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e PURPOSE: Intraocular pressure (IOP) control is
paramount during ophthalmic surgeries to ensure suc-
cessful outcomes and prevent complications. Intravenous
mannitol has been explored for its ability to manage IOP
fluctuations in both vitrectomized and non-vitrectomized
eyes. This meta-analysis aimed to assess the efficacy of
mannitol in controlling IOP across these patient groups.
* DESIGN: Systematic review and meta-analysis.

e METHODS: A literature search was conducted across
PubMed, EMBASE, Scopus, and Web of Science from
inception up to March 1, 2024, focusing on studies in-
vestigating mannitol’s impact on IOP in vitrectomized
and non-vitrectomized eyes. Randomized controlled tri-
als, cohort studies, and case-control studies were in-
cluded, while case reports and review articles were ex-
cluded. The primary outcome was the change in IOP fol-
lowing mannitol administration. Meta-analysis was per-
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formed using a random-effects model. R software (V 4.3)
was used for statistical analysis.

e RESULTS: Our search included five studies of both vit-
rectomized (145 eyes) and non-vitrectomized eyes (91
eyes). The meta-analysis demonstrated significant IOP
reductions following mannitol administration across mul-
tiple time points. Three studies were included at 30 min
and 2 studies at all other time points in the analysis. In
vitrectomized eyes, notable decreases were observed: at
30 min, the Ratio of Means (ROM) was 0.81 (95% CI:
0.53; 1.24), indicating a 19% reduction; at 60 min, the
ROM of 0.833 (95% CI: 0.77; 0.89) showed a 16.7%
reduction; at 90 min, the ROM of 0.757 (95% ClI:
0.755; 0.758) corresponded to a 24.3% reduction; at 2
h, the ROM of 0.726 (95% CI: 0.642; 0.820) reflected
a 27.4% reduction; at 3 h, the ROM of 0.692 (95% CI:
0.600; 0.797) resulted in a 30.8% reduction; and at 4 h,
the ROM of 0.700 (95% CI: 0.363; 1.350) indicated a
30% reduction. No significant changes were observed on
IOP with mannitol administration when comparing vit-
rectomized versus non- vitrectomized eyes.

e CONCLUSION: Intravenous mannitol effectively re-
duces IOP in both vitrectomized and non-vitrectomized
eyes, demonstrating its utility in the acute management
of elevated IOP during and after ophthalmic surgeries.
These findings support the integration of mannitol into
perioperative care protocols. However, further research,
particularly randomized controlled trials and studies with
broader demographic representation, is needed to opti-
mize mannitol’s usage and fully understand its long-term
safety and efficacy. (Am ] Ophthalmol 2024;268: 45—
53. © 2024 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/))

INTRODUCTION

HE MAINTENANCE OF INTRAOCULAR PRESSURE (IOP)
is crucial for ocular health, serving as an essential
marker in diagnosing and managing various eye con-
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ditions."? Vitrectomy, which involves the removal of the
vitreous humor to treat eye disorders, can induce IOP
changes that impact postoperative r<3c0\ff:ry.3'5 Against
this backdrop, intravenous mannitol, an osmotic diuretic,
has been explored as a method to control IOP fluctua-
tions during and after ophthalmic procedures.® Despite its
widespread use, debates continue regarding its effectiveness
and safety, particularly in differentiating between vitrec-
tomized and non-vitrectomized eyes.

Mannitol operates by increasing plasma osmolality, facil-
itating the transfer of water from the vitreous body into the
bloodstream, thereby causing vitreous dehydration and re-
ducing IOP.*® Its action not only involves physical osmotic
effects but also encompasses central mechanisms through
osmoreceptors in the hypothalamus, which contribute to
decreased aqueous humor production.®® Studies have high-
lighted mannitol’s capability to lower IOP equivalently in
both vitrectomized and non-vitrectomized eyes.” In non-
vitrectomized eyes, specifically, mannitol has been observed
to decrease vitreous cavity depth (VCD) and increase an-
terior chamber depth (ACD), reinforcing the premise that
vitreous dehydration is a key mechanism in IOP reduc-
tion.” Beyond its ophthalmic applications, mannitol’s os-
motic properties are leveraged in various medical fields to
alleviate intracranial pressure and manage renal failure.'>?
Within ophthalmology, mannitol’s capacity to establish an
osmotic gradient across the blood-ocular barrier, prompting
fluid egress from the eye, makes it an attractive option for
IOP management.'® This is particularly relevant in surgical
contexts, where maintaining IOP within optimal ranges is
imperative to avert complications like retinal detachment,
hemorrhage, and optic nerve damage. Proactively adminis-
tering mannitol intravenously before or during eye surgeries
is a strategic approach to mitigate these risks, potentially
improving patient outcomes and recovery."’

The efficacy of mannitol in modulating IOP may be in-
fluenced by the structural and physiological changes post-
vitrectomy. The removal of the vitreous body, coupled with
the potential introduction of tamponade agents or gas bub-
bles, alters the eye’s internal dynamics, possibly impacting
the drug’s effectiveness.'* Many studies have evaluated the
effect of mannitol on IOP reductions. However, no system-
atic review has been performed to date to evaluate this."”"!”

This systematic review and meta-analysis sought to eluci-
date the effect of intravenous mannitol on IOP changes in
both vitrectomized and non-vitrectomized eyes. Through
comprehensive data collection and analysis from various
studies, our objective is to provide a detailed evaluation
of mannitol’s efficacy across different ocular conditions and
surgical interventions.

METHODS

The methodology for this systematic review and meta-
analysis adhered to the Preferred Reporting Items for Sys-
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tematic Reviews and Meta-Analyses (PRISMA) guidelines,
as outlined in Table S1,'® and was duly registered with
PROSPERQO: CRD42024511865. For the screening and
data extraction processes, the Nested-Knowledge web soft-
ware (Nested-Knowledge, MN, USA) was employed. An
Institutional Review Board is not required for this study
since it is a systematic review based on published data.

o SELECTION CRITERIA: The population of interest com-
prised adult patients undergoing ophthalmic surgery, focus-
ing on subgroups of vitrectomized and non-vitrectomized
eyes. Studies were eligible if they involved administering
mannitol in any dosage. The primary outcome assessed was
the IOP change following mannitol administration. Our
analysis included randomized controlled trials (RCTs), co-
hort studies, and case-control studies. No restriction was
kept on the follow-up duration after mannitol administra-
tion. Exclusion criteria encompassed case reports, editori-
als, review articles, and studies that did not report on the
specified outcomes or involve the administration of intra-
venous mannitol.

e LITERATURE SEARCH: A systematic search was con-
ducted from inception across PubMed, EMBASE, Scopus,
and Web of Science databases on February 5, 2024, and re-
run on March 1, 2024. The search strategy combined terms
related to “mannitol,” “intraocular pressure,” and “vitrec-
tomy” using Boolean operators. The search was not lim-
ited by language or publication type, ensuring comprehen-
sive coverage of relevant literature. No filters were applied

in any database search. The search strategy is given in
Table S2.

e SCREENING: Two independent reviewers (BKP, MNK)
screened titles and abstracts for eligibility based on pre-
defined inclusion criteria. Full texts of potentially eligible
studies were then retrieved and assessed in detail for rele-
vance. Nested knowledge software facilitated the screening
process. Differences in opinion among reviewers were set-
tled through discussion with a third reviewer (HAS) for a
final decision.

e DATA EXTRACTION AND QUALITY ASSESSMENT: For
each study included in the review, information was ex-
tracted on study design, sample size, participant charac-
teristics, intervention details, outcome measures, and find-
ings. Data extraction was carried out independently by two
reviewers (BKP, MNK), with any discrepancies resolved
by consensus or by involving a third reviewer (HAS), if
needed. The “tagging” function of the nested knowledge
software was utilized for efficient data extraction.

The risk of bias was assessed by ROBINS-I tool.!”?°
Studies were accordingly adjudged to have a low, moderate,
high, or critical risk of bias.
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o STATISTICAL ANALYSIS: A meta-analysis was conducted
to aggregate the results of IOP change from baseline after
treatment. The analysis used forest plots to represent the
findings graphically, showcasing individual study results and
the overall combined estimate. The means and standard de-
viations (SDs) of IOP changes from baseline at various time
points post-treatment were compiled for analysis to calcu-
late the Ratio of means (ROM). A random-effects model
was implemented to synthesize the data, premised on the
notion that the study-specific effect sizes could vary and ad-
here to a distinct distribution.”’ The analysis method was
inverse variance. Statistical heterogeneity among the in-
cluded studies was assessed using the I? statistic and the Chi-
square test.”>? The I2 statistic quantifies the percentage
of total variance across studies due to heterogeneity rather
than chance, with elevated values indicating greater het-
erogeneity.”*?’ The I? statistic is interpreted with thresh-
olds indicating low (25%-49%), moderate (50%-74%), and
high (75% and above) heterogeneity.”’" A significance
threshold was established at a P-value of less than .05. All

statistical procedures utilized the R software, version 4.3.%8

RESULTS

e LITERATURE SEARCH: The literature search of various
databases resulted in 1458 records being initially identified.
Before detailed screening, 443 duplicate records were rec-
ognized and subsequently removed. This action reduced the
number of records to be screened to 1015. During the title
and abstract screening process, 982 records were excluded
as they did not align with the specified inclusion criteria.
The next phase involved a closer examination of the re-
maining 33 records, for which full texts were retrieved and
assessed for eligibility. Out of these, 28 records were further
excluded due to reasons such as case reports or not focusing
on the outcomes of interest. Ultimately, the stringent se-
lection process culminated in including 5 studies that sat-
isfied all the criteria for the systematic review and meta-
analysis”>>10:2%30 (Figure 1).

* CHARACTERISTICS OF INCLUDED STUDIES: The char-
acteristics of the studies are presented in Table 1. Three
out of the five studies were conducted in India,”'>''° one in
China,”” and one in Pakistan.’” Four studies were prospec-
tive comparative studies,”!>1%® while only one study was
a retrospective case-control study.”” All studies adminis-
tered 20% mannitol. Three studies included both vitrec-
tomized and non-vitrectomized patients, while two studies
only evaluated vitrectomized eyes. All studies reported a
beneficial effect of mannitol for reducing IOP. The quality
assessment of the studies is given in Table S3.
Ramachandra et al.”” conducted a prospective com-
parative study ( 30 samples) in India on patients with
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post-vitrectomy elevated IOP (>40 mm Hg) and open-
angle glaucoma, using 20% mannitol IV at a dosage of
1 g/kg body weight over 30 min, and found that mannitol
significantly reduces IOP in both vitrectomized and non-
vitrectomized eyes. Takkar et al.'® offered a retrospective
study, also in India, focusing on 31 post-vitreoretinal
surgery patients treated for raised IOP, and observed that
mannitol is useful for short-term IOP reduction in vit-
rectomized eyes, with effects that are sustained, higher,
and independent of baseline IOP. Sahu et al.” prospective
comparative study involved phakic eyes of 25 patients
with IOP > 40 mm Hg and open angles, concluding that
mannitol significantly reduced IOP in both groups. Feng
et al.”” from China conducted a retrospective case-control
study on 24 patients who underwent pars plana vitrectomy
(PPV) for ocular hypertension, noting that mannitol was
effective for short-term IOP reduction post-vitrectomy.
Ahmad et al. from Pakistan,”® a prospective comparative
study on patients with open angles and IOP lower than
38 mm Hg, demonstrated that mannitol dramatically
lowered IOP in 36 vitrectomized eyes with silicon fillings
and 36 non-vitrectomized eyes. These studies collectively
demonstrate the efficacy of mannitol in managing IOP.

e META-ANALYSIS: We performed a meta-analysis for the
effect of mannitol on vitrectomized eyes by comparing
baseline and after the treatment IOP at each time point
(Figure 2). The analysis included multiple time points: 30
min, 60 min, 90 min, 75 min, 2 h, 3 h, and 4 h post-
treatment. Three studies were included for the 30-minute
time point, and two studies were included for each of the
following time points: 60 min, 75 min, 90 min, 2 h, 3 h,
and 4 h in the analysis.

At 30 min, the ROM in IOP reduction was 0.81 (95%
CI: 0.53; 1.24), indicating a 19% reduction from baseline.
At the 60-minute mark, the ROM was 0.833 (95% CI:
0.77; 0.89), showing a substantial reduction of approxi-
mately 16.7%. At the 75-minute time point from the study
by Feng, 2019, the ROM was 0.698 (95% CI: 0.667; 0.730),
which translates to a 30.2% reduction. This trend contin-
ued at 90 min with a ROM of 0.757 (95% CI: 0.755; 0.758),
corresponding to a 24.3% reduction in IOP. The effect re-
mained sustained at 2 h, with an ROM of 0.726 (95% CI:
0.642; 0.820), indicating a 27.4% reduction, and at 3 h,
the ROM was 0.692 (95% CI: 0.600; 0.797), reflecting a
30.8% reduction. At 4 h, the ROM was 0.700 (95% CI:
0.363; 1.350), corresponding to a 30% reduction in IOP.
The meta-analysis demonstrates that mannitol effectively
reduces IOP in vitrectomized eyes at various time points
post-treatment. The reductions were statistically significant
for most of the measured time points, and the magnitude of
the effect varied.

We compared the effect of mannitol on vitrectomized
versus non-vitrectomized eyes. At 30 min, the ROM in IOP
reduction was 1.006 (95% CI: 0.950; 1.065). At 60 min,
the ROM was 1.014 (95% CI: 0.951; 1.082, still not sta-
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TABLE 1. Characteristics of Included Studies.

Study Country Study Design Type of Participants Type of Intervention Participants in the Participants in non- Mean Age in Years Key Results
Vitrectomized Group  Vitrectomized Group
Ramachandra India Prospective Patients with 20% mannitol IV at a 30 30 Vitrectomized = 48.5, Mannitol reduces IOP
(2019)'° comparative  post-vitrectomy elevated dosage of 1 g/kg non-Vitrectomized = 54 significantly in both
study IOP (=40 mm Hg) and body weight over 30 vitrectomized and
open-angle glaucoma min nonvitrectomized eyes.
Takkar (2017)'6 India Prospective  Post-vitreoretinal surgery 20% mannitol IV at a 31 NA Vitrectomized = 40.16 Mannitol is useful for
comparative  patients treated for raised dosage of 1 g/kg short-term IOP reduction in
study IOP with timolol maleate  body weight over 30 vitrectomized eyes.
(0.5%) and brimonidine min Compared to normal eyes,
tartarate (0.15%) for >1 the reduction in IOP is
month sustained, higher, and
independent of baseline IOP.
Sahu (2023)° India Prospective Phakic eyes of patients  20% mannitol IV at a 25 25 Vitrectomized = 47, IOP was significantly
comparative with IOP measuring dosage of 1 g/kg non-Vitrectomized = 54 reduced with mannitol in
study >40 mmHg and open body weight over 30 both the groups.
angles on gonioscopy min
Feng (2019)%° China Retrospective  Patients who underwent 20% mannitol 23 NA Vitrectomized = 45.6 In eyes with different
case-control pars plana vitrectomy intraocular tamponades,
study (PPV) for ocular 20% mannitol was useful for
hypertension short-term IOP reduction
after vitrectomy.
Ahmad (2022)*° Pakistan ~ Prospective  Patients with open angles 20% mannitol IV at a 36 36 non- Mannitol has been shown to
comparative on gonioscopy and an dosage of 1 g/kg Vitrectomized = 46.4, dramatically lower IOP in
study IOP lower than 38 mm Hg body weight over 30 non-Vitrectomized = 46.9  both vitrectomized eyes with
min silicon fillings and

non-vitrectomized eyes.

Abbreviations: IOP: Intraocular Pressure, IV: Intravenous, mm Hg: Millimeters of Mercury, NA: Not Available or Applicable, PPV:

Pars Plana Vitrectomy.




Identification of new studies via databases and registers
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Records removed before screening:

Embase (n = 945),
Scopus (n=168),
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(Case reports = 2,
Outcome not of interest=26)

o

Total studies included (n = 5)

FIGURE 1. PRISMA flow diagram showing article screening and study selection process.

tistically significant. At 90 min, the effect of mannitol ap-
peared to stabilize, with a ROM of 1.006 (95% CI: 0.937;
1.081). By the 2-hour mark, the ROM was 0.988 (95% CI:
0.909; 1.075), suggesting no significant reduction in IOP
in vitrectomized eyes compared to non-vitrectomized eyes.
At 3 h, the ROM was 0.996 (95% CI: 0.905; 1.095), con-
tinuing the trend of significant IOP reduction. At 4 h, the
ROM was 1.001 (95% CI: 0.869; 1.153), indicating that
the effects of mannitol had leveled off, with the confidence
interval including 1 again (Figure 3).

» PUBLICATION BIAS: Publication bias evaluation was not
possible in our meta-analysis due to the small sample size of
included studies. This type of bias happens when the out-
come of research affects its publication probability, often
leading to the preferential publication of studies with posi-
tive findings. Adequate evaluation of publication bias usu-
ally necessitates a substantial number of studies for a valid
statistical test, such as funnel plot asymmetry or Egger’s re-
gression. Given the constrained number of studies in our
analysis, the assessment of publication bias is limited, which
may affect the interpretation of our results.
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DISCUSSION

The current study is the first meta-analysis to assess the ef-
fect of intravenous mannitol on [OP changes in both vitrec-
tomized and non-vitrectomized eyes. Our findings suggest
that mannitol is an effective agent for reducing IOP in both
groups, with significant reductions observed at various time
points post-treatment. The evidence presented indicates
a consistent and clinically relevant decrease in IOP, sup-
porting mannitol’s utility in the acute management of ele-
vated IOP during and after ophthalmic surgeries. The sus-
tained IOP reduction observed at multiple time points post-
mannitol administration highlights its potential for short-
term ocular hypertension management. However, the vari-
ability in effect size at different time intervals suggests that
the timing of mannitol administration relative to surgery or
the onset of elevated IOP might influence its efficacy.
Vitrectomy alters the eye’s internal dynamics by remov-
ing the vitreous body, potentially affecting the distribution
and efficacy of osmotic agents like mannitol. Our meta-
analysis indicates that despite these changes, mannitol
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Study or After treatment Baseline Ratio of Means Ratio of Means
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahmad 2022 41.500 6.8000 36 46.400 4.0000 36 7.9% 0.894[0.842; 0.950] .
Ramachandra 2019 43.700 8.0000 30 48.500 5.2000 30 7.5% 0.901[0.835; 0.972] . =
Sahu 2023 30.240 6.5000 25 45.360 6.0000 25 6.8% 0.667 [0.604; 0.736]

2point = 60 Min s
Ahmad 2022 38.500 7.2000 36 46.400 4.0000 36 7.7% 0.830[0.776; 0.887]
Ramachandra 2019 40.700 8.4000 30 48.500 5.2000 30 7.3% 0.839[0.772; 0.912]
5% CI 66 66 15.( 0.833 [0.777; 0.894] H
Ahmad 2022 » 35.100 7.5000 36 46.400 4.0000 36 7.5% 0.756 [0.702; 0.816] -@-
Ramachandra 2019 36.700 7.3000 30 48.500 5.2000 30 7.4% 0.757 [0.698; 0.820] —%—
Total (95% CI 66 66 14.9 0.757 [0.755; 0.758] |
Ahmad 2022 7 33.400 9.3000 36 46.400 4.0000 36 6.9% 0.720[0.654; 0.792] —E—
Ramachandra 2019 35.600 10.4000 30 48.500 5.2000 30 6.4% 0.734[0.657; 0.820]
To 95% Cl 66 66 13 0.726 [0.642; 0.820]

Ahmad 2022 31.800 9.5000
Ramachandra 2019 34.000 10.7000

36 46.400 4.0000 36
30 48.500 5.2000 30

Ahmad 2022

6.7% 0.685[0.619; 0.759]
6.2% 0.701 [0.622; 0.790]
3.0% 0.692 [0.600; 0.797

30.800 10.0000 36 46.400 4.0000 36 6.5% 0.664 [0.595;0.741] ——
Ramachandra 2019 35.700 9.4000 30 48.500 5.2000 30 6.7% 0.736 [0.665; 0.815]
Total (95% ClI 56 66 13.2% 0.700 [0.363; 1.35( S s
Féng 2019 23210 18500 23 33250 25600 23 8.3% 0698 [0.667; 0.730] -.:’1:
Total (95% Cl) 444 444 100.0% 0.756 [0.712; 0.802] -
Prediction interval [0.609; 0.938] —
Heterogeneity: Tau? = 0.0090; Chi® = 92.79, df = 13 (P < 0.01); I = 86%
Test for subgroup differences: Chi® = 403.94, df = 6 (P <0.01) 0.3 1

FIGURE 2. Effect of mannitol on IOP of vitrectomized eyes.
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remains effective in reducing IOP in vitrectomized eyes.
This suggests that the osmotic gradient established by man-
nitol across the blood-ocular barrier is sufficient to prompt
fluid egress from the eye, regardless of the presence of the
vitreous body. However, the exact impact of vitrectomy
on mannitol’s pharmacodynamics warrants further investi-
gation to optimize dosing and administration protocols in
this subgroup.

The mechanisms by which mannitol exerts its effect are
multifaceted, primarily involving an increase in plasma os-
molality that facilitates water transfer from the vitreous
body into the bloodstream, resulting in vitreous dehydra-
tion and consequent IOP reduction. This process is aug-
mented by mannitol’s effect on osmoreceptors in the hy-
pothalamus, leading to a decrease in aqueous humor pro-
duction.” " These findings are in line with the physiologi-
cal actions of mannitol and underscore its role in managing

50
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ocular hypertension, especially in surgical settings where
optimal IOP levels are crucial for preventing complications
such as retinal detachment, hemorrhage, and optic nerve
damage.’!??

While studies have shown a decrease in IOP after
mannitol administration in vitrectomized eyes, several
factors might influence the impact. One potential area of
exploration is the role of the remaining structures. Since
mannitol’s mechanism of action partly involves drawing
fluid from the vitreous, the completeness of the vitrectomy
and the presence of any residual vitreous gel could affect
its effectiveness. Additionally, factors like inflammation
and silicone oil tamponade might influence fluid dynamics
within the eye, potentially impacting mannitol’s ability to
reduce IOP. Further investigation into these areas could
help refine the use of mannitol in this specific patient
population.
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Study or Vitrectomized  Non-Vitrectomized Ratio of Means Ratio of Means
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
imepoint = 30 Minutes
Ramachandra 2019 43.700 8.0000 30 43.200 8.6000 30 9.8% 1.012[0.918; 1.114]
Sahu 2023 30.240 6.5000 25 28.680 9.6000 25 3.8% 1.054[0.902; 1.232]
Ahmad 2022 41.500 6.8000 36 41.900 7.5000 36 14.6% 0.990[0.915; 1.072]
io of 91 91 28.1% 1.006 [0.950; 1.065]
I 0; Chi®=0.51, df = 0.78);1°=0
Timepoint = 60 Minutes
Ramachandra 2019 40.700 8.4000 30 40.200 7.8000 30 8.9% 1.012[0.915; 1.120] —ﬁ—
Ahmad 2022 38.500 7.2000 36 37.900 6.7000 36 13.0% 1.016[0.934; 1.105] —
Ratio of | ns 66 21.9% 1.014 [0.951; 1.082] &
f Tau®=0; Chi*=0,df=1 (P =0.96); I°=0
o = 90 Minut
Ramachandra 2019 36 700 7.3000 30 37.300 9.6000 30 6.8% 0.984[0.876; 1.105] o
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FIGURE 3. Effect of mannitol on IOP of vitrectomized versus non-vitrectomized eyes.

The present study holds significant clinical implications,
providing ophthalmologists and surgical teams with valu-
able insights for managing IOP during and after ophthalmic
surgeries. The demonstrated efficacy of intravenous man-
nitol in reducing IOP across both vitrectomized and non-
vitrectomized eyes underscores its versatility as a tool for
acute [OP management. This evidence supports the strate-
gic use of mannitol to mitigate surgery-related complica-
tions like retinal detachment, hemorrhage, and optic nerve
damage by maintaining optimal IOP ranges. Furthermore,
our findings highlight the potential importance of timing
mannitol administration to maximize its effectiveness, sug-
gesting the possibility of personalized treatment strategies
for enhanced patient outcomes. As the first meta-analysis
to evaluate mannitol’s impact on IOP changes in these dis-
tinct patient groups, our study lays the groundwork for in-
formed clinical decision-making. This paves the way for the
integration of mannitol into perioperative care protocols,
potentially improving surgical success and patient recovery.
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Future research should delve into the optimal timing and
dosage of mannitol administration specifically for vitrec-
tomized patients. Additionally, a crucial step will be to care-
fully weigh the potential benefits of IOP reduction against
any possible side effects associated with mannitol use. Es-
tablishing clear guidelines tailored to the specific needs of
vitrectomized patients will be vital for safe and effective in-
tegration into their perioperative care.

Limitations in the existing literature, as revealed by our
systematic review, include a relatively small number of stud-
ies meeting the inclusion criteria and the absence of ran-
domized controlled trials comparing mannitol with other
osmotic agents or treatments for [OP management. Addi-
tionally, the lack of long-term follow-up data limits our un-
derstanding of mannitol’s efficacy beyond the acute post-
operative period. These gaps highlight areas for future re-
search, particularly randomized trials with larger sample
sizes and studies exploring the comparative effectiveness of
mannitol and other IOP-lowering interventions.
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Our study is subject to some limitations that underscore
the need for further research. The reliance on observational
studies and the absence of randomized controlled trials
(RCTs) limit the robustness of our findings. The small num-
ber of studies included raises concerns about the compre-
hensiveness of our analysis and introduces the potential for
publication bias, as the limited dataset may not adequately
represent the spectrum of existing research. The geograph-
ical concentration of these studies restricts the generaliz-
ability of our results across different patient demographics.
Observational study designs inherently carry the risk of con-
founding factors, and the lack of long-term follow-up data
constrains our understanding of mannitol’s prolonged ef-
fects and safety profile. The focus on specific surgical con-
texts may not accurately capture mannitol’s efficacy across
the diverse landscape of ophthalmic procedures. Together,
these limitations highlight the necessity for RCTs, broader
demographic studies, standardized methodologies, and de-
tailed evaluations of long-term outcomes and safety pro-
files to deepen our understanding of mannitol’s role in ocu-
lar surgery and its wider implications for patient care. This
call for more comprehensive and methodologically sound
research is crucial to inform clinical practices with robust,
generalizable evidence.

CONCLUSION

Our analysis supports the use of intravenous mannitol for
reducing IOP in both vitrectomized and non-vitrectomized
eyes. The evidence suggests that mannitol is a valuable tool
in the ophthalmologist’s arsenal for managing elevated IOP,
particularly in the context of surgery. It is important to in-
terpret these findings with caution due to the small size of

the studies contributing to the meta-analyses. Future studies
should focus on optimizing mannitol’s use in different pa-
tient populations and surgical contexts, exploring its long-
term efficacy and safety, and comparing its performance
with other IOP-lowering strategies.
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