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Abstract

Background: The aim of our study was to assess changes of tear film osmolarity after micro-incision 25G+ pars
plana vitrectomy (PPV) in a prospective study.

Methods: The group consisted of 21 patients (17 women, 4 men) with an average age of 70,52 years [48; 85]. All
patients underwent 25G + PPV surgery due to a disorder of the vitreomacular interface (macular hole or epimacular
membrane). Only patients who did not use artificial tears before the surgery and who had not been diagnosed
with dry eye syndrome at ours or another institution were included in the study. Except cataract surgery, all ocular
surface diseases, intraocular diseases, trauma or surgery were exclusion criterias.
Tear film osmolarity was measured in both eyes in every patient before surgery, 10 days after surgery and 30 days
after surgery. A paired test was used for statistical evaluation.

Results: No statistically significant change in osmolarity was found in the operated eyes (p > 0.05). No statistically
significant changes in time (p > 0.05) were found when both eyes were compared. There were no postoperative
complications or failure to observe the study protocol.

Conclusion: Micro-incision 25G + PPV does not affect the osmolarity of the tear film.
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Search strategy and selection criteria
For the discussion and review, we have searched
PubMed and Web of Science databases for scientific ar-
ticles on the presented topic. As there is a relative dearth
of literature, we used as many published articles with re-
lated terms as possible. Some articles were based on a
very small samples.

Background
The tear film protects the eye surface and takes part in
refraction. Traditionally, it is divided into 3 layers -
aqueous, lipid and mucin [1]. Recently, however, there is
more talk about the muco-aqueous, a single layer

forming a compact gel [1]. Tear film dysfunction is
called dry eye, but the term ocular surface disease is
common.
Ocular surface or dry eye disease is a multi-factorial

disorder of the ocular surface due to loss of balance of
the tear film, and ocular symptoms, in which tear film
instability and hyperosmolarity, ocular surface inflamma-
tion and damage, and neurosensory abnormalities play
etiological roles [2].
The above implies that the tear film’s insufficiency or

instability manifests as hyperosmolarity [3]. Evaluation
of tear film osmolarity is therefore an important examin-
ation in the diagnosis of ocular surface disease. However,
it should be noted that the tear film hyperosmolarity can
also develop in patients with normal measured values. In
addition to this, osmolarity does not correlate very well
with symptoms and objective findings [4].
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Tear film osmolarity reflects the balance between tear
production, evaporation, dissipation and absorption [5].
There are several articles about changes of tear film
osmolarity after various anterior segment surgeries. Our
aim was to find out whether these changes in the tear
film are possible after 25G+ PPV. Even though this type
of surgery is without any doubts for the posterior seg-
ment of the eye, the ports are introduced via the con-
junctiva and there is often at least mild reaction of the
conjunctiva after the surgery. Therefore we would like to
find out whether the 25G+ PPV can induce any changes
in tear film osmolarity.

Tearlab®
TearLab® osmolarity measurements are considered ac-
curate and, according to some publications, a very ob-
jective assessment of the severity of the dry eye [6–9].
Unlike other osmolarity measurement methods, Tear-
Lab® is easy to perform in everyday clinical practice.
It is an osmometer that only needs around 50 nl tears

to measure the tear film osmolarity. The measurement
itself is based on electrical impedance [10]. The examin-
ation is very quick, easy for the patient and staff and easy
to repeat. It is important not to affect the examination
by other factors (dripping drops, other eye examina-
tions). For this reason, it is usually included at the begin-
ning of the examination.

Methods
The aim of the study was to evaluate changes in tear
film osmolarity after 25G + PPV in a narrowly selected
group of patients. The results were then compared with
the available literature on changes in osmolarity after in-
traocular operations.
In this study, patients underwent 25G + PPV. All oper-

ations were performed in a standardized manner such as
sutureless surgery, with minimal cryoretinopexy and
using a gas filling.
25G PPV is considered to be a safe microincision tech-

nique used on the anterior segment of the eye for the
abovementioned reasons. Possible eye changes following
the operation (e.g. intraocular pressure, corneal thick-
ness or other anterior segment changes) are reported as
temporary [11]. Osmolarity examinations were carried
out with the TearLab® instrument on both eyes always
before surgery (on the day of the surgery or the preced-
ing day), then after 10 days (± 2 days) and after 30 days
(± 3 days). The osmolarity was always measured as the
first examination in the morning (7–9 A.M.) after arrival
at the clinic. Only after that the next examination (eg
visus, intraocular pressure ...) were performed, patients
were instructed not to apply any drops at least 2 h before
the examination.

TearLab® examination was performed in every patient in
the same manner. Original TearLab® cartridges were used,
one cartridge for one measurement on one eye. Tear film
sample was collected from the tear film fluid near eyelid
margin as recommended by the manufacturer of the de-
vice. When error was noticed or the sample was not read-
able, the measurement was always immediately repeated
with new original cartridge.
All patients were given the same drops during the

follow-ups. On day 1, all received Dexamethasonum 1
mg/ml and Levofloxacinum hemihydricum 5mg/ml eye
drops by default. Both drops were discontinued accord-
ing to instructions 7 days before the last follow-up. Dur-
ing the study period, patients were instructed not to
apply any artificial tears.
The results were statistically evaluated and then inter-

preted. A paired test was used for statistical evaluation.
For comparison with the available literature, we went
through the PubMED and Web of Science databases. The
searched terms were: tear osmolarity, tearfilm osmolarity,
tear osmolarity surgery, tearfilm osmolarity surgery, intra-
ocular surgery osmolarity and PPV osmolarity. We went
through about 600 records in total, but there was not
much literature on the relationship between osmolarity
and intraocular surgery in indexed journals. All relevant
articles were used in the discussion at the end of the art-
icle. We analyzed the available articles and used important
data from them for our discussion.
The group consisted of 21 patients (17 women, 4 men)

with an average age of 70,52 years [48–85 years, SD
78884]. All patients underwent 25G + PPV surgery due
to a disorder of the vitreomacular interface (macular
hole or epimacular membrane).
Only patients who did not use artificial tears before sur-

gery and who had not been diagnosed with dry eye syn-
drome at ours or another institution were included in the
study. Exclusion criteria were regular active application of
any eye drops (artificial tears, antiglaucomatics, etc.), eye
surgery in the past (with the exception of uncomplicated
cataract surgery, at least 30 days of active eye surface dis-
ease (eg. pinguecula, pterygium, conjunctivitis), an obvious
low patient compliance and any other eye disease that the
investigator believed could affect the results.
Only patients who underwent cataract surgery long

time before enrollment to the study were included in the
study. No patients after cataract surgery who had com-
plications during the surgery or afterwards, or who used
any chronic medication because of the surgery were in-
cluded in the study.
All patients enrolled in the study were indicated for

uncomplicated pars plana vitrectomy (PPV) with a diag-
nosis of the macular hole or epiretinal membrane. Pa-
tients undergoing PPV due to other diagnosis were not
included.
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None of the patients enrolled were a contact lens wearer.

Results
The results are presented in (Tables 1, 2).
The mean osmolarity of the operated eyes before sur-

gery was 299.00 mOsmol / L [280; 324], (SD 11.549), the
mean osmolarity of the non-operated eyes was 303.33
mOsmol / L [283, 33] (SD 15.389).
The mean osmolarity of the operated eyes 10 days after

surgery was 303.86 mOsmol / L [289; 335] (SD 18.180),
the mean osmolarity of the non-operated eyes was
301.90 mOsmol / L [286; 330] (SD 13.160).
The mean osmolarity of the operated eyes 1 month

after the operation was 297.38 mOsmol / L [285; 349]
(SD 16.375), the mean osmolarity of the non-operated
eyes was 299.10 mOsmol / L [276; 332] (SD 13.946).
No statistically significant change in osmolarity was

found in the operated eyes (p > 0.05). The preoperative
vs post-operative changes over time were compared. A
paired test was used for statistical evaluation.
No statistically significant changes in time (p > 0.05)

were found when both eyes were compared. No statisti-
cally significant change in tear osmolarity in the control
eyes was observed between each time point. Figure 1
shows pre- and post-operative changes of tear osmolar-
ity in control eyes vs cases.
There were no postoperative complications or failure

to observe the study protocol.

Discussion
We found no published studies on changes in osmolarity
after PPV. In general, there is a dearth of information on
changes in osmolarity after ophthalmological operations.
Although it is commonly believed that PPV does not
affect the quality of the eye surface, it has been shown
that PPV causes some changes on the surface of the eye-
ball - inter alia, an increase in interleukin concentrations
[12]. In general, surgery can be considered a form of
trauma, which naturally leads to an inflammatory reac-
tion [13]. This suggests that changes to the eye surface
may occur after PPV, although we know that PPV does
not affect the anterior segment in the long term [11].
However, we know from clinical practice that even un-
complicated PPV causes, for example, chemosis and
conjunctival hyperaemia. These factors may lead to the
assumption that osmolarity may change after PPV.

There are reports that evaluate changes in osmolarity
after cataract surgery. The conclusions of these studies vary.
Some describe a short-term increase in osmolarity after
cataract surgery [14]. However, others show that after cata-
ract surgery there is no statistically significant change in
tear film osmolarity [15, 16]. Similarly, an increase in osmo-
larity was confirmed in patients with trabeculectomy. How-
ever, Lee et al. did not take into account pre-existing dry
eye syndrome or ophthalmological medications [17].
Pterygium surgery is not an intraocular operation, but

given that the surgeon works on a bulbar conjunctiva,
among other things in the anatomical area of the con-
junctiva above the pars plana that is affected by PPV, the
data may be relevant. In general, pterygium alone has
been shown to increase tear film osmolarity [18]. It is
not surprising, therefore, that pterygium surgery, as one
of the few ophthalmic operations, reduces tear film
osmolarity in the long run. This study also suggested
osmolarity binding to pterygium itself - pterygium recur-
rence causes increased osmolarity [19].
However, it is clear from our results that no statisti-

cally significant changes in osmolarity were observed. In
general, the prevailing opinion is that inflammation or
damage to the eye surface (which can be considered due
to surgery) leads to hyperosmolarity, but this was not
confirmed on our sample of patients.
One drawback of our study is relatively small small size

albeit we took precautions to create samples for achieving
the most objectivity. For example, some published papers
take no account of drops applied to the eye during the
postoperative period or drops applied prior to surgery. In
addition, all patients underwent both technically similar
operations, which increases the objectivity of our results.

Conclusion
Our study appears to be among the first to investigate
changes in osmolarity after micro-incision vitrectomy.
Micro-incision uncomplicated 25G + PPV does not affect
the osmolarity of the tear film in patients who did not suffer
from other eye or systemic diseases. The question is
whether PPV performed in complicated diagnoses such as
diabetic retinopathy, emotions, or trauma can affect tear
film osmolarity, therefore it is desirable that further re-
search be undertaken to investigate osmolarity in both
more complicated PPV and patients with associated
diagnoses.

Table 1 Table shows the measured results before the surgery, 10 days after surgery and 30 days after surgery

Before surgery 10 Days after surgery 30 days after surgery

Avg SD Avg SD Avg SD

Operated Eye (mOsmol / L) 299.00 11.549 303.86 18.180 297.38 16.375

Heatlhy Eyes (mOsmol / L) 303.33 15.389 301.90 13.160 299.10 13.946
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Table 2 Shows all measurements of osmolarity before the surgery (V0), 10 days after surgery (V1) and 30 days after surgery (V2). OD
is for right eye, OS for left. The measurements of the eye with surgery is always in the first column in the table

Age Eye
with
surgery

V0 V1 V2

Surgery Fellow Eye Surgery Fellow Eye Surgery Fellow Eye

85 OD 311 304 287 286 303 313

66 OD 321 317 308 299 290 302

48 OD 295 287 288 291 287 299

57 OD 324 301 303 322 305 313

75 OD 289 295 313 297 309 295

70 OD 295 294 302 298 306 293

73 OS 300 333 297 330 290 320

67 OS 300 312 300 307 299 308

79 OS 308 324 304 320 326 332

71 OD 296 291 292 297 284 294

65 OD 308 304 298 304 279 304

82 OS 313 332 292 307 290 308

75 OD 282 283 310 299 279 276

73 OD 299 298 355 326 302 302

72 OS 292 296 297 288 286 277

68 OS 292 289 299 286 289 280

65 OD 292 327 354 301 349 301

77 OD 293 294 295 290 289 296

72 OS 280 283 289 308 285 290

71 OS 290 302 297 288 298 292

80 OS 299 304 301 296 300 286

Fig. 1 The graph shows the distribution of tear film osmolarity in eyes in that the PPV was performed and in control eyes over the time. There
was no statistically significant difference between these two groups (paired sample test used, p = 0,644)
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Abbreviation
PPV: Pars plana vitrectomy
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