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ABSTRACT

This systematic review examined non-surgical management of traumatic optic neuropathy including the use of
corticosteroids, levodopa-carbidopa, mesenchymal stem cells, and erythropoietin. A thorough literature review
was conducted across three databases: PubMed, Cochrane Library, and Science Direct. Clinical studies and
randomized controlled trials (RCT) that were published in English and Bahasa Indonesia until June 2023 were
included. The PRISMA 2020 flow diagram was utilized to guide the study selection process. Data retrieved were
analyzed through random effects model to yield a comprehensive synthesis of outcomes. Eight studies were
included in this review, two of which were RCTs and the other six were clinical trials. Two studies examined the
use of mesenchymal stem cells, and the remaining studies examined other non-surgical approaches, including
the usage of corticosteroids, erythropoietin, and levodopa-carbidopa. This review concluded that patients with
traumatic optic neuropathy (TON) can be effectively treated with non-surgical therapy.
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exist for managing TON, there is an ongoing
controversy on the efficacy of different methods,
particularly non-surgical therapy.
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Email: tri.mahayana@gmail.com The growing number of traumatic events, such as

car accidents, sports-related injuries, and head injuries,
pose a serious risk to the integrity of the optic nerve,
giving rise to TON. It is a complicated illness
occurring due to optic nerve injury that frequently
results in visual loss.'"*This can ultimately lead to a
substantial decline in an individual’s quality of life,
independence, and overall well-being. While Indonesia
currently lacks specific prevalence data on TON,
global statistics suggest that its incidence ranges from
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INTRODUCTION

Traumatic optic neuropathy (TON), a complex illness
due to optic nerve damage that causes variable degrees
of visual loss, has drawn attention due to its high

occurrence and negative impact towards one’s quality
of life. Although research and therapeutic treatments

0.7% to 2.5%.*Consequently, there is a growing need
to explore and evaluate various therapeutic approaches
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to mitigate the visual impairment associated with
TON.

The management of TON presents a complex and
intricate challenges. A significant challenge lies in the
notable lack of universally recognized consensus on a
standardized methodology to effectively manage
TON.> The lack of consensus regarding this matter
poses a considerable impediment to the development
of definitive best practices for managing TON,
resulting in a wide range of treatment options and
methodologies available to healthcare professionals.
Presently, there is a broad spectrum of treatment
recommendations available for TON. These options
encompass a conservative approach involving sole
observation, surgical interventions incorporating optic
canal decompression, or non-surgical therapy such as
corticosteroids.*” In some cases, a comprehensive
approach to treat TON of ten involves a combination
of these therapies, highlighting the complex nature of
this treatment.

In situations of direct bone compression on the
optic nerve and progress visual loss in indirect TON,
surgical decompression becomes a consideration. This
surgical method, however, carries significant risks,
including cerebrospinal fluid leaks and meningitis,
making it a controversial choice.*® Non-surgical
therapies have gained significant traction as a
promising alternative to surgical interventions.
Corticosteroids and erythropoietin are widely favored
due to their anti-inflammatory and regenerative
properties.!®!!  Recent research is also exploring
innovative non-surgical approaches, such as stem cell
therapy and the wuse of levodopa-carbidopa—
traditionally wused for Parkinson’s disease—by
targeting nerve healing pathways.!>!* This growing
emphasis on non-surgical treatments highlights the
need to minimize invasiveness while maximizing
therapeutic efficacy. Although surgical interventions
remain essential in certain cases, the increasing focus
on non-surgical options marks a significant
advancement, offering patients effective, less invasive,
and more widely accessible treatment alternatives.’

The limited research measuring the efficacy of
non-surgical therapies has sparked ongoing debates
about TON treatment. The scarcity of published data
on TON complicates the development of defined
guidelines for effective management, resulting in
different therapeutic methods and adverse patient
results. This highlights the pressing need for a
systematic review and meta-analysis to assess the

effectiveness and safety of non-surgical treatments.

This review was meant to investigate the efficacy
of non-surgical approaches for TON patients through
conducting a literature review of clinical trials that
have been published across various databases.

METHODS

This study is a quantitative systematic review
conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 Checklist protocol (Figurel)."* The
clinical questions were formulated using the PICO
framework (P: traumatic optic neuropathy patients, I:
non-surgical therapy, C: placebo control or alternative
treatment, O: visual acuity and visual field). This
research was conducted in 2023. Study research was
carried out through PubMed, Cochrane Library, and
Science Direct databases for which the protocol of
systematic review was performed at the author’s
location and corresponded to the writing suggestions
of both the material advisor and the methodology
advisor.

Extraction and Data Management

The data obtained from the selected studies were
extracted using Microsoft Excel. The data
encompasses the study title, contributor names, year of
publication, study design, study subjects, study
intervention, study outcomes, and DOL.

Risk of Bias

Two bias assessment instruments were used in this
systematic review: the Risk of Bias in Non-
randomized Studies of Interventions (ROBINS-I), and
the Revised Cochrane Risk-of-bias Tool for
Randomized Controlled Trials (RoB 2) 2019; This was
done due to mixed studies in the analysis, which
included both clinical trial studies and RCTs. The
utilization of these bias assessment instruments was in
accordance with the directives outlined in the
Cochrane Handbook for Systematic Reviews of
Interventions.'> The outcomes assessed using bias
evaluation tools included changes in visual acuity,
visual field, and adverse effects associated with non-
surgical therapies for traumatic optic neuropathy.
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Data Analysis

This meta-analysis was conducted by utilizing Review
Manager 5.4 software, developed by the Cochrane
Collaboration. The calculation of dichotomous
variables was performed utilizing the Mantel-Haenszel
formula employing random-effects models. The 12
statistic was employed to evaluate the heterogeneity,
with values below 25%, between 26% and 50%, and
above 50% indicating low, moderate, and high levels
of heterogeneity, respectively. The researchers
provided the effect estimate as the risk ratio (RR) for
dichotomous variables, along with its corresponding
95% confidence intervals (Cls). The p-value was
calculated using a two-tailed test, and the level of
statistical significance was set at<0.05.

RESULTS

After the application of inclusion and exclusion
criteria to the search methodologies, a total of 182
studies were identified from PubMed, Cochrane, and
Science Direct databases. From 182 studies, 24 studies
were included in the initial screening, while 158
studies were excluded due to either duplication of
existing literature or their classification as studies not
registered as clinical trials based on automated tools.
Following the screening of titles and abstracts, 9
studies were considered for further assessment
regarding full-text eligibility and 15 studies were
excluded due to studies not related to TON, language
divergence (non-English or non-Bahasa Indonesia),
study design incompatible with the research's
requirements (review, case report, and other non-
systematic review), and incomplete studies. Out of
the9 studies initially considered, 1 study was excluded
due to the unavailability of accessible full-text
materials. Consequently, a total of 8 studies were
incorporated into this review to investigate the
effectiveness of non-surgical therapy for traumatic
optic neuropathy patients.

Characteristics of the Study

Eight studies were included, comprising two RCTs
and six clinical trials, involving patients aged 5 to 78
years with TON. Follow-up assessments, conducted
over periods ranging from 1 to 12 months, evaluated
the efficacy of non-surgical interventions such as
corticosteroids, levodopa-carbidopa, erythropoietin,
and mesenchymal stem cells. The studies utilized
diverse control groups, including surgical, placebo,
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Figure 1: Flow diagram of this study illustrating the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).

and non-surgical treatments, leading to intervention
categorization based on comparisons between non-
surgical and surgical approaches, placebo-controlled
studies, and non-surgical interventions using
methylprednisolone. Each intervention was analyzed
separately to provide a comprehensive evaluation of its
therapeutic impact.

Within the non-surgical versus surgical, placebo,
and non-surgical (methylprednisolone) comparison,
two articles emphasized the effectiveness of non-
surgical over surgical therapy, three highlighted non-
surgical over placebo, and three explored non-surgical
versus non-surgical (methylprednisolone). In the
separate intervention discussion, six studies focus on
the steroid group, two on mesenchymal stem cells, and
two covered both erythropoietin (EPO) and levodopa-
carbidopa.

The study’s characteristics, outlined in Table 1,
include outcomes like visual acuity, visual field, and
adverse effects. Among the articles, there is significant
variation in outcome measures, with all studies
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assessing visual acuity, one examining visual field
parameters, and two studies not reporting adverse
effects.

Assessment of Bias

The study rigorously assessed bias in the included
literature using tailored methodologies for different
study designs. Employing RoB2 for randomized
controlled trials (RCTs) and ROBINS-I for clinical
trials, the research categorized the eight analyzed
articles into risk groups: low, moderate, and high. Two
RCTs showed low bias across all domains, resulting in
an overall low bias classification. However, among the
six clinical trials, only one exhibited a low risk of bias,
while three showed a moderate risk. Notably, two of
the moderate-bias studies were in the stem cell
intervention group. Conversely, the remaining two
clinical trials displayed a high risk of bias in
methodology and analysis. This comprehensive bias
assessment provides valuable insights into the liability
of the study outcomes across different interventions. In
Figures 2 and 3, green indicates low risk of bias,
yellow shows moderate risk of bias, and red stands for
high risk of bias.

using steroids as non-surgical therapy, indicated
inconclusive evidence.'®!” Chen et al., leaned
towards surgical intervention
(RR=0.83[95%C10.47,1.48]), while Levin et al,
favored non-surgical methods
(RR=1.61[95%CI10.87, 2.99]).!%'7 The overall
meta-analysis showed no significant difference in
visual acuity improvement between non-surgical
and surgical interventions for TON
(RR=1.15[95%CI0.58,2.26],Z=0.40,p=0.69), with
substantial heterogeneity (12=61%). In individual
studies, Chen et al, 2019, reported higher
improvement rates in the surgical group but no
significant difference in improvement degree.'®
Levin et al, initially showed worse results in the
surgery group, but after adjusting for baseline
visual acuity, differences were not significant.

2. Improvement in the visual field

The analysed articles lacked information on
patients’ visual fields, focusing solely on visual
acuity. Chen et al, 2019, in addition to visual
acuity, also assessed the quality of life in their
study.'®

Chen etal., 2019

@ | @ | Bias due to selection of the reported result

9 e Overall bias

@ | @ | Bias due to measurement of the outcome

Kitthaweesin et Yospaiboon, 2001

@ | @ | Bias due to deviations from intended interventions

@ | @ | Bias due to randomization process
@ | @ | Bias due to missing outcome data

Figure2: ResultofBiasRiskAssessmentRoB2.

Effectiveness of non-surgical therapy
compared to surgical therapy
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Figure 3: Result of Bias Risk Assessment ROBINS-I tool.
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3.

Adverse Effect

Chen et al., reported no adverse effects from the
steroid treatment, while Levin et al., did not
explicitly mention adverse effects in the article.'®

Comparative efficacy of non-surgical
treatment versus placebo

1.

3.

Improvement in visual acuity

The articles included in this group aimed to
compare the effectiveness of non-surgical
interventions against placebos in improving visual
acuity, incorporating findings from three
studies.!”®! This meta-analysis included four
studies in total, with the majority focusing on non-
surgical therapy using steroids, and Kashkouli
et al, exploring erythropoietin (EPO) as well.
Individual studies indicated trends favoring non-
surgical interventions but lacked statistical
significance. The overall meta-analysis showed a
slight, non-significant tendency favoring non-
surgical interventions over placebos for visual
acuity improvement
(RR=1.31[95%C10.93,1.86],12:0%).

A subsequent meta-analysis focused on mean
differences resulting from EPO and steroid
treatments.!” The mean differences for both
interventions did not reach statistical significance,
suggesting negligible differences between non-
surgical and placebo groups (EPO:-0.66[95%CI -
1.69,0.37];Steroid:-0.02[95%CI -1.35,1.31]). The
overall meta-analysis combining data from both
studies also did not exhibit statistical significance
(Mean Difference: -0.42 [95% CI -1.24, 0.40], 12:
0%). In study by Entezari et al.,, the mean
difference between placebo and treatment groups
lacked statistical significance, with both showing
improvement, albeit slightly more in the non-
surgical group without statistical significance.

Improvement in visual field

Regarding visual field assessments, none of the
three included articles reported visual field
outcomes. Two studies''® exclusively measured
visual acuity, while Kashkouli et al, conducted a
more comprehensive evaluation, including visual
acuity, color vision, and Relative Afferent
Pupillary Defect (RAPD)grading.

Adverse Effect
In the comparison between non-surgical and

placebo interventions, two studies did not provide
any specific information regarding the presence or
absence of side effects in their report.!”!® In
contrast, the third study explicitly stated the
absence of observed side effects within both
treatment groups throughout their study."”

Comparative efficacy of non-surgical
treatment versus surgical treatment

1

Improvement in visual acuity:

The meta-analysis on non-surgical versus non-
surgical (methylprednisolone) treatment for
improving  visual acuity included three
studies.!”?*?! Kashkouli et al, reported a slight
inclination towards steroid interventions (RR=1.03
[95% CI0.61, 1.74]), while Kitthaweesin et al and
Razeghinejad et al, indicated a tendency favoring
non-surgical treatments, although statistical
significance was not reached. The overall meta-
analysis yielded a combined RR of 1.68 [95% CI
0.67, 4.19], which did not show statistical
significance, indicating moderate heterogeneity
(12:51%).

In Kashkouli et al., the mean difference on
visual acuity was -0.64 [95% CI -1.68, 0.40], but
statistical ~ analysis did not demonstrate
significance (p=0.23). Similarly, Kitthaweesin
et al and Razeghinejad et al, reported no
statistically ~significant differences in visual
improvement between compared groups in their
respective studies.

Improvement in visual field

None of the studies within the non-surgical
interventions, specifically focusing on steroids,
directly addressed visual field changes in their
respective articles.

Adverse Effect

Kitthaweesin et al, reported no adverse effects for
both drugs in their study. Similarly, Kashkouli
et al, found no observed side effects in either
treatment group. Additionally, Razeghinejad et al,
studying levodopa, noted that none of the patients
experienced commonly reported side effects
associated with the medication.

Effectiveness of steroid therapy

1.

Improvement of Visual Acuity
In the steroid group of 8 studies, 6 specifically

Pak J Ophthalmol. 2025, Vol. 41 (3): 331-347

335



Indra Tri Mahayana, et al

(%00) (9)TINII PIOI0ISOONION INOTIA
S:ADM00T/O0T>- (Ss:dT- 10 ()M “PRJONPUOD SEM
(%91) (L9)ZT:dIN- K1o8suorssardwosop
FIAHI0dT- -1183] 01 9|qeun- Jeueo oud() :A198.1ng
(%) 11:d7IN- :K198ang
A133ang Fuw()() |10} 3SOP M07]-
(TDO1:0p/0T=" Sweet
(6)8:002/0C 0011043S0P21LIPOIA -
(%SP) 0€:07/0T= =030p/0T>= Swe66|
(%$1)01:002/0T (61)91 00§10§980pyBIH-
=00v/0T> 4D M007/0T> Buig6Es—
(%z1) (ODPI:NH- 0007 103RSOPUBIAIA -
8:4003002/07>- (6)8:dT- L: & BuiQQp§=10j050prIAN- 81FpE
(%) (1€)9T:dIN-  0q2Eeld  0gE[d (0o ASFUBN
CIAHA0 T (h)¢ uey) uRPUS  paseq payissel) “Amful jo 3By
(%E€T)ST:dIN- 1159} 0) 9]qeUN- e Qi $9 €€ Ul poINSEOW  SARp / UL UIAIS 0Iom 8661 ‘812
SPLOJANS sproaas  Aadang  AR3ang  ploads prosds sem YA PIO12]SODILI0D JPLOI)S yuowr | syuedionaed £7] 10 urad]
9¢ 4S
£7p°0 3O onrea &T00 Y10 (S+-91)79
d &y quesgrudisur £][esnes aDOL [edNsing [eandang
a1am sdnois Aderay) om) o P,ﬁooawov (e aN
U22M12q Juawdsosduwl ul 22U 1P JudwdAosduy,, sAe(] proaas
Aprassty) AT MOYOD [BOISINS S UL %)L GE yuowoAoxduur €I0JSINOYQAIAITY/Sur (oSuer
unuaunean) sea JudwoAoldw ueow of | 110702 Jouaxo a1 ¢ [:esopiuanbasqng FURIPIIA)
p1oIISaY) PIOIISOYIUIY,OS S SPURIIOYOD IUNY VNSO (ATpuojostupaxdjAtyjour By
WOIFS$I99-9 [eIITINSYIUTL, 0/ 99semAInde Ul POINSeow Jo asopeSowr Jy/Swr 6107 T8
ASIOAPBON JensIA Jo 9je1 judaAolduw (2101 9y Tl Q Q1 01 SeM YA (£:980p[RNIUL: PIOINS syIuowg syurdronaedpg 109 iElElp)
ESEERN
OM) UMM PINUNUOISIT
sem
qargMm “duojostupaid
[e10 Jo Aep/By/Suw |
£q¢smoy gL 1oy Aep
e sawn noj Sy/Buig|
‘Aprys IM pONUNU0d ‘AT Jy/Sw
ayRBurmp "VADA [eniur g paynens yADH Jo o¢auojostupaadiLyay 68'11F8E'9C 100T
POAIOSQO  JUDIOAOITUT SOUIT QIO JO DI} OY) UO ASTFURIN uooqred
sem 0M] [JUOW 10 0] Yoam Je sdnoid omy 11BYD UI[[oUS ‘Kep e sown) mnoj IS ady -SOX
Sniproyio Q) U20M)9q JUdUIdACIdWI [BNSIA ) Ul paInseatn € IIM PAanuNuod ‘Al 1O UISIIM
JO 9V ON Ul 9JUDIO™ IP JUBOYIUTIS OU Sea JII ], 9 z 6 9 sem VA Fwprouoseyawexa(q sypuowy syuedronted 17 109 YN
Te30L AT Te10L, AT
awoanQ puy  [esegq Jojeaeduro) UON UIAIIUT Adexay) usisoq Ieax
ASIIAPY VADL LMoy [ensip JwoNNQO umidRny Aderay |, Jo uonean( sjyuedpnaeg Apmg goyiny

Apmis ayp fo sonstioppavy) 11 dqel

336

Pak J Ophthalmol. 2025, Vol. 41 (3): 331-347



The Effectiveness of Non-surgical Therapy for Traumatic Optic Neuropathy Patients: A Systematic Review and Meta-Analysis

(16 D19°7:(as)
AVINBO] uBoN-
oqadRld

S00°0:on[eAF-
8r o)Ly
-0):(4S)(98uer)-

(€r o)Ly ¥0)
{(qS)(23uer)-
(e 1sTeas)
AVINBO| UBIIA-
oqadeld

(17" 0)L +8°0)

ske(q

¢ 103 Kep/xy ‘sanurwig ¢
‘Al duojostupaid|Ayra
Burpgz:p1oads

UOISTYUI 210JOq

(L8 1)6$T {As) (gs)(e8uey) - Suipead moy | :(Buwgg) utndsy -
AVINDOT ued- (657 T)ST°€ (AS) advy s1eof ¢ = sjuoned
prorag AVINTO[ UBdJ - puy 103 Aep;/N1000°0T -
[UREITN UOISIA I0]0)) sIedk ¢ > syuaned
sdnoi3d 000°0:o0[BAJ- 1DWOOINO 10} Kep/N1000°01-
Juoueon (TToLy 0T+ T10) YO skep
omy Aue -0):(4S)(e8uer)- {(gs)(afuer)- 91 (o 32113 10J Aep AI13A9 ‘S1n0Y 1S VIFLY']T
upaasesqo  (£8°DS6'1HAS) (99" 1MRTHAS)  0qedrd  10gdeld (as)avnsol TISAOAJRUL[ES[ELUIOW4O ASFULIN L10t
Sem 103 3 AVINSO| uran- AVINBO] uBay- Sl Q ut painseawt TwogzupasnulOJq- By NLBE]
opIs ON Oodi Odd ‘proi§  plolag  69-:0dd  8¢:0dd SBM VA ‘0dd sypuowg  syuedronredgo| LI fmoyse3
SARD ]
107 ogooedust‘sAepgIo]
SINOY GAIOAIATOUITES
[BULIOU| WG 0GB
[co
OGS T =%S61D] SQOUSIY 1P "skep
Loosemdnord  (L70=d)E6°0FE'T upaw ul 7 pojjeIoauojosiupald 70°017F6T
JuAuneaI) pue dnoas oqadelg pajussard puy Sy/Swynmponunuod ASFUBIN
ogaoe|d usamiaq Jun Y v NSo] ‘SABPEI0JSINOYQAIAD ady
Qoualy 1p 66'0F6"1 ul panseau Al 2uojostupaidjAyiowt LOOT ‘B30
UROWI O[], :dnoas proiag ST 8 91 1 Sem VA Sw 0g7 :p1o1as syjuowg syuedronedy ¢ I LIBZOJU

(%€EP) €:01/0T=
(%62)2:002/0T
=0} Op/0T > -
0:4203002/07>"
0:INHIOdT-
(%60TdIN-
pajeaaju)

(%) 1:0¥/0=
(%91)¥:002/0T
=01)b/0T>-

(1D1:0k/0T=
(Z0)T:00T/07
=0)b/0T>-
(T
:dD0I00T/0T>-
(ID1:WH-
0:dT-
(£€)EdIN-
-1189) 03 9|qeun) -
pajeanuU)
(©)1:0t/07=
(£)1:00T/0T
=0 0b/0T>-
)
24D 0100T/0T>-

"uIAIS Jou

seam Uo1ssaIdurooa(y
Teues ondo puy
SP1012ISODI1I0D (043

‘uoIBIIpaW

337

Pak J Ophthalmol. 2025, Vol. 41 (3): 331-347



870°0:0n[8AJ
asroXre
-1) «(gS)(o3uex)-

9¢6°0:om1eAd

(TeroreL1)

uonejueldsuern g
dnoid 1oj pjo eosaduods
Une[os ojLIMs B Yim

(g09ez(as) (as)(a8ue) - Swpess  Ajuo pur gHOH :A1081ng
AVINBOT UedN-  (TH 0)p8°T (as) advy pue
:zdnoany VNS0T Ued - TOISTA I0[0D (s)e2
‘spuened ay :zdnoany W00 J01 x1)1dno310§9466
u1 PaAlasqo L00°0:on[eA(] - paliily) JO ApigeIA 120 ® ypum
semu  (6bTON1IEE€0)  (6TIONIELL) plo_e0s 93uods une|o3 LOSIFS18T
ajejuejdsuen ((7S)(28uer) - (7S)(28uer)- “AVINSO] -DSIAL ® yna Jeues ondo ASFUedN
[E20) (rrpeeas) (rozgz(as) ueaw ayy jo pay Sunriado sy
01 pore[oI MVINSO UeOA- VNS0 uBoA- Up pOINSeI a1 Jo Surroaod £q 0202
TV ON 1dnorn :pdnoan 01 01 01 01 sem YA pamo[joJ ‘adod DS squowg siuedroniedog 10 Te 9 el
(S1/00 (0z/00)
SIONR[T6:HA - SIONOILYHA -
pousd INHHS - dIN'HS -
C.O_um—:mw—& Auaned puned
-sueayjsod (sz/02) ‘pafeasApuonbasqns
-189A- 191} (07/07) SIOP9|[8:H4- sem 9IS UOoIsIoul
noy3noxy) SIONOL 8K - JINCAS- AT, A[padu o yInoxyy
v INHHS - ‘puaned ‘1dA Pue JAH uonoafut uo pueiqns
poInseosur
BIA
JueoyIuSIS ‘Quaned sem JA pasojstunpe A[juod
ON (0z/00) sea SDSINAY,01XS JO
K (0Z/07) SIANR € H A~ Jeurioy QWIN|OA Y "9|Padu dFned
91008 I0}19]
‘etz Juaneg s1a2f €8:94- (uonexy ur papraoad -oul Je Jo uonIasul oy}
(z€/02) JLIUIIY9/0T) arom AQ pamor[o] ‘X1u 1oj 3y}
BT ETRHe [N SIONQ[ 861 S- Ayjedouriar  JO uoI3al |RIPAW-I0LIfUI
Rlij|
uoneyued (1eak | )pauaned ‘puaney JURQRIP JO 1B SI0SSIDS YJm Pasioul
suel) e JuoUNEAI) SEM BATIOUN[UOD
SYIUOW ¢ peydata0-Adjleg  MRYD A1A0|-A3[ 1Ry Apea 0} oy ‘Apuonbasqng
Surureyod syjnsox
moyanoiy ® uo (07/07) ® U0 (§2/07) sy pur "ous [pAyoun(uod
POLIND0 Y SINQTHR:T - SIMNR[GLITA- ey KT oy otup sdoap ¢ - ¢
Juedyruss (00$/07) (100118 UD[[US 241 JO UONE[[NSUL OY) PIAJOAU] 0L>93V >8] 020t
oN S1911218 [ 14 S- Dd)s1eN9|8:4S- Juisn passasse suteoesedoado, g o N
puaned 3uaned pudned - - v 14 SEM YA Jouoneonddy :DSIA Lok syurdionaedg 10 Jung
TS0 PNPAS
Oroy
-1°0):(aS)(8uel)
£00°0:20[BA- (€9 DL6T "skep ¢ 10]
(LY OXL+T°0) (ASIIVINBOL o1uIpo oy ur sjuened mo se
((F8)(98uer) UBDA] [RIOL

Talia, et al

Pak J Ophthalmol. 2025, Vol. 41 (3): 331-347

338



The Effectiveness of Non-surgical Therapy for Traumatic Optic Neuropathy Patients: A Systematic Review and Meta-Analysis

iimxSYT)
R T=
9213ap Juawiaaoduy:,
uorssardwoosa g Jeue) andgp ordossopug =qDOT YS1em Apog =md AT
mofag =7 eAq Apmg =AS IUAAT aSIAPY =TV Xapu] p[at] [BNSIA =[IA ‘Uoneiaaq uesA=qJA ‘PIeLI [ensiA Asrgdunyg=JAH PIoI] [BNSIA =JA S[[2D [PWONS [RWAYDUISIA] [RIUSDR]J UBWNI =SD)SINJY [[2D
WS [BWAYIUSI =DSIN 199)o(] Ate[idng Ul |y 2A1B[12Y] =(d V3 Snouaaenu=A] ‘unaiodoaifig=0dd panroday] JION=3YN ‘U0no pueH =N H uondaniad s8] =47 ‘uondaosiod ys1T ON =dIN 9417 Jo
Lrrend) =100 ‘KIndy[EnsIA=VA ‘9¢-uLojuoyS=9¢-4S uoissaidwosop e uessndojeansunfuoasuenpaisisses| [eo1d03sopud = DO LH [BILL [BO1UI D=1 D¢ [BLL] PI[|0HUOIPAZIUOPUEY =] )} {2BeI0AB=1 AV UONEIAIQQY

UOISIA  103J1dPalapIsuodsi(7 | 0= VINSO])S | /OTIBISIROIPUIYSLIOLIE, T

‘uout
€0 €0 [ 1oy Aep/Xg 10]qe)
:poueoyIugis- :3ouedYIuGIS- 118 (Sw 1 edopiqies
! 10'1 /Bwgo edop-psiaiqes
Apnys FT6 EAVINSO[- 60 P A VINSO[- o-edopoasy :edop-7
Siy Ul dnois pro1dy§ dno.us) p1o1as syauow
edopoad] Jo ‘sKep ¢:dnoas
§109_3opis 6000 6000 cloaoposoderp‘siep proams £9°LFET
TOWO0d 190UROYTUSIS- :0oueoYTUSIS- (Qavnsor) 11307Aep; Mg SY/Bw ASFULdIA
1) WoIL] G 81 urow 19ouofostupaid [e10 Aq SO "y 0102
paigins FI T IVINSOL- F8 T IVINSOI- Ul paInseaut (SAepg 10] AT JOIpat 9 :dnoi3 ‘Ie 30 per
syuaned oN dnoasy edop-q dnoasy edop-q 01 11 9] 6 SEM YA Bwpgg ¢swened [y edop-1 sjuedionted z¢ i) aurydazey

njeA g

339

Pak J Ophthalmol. 2025, Vol. 41 (3): 331-347



Talia, et al

(570=>d)%0: 1A~

apETee- AN

SOOUDIO 1P JUBOYIUSIS ON] -

‘FIudnRg

%A -

apo6 1¢-:dIN-

anobo.—aﬁﬁ_ JEWITUTW SAMOTS JOJ2P JA YL -
“M «_.Hu:_v.n—

%9L:(11IA) XOput oY [PNSIA -
€PLY9-:(CTIN) UOTIBIAOD UEDIA| -

Paseardap 2ZIS J3312P JA 2} ds.ﬁoﬁo,« Jo sqjuowt 9 1y -
Quoned

% ¢ (1IA) XOpul Y [ENSIA -

(s70>d)

%0 LA -

dp €I ee-dIN-

S Y UL 123J9p JA [®I0L -
‘pudRg

%0 14A -

ap LOTEdN-

S AU U 123J9p JA eI0L -

L judoned

%¥L:(1IA) XOpul POy, [ENSIA -
AP1T 8- () UOLIRLAID UBDJA -
gsunuerpenbrerodwialioniadnsayiuoldajap A -
uoned

%0 (LLA) XOpul POy [ENSIA -

PSS’ 1 T-(CTIN) UONEBIASD UBSIA - AP99°ST-H(CIIN) UOUEBIASD UBS - 0L>98V >8]
1S U1 358193p A|1YT1| SLWO0J0S - (243 Aprys) HS U0 LWIOI0S aTae] - ey 020T
:(dn-Mo[[0] STIuOW 9211 18 SSO) [IUANe] :(dn-mo[[o] squuOW 9217} 0 $S0]) | JUTIRJ syuedronredg Ealitiife} ‘I8 12 Bung
puy leseq
PIPLI [enSIA juedppaeg Apmig avag ‘oyny

PUONNQ) PIL] [UNSY 1T IR

331-347

Pak J Ophthalmol. 2025, Vol. 41 (3)

340



IS

d Meta-Analys

Review an

IC

A Systemati

Optic Neuropathy Patients:

ic

| Therapy for Traumat

-surgica

The Effectiveness of Non

‘K10an03dsar dnous edopiguea-edopoad) pue ‘urprodoay£1o |eotdms snsioa [eIIZns-uou ‘|BdIZINS-uou $NSIdA [BOIZMS-uou oY) uo Kjareredds passnosip oq (s (107 72 12 peloutydozey {(OdH) L10T v 721nnoyysey]
$610T 77 12udyD) f100T ‘Uo0qredsox raisaomeyniy]) Sulurewd oy afiym ‘0qaoe|d pue pro1als Jo uostedwod o) sSnaSIP (8661 ‘77 12 WIAT (SPIOLIs) £ [ (T P 12 YNONYSBY (L0007 7P 12 1LIeZ2WH) SAIPMS XIS Y] JO N0 Y[ (44
'sp1o1a)s pue (uetodoikie) Odd ‘SUOHUIAISIUI OAY] SISSAIPPE SUOTUdAIRIUL 0qaoe[d pue [ed13INs UoU UaM]aq UosLIEdWOD Y Ul PAPN|IUI £ [(7 72 /2 NONYSE]) SAPNIS 321Y] Ay JO UQ(4

341

“aUO[E SPI0IA)S Y] A)INoe (£prys ) SpIOIals
[ensIA Suraoxdual ur 9ANd9 13 3q A[OY1] ABW SPIOIAS ()IM pauIquiod edopiqied-edopoad| syuedionted o7 - aaoxduy sns1oa edopiqies-edopoad
‘suonuasldul ogaoe]d
10 SP10101S ‘und10doIyIALd UdIMIOG PIALISGO LB SIOUDID [IP JULIYIUTIS OU LIAIMOY (Apms |) SOOUQIY 1P
‘NOL Wi syuaned ur A)moe [ensia o) Sutaoxdur ut 9A109~ 9 aq Arwu unarodorp Ay syuedionted g9 = uRoYIUsIS ON unarodonq A

"NOL 10J SIUSWISSOSSE AJQJes TI0 SUNRIUIIU0) A[LIRWLId S[ELH) [RITUI[D [ o8B SUIdq
SOIPNYS Y10q 01 INP JAISN[OUOIUL S SHuaned NOL 10) SIUdWSSISSE £19)S 10 FunRNuoouod

Arurewunid s[ern) [eoTuT[d | 9seyJ SUIaq SaIpIs ioq 0) NP AATSN[IUOD Ul sT sjuaned NOJ ur (se1pnys 7) SOIUAIY TP SAIUDIY IP

P12y [ensiA pue Aymoe jensia Sursordur uo Adesdy) 1199 wols [BuAYOUISIW JO 199 [0 Y], syuedonied ¢ oy udis oN uedyudis oN S1190) WNG [RWAYIUISIN
"SuONUaATauT 0qaoe[d pue SPIOIa)s UaAL}a( PaATasqo are (se1pnys ¢) $20UI3_1p

S20UATA TP JUROYTIUSIS OU JoAMOT] “A)Inoe [ensTA Sutaordwt ut 941302712 aq AvUI SPIoIa)g sjuedronted ¢g1 - JURdYTuSIS ON 0qgade[d snsiaa Sproralg

“SUONUOALIIUL

(ouojosiupardjAyiow)[ea1Sms-uou pue [BIISINS-UOU UIOMIOY POAIISGO DIB SOIUILD |IPp (so1pmys €) S0UDIY 1P (ospow) |BOISINS

JuEOYIUSIS Ou 1oAdMOY ‘Ajmoe [ensia Sutaoadwi ut 2A1309 0 9 Lew Adeady) [Bo1SIns-uoN sjuedionaed 67| - uedyudis oN -UOU SNSIOA [BOISINS-UON
"SUOTIUAIRIIT 0qaoe[d PUE [BITTINS-UOU USIM)Sq PAATISQ0 2T8 SAUIA 1P (4xSe1pnys ¢) CEELEIENN

JuedyIUTIS ou 1AdMOY Kjmoe [ensia Furaoaduwir ul 9a10y 9 0q Aew Adeoy) [ea15ns-uoN swedionted g1z - Juedyudis oN oqaoe|d snsioA [BI1INS-UoN
*SUOTJUOAIDIT [BOTRINS PUR [BIIRINS-TOU USAMIAq PIAIISQO I8 SAOUAIa |1 (se1rpys 7) $AOUAIY 1P

JUROYIUTIS OU 10AIMOY ‘AINI. [eNsiA Suraoidur ut 9A10y 3 9q Aewr Ade1dy) [ROIFINS-UON syuedronaed 611 - JUROYIUSIS ON [e213INS SNSI2A [BIITINS-UON

uoISNPUO) (Apmyg) syuedonae jo pqunN PRI [ENSIA Amoy [ensip UONUIAII UL

"SMDJADY NIDWAISAS f0 Lipwing i€ I[qBL

331-347

Pak J Ophthalmol. 2025, Vol. 41 (3)



Talia, et al

Non-surgical

Surgical

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Chen etal., 2019 10 18 8 12 51.4% 0.83[0.47, 1.48]

Levin et al., 1998 33 64 8 25 48.6% 1.61 [0.87, 2.99]

Total (95% CI) 82 37 100.0% 1.15 [0.58, 2.26]

Total events 43 16

Heterogeneity: Tau? = 0.15; Chi? = 2.58,df = 1 (P = 0.11); P = 61% ;

Test for overall effect: Z= 0.40 (P = 0.69)

0.01

1 10 100

Favours [Surgical] Favours [Non-surgical]

Figure 4: Meta-analysis and forest plot assessing the efficacy of non-surgical versus surgical therapies in enhancing visual acuity in

individuals with traumatic optic neuropathy.

Non-surgical Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Entezari et al., 2007 11 16 8 15 36.6% 1.29[0.72, 2.30] —TE—
Kashkouli et al., 2017 (EPO) 38 69 5 16 21.2% 1.76 [0.83, 3.76] T
Kashkouli et al., 2017 (steroid) 8 15 ) 16 16.2% 1.71[0.72, 4.06] L
Levin et al., 1998 33 64 4 7 26.0% 0.90 [0.46, 1.79] —8—
Total (95% CI) 164 54 100.0% 1.31 [0.93, 1.86] o
Total events 90 22

4 2 _ o N _ _ 2= I . + {
Heterogeneity: Tau® = 0.00; Chi’* = 2.21, df = 3 (P = 0.53); I = 0% 0.01 o1 10 100
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Figure 5: Meta-analysis and forest plot assessing the efficacy of non-surgical therapies compared to placebo in enhancing visual acuity in
individuals with traumatic optic neuropathy.

Non-surgical Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Kashkouli et al., 2017 (EPO) 1.95 1.87 69 2.61 1.91 16 62.3% -0.66[-1.69, 0.37] i I
Kashkouli et al., 2017 (steroid) 2.59 1.87 15 2.61 1.91 16 37.7% -0.02 [-1.35, 1.31]
Total (95% CI) 84 32 100.0% -0.42 [-1.24, 0.40]
Heterogeneity: Tau? = 0.00; Chi* = 0.55, df = 1 (P = 0.46); I’ = 0% _=2 -:1 3 1 1

Test for overall effect: Z = 1.01 (P = 0.31) Favours [Non-surgical] Favours [Placebo]

Figure 6: Meta-analysis and forest plot assessing the efficacy of non-surgical therapies compared to placebo on the mean differences in
visual acuity among patients with traumatic optic neuropathy.

Steroid Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Entezari et al., 2007 11 16 8 15  46.4% 1.29 [0.72, 2.30] ——
Kashkouli et al., 2017 (steroid) 8 15 5 16 20.6% 1.71 [0.72, 4.06] o
Levin et al., 1998 33 64 4 7 33.0% 0.90 [0.46, 1.79]
Total (95% CI) 95 38 100.0% 1.21 [0.82, 1.80]
Total events 52 17

e 2 CChi2 — - = B e I l } {
Heterogeneity: Tau’ = 0.00; Chi* = 1.38, df =2 (P = 0.50); | 0% o1 o1 10 100

Test for overall effect: Z = 0.97 (P = 0.33) Favours [Placebo] Favours [Steroid]

Figure 7: Meta-analysis and forest plot assessing the efficacy of steroids compared to placebo in enhancing visual acuity in patients with
traumatic optic neuropathy.

Non-surgical Methylprednisolone Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kashkouli et al., 2017 (EPO) 38 69 8 15 53.1% 1.03 [0.61, 1.74]
Kitthaweesin et Yospaiboon, 2001 6 9 2 6 29.9% 2.00 [0.59, 6.79] —r
Razeghinejad et al., 2010 9 16 1 10 16.9% 5.63 [0.83, 37.95] T/ —
Total (95% CI) 94 31 100.0% 1.68 [0.67, 4.19] i
Total events 53 11
B #_ X 2 _ _ _ g I ' | |
Heterogeneity: Tau’? = 0.34; Chi* = 4.08,df =2 (P = 0.13); I’ = 51% 001 o1 10 100

Test for overall effect: Z = 1.11 (P = 0.27) Favours [Medrol] Favours [Non-surgical]

Figure 8: Meta-analysis and forest plot comparing the efficacy of non-surgical therapies, specifically methylprednisolone on the enhancement
of visual acuity in patients with traumatic optic neuropathy.
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discussed steroid therapy, but only 3 compared
steroids with placebo alone, with the remaining
studies having different comparators. The meta-
analysis focused on these 3 studies, while the
remaining studies comparing steroids with various
interventions are discussed separately. Entezari
et al., reported a non-significant RR of 1.29
[95%Cl10.72,2.30], favoring steroids, similarly,
Kashkouli et al, indicated a non-significant RR of
1.71 [95% CI0.72,4.06] in favor of steroids, while
Levin et al, showed a non-significant RR of
0.90[95%C10.46, 1.79], favoring placebo. The
overall meta-analysis resulted in a non-significant
RR of 1.21[95%CI10.82,1.8], indicating no
statistically significant difference between steroids
and placebo in improving visual acuity (Z=0.97,
p=0.33), with homogenous outcomes across the
studies (12:0%).

Effectiveness of erythropoietin therapy

1.

Improvement of Visual Acuity

Ina trial involving 100 participants, 69 were
assigned to the erythropoietin (EPO) group, 15
received steroid treatment, and 16 were placed
under observation. The LogMAR acuity
revealed that 55.1% of the EPO group, 53.3% of
the steroid group, and31.3%ofthe observation
group experienced a change of 0.3 in their last
follow-up. After accounting for the initial visual
acuity, no statistically significant difference was
observed, even though the treatment groups
experienced vision improvements.

In the study by Kashkouli et al, although all
groups showed enhanced vision, the steroid-
treated group exhibited the fastest recovery
within the initial month, while the EPO-treated
group demonstrated steady and sustained
progress beyond the third month. Evaluation of
color vision and RAPD revealed improvements
across all groups, with statistically significant
enhancement in color vision noted in the EPO
group. However, the study cautioned about
potential bias due to the higher patient count in
this group. While statistically significant
improvements in RAPD were observed across
all groups as a categorical variable, mean RAPD
improvement achieved statistical significance in
the EPO and steroid groups.

The analysis emphasized the impact of

2.

Improvement in Visual Field

In the group of six studies on steroid treatment,
none reported information on visual field
outcomes, with the primary focus being on visual
acuity assessment. Kashkouli et al, included
measurements of color vision and Relative
Afferent Pupillary Defect (RAPD) grading
alongside visual acuity and explored the effects of
erythropoietin as a treatment for TON. Another
study measured SF-36 scores, focusing on the
quality of life as a secondaryoutcome.'¢

Adbverse effects

Among the six studies in the steroid group, three
reported no observed adverse effects associated
with steroid administration.!®!'®!° However, the
remaining two studies did not mention any adverse
effects related to steroid administration.?*?!

trauma-to-treatment intervals exceeding three
days and initial visual acuity categorized as no
light perception (NLP) on poorer final visual
acuity outcomes. These findings underscore the
crucial role of timely intervention and initial
visual acuity in determining the ultimate visual
recovery for TON patients.

Improvement in Visual Field

The primary outcome focused on BCVA, with
color vision and RAPD grading as secondary
measures. Although visual field assessment was
initially designated as a secondary measure,
practical limitations, such as compromised
visual acuity and unavailability of testing
resources, prevented data collection. Many
patients had severely impaired vision, making
them unsuitable for standard visual field testing,
and logistical constraints further hindered access
to the necessary tests before medication
initiation. Consequently, visual field assessment
was excluded from the recorded parameters of
the study.

Adverse Effects

The administration of erythropoietin and steroids
to patients showed a notable absence of side
effects within the treatment groups. The lack of
adverse reactions may indicate a favorable
safety profile for both erythropoietin and steroid
therapies.

Pak J Ophthalmol. 2025, Vol. 41 (3): 331-347
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Effectiveness of levodopa-carbidopa
therapy

1. Improvement of Visual Acuity

The research examining the effects of levodopa-
carbidopa on visual outcomes in patients with
indirect traumatic optic neuropathy (ITON)
demonstrated encouraging results.?!
Administering levodopa-carbidopa, specifically
one tablet (100/10mg) thrice daily for a month,
led to improvements in visual acuity (VA) for
56.2% of the treated patients, compared to only
10% in the placebo group (p=0.02). The baseline
Best-Corrected Visual Acuity (BCVA) for the
levodopa-carbidopa  group was  2.8+1.8
logMAR, significantly improving to 2.1 + 2.1 at
the final follow-up (p=0.009). Adjusting for the
initial differences in vision, patients with
comparable baseline BCVA in both groups
showed significant improvement in the levodopa
group (p=0.03), emphasizing the therapeutic
effect of levodopa-carbidopa on vision
compared to corticosteroids with a placebo.

2. Improvement in Visual Field

This study lacks information about the visual
field before and after administering levodopa-
carbidopa, as the main outcomes focused on
visual acuity and Pattern Visual Evoked
Potential (PVEP).? The article provides visual
acuity data only at the conclusion, omitting
details about PVEP due to challenges recording
it caused by the poor vision of the patients.

3. Adverse Effects

No adverse events, such as a decline in visual
acuity, were reported in either the levodopa-
carbidopa or steroid group, suggesting a
potential benefit for visual recovery through
levodopa treatment. The study observed that
levodopa does not produce any of the typical
adverse effects that are associated with it, such
as hallucinations, dyskinesia, skin rash, mood
and mental changes, drowsiness, dizziness,
headache, anorexia, and nausea as well as
vomiting.However,theacknowledgmentthatsome
patientsmightbeintolerant to these drugs could
potentially hinder the completion of the
treatment course.

DISCUSSION

In this study, eight studies were included, with two
randomized controlled trials (RCTs) and six clinical
trials. Steroid interventions were the most studied,
followed by mesenchymal stem cells, erythropoietin,
and levodopa-carbidopa. Visual acuity, adverse
effects, and visual field were the most frequently
reported outcomes across all intervention types.
However, substantial differences existed in the study
populations, subjects, control groups, interventions,
and outcome measures, rendering statistical pooling
or quantitative analysis inappropriate.

The reviewed studies exhibited varying levels of
bias: three had low risk, three had moderate risk, and
two had high risk. This heterogeneity highlights the
need for careful interpretation of the findings,
considering the methodological strengths and
weaknesses.

Studies on interventions for TON show visual
acuity improvements across different treatments, but
no significant advantage among them. Non-surgical
therapies, surgical approaches, and placebos yielded
similar outcomes. Chen et al., suggested potential
benefits of surgical optic nerve decompression,
though statistical significance was limited by a small
sample size. Levin et al., favored non-surgical
approaches, emphasizing individualized treatment
decisions. The findings suggest that vision
restoration may occur even without specific
interventions, especially in severe cases.'®!”

Non-surgical therapy showed visual acuity
improvement over placebo, though without
statistical significance. Kashkouli et al, found that
the steroids group experienced the fastest vision
recovery within the first month, with no further
significant changes.!” The observation group showed
minimal early recovery, improving after two weeks
and continuing for up to 2.5 months before
plateauing. The EPO group exhibited steady
improvement from the beginning, maintaining
progress beyond the third month. '

Studies comparing non-surgical therapies for
TON, including EPO, dexamethasone, and levodopa
with methylprednisolone, found mno significant
differences in visual outcomes.’*Kashkouliet al.,
noted EPO’s potential benefits but found no
advantage over methylprednisolone, with delayed
treatment and severe impairment linked to poorer
outcomes.!”  Kitthaweesin et al, suggested

344
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dexamethasone’s cost-effectiveness and lower
dosing benefits, though based on a single study.?
Razeginejad et al, highlighted levodopa’s potential
due to its blood-brain barrier penetration, but no
significant superiority among treatments was
observed, and further studies on prolonged treatment
effects are needed.?!

Steroid regimens for TON varied across studies,
with five using intravenous methylprednisolone or
prednisolone and one using oral methylprednisolone.
All regimens showed visual acuity improvement, but
no significant difference in effectiveness was
observed between intravenous and oral treatments.

Interpreting reports on visual improvement after
optic nerve injuries is challenging due to
inconsistent definitions and variations in visual
acuity testing. Many studies lack standardized
criteria, often classifying even minor changes as
improvement. While significant gains, such as
recovery from no light perception (NLP) or
substantial enhancement in patients with better
initial acuity, are considered credible, minor
improvements in those with existing vision are
viewed with skepticism.

In addition, there is also variability in the
reporting of outcome measurements for visual
acuity. Some studies reported visual acuity using
Snellen charts,'”?®  Bailey-Lovie charts,” and
logMAR >!81921 This variability in measurement
scales for visual acuity across studies may introduce
challenges indirectly comparing and synthesizing the
outcomes. Differences in measurement methods can
potentially impact the interpretation and pooling of
data in meta-analyses.

There is considerable variability in how visual
acuity outcomes are reported, with some studies
using Snellen charts,'”?° others using Bailey-Lovie
charts,” and some employing logMAR .%!8192! These
differences in measurement scales create challenges
in directly comparing and synthesizing results,
potentially affecting data interpretation and the
accuracy of meta-analyses.

Non-surgical therapy shows promise for
improving visual acuity in TON patients, with no
significant differences among treatments. Treatment
choices depend on patient preferences, disease
severity, risks, and resource availability, while
timely intervention is crucial. The limited studies on
TON highlight the need for larger clinical trials with

standardized reporting to enhance transparency and
accuracy.

This study has limitations, including a small
number of studies, limited data on visual field
assessments, reliance on clinical trials, and diverse
outcome measurements.

CONCLUSION

This research underlines the potential efficacy of
non-surgical approaches in enhancing visual acuity
and visual field in patients with TON, but no
significant differences were found compared to other
interventions. Despite a safe profile, the overall
efficacy of non-surgical therapy remains
inconclusive. Initial visual acuity at diagnosis is a
crucial factor in TON prognosis. The study notes
significant flaws, including a scarcity of human
clinical trials on TON and reliance on animal
models, revealing a gap in human population
studies. In adequate reporting of missing data and
varied outcome reporting in human studies pose
challenges for quantitative analysis.
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Patient’s Consent: Researchers followed the guide
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