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Purpose: To evaluate the change of residual volume of eye drop after instillation in patients with 23-gauge mi-

croincision vitrectomy surgery (MIVS). 

Methods: Patient who were treated 23-gauge MIVS from November 2014 to July 2015 were included. The resid-

ual volume was defined as the amount of remnant eye drop in patient’s eyes after instillation, calculated as the 

difference between instillation volume and spilled volume of eye drop. Calculation of residual volume of eye 

drop was performed one day before surgery, and daily from postoperative day 1 to day 5. 

Results: Forty consecutive patients were included. The residual volume of eye drop decreased from 30.3 ± 1.4 

μL at baseline to 13.0 ± 1.5 μL at day 1, 18.3 ± 1.6 μL at day 2, 24.7 ± 1.5 μL at day 3, and 27.9 ± 1.4 μL in day 4, 

postoperatively (p < 0.001, respectively). The volume at postoperative day 5 was 29.4 ± 1.3 μL, but it was not 

different from the volume at baseline (p = 0.105). The change of residual volume was significantly correlated 

with postoperative chemosis (r = 0.672, p < 0.001) and effected by the number of quadrant with postoperative 

chemosis (p < 0.05).

Conclusions: This study shows that postoperative residual volume of eye drop after instillation decreased un-

til postoperative day 4, and postoperative chemosis affects the change of residual volume. Thus, checking 

proper use of eye drops and teaching about instillation technique by physician is necessary for patients with 

23-gauge MIVS.
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Topical instillation of eye drops is used to treat most oc-
ular diseases [1] and is recommended after vitreoretinal 
surgery to control postoperative complications. Postopera-
tive antibiotics are commonly administered to lower sur-
face bacterial contamination and to suppress the growth of 
infectious pathogens [2]. Anti-inf lammatory eye drops, 

such as topical corticosteroids, are applied to control post-
operative intraocular inflammation after vitrectomy, which 
may exacerbate the underlying inflammatory process [3].

However, 57% of patients have shown problems with the 
instillation of eye drops [4]. It has previously been reported 
that there is a considerable degree of imprecision in the dose 
administered [5], which may be a cause for concern because 
the pharmacological effect of a compound can be greatly in-
fluenced by the volume instilled [6-8]. Actually, quite often 
patients have complaints about the use of topical eye drops 
after vitreoretinal surgery. There are various factors that re-
sult in inadequate eye drop instillation as follows; poor tech-
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nique, especially in those with poor manual dexterity, poor 
vision, limited schooling, and old age [9]. A previous report 
showed that 9.6% of patients who received vitrectomy with 
retrobulbar anesthesia had moderate to severe postoperative 
chemosis [10]. Postoperative chemosis also could be one of 
the factors that lead to inadequate eye drop instillation.

In this study, we investigated the change in residual vol-
ume of eye drop instillation after 23-gauge microincision 
vitrectomy surgery (MIVS), and analyzed factors associat-
ed with the changes in residual volume of an eye drop.

Materials and Methods

This prospective cohort study was performed at the De-
partment of Ophthalmology at Kyungpook National Uni-
versity Hospital. The study protocol was approved by the 
institutional review board of Kyungpook National Univer-
sity Hospital and conducted in accordance with the tenets 
of the Declaration of Helsinki. Written informed consent 
was obtained from each eligible participant. 

Subjects were all consecutive patients who received 
23-gauge sutureless MIVS at Kyungpook National Univer-
sity Hospital between November 2014 and July 2015 for 
various vitreoretinal disorders including rhegmatogenous 
retinal detachment, epiretinal membrane, macular hole, and 
vitreous hemorrhage due to retinal vein occlusion. Patients 
were excluded if they met any of the following criteria: a 
history of previous ocular surgery other than cataract sur-
gery, preoperative chemosis or conjunctivochalasis, eyelid 
disease including blepharitis, symblepharon, entropion, and 
ectropion, orbital disease including orbital tumor, thyroid 
associated ophthalmopathy, and diabetic mellitus including 
diabetic retinopathy. Patients with a blind or absent fellow 
eye were also excluded. In addition, patients were excluded 
from this study if a surgeon performed corneal or conjunc-
tival sutures during surgery that could have caused irrita-
tion. Considering severe reflex tearing, patients that had oc-
ular surface disease before surgery and postoperative 
corneal epithelial defects or superficial punctuate keratitis 
were also excluded.

All patients underwent retrobulbar anesthesia with 1 mL 
of 4% lidocaine and 1 mL of 0.5% bupivacaine. The 
23-gauge MIVS was conducted by one right-handed surgeon 
(DHP).

Measurement of residual volume

Eye drops were applied to the patients in a consistent 
manner by one physician (YKK). Patients were instructed 
to extend their neck and look up. Their lower eyelid was 
slightly pulled to expose the lower conjunctival fornix 
where one drop was instilled.

The residual volume was defined as the amount of rem-
nant eye drop in the patients’ eyes after instillation calcu-
lated as the difference between the instillation volume and 
spilled volume of the eye drop as follows.

Residual volume = instillation volume (fixed) – spilled 
volume

Thus, 100 µL of 0.1% sodium hyaluronate solution 
(Kynex; Alcon, Fort Worth, TX, USA) was instilled in 
each patient with a 200 µL micropipette. Because the vol-
ume could not be measured directly, we used the differ-
ence in cotton ball weight and density. After instillation, 
the spilled eye drop after instillation was collected with a 
cotton ball before the patient blinked. If a blink occurred, 
the measurement was repeated 1 hour later. The difference 
in the weight of the cotton ball was measured before and 
after collection of the spilled eye drop. Residual volume 
was calculated using the calibration weight with the densi-
ty of the 0.1% sodium hyaluronate solution. The average 
density for the 0.1% sodium hyaluronate was 0.98 mg/mL 
which was measured 50 times repeatedly.

Spilled volume = weight difference of cotton ball / den-
sity of sodium hyaluronate

Calculation of the residual volume of the eye drop was 
performed once preoperatively, and daily from postopera-
tive day 1 to day 5. The change in residual volume was de-
fined as the difference in the volume between the baseline 
and postoperative day 1. 

Evaluation of chemosis

The European Group on Graves’ Orbitopathy (EUGO-
GO) defined the protocol of measuring chemosis with slit-
lamp for evaluation of patients with Graves’ orbitopathy 
[11]. While patients were told to adopt a primary gaze, a 
vertical narrow slit-lamp beam (1 mm) was set at 60° mid-
way between the lateral canthus and limbus. According to 
the EUGOGO chemosis scoring method, the definition of 
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chemosis includes the following criteria: conjunctiva sepa-
rated from the sclera and prolapsed in front of the grey 
line, separation of sclera and conjunctiva is over one third 
of the total height of the palpebral aperture during slit-lamp 
examination midway between the lateral limbus and lateral 
canthus. Our method included two modifications. First, 
chemosis was measured at two points by slit-lamp biomi-
croscopy, which were midway between the lateral limbus 
and lateral canthus and midway between the medial limbus 
and medial canthus. Second, the conjunctiva was divided 
into four parts (quadrants) corresponding to 3, 6, 9 or 12 
o’clock and chemosis location was assessed in those four 
areas (superotemporal, superonasal, inferotemporal, and 
inferonasal) (Fig. 1A, 1B). Chemosis score was calculated 
as the sum of the grade for the four quadrants (range, 0 to 
4). Evaluation of chemosis grade was performed on postop-

erative day 1.

Statistical analyses

Statistical analyses were performed using SPSS ver. 20.0 
(IBM Corp., Armonk, NY, USA). The Wilcoxon signed-
rank test was used to compare the mean residual volume 
between baseline and each postoperative day. Mann-Whit-
ney and Kruskal-Wallis tests were performed to compare 
the change in the residual volume between baseline and 
the postoperative days with associated factors. Univariate 
linear regression analysis was performed to compare the 
change in the residual volume and clinical factors. Multiple 
linear regression analysis performed to assess the effect of 
each variable on residual volume change. For all statistical 
tests, a p-value <0.05 was considered significant.

Results

A total of 42 consecutive patients were enrolled in this 
study. Two patients were excluded because of blepharitis. 
Forty patients participated in this study; their clinical char-

Fig. 1. (A) The conjunctiva was divided into four parts (quadrants) 
that correspond to 3, 6, 9 or 12 clock hours. Conjunctival chemo-
sis was judged to be present when the conjunctiva is higher than a 
third of the total height of the palpebral aperture. (B) An example 
case of presence of postoperative chemosis in all quadrants of the 
conjunctiva. SN = superonasal; ST = superotemporal; IN = infer-
onasal; IT = inferotemporal.

A

B

Table 1. Study population demographics and clinical charac-
teristics 

Factor Value
Number 40
Age (yr) 63.7 ± 13.3
Sex

Male 20 (50.0)
Female 20 (50.0)

Lens status
Phakic 29 (72.5)
Pseudophakic 11 (27.5)

Phacoemulsification 29 (72.5)
Axial length (mm) 23.9 ± 1.4
Vitrectomy indication

ERM 10 (25.0)
MH  8 (20.0)
RRD 13 (32.5)
VH due to RVO  9 (22.5)

Values are presented as mean ± standard deviation or number (%).
ERM = epiretinal membrane; MH = macular hole; RRD = rheg-
matogenous retinal detachment; VH = vitreous hemorrhage; 
RVO = retinal vein occlusion.
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acteristics are shown in Table 1.
The mean residual volume of the eye drop decreased 

from 30.3 ± 1.4 µL at baseline to 13.0 ± 1.5 µL on postoper-
ative day 1 (p < 0.001), and the mean residual volume in 
creased to 18.3 ± 1.6 µL on postoperative day 2, 24.7 ± 1.5 
µL on day 3 and 27.9 ± 1.4 µL on day 4 (p < 0.001, respec-
tively). The residual volume on postoperative day 5 was 
29.4 ± 1.3 µL; however, it was not different from that at 
baseline (p = 0.136) (Fig. 2).

The change in residual volume between baseline and 
postoperative day 1 was 17.3 ± 1.1 µL (p < 0.001), and it 
was affected by chemosis score (p < 0.001) (Table 2). Pa-
tients with rhegmatogenous retinal detachment tended to 
have a larger volume change than patients with macular 
hole, epiretinal membrane and vitreous hemorrhage. How-
ever, the indication of vitrectomy did not affect the change 
in residual volume (p > 0.05). Combined vitrectomy with 
phacoemulsification did not affect the change in residual 
volume compared with patients who received vitrectomy 
without phacoemulsification (p > 0.05). The change in re-
sidual volume in cases with 14 % perfluoropropane (C3F8) 
gas or silicone oil tamponade tended to be larger than in 
cases with no tamponade, or tamponade with sterile air. 
However, they were not statistically significant (p > 0.05). 

Univariate and multivariate linear regression analyses 
demonstrated that chemosis score was significantly associ-
ated with change in residual volume (p < 0.001) (Table 3). 

Age, gender, vitrectomy indication, operation time, com-
bined vitrectomy, intravitreal tamponade, and axial length 
were not associated with residual volume change (p > 0.05, 
respectively).

Discussion 

Correct instillation of eye drops is essential for their effi-
cacy; therefore, the best method of clinical management 
for ocular disease is to follow the treatment regimen and to 
instill eye drops correctly. Ritch et al. [12] reported on the 
efficacy of accurately instilled eye drops in patients with 
limited vision; however, many patients had difficulty in 
following the regimen. Brown et al. [13] found that 83% of 
glaucoma patients were able to instill eye drops into the 
eye, and 47% did not touch the eye or the ocular adnexa 
with the bottle tip. In a more recent, multicenter study with 
direct observation, Kholdebarin et al. [14] reported that 
33.8% of 500 glaucoma patients demonstrated an improper 
instillation technique; 6.8% missed their eye and 28.8% 
contaminated the bottle tip. 

Various topical ophthalmic agents are used after vitreo-
retinal surgery [2,3,15]. The maximum volume that the 
conjunctival sac can hold without overflowing is estimated 
to be about 30 µL under normal conditions when the pa-
tient is upright and not blinking [16]; thus, the mean vol-
ume of one eye drop is usually higher than the maximum 
volume that the conjunctival sac can hold. However, post-
operative changes in vitrectomized eyes, such as decreased 
visual acuity, eyelid swelling and conjunctival chemosis, 
make it difficult to instill an eye drop properly. Especially, 
postoperative changes in the conjunctival sac lead to a re-
duction in remaining eye drop volume after instillation. As 
a result, the residual volume in the conjunctival sac may be 
decreased after vitreoretinal surgery.

This study analyzed the postoperative residual volume of 
the conjunctival sac after eye drop instillation and volume 
change in the follow-up period after vitrectomy. The de-
creased residual volume was gradually restored in the postop-
erative period following vitrectomy, and the residual volume 
at baseline did not differ from that at postoperative day 5. 
Thus, until postoperative day 4, the smaller residual volume 
of an eye drop could affect the efficacy of topical eye drops.

In this study, chemosis score was related to the change in 
residual volume following vitrectomy. Chemosis, defined 

Fig. 2. The residual volume of eye drop changes following 
23-gauge microincision vitrectomy surgery according to the 
postoperative follow-up period. Repeated-measures analysis of 
variance showed significant decrease in residual volume from 
the baseline at postoperative day 1, 2, 3 and 4 (p < 0.001, respec-
tively). *p < 0.05 by repeated-measures analysis of variance with 
Bonferroni correction. 
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as visible swelling of the conjunctiva, may change the ana-
tomical space of the conjunctival sac, which determines 

residual volume. Our data demonstrated a positive correla-
tion between chemosis score and change in residual vol-

Table 2. Factors associated with change in eye drop residual volume following 23-gauge micro incision vitrectomy surgery

No. (%) Change of residual volume (µL) p-value
Sex 0.476*

Male 20 (50) 17.9 ± 1.1
Female 20 (50) 16.6 ± 1.9

Vitrectomy indication 0.132†

ERM 10 (25.0) 17.7 ± 1.5
MH 8 (20.0) 15.0 ± 1.9
RRD 13 (32.5) 20.8 ± 2.4
VH due to RVO 9 (22.5) 13.8 ± 1.5

Phacoemulsification 0.056*

Combined surgery 29 (72.5) 18.4 ± 1.3
Without phacoemulsification 11 (27.5) 14.3 ± 1.5

Intravitreal tamponade 0.413†

None 15 (37.5) 16.4 ± 1.6
14% Perfluoropropane (C3F8) 6 (15.0) 19.0 ± 2.0
Sterile air 4 (10.0) 14.0 ± 2.8
Silicone oil 15 (37.5) 18.4 ± 3.3

Chemosis score <0.001†

0 1 (2.5) 8.0 ± 1.1
1 3 (7.5) 13.5 ± 1.1
2 15 (37.5) 15.2 ± 0.8
3 11 (27.5) 19.5 ± 1.7
4 10 (25.0) 30.1 ± 3.0

Values are presented as the mean ± standard deviation.
ERM = epiretinal membrane; MH = macular hole; RRD = rhegmatogenous retinal detachment; VH = vitreous hemorrhage; RVO = reti-
nal vein occlusion.
*Mann-Whitney test; †Kruskal-Wallis test.

Table 3. Univariate and multivariate analyses of the association between clinical factors and change in residual volume following 
23-gauge microincision vitrectomy surgery

Univariate analysis Multivariate analysis
β coefficient 95% CI p-value β coefficient 95% CI p-value

Age –0.034 –0.190 to 0.155 0.837 - - -
Sex –0.096 –5.679 to 3.099 0.550 - - -
Vitrectomy indication –0.069 –2.433 to 1.583 0.671 - - -
Operation time  0.231 –0.023 to 0.142 0.152 - - -
Combined vitrectomy –0.276 –8.892 to 0.599 0.085 - - -
Intravitreal tamponade –0.104  5.904 to 3.046 0.522 - - -
Axial length  0.008 –1.566 to 1.636 0.960 - - -
Chemosis score  0.731  2.836 to 6.059 <0.001 0.732 2.869 to 6.826 <0.001

CI = confidence interval.
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ume. As a result, postoperative chemosis reduced the max-
imum volume of fluid that the conjunctival sac could hold 
without overflowing.

We evaluated the residual volume by determining the 
difference between instillation volume and spilled volume 
because it is impossible to directly evaluate residual vol-
ume in the conjunctival sac after eye drop instillation. Ac-
cordingly, a few procedures for tear fluid collection have 
been used previously. Those procedures consisted of ab-
sorbing tear fluid with cellulose sponges [17], porous poly-
ester rods [18] or, alternatively, direct aspiration of tear flu-
id with glass capillary tubes [19]. Those procedures could 
be effective for residual volume evaluation, but they could 
cause unavoidable ref lex tearing, which can affect mea-
surement results. Thus, this study employed an indirect 
method and measured eye drop instillation volume and 
spilled volume. Although this method is not standardized 
yet and may produce some error, it may be useful for mea-
suring residual volume with minimal reflex tearing.

In conclusion, our results suggest that eye drop instilla-
tion postoperative residual volume decreased significantly 
until postoperative day 4 following 23-gauge MIVS. In ad-
dition, postoperative chemosis was a significant factor for 
the change in residual volume. Therefore, it is necessary for 
physicians to verify the proper use of eye drops and instil-
lation technique in patients following 23-gauge MIVS, es-
pecially in the presence of severe postoperative chemosis.
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