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Purpose: To evaluate the nationwide implementation and clinical application of 24-hour intraocular pressure (IOP) monitoring in 
China.
Methods: A nationwide descriptive cross-sectional study was conducted from September 2024 to March 2025. Two structured 
questionnaires were distributed to 467 hospitals across China (400 valid responses) and 170 patients recruited from our institution who 
were undergoing 24-hour IOP monitoring for the first time. Collected data included implementation rates, tonometer types, measure
ment protocols, examiner consistency, and patient-reported perceptions.
Results: Among the 400 responding hospitals, 261 (65.3%) had implemented 24-hour IOP monitoring; however, 85.1% managed 
fewer than 20 patients per month. The most common measurement frequencies within a 24-hour period were 12 (37.2%), 6 (32.6%), 
and 7 times (27.2%), respectively. Non-contact tonometer (NCT) was the predominant device for both daytime (67.8%) and nighttime 
(64.6%) measurements. Among the 175 hospitals performing nocturnal measurements, only 7.4% employed supine positioning. In 
65.5% of institutions, 24-hour IOP measurements for individual patients were performed by multiple nurses. Regarding patient 
perceptions, 95.8% considered 24-hour IOP monitoring important, yet 52.9% expressed reluctance to undergo the repeated procedure, 
citing hospitalization inconvenience (80%), sleep disruption (28.9%), concerns about measurement accuracy (4.4%), and cost (4.4%).
Conclusion: Although over half of the surveyed hospitals had implemented 24-hour IOP monitoring, overall clinical utilization 
remained suboptimal, with highly heterogeneous local protocols and considerable patient reluctance toward the current inpatient- 
based, nurse-dependent monitoring paradigm. Standardized implementation of national guidelines, enhanced patient education, and 
development of patient-centric, wearable IOP monitoring technologies are essential to optimize accessibility and support glaucoma 
management.
Keywords: glaucoma management, 24-hour intraocular pressure monitoring, nocturnal measurement, clinical implementation, 
nationwide survey, China

Introduction
Glaucoma is a chronic, progressive optic neuropathy characterized by the retinal ganglion cells degeneration and 
irreversible visual field loss.1 As a leading global cause of irreversible blindness, it is projected to affect approximately 
111.8 million individuals aged 40–80 years by 2040.2 Elevated intraocular pressure (IOP) is the most well-established 
modifiable risk factor for disease progression, with substantial evidence highlighting that both absolute IOP levels and 
their fluctuations contribute to optic nerve damage.3,4
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Given the pivotal role of IOP in disease pathogenesis, accurate and comprehensive IOP assessment is essential for 
diagnosis, treatment individualization, and prognosis evaluation. In routine clinical practice, IOP is predominantly 
measured as a single-point value during office hours using tonometers such as Goldmann applanation tonometry 
(GAT) or non-contact tonometers (NCTs).5 This conventional approach carries inherent limitations: IOP follows 
a circadian rhythm and exhibits short-term fluctuations influenced by posture, blood pressure, intracranial pressure, 
and diurnal activities.5–7 Notably, over 50% of glaucoma patients—particularly those with normal-tension glaucoma 
(NTG)—experience peak IOP outside regular clinic hours, a critical period missed by single-timepoint measurements.8– 

11 Moreover, growing evidence suggests that diurnal IOP variability, independent of mean IOP, is a strong predictor of 
glaucoma progression, further underscoring the inadequacy of relying solely on conventional, single-point office 
measurements.6,12

In response to these limitations, 24-hour IOP monitoring has emerged as a clinically valuable tool to capture the full 
circadian IOP profiles, including nocturnal peaks, daytime troughs, and fluctuation amplitudes, all of which are critical 
for informed clinical decision-making. Studies have demonstrated that 24-hour IOP monitoring not only facilitates 
diagnosis and effective IOP control but also contributes to the formulation of personalized therapeutic strategies.13 

A comprehensive review by Konstas et al emphasized that diurnal and 24-hour IOP monitoring strategies significantly 
enhance prognosis assessment and treatment optimization in glaucoma management.12 Despite its recognized value, 
implementation practices vary widely.

In China, 24-hour IOP monitoring is primarily conducted through intermittent manual measurements during 
hospitalization.14 However, its real-world adoption, standardization of protocols—including measurement frequency, 
patient positioning, and tonometer type—and integration into routine glaucoma care remain poorly documented. 
Internationally, systematic evaluations of institution-based 24-hour IOP monitoring are also limited. Most existing 
surveys have focused on newer technologies such as contact lens sensors or home rebound tonometry, rather than on 
characterizing conventional inpatient monitoring practices.15,16 This global variability highlights the need for region- 
specific assessments to guide local clinical protocol optimization.

To date, no nationwide study in China has comprehensively examined current 24-hour IOP monitoring practices, 
including rates of institutional implementation, procedural heterogeneity, or patient perspectives. Therefore, we con
ducted the first nationwide descriptive cross-sectional survey to (1) evaluate the implementation status and clinical 
application patterns of 24-hour IOP monitoring in China, and (2) investigate patient perceptions, acceptance, and barriers 
to its adoption. Our findings aim to inform efforts toward protocol standardization, improve patient adherence, and guide 
the development of next-generation IOP monitoring technologies aligned with real-world clinical needs.

Materials and Methods
Study Design and Participants
This nationwide, cross-sectional study was conducted between September 2024 and March 2025 and comprised two 
parallel components: an institutional survey and a patient-based survey.

Institutional recruitment targeted public tertiary hospitals and private ophthalmic specialty hospitals across China. 
Primary and secondary public hospitals were excluded due to anticipated limitations in infrastructure and specialized 
personnel for 24-hour intraocular pressure (IOP) monitoring. To enhance broad geographic coverage, a convenience 
sampling strategy was applied across the eastern, central, and western regions of China.

Potential institutions were initially identified through a combination of the official national hospital registry and 
referrals from regional ophthalmological society networks. Invitations and the institutional questionnaire were then 
distributed electronically via the professional online survey platform Wenjuanxing (https://www.wjx.cn),17 using a peer- 
to-peer dissemination strategy within these established professional networks. Regional coordinators, who were senior 
ophthalmologists in each region, supervised questionnaire distribution and data quality control. Each participating 
institution was permitted to submit a response only once, completed by the head of the glaucoma service or 
a designated senior clinician.
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Sample Size Calculation and Response
The minimum required sample size was calculated to be 96 institutions, based on an assumed 24-hour IOP monitoring 
implementation rate of 50%, a margin of error of 10%, and a 95% confidence level. To compensate for potential non- 
response, the recruitment target was set at 110 hospitals. In total, 467 hospitals meeting the eligibility criteria were 
identified and approached. Ultimately, 400 valid institutional responses were received and included in the analysis, 
yielding a response rate of 85.6%.

Patient Recruitment and Survey
In parallel, a patient survey was conducted at a single, large-volume tertiary eye center in our institution, selected for its 
established, high-volume protocol for inpatient 24-hour IOP monitoring. This center was chosen to ensure access to 
a sufficient and representative cohort of patients undergoing the procedure as part of their standard clinical care. 
A convenience sample of 170 patients was recruited from the center’s glaucoma service.

Eligible participants were adults (aged ≥ 18 years) with suspected glaucoma, ocular hypertension, or established 
glaucoma requiring treatment reassessment, who were consecutively admitted for their first 24-hour IOP monitoring. 
Participants voluntarily completed the paper-based questionnaire immediately following the final IOP measurement of 
their 24-hour monitoring cycle, ensuring that their perceptions and feedback were captured while the experience was 
fresh and relevant.

Questionnaire Design and Data Collection
Two separate questionnaires were developed for the institutional and patient survey components (Supplementary 
Figures S1 and S2). Item generation and refinement followed a multi-stage process: an initial draft was created by 
a multidisciplinary panel of glaucoma specialists, a clinical epidemiologist, and an ophthalmic nurse, all experi
enced in 24-hour IOP monitoring. This draft was refined through a two-round Delphi process involving seven 
experts from tertiary centers across China. Both questionnaires were then pilot-tested (15 institutional staff; 20 
patients) to optimize clarity and relevance.

The institutional questionnaire covered: implementation status; operational protocols (tonometer type, measurement 
frequency, posture, staffing); service volume and fees; and perceived barriers. To facilitate recall and completion, 
quantitative items used predefined ordinal categories (eg, 1–10, 11–20 patients/month). It was completed by the 
glaucoma service head or a designated senior clinician at each site.

The patient questionnaire assessed: prior awareness and information sources; acceptance and willingness; perceived 
barriers (discomfort, cost, time); and overall satisfaction. For barrier-related items (eg, Question 6), multiple selections 
were permitted. Patients completed the paper questionnaire with the coordinator’s assistance immediately after their final 
24-hour IOP measurement.

The study complied with the Declaration of Helsinki and was approved by the Institutional Review Board of the 
Second Affiliated Hospital, Zhejiang University School of Medicine (Approval No.: 2022-Research-1051). Written 
informed consent was obtained from all participants before data collection.

Statistical Analysis
All statistical analyses were performed using SPSS version 23.0 and GraphPad Prism version 9.0. As all questionnaire 
responses were collected using predefined ordinal categories or nominal options (eg, “1–10” or “11–20” patients per 
month; “≤ 5 years” or “6–10 years” since implementation), all variables were analyzed as categorical or ordinal. 
Descriptive statistics are presented as frequencies and percentages.

Comparisons between public tertiary hospitals and private ophthalmic hospitals were conducted using Pearson’s chi- 
square test or Fisher’s exact test, as appropriate. These comparisons included key categorical variables such as 
implementation rate, monthly patient volume, service fees, device types, measurement schedules, patient positioning, 
and examiner staffing arrangements. For ordered categories variables (eg, duration since implementation), the Cochran– 
Armitage chi-square test for trend was applied after excluding responses with an open-ended option (eg, “≥ 10 years”) 
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and “unknown”. For questions allowing multiple selections (eg, Question 6: reasons for reluctance), each response option 
was treated as a separate binary variable, and its selection frequency is reported as a proportion of respondents.

Questionnaires missing key grouping variables (eg, institution type/implementation status for institutional surveys; patient 
age/awareness for patient surveys) were excluded from the respective comparative analysis. An available-case approach was 
used for handling item-level non-response. A two-tailed p-value < 0.05 was considered statistically significant.

According to the Glaucoma Group of the Chinese Ophthalmological Society, the standard six-point IOP monitoring 
schedule includes measurement at 05:00, 07:00, 10:00, 14:00, 18:00, and 22:00.14 For analyses involving nocturnal IOP, 
this schedule was excluded, as the 22:00 and 05:00 time points fall outside the physiological sleep window (00:00–04:00) 
and were therefore not considered representative of true nocturnal IOP.

Results
General Characteristics and Implementation Rates
A total of 467 hospitals were invited to participate, of which 400 returned valid questionnaires, yielding a response rate 
of 85.6%. Respondents comprised 250 (62.5%) public tertiary hospitals and 150 (37.5%) private ophthalmic specialty 
hospitals. Geographically, responses were distributed across mainland China (Figure 1), with 205 (51.2%) institutions in 
the eastern region, 121 (30.3%) in the central region, and 87 (18.5%) in the western region.

Overall, 261 of the 400 responding hospitals (65.3%) reported currently offering 24-hour IOP monitoring services. 
A significant difference in adoption rate was observed between hospital types (p < 0.01). Private ophthalmic hospitals 
demonstrated a higher implementation rate (74.7%,112/150) compared to public tertiary hospitals (59.6%, 149/250) 
(Figure 2A).

Figure 1 Geographic distribution of surveyed hospitals. Distribution of participating hospitals across China’s eastern, central, and western regions (N = 400).
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A significant difference in the implementation duration of 24-hour IOP monitoring was observed between hospital 
types (n=177; p trend = 0.006). Public tertiary hospitals were more likely to be classified into longer-duration categories 
(eg, “≥10 years”), while private hospitals were predominantly in the shorter-duration categories (eg, “<10 years”, 
Figure 2B).

Patient Volume and Service Fees
Among the 261 hospitals that offered 24-hour IOP monitoring, the majority (85.1%) reported a monthly service volume 
of fewer than 20 patients. A detailed breakdown showed that 57.1% managed between 1–10 patients per month, while 
only 6.1% served more than 30 patients monthly (Table 1).

Regarding service fees, most institutions (51.7%) charged less than 28 USD (200 RMB) for the procedure, with 
39.9% setting fees between 28–70 USD (200–500 RMB). Fewer than 10% of hospitals charged more than approximately 

Figure 2 Practice patterns of 24-hour intraocular pressure (IOP) monitoring in Chinese hospitals. (A) Implementation rate by hospital type (public tertiary vs private). 
(B) Implementation duration by hospital type. (**p < 0.01). (C) Measurement frequencies of 24-hour IOP monitoring. (D) Body position during nocturnal IOP 
assessment (sitting vs supine). (E) Examiner pattern for a single patient (single vs multiple examiners). (F) Blood pressure monitoring during 24-hour IOP monitoring.

Table 1 Patient Volume for 24-Hour Intraocular Pressure Monitoring

Characteristic Category Total (n=261) Public Tertiary 
Hospital (n=149)

Private Ophthalmic 
Institution (n=112)

P values*

Monthly patient volume 1–10 149 (57.1%) 84 (56.4%) 65 (58.0%) 1.00
11–20 73 (28.0%) 39 (26.2%) 34 (30.4%) 1.00

21–30 23 (8.8%) 16 (10.7%) 7 (6.2%) 0.82

> 30 16 (6.1%) 10 (6.7%) 6 (5.4%) 1.00

Notes: *P value: compared between public tertiary hospitals and private ophthalmic hospitals, Pearson’s chi-square tests (Bonferroni adjustment for 
multiple comparisons).
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70 USD (500 RMB, Table 2). No statistically significant differences in patient volume distribution or service pricing 
were observed between public tertiary hospitals and private institutions.

Measurement Protocols
Measurement Frequency
Among hospitals performing 24-hour IOP monitoring, the most common measurement frequency was 12 times (37.2%), 
followed by 6 times (32.6%) and 7 times (27.2%). The use of other frequencies (eg, 8, 10, or 11 times) was uncommon. 
While private ophthalmology institutions most frequently reported using a 12-time protocol (43.7%), public hospitals 
more commonly employed a 6-time protocol (34.9%). This difference in preference did not reach statistical significance 
(Figure 2C).

Devices and Patient Positioning
The choice of tonometer for 24-hour IOP monitoring varied significantly between daytime and nocturnal periods, and 
between public and private institutions. During daytime measurements, the overall profile of tonometer use differed 
significantly between settings (p < 0.01). Public hospitals predominantly used the NCT (74.5%), while private institutions 
used it less frequently (58.9%) in favor of a higher rate of iCare Rebound Tonometer use (24.1% vs 10.7% in public 
hospitals, Table 3).

In contrast, nocturnal measurements revealed a consistent and non-significant pattern across both institution types 
(overall p=0.57), with the NCT being the dominant device (public: 66.7%; private: 62.0%) and no significant differences 
found for any specific tonometer (Table 4).

Table 2 Service Fees for 24-Hour Intraocular Pressure Monitoring

Characteristic Category Total (n=261) Public Tertiary 
Hospital (n=149)

Private Ophthalmic 
Institution (n=112)

P valuesa

Service Fee (USD)b < USD 28 135 (51.7%) 79 (53.0%) 56 (50.0%) 1.00
USD 28–70 104 (39.9%) 59 (39.6%) 45 (40.2%) 1.00

USD 70–139 17 (6.5%) 8 (5.4%) 9 (8.0%) 1.00

USD139–279 5 (1.9%) 3 (2.0%) 2 (1.8%) 1.00

Notes: aP value: compared between public tertiary hospitals and private ophthalmic hospitals, Pearson’s chi-square test (or Fisher’s exact test 
when expected cell counts were <5, Bonferroni adjustment for multiple comparisons). bService fee: converted from Chinese Yuan (RMB) to US 
Dollars (USD), approximate exchange rate of 1 USD ≈ 7.18RMB.

Table 3 Tonometers Used for Daytime Measurement in 24-Hour Intraocular Pressure Monitoring

Type of Tonometer Total (n=261) Public Tertiary 
Hospital (n=149)

Private Ophthalmic 
Institution (n=112)

P valuea 

(per device)
P valueb 

(overall)

NCT 177 (67.8%) 111 (74.5%) 66 (58.9%) 0.03 <0.01

iCare 43 (16.5%) 16 (10.7%) 27 (24.1%) 0.02

GAT 30 (11.5%) 18 (12.1%) 12 (10.7%) 1.00
Tono-Pen/AccuPen 11 (4.2%) 4 (2.7%) 7 (6.3%) 0.68

Notes: P valuea: comparison of each tonometer type between public tertiary hospitals and private ophthalmic institutions derived from 
Pearson’s chi-square test, with Fisher’s exact test applied where expected cell counts were <5, the significance level was adjusted for multiple 
comparisons using the Bonferroni method. P valueb (overall): comparison of the overall distribution pattern of all four tonometer types between 
public tertiary hospitals and private ophthalmic institutions, derived from Pearson’s chi-square test. 
Abbreviations: NCT, Non-Contact Tonometer; iCare, iCare Rebound Tonometer; GAT, Goldmann Applanation Tonometer.
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Regarding patient positioning during nocturnal measurements, despite established evidence that IOP increases in the 
supine position,18 only 7.4% (13/175) of institutions performed measurements with patients lying down. The vast 
majority (92.6%) assessed nocturnal IOP with patients in the seated position, a practice that may underestimate true 
nocturnal IOP (Figure 2D).

Staffing Patterns and Ancillary Monitoring
The staffing model for 24-hour IOP monitoring predominantly involved multiple nursing staff performing measurements 
at different time points for an individual patient (65.5% of institutions). In contrast, a single on-call physician conducting 
all measurements was reported by only 35.5% of hospitals (Figure 2E).

Regarding ancillary monitoring, 27.6% of institutions performed simultaneous blood pressure (BP) monitoring during 
the IOP assessment (Figure 2F). This practice reflects a clinical recognition of the role of hemodynamic fluctuations in 
glaucoma pathophysiology.19,20

Perceived Patient Demand and Clinical Value
Institutions generally reported a moderate perceived demand for 24-hour IOP monitoring among their glaucoma patients. 
Over half of public hospitals (56.4%) and nearly half of private hospitals (45.5%) rated the demand as “moderate”. An 
additional 13.4% of public hospitals and 18.8% of private hospitals categorized it as “high”, while 26.2% and 29.5%, 
respectively, described demand as “low”. The extreme response categories (“very high” or “no demand”) were rarely 
chosen (Figure 3A).

In contrast, institutions held highly positive views regarding the clinical value of the procedure. An overwhelming 
majority considered it beneficial for glaucoma management: 79.4% of private hospitals and 91.3% of public hospitals 
rated the benefit as “very great” or “considerable”. Almost all remaining respondents indicated “some” benefit. Only one 
private hospital (0.9%) reported no perceived benefit (Figure 3B).

Patients’ Awareness and Acceptance
A total of 170 patients participated in the survey, of whom 48.2% were unaware that IOP fluctuates over the day, 55.9% 
lacked knowledge regarding the impact of IOP variability on glaucoma progression, and 57.6% had never heard of 24- 
hour IOP monitoring prior to their current admission (Figure 3C). After receiving a brief explanation of the procedure, 
the majority (66.4%) perceived it as highly necessary, and 30% considered it moderately necessary (Figure 3D).

Despite this perceived necessity, a substantial proportion of patients (52.9%, 90/170) were unable to fully accept the 
current inpatient protocol, reporting only “generally willing” or “somewhat unwilling” (Figure 3E). Among those 
reluctant, the most frequently cited concerns were the inconvenience of hospitalization (80%), sleep disruption 
(28.9%), perceived inaccuracy (4.4%), and increased cost (4.4%) (Figure 3F).

Table 4 Tonometers Used for Nocturnal Measurement in 24-Hour Intraocular Pressure Monitoring

Type of Tonometer Total (n=175) Public Tertiary 
Hospital (n=96)

Private Ophthalmic 
Institution (n=79)

P valuea 

(Per Device)
P valueb 

(overall)

NCT 113 (64.6%) 64 (66.7%) 49 (62.0%) 1.00 0.57

iCare 19 (10.8%) 12 (12.5%) 7 (8.9%) 1.00

GAT 38 (21.7%) 18 (18.7%) 20 (25.3%) 1.00
Tono-Pen/AccuPen 5 (2.9%) 2 (2.1%) 3 (3.8%) 1.00

Notes: P valuea: comparison of each tonometer type between public tertiary hospitals and private ophthalmic institutions derived from 
Pearson’s chi-square test, with Fisher’s exact test applied where expected cell counts were <5, the significance level was adjusted for multiple 
comparisons using the Bonferroni method. P valueb (overall): comparison of the overall distribution pattern of all four tonometer types 
between public tertiary hospitals and private ophthalmic institutions, derived from Pearson’s chi-square test. 
Abbreviations: NCT, Non-Contact Tonometer; iCare, iCare Rebound Tonometer; GAT, Goldmann Applanation Tonometer.
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Discussion
To our knowledge, this is the first nationwide survey to comprehensively evaluate the implementation patterns and 
clinical integration of 24-hour IOP monitoring in China. While the diagnostic and therapeutic value of 24-hour IOP 
monitoring is well documented, its real-world adoption and standardization remain poorly characterized.9,21 Our findings 
reveal a critical paradox: although institutional availability is relatively high, routine clinical utilization is limited, and 
protocols are highly heterogeneous, significantly constraining its potential clinical impact.

In our survey, approximately two-thirds (65.3%, 261/400) of surveyed hospitals reported offering 24-hour IOP 
monitoring. Private ophthalmic institutions demonstrated a significantly higher adoption rate than public tertiary hospitals 
(74.7% vs 59.6%, p < 0.01), whereas public hospitals tended to have longer-established services. This discrepancy likely 
reflects differing institutional drivers: private hospitals, operating in a competitive market, may prioritize innovative, 
patient-attracting services, whereas public tertiary centers often face constraints from rigid reimbursement systems, such 
as Diagnosis-Related Group (DRG) payments, which may not explicitly compensate for the additional resources required 
for 24-hour monitoring.22

Despite this availability, clinical uptake was strikingly low, with over 85% of implementing hospitals managing fewer 
than 20 patients per month. This is likely due to multifaceted barriers. On the supply side, the procedure is resource- 
intensive, requiring inpatient admission and dedicated staffing. On the demand side, patient awareness was a major issue. 
Over half (57.6%) of the 170 surveyed patients were unaware of the procedure prior to the current admission. This 
finding, though seemingly contradictory given that all respondents had just undergone monitoring, underscores a critical 
communication gap: patients may be admitted for “glaucoma assessment” without receiving a clear, prior explanation of 
the specific 24-hour monitoring protocol, its rationale, and its distinct value compared to a single clinic measurement. 
This highlights a need for improved patient education prior to admission.

A further disconnect emerged between perceived clinical value and patient demand. While the vast majority of 
institutions (91.3% of public hospitals) rated 24-hour IOP monitoring as providing “very great” or “considerable” benefit, 

Figure 3 Institutional and patient perspectives on 24-hour intraocular pressure (IOP) monitoring. (A) Perceived patient demand for 24-hour IOP monitoring by hospital 
type. (B) Perceived necessity for inclusion of 24-hour IOP monitoring. (C) Patient awareness of diurnal IOP fluctuation,the impact of IOP variability on glaucoma 
progression,and 24-hour IOP monitoring, (N = 170). (D) Patients’ perceived clinical necessity of 24-hour IOP monitoring. (E) Patient acceptance and willingness to 
undergo the current protocol. (F) Primary reasons for patient reluctance to undergo the current protocol (N=90, multiple responses allowed).
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most described patient demand as only “moderate”. This mismatch likely stems from patient-reported barriers identified 
in our parallel survey—over half of patients were reluctant to repeat the procedure, chiefly due to hospitalization 
inconvenience (80%) and sleep disruption (28.9%). Thus, the current inpatient monitoring model, despite its clinical 
value, appears to suppress patient acceptance and dampen perceived demand. Moving forward, optimizing the real-world 
utility of 24-hour IOP monitoring will require transitioning toward less-disruptive, outpatient-based, or wearable 
solutions that align better with patient tolerability and lifestyle.

A major barrier to reliability is the profound lack of protocol standardization. All institutions relied on manual 
intermittent measurements, with schedules varying from 6 to 12 times per 24 hours. Such intervals may miss transient 
IOP peaks or subtle fluctuations. Furthermore, despite physiological evidence recommending supine positioning for 
nocturnal measurements,23 only 7.4% of institutions followed this practice, with the majority (92.6%) measuring seated. 
This represents a significant implementation gap that can lead to underestimation of true nocturnal IOP. Operator 
inconsistency also introduces error, as 65.5% of hospitals used multiple nurses for measurements on the same patient. 
Technical variations in applanation or rebound tonometry can significantly affect readings.24 These issues underscore an 
urgent need for national guidelines and standardized training.

Given the resource intensity of inpatient monitoring, practical alternatives are often employed in clinical practice. Shorter 
office-hour diurnal tension curves provide a snapshot of daytime fluctuations. The water-drinking test (WDT), a one-hour 
provocative test, has been shown to induce IOP peaks that correlate strongly with those observed during longer diurnal curves 
in patients with open-angle glaucoma, offering a time-efficient surrogate for assessing IOP peak propensity.25,26 However, 
these methods cannot replace the comprehensive circadian profiling and detection of off-hour (e.g., nocturnal) peaks that are 
uniquely provided by full 24-hour monitoring when such data are critical for glaucoma diagnosis and management.

Technological innovations aim to bridge these gaps. Home rebound tonometers (eg, iCare HOME) enable outpatient 
self-monitoring but are limited by intermittent sampling, and, notably, most models do not permit reliable supine 
measurements, restricting nocturnal assessment.27 Contact lens sensors (e.g., Triggerfish®) represent a leap toward 
continuous monitoring but face challenges including patient discomfort, sleep disturbance, relative (not absolute) IOP 
reporting, and limited regulatory approval and access in many regions, including China.15,28 The ideal solution—a 
comfortable, calibrated, continuous IOP monitor suitable for long-term ambulatory use—remains an unmet need.

Taken together with our findings, these observations have several implications for clinical practice and future directions. 
National efforts should focus on standardizing protocols (specifying frequency, nocturnal supine positioning, and single- 
examiner consistency) through evidence-based guidelines and training. To increase patient acceptance, improved pre- 
procedure education and less burdensome models (e.g., structured day-curves) should be implemented. Reimbursement 
pathways within current payment systems should be established to incentivize adoption. Finally, the gap between high 
perceived clinical value and low patient uptake highlights the urgent need for investment in next-generation, patient- 
friendly technologies capable of accurate, continuous, or frequent IOP profiling in ambulatory settings.

This study has several limitations. First, the patient survey was conducted at a single high-volume tertiary center in 
a developed region, which may limit the generalizability of the findings to rural or resource-limited settings. Second, 
hospital sampling relied on a convenience sampling and focused on tertiary public and private specialty hospitals, thereby 
excluding primary and secondary care centers due to their anticipated low prevalence of 24-hour IOP monitoring 
services. While this sampling strategy enhances clinical relevance of the data for advanced ophthalmic practice, it 
may overestimate national implementation rates and introduce selection bias. Finally, our analysis was based on the 
reported use of tonometer categories but did not capture the specific device models or their technical capabilities for 
supine measurement. This limitation prevents a definitive assessment of whether the observed low rate of supine 
nocturnal monitoring was attributable to equipment constraints or to clinical protocol adherence. Consequently, these 
findings should be interpreted as representative of settings where such service is most feasible. Future studies involving 
a broader range of healthcare tiers, geographic regions, and more granular device specifications are warranted to provide 
a more comprehensive understanding.
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Conclusion
This nationwide survey reveals that while 24-hour IOP monitoring is widely available in China, its effective implementa
tion is constrained by multifaceted factors. Hospitals acknowledge its clinical value yet face operational and reimbursement 
challenges, whereas patients report low awareness and high reluctance due to hospitalization inconvenience and sleep 
disruption. The primary barrier is thus not insufficient clinical utility, but the lack of a feasible and patient-centered 
implementation framework. Future efforts should focus on developing practical clinical guidelines, optimizing monitoring 
models, and advancing patient-friendly technologies to integrate circadian IOP assessment into routine glaucoma care.

Abbreviations
IOP, intraocular pressure; NCT, non-contact tonometer; iCare, iCare Rebound Tonometer; GAT, Goldmann Applanation 
Tonometer; RMB, Renminbi; USD, United States Dollar; BP, blood pressure.
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