [28-30]. However, elec-
trical stimulation of the diencephalon caused con-
current changes in arterial mean pressure as well
and their findings were not broadly accepted. More
recently, the role of dorsomedial and perifornical
hypothalamus in the control of IOP has been pro-
posed [31]. However, it is not clear through which
autonomic pathway it acts. It has been shown that
stimulation of the Edinger-Westphal nucleus can re-
sult in increased IOP in cats suggesting the involve-
ment of the third cranial nerve in this process [32].
The exact mechanisms are, however, still unknown
and may include increased extraocular muscle tone

or increased intraocular blood flow. Other stud-
ies have reported that electrical stimulation of the
superior salivatory nucleus significantly increases
both episcleral venous pressure and IOP, suggesting
a role of the seventh cranial nerve in the regulation
of IOP [33].

In conclusion, our study demonstrated no differ-
ence in IOP between affected and unaffected eyes
in patients with isolated third, fourth or sixth cranial
nerve palsy. This is the first study about cranial nerve
palsies and intraocular pressure. More research is
needed into the central control of IOP and the exact
mechanisms through which IOP is regulated.
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