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Fifty Years of Lacrimal Drainage System Disease Research (1975-2025):
A Systematic Review and Meta-Analysis of Obstructive, Inflammatory,
and Neoplastic Disorders

Shweta Sajimon’, Niraj Kumar Yadav, Reshma Ragunath, Shivalika Thakur, Eesha Agarwal
Department of Ophthalmology, Dr KNS Memorial Institute of Medical Sciences, Barabanki, Uttar Pradesh, India.

Background: Diseases of the lacrimal drainage system (LDS) encompass a broad spectrum of obstructive, inflammatory, and
neoplastic disorders that impair tear outflow and may result in epiphora, recurrent infection, or orbital complications. Over the
past five decades, substantial advances have been made in diagnostic imaging, surgical techniques, and understanding of disease
pathophysiology.

Objective: To systematically evaluate the epidemiology, pathogenesis, diagnostic approaches, management strategies, and
clinical outcomes of lacrimal drainage system disorders from 1975 to 2025.

Methods: A systematic review and meta-analysis were conducted in accordance with PRISMA 2020 guidelines. Electronic
databases were searched for studies published between January 1975 and December 2025. Eligible studies included randomized
controlled trials, cohort studies, case-control studies, and case series (>10 patients) reporting outcomes of obstructive,
inflammatory, or neoplastic LDS disorders. Random-effects meta-analysis was performed to calculate pooled success, recurrence,
and complication rates.

Results: A total of 350 studies involving 26,670 patients were included, with 45 studies eligible for quantitative synthesis.
Obstructive disorders demonstrated the highest pooled success rate (91.2%) and lowest recurrence (8.3%) and complication
rates (6.5%). Inflammatory disorders showed slightly lower success (88.5%) and moderately higher recurrence (11.6%) and
complications (9.8%). Neoplastic disorders exhibited significantly lower success (72.4%) and markedly higher recurrence
(24.7%) and complication rates (18.2%). Advances in endoscopic surgery, imaging modalities, and adjunctive therapies have
progressively improved outcomes.

Conclusions: Clinical outcomes in LDS disorders strongly correlate with underlying disease biology and therapeutic complexity.
While obstructive disorders achieve excellent surgical success, inflammatory and neoplastic conditions remain challenging.
Standardized reporting and prospective multicenter studies are warranted to further optimize management strategies.
Keywords: Lacrimal drainage system, Nasolacrimal duct obstruction, Dacryocystitis, Dacryocystorhinostomy, Lacrimal sac
tumors, Systematic review, Meta-analysis, Recurrence, Complication rates, Ophthalmic surgery.

INTRODUCTION

Lacrimal drainage system (LDS) disorders represent a diverse
group of conditions encompassing obstructive, inflammatory,
infectious, congenital, and neoplastic pathologies that disrupt
physiological tear outflow and result in epiphora, recurrent
infection, or orbital complications. Over the past five decades,
understanding of these disorders has evolved substantially,
transitioning from primarily descriptive clinical observations

Address for correspondence: Shweta Sajimon,

Department of Ophthalmology, Dr KNS Memorial Institute of Medical Sciences, Barabanki,
Uttar Pradesh, India.

E-mail: shwetasaji@gmail.com

LMO,
Lo,

UP JOURNAL OF OPHTHALMOLOGY

An Official Journal of Uttar Pradesh State Ophthalmological Society,
Te? UPSOS (Northern Ophthalmological Society, NOS)

S

8

&

2

A
s,

&
Y05

3

p-ISSN: 2250-1916 ‘ DOI: 10.56692/upjo.2026140206

© UPJO, 2026 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made.
The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise ina credit line to the material. If material is not included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by-nc-sa/4.0/.

How to cite this article: Sajimon S, Yadav NK, Ragunath R, Thakur S,
Agarwal E. Fifty Years of Lacrimal Drainage System Disease Research
(1975-2025): A Systematic Review and Meta-Analysis of Obstructive,
Inflammatory, and Neoplastic Disorders. UP Journal of Ophthalmology.
2026;14(2): 76-84.

Received: 02-06-2026, Accepted: 25-06-2026, Published: 01-08-2026



https://creativecommons.org/licenses/by-nc-sa/4.0/

50 Years of Lacrimal Drainage Research

in the 1970s and 1980s to sophisticated clinicopathologic,
ultrastructural, radiologic, and molecular analyses in recent
years. Early clinicopathologic studies established primary
acquired nasolacrimal duct obstruction (PANDO) as a distinct
fibrotic entity characterized by chronic inflammation and
mucosal remodeling rather than simple mechanical blockage.!
Subsequent epidemiologic investigations between 1976 and
2000 demonstrated the significant incidence and public
health burden of symptomatic acquired lacrimal outflow
obstruction, particularly among older adults and women.>
Histopathologic and immunologic research has progressively
clarified the multifactorial nature of PANDO and secondary
acquired lacrimal duct obstruction (SALDO), implicating
chronic inflammation, hormonal influences, fibrosis, and
environmental factors in disease pathogenesis.** Electron
microscopic and ultrastructural analyses further demonstrated
epithelial alterations, subepithelial fibrosis, and vascular
remodeling within the lacrimal sac and duct, suggesting
that mucosal immune dysregulation plays a central role
in chronic obstruction.” These findings challenged earlier
mechanical paradigms and reframed LDS disease as a
dynamic inflammatory process. Advances in imaging have
been pivotal in refining diagnosis and guiding management.
Conventional dacryocystography, once the primary diagnostic
modality, has largely been supplemented by cross-sectional
imaging techniques including computed tomography (CT)
and magnetic resonance imaging (MRI), which allow detailed
visualization of lacrimal sac pathology, adjacent sinonasal
structures, and neoplastic processes.®’” Comprehensive
radiologic reviews have underscored the importance of
distinguishing inflammatory obstruction from granulomatous
disease, systemic vasculitis, and malignant lesions.® More
recently, high-resolution optical coherence tomography (OCT)
has enabled in vivo evaluation of punctal and canalicular
microanatomy, facilitating earlier detection of proximal
obstruction and structural abnormalities.” Inflammatory
disorders such as acute and chronic dacryocystitis remain
among the most common clinical manifestations of distal
obstruction, often resulting from nasolacrimal duct blockage
and tear stasis.'” Recognition of systemic associations,
including granulomatosis with polyangiitis, sarcoidosis,
and syndromic congenital anomalies, has expanded the
diagnostic framework beyond isolated ophthalmic disease.
Congenital lacrimal drainage anomalies, once considered
relatively benign and self-limiting, are now understood to
have important syndromic correlations and variable natural
histories requiring individualized management." Neoplastic
disease of the lacrimal drainage system, though rare, carries
substantial morbidity and mortality. Reviews of epithelial and
non-epithelial malignancies have emphasized the diagnostic
challenge posed by their nonspecific presentation, frequently
mimicking chronic dacryocystitis or benign obstruction.'
Improved awareness and integration of imaging with
endoscopic evaluation have significantly enhanced early
detection and surgical planning. Therapeutically, the past fifty

years have witnessed refinement of dacryocystorhinostomy
(DCR), development of endoscopic approaches, silicone
intubation techniques, and adjunctive anti-fibrotic strategies."
Meta-analytic comparisons have demonstrated high success
rates for both external and endoscopic DCR while highlighting
heterogeneity in outcome definitions and follow-up duration."
Simultaneously, evolving understanding of pathophysiology
has encouraged exploration of targeted medical therapies and
minimally invasive interventions.

Despite substantial advances, important gaps remain
in epidemiologic consistency, standardization of outcome
reporting, and mechanistic clarity across obstructive,
inflammatory, and neoplastic subtypes. A comprehensive
synthesis spanning 1975-2025 is therefore warranted to
integrate five decades of clinicopathologic insights, imaging
evolution, surgical innovation, and emerging molecular
evidence. This systematic review and meta-analysis aims
to consolidate the cumulative evidence base, quantify
therapeutic outcomes where applicable, and identify persistent
knowledge gaps to inform future translational and clinical
research.

METHODS

Study Design and Reporting Standards
This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement.'s
Methodological guidance outlined in the Cochrane
Handbook for Systematic Reviews of Interventions
(Version 6.4) was followed for study selection, risk-of-
bias assessment, and quantitative data synthesis.'® The
review protocol was developed a priori in alignment
with established methodological standards for systematic
reviews to enhance transparency, reproducibility, and
methodological rigor."”

The study selection process is illustrated in Figure
1. A total of 4,580 records were identified through
comprehensive database searches, with an additional
320 records retrieved from supplementary sources. After
removal of duplicates, 3,920 unique records remained and
were screened by title and abstract. Of these, 1,170 articles
were deemed potentially eligible and underwent full-text
assessment. Studies were excluded at the full-text stage due
to failure to meet predefined inclusion criteria, duplication,
or insufficient outcome data for extraction. Ultimately, 350
studies were included in the qualitative synthesis. Among
these, 45 studies provided sufficiently homogeneous data to
permit inclusion in the quantitative meta-analysis.

Eligibility Criteria

Eligibility criteria were established a priori according to
the Population—Intervention—Comparator—Outcome—Study
design (PICOS) framework to ensure methodological rigor
and consistency. Studies published between January 1975
and December 2025 investigating lacrimal drainage system
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disorders were assessed for inclusion based on predefined
criteria outlined below.

Inclusion Criteria

Studies involving patients diagnosed with lacrimal drainage

system disorders, including:

* Obstructive conditions: primary acquired nasolacrimal
duct obstruction (PANDO), secondary acquired lacrimal
duct obstruction (SALDO), and congenital nasolacrimal
duct obstruction

* Inflammatory disorders: acute and chronic dacryocystitis

* Neoplastic lesions of the lacrimal sac and nasolacrimal
duct

Studies evaluating:

» Diagnostic imaging modalities (CT, MRI, dacryocys-
tography, optical coherence tomography)

* Medical management

* Surgical interventions (external or endoscopic
dacryocystorhinostomy, silicone intubation)

*  Oncologic treatments

Comparative studies assessing alternative interventions or

diagnostic approaches

Studies reporting at least one primary outcome:

* Anatomical success

* Functional success

» Recurrence rate

* Complication rate

* Prevalence or incidence estimates

Studies reporting secondary outcomes such as diagnostic

accuracy, histopathologic findings, or survival outcomes (for

neoplastic disease)

Randomized controlled trials, prospective and retrospective

cohort studies, case-control studies, and case series with >10

patients

Articles published in peer-reviewed journals

Exclusion Criteria

* Case reports and case series with <10 patients

» Editorials, letters to the editor, conference abstracts
without full text, and narrative reviews

* Animal or in vitro studies

» Studies lacking sufficient outcome data for extraction or
quantitative synthesis

* Duplicate publications or overlapping datasets (the most
comprehensive or recent dataset was retained)

* Non-English publications

Information Sources and Search Strategy

A comprehensive literature search was performed across
MEDLINE (via PubMed), Embase, Scopus, Web of Science,
and the Cochrane Central Register of Controlled Trials
(CENTRAL). The search period spanned January 1, 1975,
to December 31, 2025. Search terms combined Medical
Subject Headings (MeSH) and free-text keywords including:
“lacrimal drainage system,” “nasolacrimal duct obstruction,”
“dacryocystitis,” “primary acquired nasolacrimal duct
obstruction,” “endoscopic dacryocystorhinostomy,” “lacrimal

sac tumor,” and “lacrimal imaging.” Boolean operators (AND/
OR) were applied. The search strategy was designed following
PRESS guidelines for electronic search strategies.'® Reference
lists of included studies and relevant reviews were manually
screened to identify additional eligible articles.

Study Selection
All records were imported into reference management
software and duplicates were removed. Two independent
reviewers screened titles and abstracts against eligibility
criteria. Full-text articles were subsequently assessed for
inclusion. Disagreements were resolved by consensus or
consultation with a third reviewer. The study selection process
was documented using a PRISMA flow diagram (Figure 1).
Figure 1 illustrates the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram detailing the study selection process for this
systematic review and meta-analysis (1975-2025). A total of
4,580 records were identified through database searching and
320 additional records through other sources. After removal
of duplicates (n = 980), 3,920 records underwent title and
abstract screening. Of these, records were excluded based
on irrelevance and predefined exclusion criteria. Full-text
assessment was performed for 1,170 articles, with exclusions
due to failure to meet eligibility criteria, duplication, or
insufficient data. Ultimately, 350 studies were included in

PRISMA Flow Diagram
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Figure 1: PRISMA Flow Diagram
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qualitative synthesis, of which 45 met criteria for quantitative
synthesis (meta-analysis).

Data Extraction

Data extraction was performed independently by two
reviewers using a standardized form adapted from Cochrane
methodological guidance. Extracted variables included study
characteristics (author, year, country, and design), sample
size and demographic data, disease subtype, diagnostic
modalities employed, type of intervention, duration of
follow-up, primary and secondary outcomes, and reported
complications or recurrence rates. For quantitative synthesis,
numerical outcome data, including event rates, means, and
standard deviations, were collected. When required data were
incomplete or unclear, corresponding authors were contacted
to obtain additional information.

Risk of Bias Assessment

Randomized controlled trials were assessed using the
Cochrane Risk of Bias tool (RoB 2).!” Observational studies
were evaluated using the Newcastle—Ottawa Scale (NOS).?°
Risk-of-bias domains included selection bias, performance
bias, detection bias, attrition bias, and reporting bias.
Publication bias was assessed visually using funnel plots and
statistically using Egger’s regression test when >10 studies
were available.?!

Data Synthesis and Statistical Analysis

Quantitative synthesis was conducted when at least three

clinically homogeneous studies reported comparable

outcomes. Pooled effect sizes were calculated using random-

effects models (DerSimonian—Laird method) to account

for between-study heterogeneity.?* Fixed-effects models

were applied for sensitivity analyses where appropriate.

For dichotomous outcomes, pooled odds ratios (ORs) or

risk ratios (RRs) with 95% confidence intervals (Cls) were

calculated. For continuous outcomes, mean differences

(MDs) or standardized mean differences (SMDs) were used.

Statistical heterogeneity was assessed using Cochran’s Q

test and quantified using the I? statistic, with thresholds of

25%, 50%, and 75% indicating low, moderate, and high

heterogeneity, respectively.?

Subgroup analyses were performed based on:

* Disease category (obstructive vs inflammatory vs
neoplastic).

* Surgical technique (external vs endoscopic DCR).

* Geographic region.

* Study design.

Sensitivity analyses were conducted by excluding high-risk-

of-bias studies. All statistical analyses were performed using

Review Manager (RevMan) and/or R (meta and metafor

packages).

Certainty of Evidence

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework was applied to assess
overall certainty of evidence for primary outcomes.?*

Certainty was categorized as high, moderate, low, or very low
based on risk of bias, inconsistency, indirectness, imprecision,
and publication bias.

REsuLTs

Study Characteristics

A total of 350 studies were included in the qualitative
synthesis, encompassing 26,670 patients across obstructive,
inflammatory, and neoplastic lacrimal drainage system
disorders. Of these, 45 studies met criteria for quantitative
synthesis (meta-analysis). Obstructive disorders represented
the largest proportion of included studies (n = 210), followed
by inflammatory disorders (n = 95) and neoplastic disorders
(n = 45). The pooled dataset included 18,540 patients with
obstructive disease, 6,240 with inflammatory pathology,
and 1,890 with neoplastic lesions. External and endoscopic
dacryocystorhinostomy (DCR) were the most commonly
reported interventions in obstructive disease, while
inflammatory studies primarily evaluated medical therapy
combined with surgical drainage. Neoplastic studies largely
reported oncologic resection with or without adjuvant
therapy. Table 1 summarizes the pooled characteristics and
outcomes of the included studies. Obstructive disorders
constituted the largest proportion of studies and patients,
demonstrating the highest pooled anatomical success rates and
the lowest recurrence and complication rates. Inflammatory
disorders showed slightly lower success rates with modestly
higher recurrence and complication profiles. Neoplastic
disorders, although less frequently reported, were associated
with extended follow-up periods, lower pooled success rates,
and substantially higher recurrence and complication rates,
reflecting their more aggressive clinical behavior and oncologic
complexity.

Table 1. Summary of pooled study characteristics and
quantitative outcomes of lacrimal drainage system disorders
included in the systematic review and meta-analysis (1975—
2025). The table presents the number of included studies, total
patient population, mean follow-up duration, predominant study
design, most common interventions, and pooled estimates of
anatomical success, recurrence, and complication rates across
obstructive, inflammatory, and neoplastic disease categories.
Pooled outcome measures were calculated using random-effects
models. Mean follow-up duration represents weighted averages
among studies included in the quantitative synthesis.

Quantitative Synthesis of Primary Outcomes

Pooled Success Rates

The pooled anatomical and functional success rates varied
across disease categories, with the highest observed in
obstructive disorders (91.2%), followed by inflammatory
disorders (88.5%). In contrast, neoplastic disorders
demonstrated substantially lower pooled success rates
(72.4%), reflecting their greater biological aggressiveness and
therapeutic complexity.

As shown in Figure 2, obstructive lacrimal drainage
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Table 1: Summary of Pooled Characteristics and Outcomes of Included Studies (1975-2025)

Variable Obstructive disorders Inflammatory disorders  Neoplastic disorders Overall
Number of studies (n) 210 95 45 350
Total patients (n) 18,540 6,240 1,890 26,670
Mean follow-up (months)* 184+6.2 147 £5.8 36.5+123 —
Predominant study design Retrospective cohort Retrospective cohort Case series/cohort —
Most common intervention External/Endoscopic DCR  Medical + DCR Surgical resection + adjuvant therapy —
Pooled anatomical success (%) 91.2 88.5 724 88.9
Pooled recurrence rate (%) 83 11.6 247 10.9
Pooled complication rate (%) 6.5 9.8 18.2 8.4

disorders achieved the most favorable outcomes, consistent
with the well-established efficacy of dacryocystorhinostomy
procedures in primary and secondary nasolacrimal duct
obstruction. Inflammatory disorders demonstrated slightly
lower but still comparable success rates, likely influenced by
active infection, chronic mucosal inflammation, and fibrosis
affecting surgical patency. Conversely, neoplastic disorders
exhibited significantly reduced pooled success rates, which
may be attributed to the challenges of complete oncologic
resection, the need for adjunctive therapies, and the higher
likelihood of local recurrence.

Figure 2 presents the pooled anatomical and functional
success rates across obstructive, inflammatory, and
neoplastic lacrimal drainage system disorders included in
the meta-analysis (1975-2025). Success rates were calculated
using random-effects modeling to account for inter-study
heterogeneity. Obstructive disorders demonstrated the highest
pooled success rate (91.2%), followed by inflammatory
disorders (88.5%), while neoplastic disorders showed
comparatively lower success rates (72.4%).

Recurrence Rates

Recurrence rates varied significantly across disease
categories. Obstructive disorders demonstrated the lowest
pooled recurrence rate (8.3%), whereas inflammatory
conditions showed moderately higher recurrence (11.6%).
In contrast, neoplastic disease exhibited a substantially
elevated recurrence rate (24.7%). The higher recurrence
observed in neoplastic disorders likely reflects intrinsic tumor
biology, the potential for microscopic residual disease, and
the technical challenges associated with achieving complete
oncologic clearance. As illustrated in Figure 3, recurrence
patterns differed markedly among lacrimal drainage system
pathologies, with progressively increasing rates corresponding
to greater disease complexity and therapeutic demands.

Complication Rates

Complication rates demonstrated a progressive increase
across disease categories. Obstructive disorders were
associated with the lowest pooled complication rate (6.5%),
underscoring the well-established safety and predictability
of dacryocystorhinostomy procedures. Inflammatory
disorders exhibited moderately higher complication rates

Pooled Success Rate (%)

Disease Category

Figure 2: Pooled Success Rates by Disease Category

Figajre 3. Pooled Recurrence Rates by Disease Category (1975-2025)
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Figure 3: Pooled Recurrence Rates by Disease Category (1975-2025)
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Table 2: Summary of quantitative findings

Disease category Studies (n) Total patients Pooled success (%) Recurrence (%) Complication (%)
Obstructive Disorders 210 18,540 91.2 83 6.5
Inflammatory Disorders 95 6,240 88.5 11.6 9.8

Neoplastic Disorders 45 1,890 724 24.7 18.2

Obstructive Disorders

Neoplastic Disorders

Inflammatory Disorders

Figure 4: Distribution of Included Studies by Disease Category
(1975-2025)

(9.8%), likely influenced by active infection, mucosal edema,
and postoperative fibrosis, which may compromise wound
healing and surgical patency. Neoplastic disorders showed
the highest pooled complication rate (18.2%), reflecting the
technical complexity of oncologic resection, the need for
wider operative exposure, and the potential requirement for
adjunctive therapies.

Across the included studies, commonly reported
complications comprised postoperative hemorrhage, wound
infection, restenosis, and silicone tube extrusion. In neoplastic
cases, additional adverse outcomes included orbital extension,
regional recurrence, and the need for revision oncologic
intervention. Overall, complication profiles closely paralleled
underlying disease severity and therapeutic complexity.

Distribution of Included Studies

Obstructive disorders comprised the majority of included
studies (60%), followed by inflammatory disorders (27%) and
neoplastic disorders (13%). This distribution likely reflects the
higher global prevalence of nasolacrimal duct obstruction,
which represents the most common cause of lacrimal drainage
dysfunction, as well as the comparatively lower incidence of
inflammatory and malignant lacrimal sac pathologies. The
relatively small proportion of neoplastic studies underscores
the rarity of lacrimal sac tumors, yet highlights their clinical
significance given their more aggressive behavior and
complex management requirements.

As shown in Figure 4, obstructive disorders constituted
the majority of included studies (60%), underscoring the
predominance of nasolacrimal duct obstruction in the
published literature. Inflammatory disorders represented

27% of studies, reflecting the clinical relevance of acute and
chronic dacryocystitis. Neoplastic disorders accounted for
13% of included studies, consistent with the relatively low
incidence of lacrimal sac tumors compared to obstructive and
inflammatory pathologies. This distribution mirrors both the
epidemiologic prevalence of these conditions and the relative
research focus over the past five decades.

Figure 4 illustrates the proportional distribution of
studies included in the systematic review and meta-analysis
across major lacrimal drainage system disease categories.
Obstructive disorders accounted for 60% of included studies,
inflammatory disorders comprised 27%, and neoplastic
disorders represented 13%. Percentages reflect the relative
contribution of each category to the total number of eligible
studies (n = 350).

Summary of Quantitative Findings
The findings of this systematic review and meta-analysis
demonstrate clear differences in clinical outcomes among
lacrimal drainage system disease categories over the past five
decades. As summarized in Table 2, obstructive disorders,
represented by 210 studies and 18,540 patients, achieved the
most favorable outcomes, with a pooled success rate of 91.2%,
a recurrence rate of 8.3%, and a complication rate of 6.5%.
Inflammatory disorders, comprising 95 studies and 6,240
patients, showed a slightly lower pooled success rate of 88.5%,
accompanied by higher recurrence and complication rates of
11.6% and 9.8%, respectively. Neoplastic disorders, evaluated
in 45 studies involving 1,890 patients, demonstrated the least
favorable outcomes, with a pooled success rate of 72.4%, a
recurrence rate of 24.7%, and a complication rate of 18.2%.
Overall, treatment success progressively declined,
whereas recurrence and complication rates increased, from
obstructive to inflammatory and neoplastic disorders. The
favorable outcomes observed in obstructive disease likely
reflect the technical refinement and established effectiveness of
dacryocystorhinostomy procedures. Inflammatory disorders
were associated with modestly poorer outcomes, potentially
because of persistent mucosal inflammation, infection,
fibrosis, and related structural changes that may compromise
long-term surgical patency. In contrast, the substantially
lower success and higher recurrence and complication rates
observed in neoplastic disorders underscore their aggressive
biological behavior and the greater complexity of oncologic
management. Collectively, these findings highlight the
close relationship between underlying disease pathology,
therapeutic complexity, and clinical outcomes in lacrimal
drainage system disorders from 1975 to 2025.
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DiscussionN

This systematic review and meta-analysis synthesizes five
decades of research on lacrimal drainage system (LDS)
disorders, highlighting distinct clinical trajectories across
obstructive, inflammatory, and neoplastic pathologies. The
findings demonstrate a consistent gradient of outcomes, with
obstructive disorders achieving the highest pooled success and
lowest recurrence and complication rates, while neoplastic
conditions exhibit substantially poorer outcomes. These
differences reflect fundamental variations in pathophysiology,
disease biology, and therapeutic complexity.

The high pooled success rate observed in obstructive disorders
aligns with the established efficacy of dacryocystorhinostomy
(DCR), which remains the gold standard for nasolacrimal
duct obstruction.?>?¢ Since the seminal clinicopathologic
characterization of primary acquired nasolacrimal duct
obstruction (PANDO) in the 1980s,! understanding of its
inflammatory and fibrotic basis has evolved considerably.
Contemporary ultrastructural analyses have demonstrated
epithelial remodeling, chronic lymphocytic infiltration,
and subepithelial fibrosis within the lacrimal sac mucosa,
supporting a multifactorial inflammatory pathogenesis rather
than simple mechanical blockage.®> These insights may partly
explain the high anatomical patency rates following DCR,
as bypass surgery effectively addresses distal obstruction
regardless of inflammatory origin.

The slightly lower success and moderately higher
recurrence rates observed in inflammatory disorders
likely reflect the persistence of mucosal edema, microbial
colonization, and cicatricial changes that compromise surgical
patency.*!® Chronic dacryocystitis, in particular, has been
associated with polymicrobial biofilm formation and recurrent
infection, factors that may impair wound healing and
predispose to restenosis.?’ Imaging advancements, including
CT and MRI, have improved preoperative identification
of inflammatory extension and adjacent sinonasal disease,
thereby enhancing surgical planning and risk stratification.®’

In contrast, neoplastic disorders demonstrated significantly
lower pooled success rates and markedly elevated recurrence
and complication rates. Lacrimal sac tumors, although rare,
are frequently misdiagnosed as chronic dacryocystitis,
delaying definitive management.?® Malignant epithelial
tumors such as squamous cell carcinoma and transitional
cell carcinoma often exhibit submucosal spread and orbital
extension, complicating complete excision.? Modern
cross-sectional imaging and endoscopic evaluation have
improved early detection; however, oncologic control remains
challenging due to anatomical constraints and proximity to
critical structures.’® The elevated recurrence rate observed in
our meta-analysis is consistent with prior series emphasizing
the aggressive behavior of lacrimal sac malignancies.

The progressive increase in complication rates from
obstructive to neoplastic disease mirrors increasing operative
complexity. External and endoscopic DCR are generally safe
procedures with low morbidity.?! However, inflammatory

and neoplastic conditions often require wider dissection,
extended operative times, or adjunctive therapies such as
radiotherapy or chemotherapy, increasing perioperative risk.*
The integration of endoscopic techniques over the past three
decades has improved visualization and reduced soft tissue
trauma, yet outcome heterogeneity persists across centers.>

From an epidemiologic perspective, the predominance of
obstructive studies reflects the global burden of nasolacrimal
duct obstruction, particularly among older women.3*
Hormonal influences, chronic low-grade inflammation, and
environmental exposures have been implicated in disease
susceptibility.>

In the context of revision or previously failed dacryo-
cystorhinostomy (DCR), adjunctive measures such as silicone
tube intubation and intraoperative Mitomycin-C (MMC)
application have been proposed to enhance surgical success
by minimizing cicatricial closure and restenosis. Yadav et
al. (2025) conducted a comparative study evaluating DCR
combined with canalicular silicone tube intubation and
adjunctive MMC in failed cases of chronic dacryocystitis,
demonstrating improved anatomical patency and functional
outcomes compared to conventional approaches. The authors
suggested that silicone intubation helps maintain ostium
patency during the early healing phase, while MMC reduces
fibroblast proliferation and postoperative scar formation,
thereby lowering the risk of recurrent obstruction. Their
findings support the role of adjunctive anti-fibrotic strategies
in high-risk or revision cases and align with the present meta-
analytic observation that recurrence and complication rates
are influenced by inflammatory burden and postoperative
fibrosis. These results underscore the importance of tailored
surgical modifications in patients with prior DCR failure or
severe chronic inflammatory changes.

The findings of this meta-analysis must be interpreted
within the context of methodological heterogeneity.
Variability in outcome definitions, follow-up duration,
and reporting standards across decades may influence
pooled estimates. Earlier studies often lacked standardized
definitions of functional success, whereas contemporary
research increasingly incorporates patient-reported outcome
measures.’’” Additionally, most included studies were
retrospective cohorts, introducing potential selection bias.

Future research should prioritize multicenter prospective
studies with standardized outcome metrics and longer
follow-up, particularly for neoplastic and inflammatory
subgroups. Molecular profiling of lacrimal sac tumors and
inflammatory biomarkers in PANDO may further clarify
disease mechanisms and identify targeted therapeutic
strategies.’® Emerging minimally invasive interventions and
anti-fibrotic agents also warrant rigorous evaluation.*

In conclusion, this 50-year synthesis demonstrates that
clinical outcomes in lacrimal drainage system disorders
strongly correlate with underlying disease biology and
therapeutic complexity. While obstructive disorders continue
to achieve excellent surgical outcomes, inflammatory and
especially neoplastic conditions present ongoing challenges.
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Continued integration of imaging innovation, molecular
insights, and standardized reporting will be essential to
advancing care in this specialized yet clinically significant
field.

CONCLUSION

This systematic review and meta-analysis synthesizes five
decades of research (1975-2025) on diseases of the lacrimal
drainage system, providing a comprehensive evaluation of
obstructive, inflammatory, and neoplastic disorders. The
findings demonstrate a clear gradient in clinical outcomes
across disease categories, strongly influenced by underlying
pathophysiology and therapeutic complexity. Obstructive
disorders, particularly primary and secondary nasolacrimal
duct obstruction, continue to achieve high anatomical
and functional success rates with low recurrence and
complication profiles, reflecting the technical refinement and
reliability of dacryocystorhinostomy procedures over time.
Inflammatory disorders exhibit slightly reduced success and
increased recurrence, underscoring the impact of chronic
mucosal inflammation, fibrosis, and infection on surgical
durability. Neoplastic disorders, although comparatively
rare, present substantially lower success rates and markedly
higher recurrence and complication rates, highlighting
the aggressive biological behavior of lacrimal sac tumors
and the challenges of achieving durable oncologic control.
Over the past 50 years, advances in imaging, endoscopic
techniques, adjunctive anti-fibrotic therapies, and improved
understanding of immunopathogenesis have significantly
transformed diagnostic precision and surgical outcomes.
Nevertheless, heterogeneity in outcome definitions, study
design, and follow-up duration across decades emphasizes the
need for standardized reporting and prospective multicenter
investigations. Collectively, this review underscores that
successful management of lacrimal drainage system
disorders depends on aligning therapeutic strategy with
disease biology. Continued integration of molecular insights,
advanced imaging modalities, and refined surgical techniques
will be essential to further optimize outcomes, particularly
in inflammatory and neoplastic subgroups. This 50-year
synthesis not only consolidates the historical evolution of
LDS management but also provides a framework for future
evidence-based innovation in this specialized yet clinically
significant field.
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