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PROPHYLAXIS OF DRY EYE SYNDROME AND REHABILITATION INTERVENTIONS
FOLLOWING DACRYOCYSTORHINOSTOMY
Hamdamov H.O.
Fergana Medical Institute of Public Health, Fergana, Uzbekistan

Resume. This study investigated the causes, prevention, and management of dry eye syndrome (DES)
following dacryocystorhinostomy (DCR) in 180 patients. Tear film stability, ocular surface condition, and
patient-reported symptoms were assessed using OSDI, TBUT, and Schirmer tests. DES occurred in 30% of
patients within three months post-surgery; however, early application of lubricating agents and physiothera-
py reduced this rate to 8-10%. The findings confirm that combined use of hyaluronate-based artificial tears,
lipid formulations, thermal therapy, and meibomian gland care is effective in minimizing DES after DCR.

Keywords: dacryocystorhinostomy, dry eye syndrome, prophylaxis, rehabilitation, meibomian glands,
artificial tears, physiotherapy, quality of life.

JAKPHOLIMCTOPHHOCTOMUSJIAH KEMUH KYPYK KY3 CUHAPOMWHUHI
HNPOPUJIAKTUKACHU BA PEABUJINTALIUSA YOPAJIAPHU
Xamaamos X.O.
®daproHa kaMoaT CaoMaTIUTru TUOOUET MHCTUTYTH, DapFoHa 1iI., V36exucron

Pezrome. Ywiby maokuxomoa oaxpuoyucmopurocmomus ([[L[P) onepayuscuoan KeuuH Kypyx Ky3
cunopomu (KKC) pusosicnanuw cababnapu, ynune onounu onuuwt éa oasoiaws ycyiiapu 180 naghap demop
muconuoa ypeanunou. Kyz éwu naéukacunume oapxapopaueu, Ky3 103ACUHUHZS XOAamMU 84 OeMOPIAPHUHE
cyovexmug wukosmuapu OSDI unoexcu, ky3 éwu niénxacunune ysumuw eakmu (TBUT) yamoa Llupmep
mecmu époamuda baxonanou. Onepayusadan Keluneu y4 oi dasomuoa bemopaaprune 30 gousuda Kypyx K3
CUHOPOMU AHUKNIAH2AH OYICA, HAMIOBYU GOCUMANAD 64 (PUIUOMEPANESMUK MYOIANCALAPHU IPMA KYLIAU
Hamuodicacuoa yutoy kypcamxuy 8—10 ¢houseaua xkamatiean. OnuHean HAMUNCALAP SUATYPOHAM ACOCUOACU
CYHBULL KV3 éunapu, TUnuou nNpenapamiap, UCCUKIUK MEPanuscu 6a Meubomuil Oe3napHu napeapuul
KUIUWHY 3 u4uea 0a2aH KOMNIEKC EHOAuy8 0aKpuoyuCmopuHoOCmoMusiOan Keliun KypyK Ky3 CUHOPOMU pu-
BOJCIAHUWL XABPUHU CAMAPATU KAMAUMUPULUUHU MACOUKIAUOU.

Kanum cysnap: oaxpuoyucmopunocmomus, KypyK KV3 CUHOPOMU, NPOGUIAKMUKA, peaduiumayus,
Metibomutl besnap, CyHvull Ky3 éunapu, uzuomepanus, Xaém cugamu.

MPOOPUNJTAKTUKA CHHAPOMA CYXOI'O I'JIA3BA U PEABNJIMTAIIMOHHBIE
MEPOITPUATUA ITOCJIE JAKPUOLITUCTOPUHOCTOMUUN
Xamaamos X.0.

®depraickuil MEIUIIMHCKUIM HHCTUTYT OOIIIECTBEHHOTO 3/IpaBooXpaHeHus, T. deprana, Y30eKUCTaH
ORCID ID: 0009-0006-9148-497X

Pestome. B oannom uccredosanuu u3yueHvl NPUYUHbL pa3gumusl, NPOPUIAKMUKA U MemOObl 8e0eHUs]
cunopoma cyxoeo enasa (CCI') nocne daxpuoyucmopurocmomuu (ALP) y 180 nayuenmos. Cmabunvrocms
CE3HOU NAEHKU, COCMOSIHUE 2NIA3HOU NOBEPXHOCHU U CYObEKMUBGHbIE HCAN0Obl NAYUEHMO8 OYEHUBAIUCH C
ucnoavzosanuem unoexca OSDI, mecma paspuvisa caésnou naénxu (TBUT) u npobwr Llupmepa. B meuenue
mpéx mecsayes nocie onepayuu CCI 6vin evisenen y 30% nayuenmos, 00HAKO panHee npumMeHenue yenaic-
HAIOWUX Npenapamos u u3uomepanesmuyeckux npoyeoyp no360aul0 CHUUMb 3MOm noxKazamenb 00 8§—
10%. Ionyuennvie peyromamsl ROOMEEPIHCOAIOM, YMO KOMNIEKCHOE NPUMEHEHUE UCKYCCMEEHHBIX CIE3 HA
OCHO8E 2UANYpPOHAmMA, TUNUOHBIX NPEnapamos, meniogou mepanuu u yxooa 3a MeuboMUesbiMuy Hceae3amu
ahpexmusHo crudCcaem puck passumus CUHOpoma cyxoeo anaza nocie JLP.

Knioueswie cnoea: oakpuoyucmopuHocmomus, cuHOpom Cyxo2o 2nasd, npouiakmuka, peaouruma-
yusl, metibomuesule KHcenesbvl, UCKYCCMBeHHble CLE3bl, Pu3uomepanus, Kauecmeo HCU3Hu.

e-mail: hasanboyxamdamov7@gmail.com
Introduction. Dry eye syndrome (DES) constitutes one of the most prevalent secondary complica-

tions arising in the post-dacryocystorhinostomy period, representing a multifactorial pathophysiological con-
dition that significantly impacts patient visual comfort and overall quality of life despite its typically transi-
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ent nature. This condition characteristically emerges during the physiological adaptation period of the lacri-
mal drainage system, wherein the ocular surface undergoes complex biomechanical and biochemical adjust-
ments to accommodate the surgically modified tear film dynamics and drainage patterns established through
the DCR procedure. The pathomechanistic development of DES in this clinical context involves intricate
dysregulation between tear production and evaporation rates, progressive or acute diminishment of meibomi-
an gland secretory functionality, and fundamental disruption of the delicate ocular surface homeostatic
mechanisms that maintain corneal and conjunctival epithelial integrity under physiological conditions. The
temporal profile of post-DCR DES typically manifests within the first three months following surgical inter-
vention, during which period the lacrimal system attempts to re-establish equilibrium between tear secretion,
distribution, and drainage through the newly created anastomotic pathway between the lacrimal sac and nasal
cavity.

The clinical significance of implementing timely prophylactic measures during the post-DCR period
cannot be overstated, as evidence-based interventions have demonstrated capacity to accelerate ocular sur-
face regeneration processes, attenuate pro-inflammatory cytokine cascades that contribute to epithelial dam-
age and goblet cell depletion, and substantially enhance multiple dimensions of patient quality of life metrics
including visual function, ocular comfort, and psychosocial well-being. Contemporary understanding of
post-operative DES pathophysiology suggests that a proactive, multi-modal approach to prevention and early
intervention offers superior outcomes compared to reactive treatment strategies implemented only after
symptomatic manifestation, thereby establishing the rationale for comprehensive prophylactic protocols ini-
tiated in the pre-operative period and systematically continued throughout the rehabilitation phase. This par-
adigm shift toward anticipatory rather than responsive management reflects broader trends in ophthalmic
surgery toward optimization of surgical outcomes through meticulous attention to perioperative ocular sur-
face health, recognition of the tear film as a dynamic and vulnerable system requiring active support during
post-operative healing, and acknowledgment that patient-reported outcomes and subjective comfort consti-
tute equally important success metrics alongside traditional objective clinical parameters.

1. Pathophysiological Foundations

The mechanistic emergence of dry eye syndrome following dacryocystorhinostomy represents a com-
plex interplay of biomechanical, neurophysiological, immunological, and morphological factors that collec-
tively disrupt the intricate homeostatic systems governing ocular surface health and tear film stability. This
pathophysiological cascade is intrinsically linked to perturbations in the precisely regulated balance between
tear production, distribution, and elimination, as well as fundamental alterations in the stratified architecture
of the precorneal tear film that normally functions to maintain optical clarity, provide nutritional support to
the avascular corneal epithelium, facilitate removal of cellular debris and foreign particulates, and establish
the first line of defense against microbial colonization through its complement of antimicrobial proteins and
immunoglobulins. The surgical modification of lacrimal drainage pathways inherent to the DCR procedure,
while therapeutically necessary for resolution of nasolacrimal duct obstruction, inevitably introduces tempo-
rary disruption to the finely tuned hydrodynamics of tear circulation, creating conditions conducive to tear
film instability during the adaptation period as the ocular surface system recalibrates to accommodate altered
drainage patterns and re-establishes sustainable equilibrium parameters appropriate to the new anatomical
configuration.

Understanding the physiological architecture and function of the lacrimal system provides essential
context for comprehending post-DCR complications, as the healthy precorneal tear film comprises three bio-
chemically and functionally distinct layers that operate in coordinated fashion to maintain ocular surface in-
tegrity. The outermost lipid layer, synthesized and secreted by the meibomian glands embedded within the
tarsal plates of both upper and lower eyelids, functions primarily to minimize evaporative water loss from the
underlying aqueous layer by creating a hydrophobic barrier at the air-tear interface, with this lipid compo-
nent consisting of a complex mixture of nonpolar lipids including wax esters, cholesterol esters, and various
hydrocarbons that collectively reduce surface tension and retard evaporation rates under normal physiologi-
cal conditions. The intermediate aqueous layer, representing the volumetrically dominant component of the
tear film and secreted primarily by the main and accessory lacrimal glands, provides the bulk of tear film
thickness and serves multiple critical functions including maintenance of optical quality through creation of a
smooth refractive surface, delivery of oxygen and nutrients to the avascular corneal epithelium, removal of
metabolic waste products and cellular debris through its flow characteristics, and provision of antimicrobial
defense through its complement of lysozyme, lactoferrin, beta-lysin, and secretory immunoglobulin A. The
innermost mucin layer, produced by conjunctival goblet cells and consisting of high-molecular-weight gly-
coproteins, functions to convert the hydrophobic corneal epithelial cell surface into a hydrophilic substrate
capable of retaining the overlying aqueous layer, thereby ensuring uniform distribution and adherence of
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tears across the entire ocular surface. DCR surgical intervention, while successfully restoring patency to ob-
structed lacrimal drainage pathways, temporarily modifies the hydrodynamic pressure gradients and flow
characteristics within the tear film circulation system, resulting in transient destabilization of the tear film
that persists until adaptive mechanisms re-establish a new steady-state equilibrium appropriate to the surgi-
cally modified anatomy, during which transitional period accelerated tear film breakdown and increased
evaporation rates contribute to the symptomatic manifestation of dry eye syndrome.

The neurosensory and inflammatory dimensions of post-DCR dry eye syndrome involve complex in-
teractions between corneal sensory innervation, reflex tear secretion pathways, and local inflammatory medi-
ator cascades that collectively compromise tear production and quality during the post-operative period. Sur-
gical manipulation during DCR procedures, as well as inflammatory processes in the immediate post-
operative phase, can result in transient impairment of corneal and conjunctival sensory nerve function medi-
ated through trigeminal nerve pathways, with this sensory hypoesthesia directly impacting reflex tear secre-
tion mechanisms that normally respond to ocular surface desiccation or irritation by stimulating increased
lacrimal gland output. Simultaneously, subclinical inflammatory processes developing in the perioperative
period around the nasolacrimal canal and adjacent tissues trigger upregulation of pro-inflammatory cytokines
including interleukin-1 beta, tumor necrosis factor-alpha, and interleukin-6, which exert multiple deleterious
effects on ocular surface homeostasis including deceleration of epithelial cell regeneration and wound heal-
ing processes, reduction in conjunctival goblet cell density through inflammatory-mediated apoptosis or
functional suppression, and alterations in the biochemical composition and viscoelastic properties of the tear
film that compromise its stability and protective functions. These inflammatory and neurosensory alterations
typically undergo gradual resolution over a period of two to three months as surgical trauma resolves and
tissue healing progresses, explaining the characteristic temporal profile of post-DCR dry eye syndrome
which most commonly manifests during the early post-operative phase of one to three months and typically
presents as a mild chronic evaporative-type condition rather than acute aqueous-deficient disease, with this
distinction having important therapeutic implications for selection of appropriate management strategies.

Meibomian gland dysfunction represents a particularly significant contributor to post-DCR dry eye
syndrome, as these specialized sebaceous glands play a crucial role in maintaining tear film stability through
their secretion of lipid components that form the superficial layer of the precorneal tear film. Following DCR
procedures, meibomian secretory activity characteristically experiences temporary suppression, with ad-
vanced diagnostic techniques including infrared meibography and meibomian gland expression assessments
revealing that lipid secretion decreases by 27-32% in the first month post-operatively, begins to show recov-
ery by three months, and achieves morphological restoration approaching baseline parameters in approxi-
mately 90% of patients by six months following surgery. This transient meibomian dysfunction directly
compromises the integrity and thickness of the tear film lipid layer, resulting in increased evaporation rates
that may exceed normal values by 20-30%, thereby precipitating the development of evaporative-type dry
eye disease that manifests clinically as symptoms of ocular irritation, foreign body sensation, and visual fluc-
tuation that correlate with moderate scores on standardized symptom assessment instruments such as the Oc-
ular Surface Disease Index. The pathophysiological mechanisms underlying post-DCR meibomian dysfunc-
tion likely involve multiple factors including perioperative inflammation affecting glandular tissues, altered
lid dynamics during the healing phase, changes in neural regulation of meibomian secretion, and potential
effects of topical medications administered during the post-operative period, with recognition of this multi-
factorial etiology informing therapeutic strategies that address both inflammatory components and mechani-
cal/functional aspects of meibomian gland performance.

The microbiological environment of the ocular surface undergoes significant alterations during the
post-DCR period, with quantitative analysis demonstrating that concentrations of key antimicrobial tear film
components including lysozyme, lactoferrin, and secretory immunoglobulin A decrease by 15-20% during
the initial month following surgery, creating conditions of relative immunological vulnerability that increase
susceptibility to shifts in the commensal ocular surface microflora and elevated risk for opportunistic coloni-
zation or infection. This temporary immunocompromise reflects the combined effects of surgical stress, in-
flammatory processes that may consume or downregulate protective protein production, potential dilutional
effects from altered tear dynamics, and direct effects of perioperative topical medications on the resident mi-
crobial ecosystem. The resultant alterations in ocular surface microflora composition may contribute to de-
velopment of mild blepharitis or meibomian gland inflammation, further exacerbating meibomian dysfunc-
tion and perpetuating the dry eye condition through establishment of a self-reinforcing pathological cycle.
Recognition of this microbiological dimension of post-DCR ocular surface disease provides rationale for
prophylactic administration of antiseptic ophthalmic formulations and immunomodulatory agents including
dexpanthenol, taurine, and lactobionate compounds during the perioperative period, with the goal of main-
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taining a healthy ocular surface microbiome and preventing opportunistic infections that could complicate
recovery or contribute to chronic ocular surface inflammation.

2. Prophylactic Phases

The prophylactic management of dry eye syndrome following dacryocystorhinostomy necessitates a
systematically structured, phase-specific approach that targets accelerated restoration of ocular surface ho-
meostatic mechanisms, attenuation of inflammatory cascade activation, and normalization of meibomian
gland secretory functionality through coordinated application of pharmacological, mechanical, and behavior-
al interventions tailored to the evolving physiological requirements of each distinct phase of post-operative
recovery. This temporal organization of prophylactic strategies reflects recognition that the ocular surface
system undergoes dynamic changes throughout the perioperative period, with different pathophysiological
processes predominating at different time points and therefore requiring phase-appropriate interventions that
address the specific challenges characteristic of each recovery stage. The comprehensive prophylactic
framework encompasses three principal phases: the preoperative preparatory phase focused on optimizing
baseline ocular surface health prior to surgical intervention, the early postoperative phase emphasizing in-
flammatory control and epithelial protection during the acute healing period, and the extended rehabilitation
phase targeting sustainable restoration of normal ocular surface function and prevention of chronic dry eye
sequelae.

The preoperative preparatory phase, typically initiated five to seven days prior to scheduled DCR sur-
gery, serves the critical function of optimizing baseline ocular surface conditions to minimize post-operative
complications and establish a foundation for successful healing. During this phase, patients undergo system-
atic ocular hygiene regimens incorporating specialized lid cleansers such as blepharogel and antiseptic solu-
tions including miramistin to reduce microbial burden on the ocular surface and periocular tissues, thereby
decreasing infection risk and minimizing inflammatory triggers that could compromise post-operative recov-
ery. Concurrent administration of hyaluronate-based artificial tear formulations at concentrations of 0.15-
0.2%, instilled multiple times daily, serves to maintain optimal epithelial hydration status and reinforce the
protective tear film barrier, with the high molecular weight and viscoelastic properties of hyaluronic acid
providing superior residence time on the ocular surface compared to conventional lubricants. Nutritional op-
timization through oral supplementation with omega-3 fatty acids at dosages of 500-1000 mg daily repre-
sents an evidence-based intervention that enhances meibomian gland lipid secretion quality and reduces ocu-
lar surface inflammation through modulation of eicosanoid metabolism, with clinical trials demonstrating
that preoperative omega-3 supplementation can reduce post-operative dry eye severity and duration. Prophy-
lactic antibacterial coverage with topical fluoroquinolone antibiotics such as levofloxacin 0.5% administered
twice daily during the preoperative period reduces conjunctival bacterial load and minimizes risk of surgical
site infection, while anti-inflammatory preparation using combination formulations containing dexpanthenol
and taurine provides epithelial trophic support and antioxidant protection that may accelerate post-operative
healing. Clinical outcome data indicates that comprehensive implementation of this preoperative optimiza-
tion protocol results in 20-25% reduction in post-operative dry eye syndrome incidence compared to patients
not receiving systematic preoperative preparation, validating the clinical value of proactive ocular surface
management prior to surgical intervention.

The early postoperative period, spanning from the day of surgery through approximately fourteen days
post-operatively, represents a critical window during which primary objectives focus on minimizing inflam-
matory tissue responses, preventing epithelial damage propagation, and controlling microbial proliferation
while supporting the natural healing processes inherent to tissue repair. During this phase, frequent instilla-
tion of preservative-free hyaluronate artificial tears at 0.3% concentration every two to three hours provides
continuous ocular surface lubrication and epithelial protection, with the higher hyaluronate concentration
offering enhanced viscosity and prolonged contact time compared to preoperative formulations, while the
preservative-free formulation eliminates potential toxic effects of benzalkonium chloride or other preserva-
tives on healing epithelial tissues. Combined antibacterial and mild corticosteroid ophthalmic preparations,
typically formulated as tobramycin-dexamethasone combinations, are administered for seven to ten days to
simultaneously address infection prophylaxis and inflammatory modulation, with the dual-action approach
providing more comprehensive management than either agent alone while the time-limited duration of corti-
costeroid use minimizes risks of elevated intraocular pressure or delayed wound healing associated with pro-
longed steroid exposure. Thermal interventions play important roles during this phase, with cold compresses
applied intermittently during the first several days providing vasoconstriction-mediated reduction in perior-
bital edema and analgesic effects through reduced tissue metabolism and nerve conduction velocity, while
sterile warm compresses maintained at approximately 37 degrees Celsius and applied after the initial in-
flammatory phase subsides serve to enhance local microcirculation and facilitate removal of inflammatory
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mediators through improved tissue perfusion. Topical anti-inflammatory gels containing panthenol at 5%
concentration applied to the periocular region accelerate epithelial regeneration through provision of panto-
thenic acid, a essential cofactor for cellular metabolism and proliferation, while simultaneously providing
occlusive hydration that reduces transepidermal water loss. Gentle thermal massage techniques applied for
two to three minutes duration during warm compress application stimulate meibomian gland secretory activi-
ty and facilitate expression of inspissated lipid secretions that may have accumulated during the periopera-
tive period, thereby helping to restore normal meibomian function and stabilize the tear film lipid layer es-
sential for controlling evaporative water loss.

The extended rehabilitation phase, encompassing months one through six of the post-operative period,
shifts therapeutic emphasis toward achieving sustainable restoration of normal ocular surface homeostasis,
prevention of chronic dry eye syndrome development, and optimization of long-term visual comfort and
quality of life outcomes through systematic application of mechanical therapies, advanced pharmacological
interventions, nutritional optimization, and psychosocial support strategies. Meibomian gland expression
performed systematically once daily for approximately five minutes per session with the eyelids maintained
at temperatures of 38-40 degrees Celsius through application of specifically designed warming devices rep-
resents a cornerstone intervention during this phase, as regular mechanical expression prevents accumulation
of inspissated lipid secretions within glandular ducts, promotes normalization of meibum quality and quanti-
ty, and stimulates resumption of normal autonomous secretory patterns. Comprehensive physiotherapeutic
modalities incorporating low-level light therapy with light-emitting diode or infrared radiation sources ap-
plied two to three times weekly provide anti-inflammatory effects through modulation of cellular metabolism
and cytokine expression, while microcurrent stimulation techniques facilitate restoration of normal neural
impulse transmission patterns that may have been disrupted during surgery, and controlled ultrasonic mas-
sage at 20 kilohertz frequency for five-minute treatment sessions enhances tissue perfusion and metabolic
activity supporting healing and functional restoration. Advanced pharmacotherapeutic strategies during the
rehabilitation phase emphasize long-term maintenance with preservative-free hyaluronate formulations
providing baseline ocular surface protection, supplemented with specialized lipid-complex artificial tears
such as Systane Balance or Optive formulations that specifically address tear film lipid layer deficiencies
common in post-DCR patients experiencing meibomian dysfunction, with these lipid-enhanced preparations
containing phospholipid or triglyceride components that integrate into the natural tear film lipid layer and
provide sustained stabilization of the air-tear interface to reduce evaporative loss.

Nutritional optimization strategies during the rehabilitation phase extend beyond omega-3 fatty acid
supplementation to incorporate comprehensive dietary modifications emphasizing foods rich in vitamins A
and E, which serve as essential cofactors for epithelial cell differentiation and provide antioxidant protection
against oxidative stress that can compromise cellular function and promote inflammatory cascades. Specific
dietary recommendations include regular consumption of egg yolks providing preformed vitamin A and lute-
in supporting macular health, fatty fish such as salmon or sardines offering high-quality omega-3 fatty acids
in bioavailable forms, and nuts including almonds providing vitamin E along with additional beneficial lipids
supporting cellular membrane integrity. Psychological rehabilitation interventions address the significant
psychosocial dimensions of post-operative recovery through structured stress-reduction techniques including
progressive muscle relaxation, mindfulness meditation, or guided imagery practices that reduce autonomic
nervous system hyperactivity and may improve tear production through parasympathetic nervous system ac-
tivation. Sleep hygiene optimization ensures adequate nocturnal recovery essential for tissue healing and
hormonal regulation, while environmental modifications including reduced ambient lighting levels, increased
humidity through use of room humidifiers, and strategic positioning of work or reading materials to mini-
mize exposure of the ocular surface can substantially reduce evaporative stress and improve comfort. Inte-
gration of these multifaceted interventions throughout the six-month rehabilitation period results in progres-
sive symptomatic improvement, with longitudinal outcome data demonstrating reduction in dry eye syn-
drome prevalence from approximately 30% at one month post-operatively to 8-10% at six months, accompa-
nied by achievement of full visual comfort restoration in 92% of patients, thereby validating the clinical effi-
cacy of comprehensive, phase-specific prophylactic protocols.

Evidence-based outcome analysis derived from systematic clinical trials and observational cohort
studies provides quantitative validation of the therapeutic benefits associated with early initiation of compre-
hensive prophylactic and rehabilitative interventions following DCR surgery, with patients receiving struc-
tured early-phase protocols demonstrating 52% reduction in Ocular Surface Disease Index scores reflecting
substantial improvement in subjective symptom burden, 25% increase in Tear Break-Up Time measurements
indicating enhanced tear film stability and reduced evaporative tendency, 18% improvement in Schirmer test
values reflecting augmented aqueous tear production capacity, and remarkable 1.8-fold elevation in overall
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quality of life indices encompassing visual function, ocular comfort, psychosocial well-being, and functional
capacity domains. These impressive outcome metrics underscore the substantial clinical value of proactive,
multimodal management approaches compared to reactive treatment strategies implemented only after symp-
tomatic dry eye syndrome has become established, supporting recommendations for universal implementa-
tion of comprehensive prophylactic protocols for all patients undergoing dacryocystorhinostomy procedures
regardless of pre-existing dry eye risk factors or baseline ocular surface status.

3. Results and Clinical Analysis

Comprehensive prospective analysis of 180 patients undergoing dacryocystorhinostomy procedures,
with systematic assessment of ocular surface status parameters, tear film stability metrics, and subjective
symptomatology quantification performed at baseline prior to surgery and at designated intervals throughout
a six-month postoperative observation period, provides robust empirical evidence regarding the natural histo-
ry of post-DCR dry eye syndrome and the therapeutic efficacy of structured prophylactic and rehabilitative
interventions. Baseline assessment conducted immediately prior to surgical intervention revealed that 30.2%
of patients exhibited measurable dry eye syndrome symptomatology as quantified through validated assess-
ment instruments, with mean Ocular Surface Disease Index scores of 26.8 & 5.4 points indicating moderate
symptom severity, Tear Break-Up Time measurements averaging 9.2 + 2.3 seconds reflecting marginal tear
film stability, and Schirmer test values of 8.9 + 2.5 millimeters suggesting borderline aqueous tear produc-
tion capacity. Following implementation of comprehensive prophylactic protocols initiated in the preopera-
tive period and systematically continued throughout post-operative recovery, sequential reassessment at three
months post-DCR demonstrated substantial improvement across all measured parameters, with the propor-
tion of symptomatic patients declining to 14.5%, Ocular Surface Disease Index scores decreasing to 18.2 +
4.1 points representing 32% reduction from baseline values, Tear Break-Up Time extending to 10.1 + 2.1
seconds indicating improved tear film stability, and Schirmer test results increasing to 9.8 £+ 2.2 millimeters
reflecting enhanced tear production. By six months post-operatively, continued improvement was evident
across all domains, with symptomatic patients reduced to merely 8.7% representing 71.2% decrease from
baseline prevalence, Ocular Surface Disease Index scores declining further to 11.6 & 3.2 points constituting
56.7% total reduction from pre-operative values, Tear Break-Up Time achieving 11.4 + 1.9 seconds repre-
senting 23.9% improvement over baseline measurements, and Schirmer test values reaching 10.6 £+ 2.4 mil-
limeters indicating 19.1% enhancement in aqueous tear production capacity compared to preoperative status.

Detailed subgroup analysis revealed that patients receiving the complete integrated therapeutic proto-
col incorporating artificial tear supplementation, systematic meibomian gland expression, thermal therapies,
and physiotherapeutic modalities demonstrated significantly more rapid symptom resolution and objective
parameter normalization compared to patients receiving only conventional post-operative care consisting
primarily of antibiotic prophylaxis and basic lubricating drop supplementation without structured rehabilita-
tion components. Specifically, patients in the comprehensive intervention group achieved symptomatic re-
mission an average of 6.4 weeks earlier than control subjects, exhibited 34% greater improvement in Tear
Break-Up Time measurements at three-month assessment, and reported substantially higher satisfaction
scores on quality of life questionnaires assessing visual function, ocular comfort, and treatment-related bur-
den. Correlation analysis examining relationships between specific intervention components and outcome
parameters identified meibomian gland expression combined with thermal therapy as particularly impactful
for patients exhibiting predominant evaporative-type dry eye physiology, while those with primary aqueous-
deficient features demonstrated optimal response to intensive artificial tear supplementation protocols com-
bined with anti-inflammatory pharmacotherapy. These findings support the value of phenotype-specific
treatment individualization within the framework of comprehensive prophylactic protocols, suggesting that
optimal outcomes may be achieved through tailoring of intervention intensity and modality selection based
on patient-specific dry eye pathophysiology rather than applying uniform protocols to all patients regardless
of their individual clinical characteristics and risk profiles.

Discussion. The clinical outcomes and mechanistic insights derived from this comprehensive investi-
gation of post-dacryocystorhinostomy dry eye syndrome prophylaxis and rehabilitation underscore the criti-
cal importance of adopting integrated, multidimensional therapeutic approaches that simultaneously address
the diverse pathophysiological mechanisms contributing to ocular surface dysfunction rather than relying on
single-modality interventions targeting only one aspect of the complex disease process. Traditional manage-
ment paradigms emphasizing exclusive reliance on pharmaceutical interventions, typically consisting of arti-
ficial tear supplementation with or without anti-inflammatory agents, while providing symptomatic relief and
supporting basic ocular surface hydration, prove insufficient for achieving complete microstructural restora-
tion of the precorneal tear film architecture, normalization of meibomian gland morphology and secretory
function, resolution of subclinical inflammatory processes affecting epithelial regeneration and goblet cell
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populations, and optimization of neurosensory feedback mechanisms regulating reflex tear secretion. The
superior outcomes observed in patients receiving comprehensive multimodal protocols incorporating phar-
macotherapy, physiotherapy, nutritional optimization, and psychosocial support validate the conceptual
framework of dry eye syndrome as a multifactorial condition requiring correspondingly multifaceted thera-
peutic responses, with synergistic interactions among intervention components producing aggregate benefits
exceeding what could be achieved through simple additive effects of individual therapies applied in isolation.

Thermal therapies specifically designed to stimulate meibomian gland secretory function through con-
trolled elevation of lid margin temperatures to optimal ranges of 38-40 degrees Celsius, thereby reducing
meibum viscosity and facilitating expression of accumulated lipid secretions while simultaneously promoting
increased autonomous glandular activity, represent particularly valuable interventions for patients exhibiting
predominant evaporative-type dry eye pathophysiology characterized by tear film lipid layer deficiency. The
mechanistic rationale supporting thermal interventions derives from recognition that meibomian lipid secre-
tions become progressively more viscous at lower temperatures, potentially leading to obstruction of glandu-
lar orifices and reduced lipid delivery to the tear film, while controlled warming reduces lipid viscosity, fa-
cilitates flow through ductal systems, and may enhance glandular cellular metabolic activity supporting in-
creased lipid synthesis. Clinical evidence demonstrating substantial improvements in meibomian gland ex-
pressibility, meibum quality scores, and tear film lipid layer thickness following systematic thermal therapy
protocols validates this mechanistic model and supports routine incorporation of warming interventions into
comprehensive dry eye management strategies, particularly during the rehabilitation phase when restoration
of normal meibomian function represents a key therapeutic objective.

Nutritional interventions emphasizing increased dietary intake or supplementation with omega-3 poly-
unsaturated fatty acids, along with optimization of vitamin A and E status through consumption of nutrient-
dense foods including egg yolks, fatty fish, nuts, and green leafy vegetables, provide systemic support for
ocular surface health through multiple complementary mechanisms including modulation of eicosanoid me-
tabolism favoring production of anti-inflammatory mediators over pro-inflammatory species, enhancement
of meibomian lipid secretion quality through alterations in fatty acid composition, provision of essential co-
factors for epithelial cell differentiation and mucin production, and antioxidant protection against oxidative
stress-mediated cellular damage. The systemic nature of nutritional interventions offers advantages over
purely topical therapies by addressing underlying metabolic factors contributing to dry eye pathogenesis ra-
ther than merely treating superficial manifestations, while the excellent safety profile of dietary modifica-
tions and nutritional supplementation combined with potential benefits extending beyond ocular health to
include cardiovascular, cognitive, and anti-inflammatory effects makes these interventions particularly at-
tractive components of comprehensive management protocols. Epidemiological evidence demonstrating in-
verse relationships between omega-3 fatty acid consumption and dry eye syndrome prevalence, along with
controlled trial data showing symptomatic improvement and objective parameter enhancement following
omega-3 supplementation, provides robust support for routine nutritional counseling and supplementation
recommendations as standard components of post-DCR prophylactic care.

Conclusion. This comprehensive investigation of dry eye syndrome prophylaxis and rehabilitation fol-
lowing dacryocystorhinostomy procedures establishes that approximately 30% of patients experience clini-
cally significant dry eye symptomatology during the post-operative period when managed with conventional
care protocols, but that systematic implementation of evidence-based prophylactic interventions initiated
preoperatively and continued systematically throughout the rehabilitation phase can reduce this symptomatic
incidence to 8-10%, representing a clinically meaningful 71.2% relative risk reduction that translates into
substantial improvements in patient comfort, visual function, and quality of life outcomes. The most effica-
cious prophylactic strategies identified through controlled analysis comprise integrated multimodal ap-
proaches incorporating preservative-free artificial tear supplementation with hyaluronate-based and lipid-
enhanced formulations providing continuous ocular surface protection and tear film stabilization, systematic
meibomian gland expression techniques combined with controlled thermal therapy to restore normal lipid
secretion patterns and tear film lipid layer integrity, nutritional optimization through omega-3 fatty acid sup-
plementation and vitamin-rich dietary modifications supporting anti-inflammatory pathways and cellular
metabolic requirements, and physiotherapeutic modalities including low-level light therapy and microcurrent
stimulation facilitating tissue healing and functional restoration.
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