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Summary: The aim of this study was to evaluate retrospectively the long-term success of trans-pars plana vitrectomy as a surgical treatment for
equine recurrent uveitis (ERU). The focus was on postoperative recurrences of bouts of uveitis, unexpected development of cataracts or retinal
detachments in eyes with early stages of ERU at the time of surgery, and the long-term preservation of the globe and vision. A total of 2158
vitrectomies were performed at the LMU Clinic for Horses from January 1997 to September 2015. Between April 2015 and August 2016, 654
of the vitrectomised eyes of 549 horses were followed up. The ophthalmological findings were evaluated either in a follow-up examination
(105 eyes of 90 horses) or by telephone interviews with attending veterinarians and horse owners (549 eyes of 459 horses). The mean time of
the follow-up examination was 7.7 years after vitrectomy (0.5 years up to 18 years). A recurrence of ERU was prevented in a total of 96.3% of
the eyes that underwent vitrectomy. Recurrence of ERU was prevented in 97.1% of all eyes tested positive for an intraocular leptospiral infection
at the time of surgery. The long-term preservation of vision succeeded in 413/549 eyes (75.2%, information given by attending veterinarians
and horse owners) and 85/105 eyes (81 %, follow-up examinations by one of the authors), respectively. The long-term preservation of the
globe was successful in 617 of the 654 operated eyes (94.3 %) regardless of the postoperative recurrence of uveitis and preservation of vision.
Thus, the current study demonstrates that pars plana vitrectomy is an extremely successful surgical treatment of Leptospira-associated ERU that
has long-term success in stopping the ERU-related progressing destruction of the eye, keeping the eye pain-free and, furthermore, in the case
of early surgical intervention, preventing blindness. Cessation of uveitis and the prognosis for the long-term preservation of vision could best
be achieved by surgical intervention at an early stage of the disease.
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Introduction

Equine recurrent uveitis (ERU) is considered the most com-
mon type of endogenous uveitis in horses and regarded as the
most common equine eye disease (Miller and Whitley 1987,
Schwink 1992, Gerhards and Wollanke 2001). lts prevalence
varies widely depending on the geographic region. In Cen-
tral Europe, it occurs in around 8-10% of the horse popula-
tion (Kémdr and Szutter 1968, Szemes and Gerhards 2000),
whereas the ERU prevalence in the United States is reported
to be between 1 and 25% (Witmer 1954, Mclaughlin et al.
1992, Schwink 1992, Dwyer et al. 1995, Gilger and Micheau
2004, Gilger and Deeg 2011).

Equine recurrent uveitis is a sero-fibrinous inflammation of
all parts of the uvea occurring in one or both eyes with the
involvement of the adjacent eye structures. It is characterised
by recurring episodes of intraocular inflammation, which lead
to the progressive destruction of intraocular structures and, ul-
timately, to atrophy and blindness of the diseased eye (Dwyer
et al. 1995, Gerhards and Wollanke 2001).
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Until the late 20™ century, signs of ERU could only be sup-
pressed by means of conservative medical therapy or by enu-
cleation. Despite vigorous topical and systemic treatment, the
disease continued to progress ultimately resulting in globe
destruction and blindness in most cases (Werry and Gerhards
1991, Schwink 1992, Frihauf et al. 1998, Gilger and Mi-
chau 2004, Gerhards and Wollanke 2006). Vitrectomy has
been performed for a broad spectrum of diseases in human
medicine for decades (Diamond and Kaplan 1978, 1979,
Klsti 1981, Werry and Honegger 1987, Verbraeken 1996).
After inserting a vitrectomy cutter into the vitreous chamber
via the pars plana ciliaris, the vitreous body is cut into small
pieces. This makes aspiration of the vitreous body, inflamma-
tory products and cells through the lumen of the thin surgical
instrument possible (Kléti 1981). Vitrectomy was later found
to be a valuable method in both the diagnostic and thera-
peutic evaluation of chronic uveitis, and has been reported
to reduce recurrences of chronic uveitis in humans (Diamond
and Kaplan 1978, 1979, Klsti 1981, Werry and Honegger
1987, Verbraeken 1996). Inspired by vitreous surgeries in hu-
mans, Werry and Gerhards performed the first vitrectomies in
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horses in 1989. During the early years, improved vision and
a decrease of the uveitis episodes was observed (Werry and
Gerhards 1991, 1992). As a result, the pars plana vitrectomy
(PPV) was introduced as a surgical therapy for ERU in Germa-
ny (Gerhards et al. 1998, Gerhards et al. 1999).

A substantial amount of fresh intraocular material from eyes in
florid uveitis-stages became available by routine vitrectomies
after the establishment of this surgical technique. Intraocular
leptospiral bacteria were routinely detected in the material anal-
ysed, which led to the identification of an intraocular leptospiral
infection as the main cause of ERU in Central Europe (Brem et
al. 1998, Wollanke et al. 1998a, Wollanke et al. 1998b, Brem
etal. 1999, Wollanke et al. 2001, Niedermaier 2002, Wollan-
ke 2002, Hartskeerl et al. 2004, Wollanke et al. 2004, Nieder-
maier et al. 2006, Brandes et al. 2007, Baake et al. 2016,
Voelter et al. 2020). It has been determined that both aqueous
and vitreous humours are suitable for testing for an intraocular
leptospiral infection (Babudieri 1961, Brem et al. 1999, Faber
et al. 2000, Wollanke 2002, Gesell 2004, Hartskeerl et al.
2004, Niedermaier et al. 2006, Brandes et al. 2007, Roczek
2008, Loibl 2009, Baake et al. 2016, Dorrego-Keiter et al.
2016, OIE 2018, Voelter et al. 2020). The microscopic agglu-
tination test (MAT) is the method of choice among serological
tests (Bernard 1993, Farr 1995, OIE 2018). The enzyme-linked
immunosorbent assay (ELISA) is also available for serological
testing as a highly sensitive and objective diagnostic method
(Loibl 2009, Loibl et al. 2018, Wollanke et al. 2018). Lepto-
spira spp. can also be cultivated from vitreous humour, but the
polymerase chain reaction (PCR) is the method of choice for a
reliable and fast direct pathogen detection (Faber et al. 2000).

The success of vitrectomy is due to the elimination of the in-
traocular leptospiral infection by removing the vitreous body
which is considered the nidus for the persisting leptospiral in-
fection (Wollanke et al. 2004, Ackermann 2021). Intraocular
immunosuppressive mechanisms may prevent an effective elim-
ination of infraocular pathogens by the immune system (Wol-
lanke 2002, Geifiler 2021). Therefore, leptospiral bacteria can
persist for years in the vitreous body, which is regarded as an
“immunological niche” (Farr 1995, Wollanke 2002, Wollanke
et al. 2004). Furthermore, there is proof of intravitreal lepto-
spiral biofilm formation in horses suffering from ERU (Acker-
mann 2021), which explains the clinical disease manifesting
as a chronic intraocular infection leading to recurrent bouts
of intraocular inflammation (Geifiler 2021). It is plausible that
both neutrophil extracellular traps (Fingerhut et al. 2019) and
infraocular amyloid production associated with ERU may con-
tribute to the intraocular biofilm (Linke et al. 2019).

Surgical removal of the vitreous humour and the associated
leptospiral bacteria leads to the elimination of the “immuno-
logical memory” (inflammatory products and immunological
factors) as well as the elimination of the intraocular infec-
tion and improves the circulation of liquid and clearance in
the vitreous chamber after surgery (Ulbig and Kampik 1989).
Removing as much of the vitreous humour and its fibrillary
framework as possible also eliminates the “immunological
niche” of the eye. As a result, a reinfection with Leptospira
spp. seems to become impossible (Kléti 1981, Werry and
Honegger 1987, Verbraeken 1996, Wollanke 2002, Wollan-
ke et al. 2004).
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The results of several studies on the outcome of the vitrectomy
in eyes suffering from ERU indicate a significant advancement
in its treatment (Winterberg and Gerhards 1997, Frihauf et
al. 1998, Gerhards et al. 1998, Gerhards et al. 1999, Wol-
lanke et al. 2004, Von Borstel et al. 2005, Témérdy et al.
2010, Dorrego-Keiter et al. 2017, Schinagl 2017, Baake et
al. 2019, Voelter et al. 2020). The aim of this study was to
analyse the success of the PPV as a surgical therapy of ERU
based on a large number of patients and a long postoperative
period. Regarding the postoperative recurrence of uveitis, the
focus was on possible correlations between a postoperative
relapse and pre-, intra- and postoperative factors, for exam-
ple, anamnestic information, ocular findings or surgery-relat-
ed complications. In addition, the long-term preservation of
both vision and the globe, as well as the occurrence of sec-
ondary diseases were of interest.

Materials and Methods

From January 1997 to September 2015 a total of 2,158 vit-
rectomies have been performed by one surgeon (HG). This
retrospective study was conducted from April 2015 to August
2016. At this time, some of the horses had been sold on,
some horses had died in the meantime for various reasons
and some owners could no longer be contacted. The out-
come of 654 eyes of 549 horses with ERU that underwent
PPV between January 1997 and September 2015 could be
analysed retrospectively.

The selection of the patients for performing PPV had been
based on typical anamnestic information or typical ocular
findings in most cases (83.9%). Vitrectomy was conducted
based on a preoperative paracentesis of the anterior cham-
ber and determining an intraocular leptospiral infection using
aqueous samples in 12.1%, because a preliminary report of
recurrent inflammation was given for these eyes, but neither
history nor ophthalmological findings were clearly giving an
indication for surgery. In the other cases (4%), surgery was
performed to improve the visual acuity (e.g. by removing vit-
reous humour opacities in some cases of glaucoma).

Diagnosis of ERU was based on anamnestic information (at
least two episodes of uveitis) and/or typical signs of chronic
uveitis, such as atrophy of the globe, posterior synechiae, in-
flammatory product deposits on the posterior lens capsule,
cataract formation, inflammatory vitreal floaters, retinal folds
or refinal detachment. A few horses were referred in the acute
stage of uveitis. Typical findings were blepharospasm, epi-
phora, diffuse opacity of the cornea, aqueous flare, fibrin in
the anterior chamber, miosis and diffuse vitreal cloudiness. A
preoperative paracentesis of the anterior chamber was per-
formed in cases of no clear ophthalmological findings in the
sense of an ERU (in order to exclude phacogenic or tfraumatic
uveitis). The aqueous samples were tested for antibodies di-
rected against leptospires and used for culture and/or PCR.

At least some of the clinical findings in chronic ERU mentioned
above had to be present, the eye must have suffered at least
two episodes of uveitis or an intraocular leptospiral infection
needed to be proven to justify the indication for vitrectomy.
Blindness (by cataract or refinal detachment) was not consid-
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ered a clear contraindication for surgery. Thus, at the request of
some owners, vitrectomy was performed in these eyes in order
to prevent further episodes of uveitis and to preserve the globe
for cosmetic reasons. Surgical treatment was not recommend-
ed in cases of distinct atrophia bulbi or secondary glaucoma.

Medical records were examined to determine sex, age and
breed of the horses as well as the history (duration of disease,
number of preoperative uveitis episodes), pre- and postop-
erative ocular findings (vision, synechiae, findings on lens,
vitreous humour and retina, globe size), results of laboratory
testing for an infraocular leptospiral infection and infra- and
postoperative complications. Sterile and undiluted vitreous hu-
mour samples were taken at the beginning of the vitrectomy
in order to test them for a leptospiral infection. The laboratory
tests applied included both serological methods (MAT and/or
ELISA) and direct pathogen detection (culture and/or PCR). An
intraocular leptospiral infection was regarded as proven if af
least one of these tests was positive. The MAT was considered
positive with titres of > 1:100, because in ophthalmologically
healthy eyes MAT-results are negative in 99,4 % (Gesell 2004).

The preoperative treatment of the patients started at least three
days before surgery and included topical dexamethasone in com-
bination with antibiotics two or three times daily, and eye drops
or ointments containing atropine at least twice daily to induce
a stable mydriasis, as well as systemic nonsteroidal anti-inflam-
matory drugs (NSAID). Surgery was performed exclusively in the
quiescent intervals of the disease. The optical media should be
as transparent as possible for transpupillary visualisation of the
vitrectomy cutter during the surgery. Horses were sedated in the
same way as for any other surgery with xylazine hydrochloride,
levomethadone hydrochloride and fenpipramide hydrochloride.
General anaesthesia was induced with ketamine and guaifen-
esin and maintained with isoflurane in all horses. Anaesthesia
was considered deep enough when the palpebral reflex and a
stronger nasal rotation of the globe were absent. No additional
nerve blocks or topical anaesthetic eye drops were utilized.

The surgery was performed in lateral recumbency, with the
affected eye uppermost. If posterior synechia and miosis pre-
vented sufficient visualisation of the vitreous chamber, syn-
echiolysis using hyaluronic acid or BSS solution was performed
immediately prior to PPV. All cases of PPV were performed ex-
actly as described previously (Gerhards and Wollanke 2005).
Postoperative treatment consisted of topical dexamethasone
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ointment in combination with antibiotics for ten days after sur-
gery, and topical atropine was administered once or twice
daily for one to three days after surgery, depending on the
size of the pupil. In cases with significant enough posterior
synechia to warrant preoperative synechiolysis, atropine was
applied twice daily for the same length of time that topical
corticosteroid ointments were used. The horses were dis-
charged from the clinic about five days after vitrectomy when
the postoperative course was uneventful.

A total of 105 eyes of 90 horses were analysed in a follow-up
examination by one of the authors (CS). In addition, horse
owners and attending veterinarians were contacted by tele-
phone to determine the long-term outcome of 549 eyes of
459 horses. The results of both follow-up exams and surveys
were analysed separately by the same method.

For the ophthalmological follow-up examinations vision was
assessed according to the horse’s response to menace re-
sponses, dazzle and the direct and indirect pupillary reflexes.
Additionally, the behaviour and the head and neck position
of the horses were assessed. Following the inspection of the
periocular and external ocular structures, including the eyelids,
conjunctiva and sclera, a detailed ophthalmic examination was
performed. Cornea, anterior chamber, iris and the anterior
surface of the lens were examined using a focal light source.
Following pharmacological mydriasis with tropicamide, a com-
plete examination of the structures of the inner eye was per-
formed using a direct ophthalmoscope. Subsequently, the in-
traocular pressure was measured by an applanation fonometer
(Tono-Pen VETTM). A trans-palpebral ultrasound examination
(7.5 MHz linear ultrasound probe) was performed to visualise
the intraocular structures in cases where the posterior segment
could not be completely examined due to substantial intraocu-
lar opacifications of the light refracting ocular media.

Before the inferviews, a questionnaire was prepared, which allowed
systfematic questioning during each phone call. Key issues includ-
ed questions about recurrence, assessment of vision and long-term
complications (cataract, lens displacements, retinal defachment
and glaucoma). Owners provided sufficient specific and credible
information on 654 eyes of 549 horses. If the owner provided in-
formation about the condition of the lens or the retina, or about
secondary diseases, such as glaucoma, this information originated
from the attending veterinarians. Information determined from the
medical records of the respective patients was compared with that
obtained by interviews and follow-up examinations (recurrence of
uveitis, vision, secondary diseases or enucleation).

Quantitative parameters were described using average and
standard deviation. Data were checked for dependency in
pairs using the chi square test, Fisher’s exact test and Kruskal
Wallis test. P values of <0.05 were considered to indicate
statistical significance.

Results

Indication for performing PPV was based on typical anam-
nestic information and/or typical ocular findings in 83.9% of
the eyes. In 12.1% of the eyes, in which neither history nor

ophthalmological findings were clearly giving an indication
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for surgery, vitrectomy was conducted based on preoperative
paracentesis of the anterior chamber and determining an in-
traocular leptospiral infection using the aqueous humour sam-
ple. Surgery was performed in 4 % either fo improve the visual
acuity (e.g. vitreous humour opacities in some cases of glau-
coma or leopard-pattern associated uveitis) or at the owner'’s
request, for example, to preserve an already blind eye.

Information about the duration of disease before vitrectomy
was available in 480 out of 654 eyes. The average period be-
tween the first known episode of uveitis and surgery was about
11 months (from 6 days up to 13.7 years). Information about
the number of preoperative uveitis attacks could be deter-
mined in 524 eyes, with the most frequent number being two
episodes (Figure 1). A total of 521 out of 654 eyes (78.3 %)
were referred in the chronic stage of uveitis and showed more
or less irreversible damage before vitrectomy (Table 1).

The mean age of the patients at the time of surgery was 7.7 years
(range 1 to 25 years). Of the 549 horses analysed in the study,
275 were geldings, 231 were mares and 43 were stallions.
Warmbloods constituted the most common breed with 317 horses
(58 %) followed by Icelandic horses (11 %) which were the second
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most common breed with ERU presenting to the Equine Clinic of
the University of Munich. A total of 81 % of the horses in this study
underwent vitrectomy in one eye and 19% in both eyes. There was
an even distribution of globe laterality left (52 %) and right (48 %)
eyes within the group of horses undergoing unilateral PPV.

Testing of intraocular fluid samples for leptospires was per-
formed in 628 of the 654 operated eyes (96%). A total of
81.5% of the eyes examined tested positive for Leptospira spp.
using MAT, ELISA, culture and PCR, but not every sample was
examined with all test methods. Agglutinating antibodies di-
rected against L. grippotyphosa was the most common find-
ing. Not all methods of leptospiral diagnostic were initiated in
every case due fo their availability and costs.

Vitrectomy was performed without complications during surgery in
651 of 654 eyes (99.5%). One eye showed extended refinal folds
preoperatively and suffered a retinal detachment during vitrectomy.
Intraocular bleeding occurred in another eye. Haemostasis was
achieved by increasing the hydrostatic pressure and infraocular
blood could be removed during the course of the surgery by in-
tensive lavage of the vitreous chamber. The vitreous chamber was
clear at the time of discharge from the clinic. A temporarily loss of

Table 1

Ocular findings in 654 equine eyes prior to vitrectomy (Cataracta incipiens = insignificant cataract, less than 1/8 of the lens is affec-

ted; Cataracta immatura = incomplete cataract; Cataracta matura = complete cataract) | Augenbefunde der 654 Pferdeaugen vor der Vitrektomie
(Cataracta incipiens = unbedeutende Katarakt, weniger als 1/8 der Linse ist betroffen; Cataracta immatura = unvollsténdige Katarakt; Cataracta matu-

ra = vollsténdige milchige Katarakt

Ocular findings n %
Vision (assessed by menace response and response to light) positive 523 80
delayed 52 8
negative 79 12
Synechiae none 464 70.9
focal posterior synechiae 115 17.6
extensive posterior synechiae 73 11.2
anterior synechiae 2 0.3
Lens transparent 241 36.8
Cataracta incipiens, deposits on the post. lens capsule 355 54.3
Cataracta immature 32 4.9
Cataracta matura 17 2.6
not available 9 1.4
Inflammatory debris within the vitreous no inflammatory debris 168 25.7
slight inflammatory debris 147 22.5
moderate inflammatory debris 186 28.4
high-grade inflammatory debris 125 19.1
not available 28 4.3
Vitreal opacity no vitreal opacity 303 46.3
slight vitreal opacity 96 14.7
moderate vitreal opacity 117 17.9
high-grade vitreal opacity 94 14.4
not available 44 6.7
Retina no pathological findings 500 76.5
retinal folds 59 9.0
retinal detachment 14 2.1
chorioretinal scarring 18 2.8
not available 63 9.6
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intraocular pressure occurred in one eye and increasing the hydro-
static pressure could not prevent a refinal detachment in this case.

Postoperative complications during the hospital stay were mostly
only temporary and without further significance, however, vision
was impaired in a few eyes or even lost (Table 2). Complica-
tions occurred in 16.2% of the eyes and consisted mostly of
some fibrin in the anterior chamber, superficial corneal ulcers
and hyphaema, all of which disappeared under conservative
treatment. An impairment of vision or blindness occurred in nine
eyes. Five of these eyes suffered from postoperative uveitis im-
mediately affer surgery, which could be treated conservatively in
four eyes, whereas a second vitrectomy had to be performed ten
days after the first surgery in one case and the eye finally devel-
oped a retinal detachment. Three eyes showed a high grade of
vitreal opacity after surgery. In two of these eyes, vitrectomy had
to be repeated to clear up the vitreous cavity. Three eyes went
blind due to retinal detachment. One horse suffered a postop-
erative endophthalmitis caused by Staphyloccoccus aureus and
while a second vitrectomy could preserve the globe of this horse,
cataract formation and refinal detachment led to blindness. One
patient showed severe vitreal haemorrhage after surgery, but a
second vitrectomy successfully removed the intraocular blood.
One horse went blind with a lens luxation followed by retinal
detachment and one eye went blind without clinical evidence of
the cause.
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Fig. 2  Period of follow-up of 654 vitrectomized horse eyes (mean
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Uveitis recurrences after vitrectomy

The mean time period between the surgery and the follow-up
examination or survey was 7.7 years (range 6 months to 18
years) (Figure 2). None of the 105 eyes re-examined by CS
showed signs of recurrence of uveitis. One or more postop-
erative relapses of uveitis in 24 of 654 eyes (3.7 %) were re-
ported by attending veterinarians and owners. However, some
horses were referred after vitrectomies because of suspected
recurrent uveitis, but the ophthalmological examination in the
clinic revealed some chronic keratitis, corneal defects, lens
luxations and/or glaucoma instead.

Looking separately at samples from eyes with positive or neg-
ative laboratory results regarding a leptospiral involvement,
recurrences in eyes with a positive laboratory result in at least
one of the tests using intraocular samples (n=512) occurred
in 2.9% eyes, while in eyes from which fluid samples were
tested negative regarding a leptospiral involvement (n = 116),
recurrences were reported in 7.8%. The difference between
those groups was significant (chi square test, p=0.027).

No recurrences were detected in 96.3% of all eyes that un-
derwent PPV and no recurrences of ERU were detected in
97.1% of all eyes from which intraocular samples were tested
positive for a leptospiral infection at the time of surgery. Re-
peat laboratory testing was performed in four eyes from which
fluid samples were tested positive for leptospires at the time of
surgery and that experienced postoperative recurrences. Anti-
bodies against Leptospira spp. were found in all of these eyes,
while leptospiral DNA was detectable in one eye.

Long-ferm preservation of vision

Follow-up examinations by one author (CS) revealed that
81% of 105 eyes examined had normal vision up to 18 years
after vitrectomy (Table 2). Significant cataract formation lead-
ing to blindness had developed in 12.4% of these eyes and
retinal detachment was seen in 6.8 %.

According fo information from the attending veterinarians and
owners, the long-term preservation of vision was successful in

Table 2

wdhrend des Klinikaufenthaltes nach Vitrektomie

Postoperative findings of the 654 equine eyes during the hospital stay after vitrectomy | Postoperative Befunde der 654 Pferdeaugen

n [%] Eyesight at time of discharge from the clinic
No complication 548 83.8 like before surgery or improvement
Fibrin in the anterior chamber 64 9.8 like before surgery
Corneal defect 20 3.1 like before surgery
Hyphaema 7 1.1 like before surgery
Uveitis 5 0.8 4 like before surgery, 1 blind
Retinal detachment 3 0.5 blind
Vitreal cloudiness 3 0.5 1 like before surgery, 1 impaired vision, 1 blind
Endophthalmitis 1 0.2 blind
Lens luxation 1 0.2 blind
Bleeding into the vitreous cavity 1 0.2 like before surgery
Blindness due o unknown cause 1 0.2 blind
Total 654 100 647 (99 %) like before surgery, 1 worse, 6 blind
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75.2% of the operated eyes. In 64.2% of these eyes, vision
was evaluated as unchanged since surgery, while reduced
vision was assumed in 11% (Figure 3). Blindness due to
cataract formation was reported in 15.6% and due to retinal
detachment in 7.5% of the eyes, respectively. The information
on these findings usually came from the aftending veterinarian
and were, therefore, considered to be reliable.

There was a significant correlation between the duration of the
disease before vitrectomy and the long-term development of
blindness: the earlier the vitrectomy was performed, the better
the condition of the eyes at the time of surgery and the better the
prognosis for long-term vision. The duration of disease before
vitrectomy was significantly shorter (median 46 days) in eyes
with long-term transparent lenses than in eyes with long-term
development of mature cataracts (median 244 days) (Kruskal
Wallis test, p=0.004). This, in turn, had a significant influence
on the long-term development of lens changes: in the follow-up
examination, 94.7 % (90 % according to the reports from aftend-
ing veterinarians and owners) of the preoperatively transparent
lenses remained in this condition in the long ferm. Lenses with
advanced damage at the time of surgery developed a mature
cataract in 80% (results of follow-up examinations) and in
73.3% (according to the owner’s reports), respectively. The
correlation between advanced preoperative lens damage and
development of mature cataract after surgery was significant
(chi square test, p<0.001). The development of a cataract
was also associated with preoperative posterior synechiae
(chi square test, p<0.001) and moderate or high-grade in-
flammatory debris within the vitreous humour (chi square fest,
p=0.013).

The condition of the retina at the time of surgery also was a de-
cisive factor: If the retina was attached at the time of vitrectomy,
in 90.9% (follow-up examination) and 94 % (information from
attending veterinarians) of cases, respectively, the retina was
still attached after years. If there were retinal folds at the time of
vitrectomy, retinal detachment was seen or reported postoper-
atively in 11.1% (follow-up examination) and in 22.7% (infor-
mation from attending veterinarians) of the cases, respectively.
Fisher’s exact test revealed a significant correlation between
preoperatively existing retinal folds and postoperative retinal
detachment (p<0.001). In addition, there was a significant
correlation between retinal detachment and the preoperative
occurrence of moderate to high-grade inflammatory debris
within the vitreous humour (chi square test, p=0.001).

Secondary glaucoma was diagnosed in 9.6 % of the 654 op-
erated eyes. In most cases, the increased intraocular pressure
occurred many years after the vitrectomy and was significantly
associated with the occurrence of blindness due to mature
cataracts (chi square test, p=0.005) and lens (sub-) luxation
(chi square test, p<0.001).

Regardless of the postoperative recurrence of uveitis and vi-
sion, the long-term preservation of the globe was successful in
617 of 654 eyes (94.3 %), with 37 eyes requiring removal. The
most common indication for enucleation was the development
of secondary glaucoma (24/654, 3.7 %). Other indications for
enucleation were phthisis bulbi in four eyes, blindness and se-
vere atrophy in two eyes, and a recurrence of bouts of uveitis
in another two eyes.
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Discussion

This study demonstrates the long-term success of the PPV in
ERU. The frequent detection of leptospiral infections in intra-
ocular samples from eyes suffering from ERU corresponds to
the data of other European authors (Brem et al. 1998, Wol-
lanke et al. 1998b, Brem et al. 1999, Wollanke et al. 2000,
Hartskeerl et al. 2004, Wollanke et al. 2004, Niedermaier et
al. 2006, Brandes et al. 2007, Témérdy et al. 2010, Baake et
al. 2016, Dorrego-Keiter et al. 2017, Sauvage et al. 2018).
As published in other studies (Wollanke 2002, Tésmérdy 2009,
Témérdy et al. 2010, Baake et al. 2019, Voelter et al. 2020),
the risk of the recurrence of uveitis after vitrectomy seems to
be lowest if eyes are tested positive for an intraocular leptospi-
ral infection at the time of surgery. Detection of an intraocular
leptospiral infection in uveitic eyes in conjunction with the ab-
sence of uveitis after vitrectomy confirms the great importance
of an intraocular leptospiral infection in the efiopathogenesis
of ERU. All intraocular samples of this study were collected
during the florid stage of infection and in the quiet intervals
between uveitis recurrences. Eyes undergoing PPV are rela-
tively well-preserved at the time of surgery and sampling of
intraocular fluids. If samples are taken from eyes which are
already blind and shrunken, the detection of a leptospiral in-
fection might no longer be possible and this might explain the
different results of some other studies (Malalana et al. 2017).

Some working groups throughout Europe regularly succeeded
in detecting leptospiral antigens and antibodies from the vitre-
ous humour of eyes affected with ERU (Rossi and Kolochine-Er-
ber 1954, Brem et al. 1998, Wollanke et al. 1998b, Brem et
al. 1999, Wollanke 2002, Hartskeerl et al. 2004, Wollanke et
al. 2004, Niedermaier et al. 2006, Brandes et al. 2007, Loibl
2009, Von Borstel et al. 2010, Baake et al. 2016, Loibl et al.
2018, Voelter et al. 2020). Gsell et al. (1946) were the first
to report high intraocular antibody fitres in intraocular fluids
from uveitic horses.

Studies in the United States showed markedly different results:
some authors in North America found no evidence of a Lep-
tospira-associated uveitis in their studies (Pearce et al. 2007,
Gilger et al. 2008). Other US groups succeeded either in es-
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tablishing a link between intraocular leptospiral bacteria and
recurrent uveitis or were even able to successfully detect lep-
tospires in eyes affected with ERU (Dwyer et al. 1995, Faber
et al. 2000, Frellstedt 2009, Polle et al. 2014). Furthermore,
ERU could be induced in ponies by experimental intravenous
injection of pathogenic leptospires. Uveitis was noticed af-
ter a time period of months and years after the bacteraemia
(Williams 1968, 1971). It is possible that geographical and
diagnostic laboratory variations play a major role in these dif-
ferent results. Regarding the results of Polle et al. (2014), an
intraocular leptospiral infection should also be considered as
a significant cause of ERU in some areas of the United States
and vitrectomy should be contemplated.

Those eyes tested negative for leptospiral infection in the pre-
sent study had a much higher risk of suffering from postoper-
ative uveitis. However, a high percentage (92.2%) of all eyes
with no evidence of intraocular leptospiral infection showed
no recurrence of uveitis after vitrectomy.

These results might be due to inadequate laboratory diag-
nostics. False negative laboratory results may occur, especial-
ly if not all methods of Leptospira diagnostics (MAT, ELISA,
culture and PCR) are used. Exclusively MAT was initiated in
some cases in this study. MAT and ELISA are considered highly
specific as antibodies can only be detected in the case of an
intraocular leptospiral infection. Antibodies directed against
leptospires cannot usually be detected in samples of ophthal-
mologically healthy eyes (Wollanke et al. 1998b, Wollanke
et al. 2000, Wollanke et al. 2001, Wollanke 2002, Wollan-
ke et al. 2004, Gesell 2004, Loibl 2009, Loibl et al. 2018,
Wollanke et al. 2018). However, the MAT may lose sensitivity
due to its dependence on living antigens and the subjective
assessment (Thiermann 1984, Levett 2001). The ELISA ap-
pears to be more sensitive as it is often positive in the case of
a negative MAT (Loibl 2009, Loibl et al. 2018, Wollanke et
al. 2018, Geiger 2019). Therefore, if the MAT results with an
intraocular sample are negative, it is recommended to pro-
ceed to an ELISA as a highly sensitive and objective diagnostic
method (Loibl 2009). The PCR is the method of choice for
direct pathogen detection (Levett 2001, Faber et al. 2000,
Roczek 2008, OIE 2018). In most cases, antibodies directed
against leptospires are the most sensitive laboratory test with
intraocular samples for the diagnosis of a leptospiral-induced
uveitis, however, solely culture or solely PCR were positive in
a few cases.

It is recommended to perform all diagnostic tests available in
order to minimise the risk of false negative results. Only the
data available in the patient records could be used in this retro-
spective study. This is considered a weak point of retrospective
studies, as missing information can distort the results. However,
the large sample volume in this study ensures that the results of
testing for correlation between an intraocular leptospiral infec-
tion and postoperative recurrence are meaningful.

False negative test results with samples from equine eyes suf-
fering from ERU might occur and one explanation for these
could be the biofilm formation of the leptospires inside the
vitreous humour, which hides the bacteria from the immune
system and, furthermore, can make the antigen-detection un-

reliable (Ackermann 2021, Geifller 2021).
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Another reason for the rare appearance of postoperative
uveitis in eyes tested negative for an intraocular leptospiral
infection could be that the vitrectomy positively influences a
uveitis caused by another agent. Histologically, an infiltration
of the uvea by immunocompetent lymphocytes, considered to
be “memory cells”, can be found in eyes suffering from uveitis
(Chan et al. 1987, Werry and Gerhards 1991, Frihauf et
al. 1998, Romeike et al. 1998). Immunocompetent material,
such as inflammatory cells, fibrin and inflammatory media-
tors (the “immunological memory”) remains in the vitreous
humour and can be reactivated for months after inflamma-
tion (Werry and Gerhards 1991, Winterberg and Gerhards
1997, Frohauf et al. 1998). This would mean that, regardless
of the primary cause of inflammation, vitrectomy is able to
stop or at least to delay further episodes of ERU by removing
the vitreous humour and, thus, deleting the “immunological
memory”. According to the literature, leptospires are the only
infectious cause of ERU which is regularly detected in affected
eyes (Wollanke et al. 1998a). Nevertheless, it is conceivable
that other antigens, which have not yet been identified, can
also cause a recurrent uveitis.

In addition to focusing on infectious causes, current ophthal-
mological research is also studying the genetic predisposition
for ERU. This includes, among other things, breed predisposi-
tion in horses with leopard-coat colour (Angelos et al. 1988,
Dwyer et al. 1995, Kulbrock et al. 2013, Baumgart 2014,
Baumgart and Gerhards 2014) and an increased risk for
Warmbloods with the specific MHC class | haplotype ELA-A9
(Deeg et al. 2004). Other authors consider ERU as an au-
toimmune-mediated disease caused by any agent (Gilger et
al. 1999, Deeg et al. 2001, Deeg et al. 2002, Deeg et al.
2004, Deeg et al. 2006, Deeg 2008, Gilger et al. 2008,
Gilger 2010, 2015). Therefore, uveitis in horses belongs to
a disease complex and can show variable symptoms and
courses. Different clinical appearances of uveitis may have
various causes, depending on genetic predisposition, breed
predisposition and the respective regional epidemiological
situation regarding leptospiral infections. Furthermore, the
nomenclature, definition of “ERU” and interpretation of some
ocular findings causes misunderstandings and disagreements
regarding the aetiology and the best freatment option of eyes
suffering from uveitis. Alternative treatment options are de-
scribed but have shorter follow-up times, only a few patients
and less success in preventing further bouts of uveitis (Divers
et al. 2008, Gilger et al. 2010, Popp et al. 2013, Waid et al.
2018, Fischer et al. 2019, Voelter et al. 2020).

The present study demonstrates the great success of vitrec-
tomy as a surgical therapy for ERU caused by an intraocu-
lar leptospiral infection. In the course of the operation, the
surgeon removes not only the intraocular infection, but also
the immunocompetent cells, inflammatory mediators and in-
flammatory products, as well as the pathologically changed
vitreous humour with its fibres and, thus, the “immunological
niche” (Klsti 1981, Werry and Honegger 1987, Verbraeken
1996, Wollanke 2002, Wollanke et al. 2004, Geifiler 2021).
In addition, the vitrectomy leads to an improvement of fluid
circulation and, thus, clearance in the vitreous cavity, which
prevents a reinfection by Leptospira spp. (Wollanke et al.
2004). However, ocular antigenic proteins in structures of the
inner eye (lens, retina) are not removed. If uveitis is caused
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by an autoimmune reaction to ocular antigens or if it is a
breed-related uveitis, vitrectomy cannot influence the course
of the disease as effectively as is possible in ERU-eyes with
leptospiral involvement. Therefore, thorough patient selection
is of great importance to ensure the success of PPV.

Regarding the four eyes from which intraocular samples were
refested for an intraocular leptospiral infection because of the
recurrences of uveitis and which again showed positive results,
insufficient removal of the vitreous humour during the first sur-
gery because of impaired intraocular surgical vision due to the
beginning of cataracts or synechiae could be one explanation.
It is possible that the remaining vitreous humour still maintained
the “immunological niche” and, thus, the intraocular leptospiral
persistence, possibly in the form of biofilm formation. This could
have caused ERU postoperatively. In conclusion, vitrectomy must
attempt to remove the vitreous humour as completely as pos-
sible fo prevent postoperative recurrences. One study showed
that antibody titres in the eye decrease steadily after a successful
vitrectomy (Wollanke et al. 2004). The longer the fime span
after surgery, the more marked the decrease of antibody fitres
becomes. One year affer vitrectomy, no leptospiral antibodies
were detectable in aqueous fluid samples using MAT (Wollanke
et al. 2004). In order to ensure the removal of as much vitreous
humour as possible, some factors are decisive: the right surgical
technique (double-port PPV), appropriate instruments adapted
to the size of the equine eye and surgical experience in the field
of vitreous surgery (Winterberg and Gerhards 1997, Gerhards
and Wollanke 2005, Von Borstel et al. 2005).

A correlation between the preoperative course of the disease
and the outcome regarding postoperative recurrence and find-
ings on lens and retina, respectively, could be observed consis-
tently in the present study. Eyes with postoperative recurrence
have suffered more preoperative episodes of uveitis than eyes
without further inflammation. If an increased number of uveitis
attacks leads to the increased damage of the eye affected, this
correlation may be due to more preoperative lesions. Alexander
and Keller (1990) also observed that with each uveitis episode,
permanent damage in the eye increases. Frihauf et al. (1998)
noticed a higher recurrence rate in those eyes which already had
severe intraocular damage preoperatively. This can be due to
the fact that intraocular damage leads to an accumulation of
immunologically active substances, which, in turn, can favour a
recurrence of uveitis. In addition, advanced eye damage, such
as a narrow pupil and lens opacities, can limit the transpupillary
visual field and, thus, make surgery more difficult. This can lead
to an insufficient removal of vitreous humour and, thus, to the
persistence of the leptospiral infection. Regarding both lens and
retinal findings, it was found that eyes which were in a better con-
dition at the time of surgery, had a correspondingly shorter pre-
operative disease duration. This, in turn, also had a positive ef-
fect on the long-term preservation of vision. The more advanced
the infraocular damage before surgery, the worse the prognosis
for vision. Numerous other authors also share this conclusion
(Werry and Gerhards 1991, Winterberg and Gerhards 1997,
Frishauf et al. 1998, Gerhards and Wollanke 2001, 2005, Von
Borstel et al. 2005, Témérdy 2009, Schinagl 2017, Baake et al.
2019). In summary, an early surgical infervention in the course
of the disease can improve the prognosis regarding the postop-
erative recurrence of leptospiral uveitis as well as the prognosis
for preserving vision.
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Conclusions

Results of the present study clearly demonstrate, that recur-
rent attacks of uveitis in equine eyes caused by intraocular
leptospiral infection could be prevented by PPV in 97.1% of
cases. Thus, PPV has proved to be a highly successful surgical
therapy of leptospiral ERU. However, proper patient selection
is essential in order to ensure success. In order to keep false
negative results regarding an intraocular leptospiral infection
as low as possible, preoperative testing of aqueous humour
for a leptospiral infection is recommended by means of MAT,
ELISA and PCR in cases in which no typical findings during
ophthalmologic examination are detectable. The latter might
be the case if only few or mild or very consequently treat-
ed uveitis bouts had occurred. Vitrectomy must remove as
much vitreous humour as possible, thereby eliminating the
“immunological niche” of the vitreous to prevent postopera-
tive recurrences of uveitis. To achieve this, ophthalmo-surgical
experience with equine eyes, optimal surgical technique and
equipment adapted to the equine eye is crucial. Early surgical
intervention in the course of the disease can prevent postop-
erative recurrence and improves the long-term preservation
of vision.
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