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Abstract

Purpose: To explore the possible ocular complications of intraoperative
hypotension (IOH) using data from the TriNetX research platform, which
provides de-identified patient records from numerous healthcare organizations
worldwide.

Methods: Patients with and without IOH were identified on the TriNetX
research platform using ICD-10 codes. The dataset initially included 144,130
patients with IOH and 4,912,179 patients without IOH. Propensity score
matching based on sex, race, and relevant ICD-10 diagnoses (diseases of the
circulatory, nervous, and respiratory systems, as well as endocrine, nutritional,
and metabolic diseases) was used to create balanced groups of 139,967 patients
with and without IOH. The outcomes that were evaluated included ischemic
optic neuropathy, optic atrophy, retinal ischemia, retinal artery occlusion,
and retinal vein occlusion after having a procedure that included the use of
anesthesia. Risk ratios were calculated following propensity score matching.

Results: The risk of ischemic optic neuropathy was 0.01% in patients without
IOH and 0.04% in those with IOH (RR: 2.94, 95% CI: 1.70, 5.10, p <0.0001).
Optic atrophy also showed a significant association, with risks of 0.04% in
patients without IOH and 0.06% in those with IOH (RR: 1.55, 95% CI: 1.11,
2.16, p=0.01). The risk of retinal artery occlusion was 0.02% for patients
without IOH compared to 0.05% for those with IOH (RR: 2.60, 95% CI:
1.67, 4.05, p<0.001). Retinal ischemia was not shown to have a significant
association (RR: 1.25, 95% CI: 0.59, 2.67, p=0.56), as well as retinal vein
occlusion (RR: 1.41, 95% CI: 0.82, 2.44, p=0.21).

Conclusions: Patients who experience IOH have a significantly greater
risk for ocular complications, supporting the need for close intraoperative
monitoring and post-operative ophthalmic follow-up.
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Ischemic optic neuropathy; Retinal artery occlusion; Retrospective cohort study

Introduction

Intraoperative hypotension (IOH) is a common occurrence during general
anesthesia and is characterized by a decrease in mean arterial pressure (MAP)
that can affect tissue perfusion [1]. Perfusion supports normal tissue function
by ensuring that blood and nutrients reach cells through their natural vascular
pathways, maintaining cellular metabolism, and overall physiological balance
[2]. The reduced perfusion seen in IOH disrupts this balance and has been linked
to postoperative complications that affect multiple organ systems, including the
heart, kidneys, and brain [3]. Complications involving major organ systems may
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lead to chronic conditions that continue to affect patients after
surgical recovery [4-12]. The postoperative effects of IOH
may also vary depending on both its severity and duration
during surgery, suggesting that even short episodes of
hypotension may have significant consequences in vulnerable
patient groups [5]. Although there is growing evidence
linking IOH to these systemic effects, little research has
explored its impact on ocular health, a domain that may be
equally sensitive to fluctuations in MAP and blood pressure.

The eye is highly sensitive to changes in blood pressure
as it depends on a constant blood supply in order to maintain
retinal and optic nerve function [6]. A drop in MAP
during surgery may reduce blood flow to these structures,
compromising oxygen delivery and potentially leading
to ocular complications such as optic nerve damage or the
development of glaucoma [7,10]. While these events are
uncommon, they can cause serious and sometimes permanent
vision loss [8,11]. Previous studies on vision loss during
surgery have mainly focused on surgical positioning,
blood loss, or long procedure times, but the specific role
of intraoperative hypotension remains unclear [9]. Further
investigation into how intraoperative hypotension influences
ocular health is necessary to better understand the mechanism
involved and the risks that may follow.

Because the relationship between intraoperative
hypotension and ocular outcomes has not been well defined,
this study aims to examine how IOH may affect the eye.
By using a large, multi-institutional database, we sought to
determine the post-operative ocular complications associated
with IOH. By quantifying these associations across diverse
patient populations, this study aims to contribute to a more
comprehensive understanding of the effects of IOH on the
eye. Ultimately, identifying specific ocular complications
of IOH that pose the greatest risk may help guide safer
intraoperative blood pressure management and reduce the
likelihood of vision-threatening events following surgery

Methods
TriNetX Clinical Data Platform:

We utilized data from the TriNetX Global Research
Network, a database that provides secure access to de-
identified electronic health records (EHRs) from major
medical institutions worldwide, with the largest proportion
based in the United States. TriNetX ensures full compliance
with the Health Insurance Portability and Accountability
Act (HIPAA) by organizing diagnoses under specific ICD
codes and storing patient history and demographics in a
fully de-identified format. This allows for large-scale, real-
world evidence from millions of patients across diverse
backgrounds.
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Data Collection:

Patients with IOH were identified using ICD-10 codes
for hypotension, including postprocedural, iatrogenic,
drug-induced, orthostatic, and unspecified hypotension.
Patients without IOH were required to have no documented
hypotension diagnoses. A 1:1 nearest-neighbor propensity
score matching algorithm was used to balance the cohorts
based on sex and race.

Retinal artery occlusion was identified using ICD-10
codes H34.1 (central retinal artery occlusion) and H34.23
(retinal artery branch occlusion).

Retinal vein occlusion was identified using ICD-10 codes
H34.81 (central retinal vein occlusion), H34.82 (venous
engorgement), and H34.83 (tributary branch retinal vein
occlusion) and its subcodes H34.831-H34.839.

Data Analysis:

Statistical analyses were completed using the built-in
tools within the TriNetX platform. Risk ratios (RRs) with
95% confidence intervals (CIs) were calculated to assess the
association between IOH and postoperative ocular outcomes.
Statistical significance was defined as p-value <0.05.

Propensity score matching (PSM) was used to reduce
baseline differences between patients with and without
IOH. A 1:1 nearest-neighbor matching algorithm was
applied, which incorporated sex, race, and various ICD-10
diagnoses that include diseases of the circulatory, nervous,
and respiratory systems, as well as endocrine, nutritional, and
metabolic diseases.

Ethics

As this study was performed entirely on de-identified
data on the TriNetX platform, it was determined not to meet
the federal definition of human subjects research [DHHS
45 CFR46.102(e), 46.102(1)] or clinical investigation [FDA
21 CFR 50.3(c), 56.102(c)] by the University of California
Riverside Office of Research Integrity and the University
of California, Riverside IRB, and thus exempt from further
ethics review.

Results

A total of 144,130 patients who experienced intraoperative
hypotension and 4,912,179 patients without intraoperative
hypotension were identified. After 1:1 propensity score
matching, 139,967 matched pairs were included in the
final analysis, with baseline demographic and clinical
characteristics well balanced between cohorts.

Overall, intraoperative hypotension was associated with an
increased risk of several postoperative ocular complications.
Patients with intraoperative hypotension demonstrated a
higher risk of ischemic optic neuropathy compared with
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patients without intraoperative hypotension (0.04% vs
0.01%, p < 0.0001). Similarly, optic atrophy occurred more
frequently in the intraoperative hypotension cohort (0.06%
vs 0.04%, p = 0.01). Retinal artery occlusion was also more
common among patients with intraoperative hypotension,
with an observed risk of 0.05% compared to 0.02% in patients
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without intraoperative hypotension (p < 0.001). Absolute risk
differences between groups are illustrated in Figure 1.

In contrast, no statistically significant association was
observed between intraoperative hypotension and retinal
ischemia (p = 0.56) or retinal vein occlusion (p = 0.21), with
similar risks observed between cohorts (Figure 1)
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Figure 1: Comparison of postoperative ocular complication risk between patients with intraoperative hypotension (IOH) and those without
IOH following propensity score matching. Bars represent the percentage risk of each ocular outcome, with error bars indicating 95% confidence
intervals. Asterisks denote statistically significant differences between groups (p < 0.05). Patients with intraoperative hypotension demonstrated
higher risk of ischemic optic neuropathy, optic atrophy, and retinal artery occlusion compared with patients without intraoperative hypotension,
while no significant differences were observed for retinal ischemia or retinal vein occlusion.

Table 1: Association between intraoperative hypotension and postoperative ocular outcomes in a propensity score—matched cohort.

Outcome IOH n/N (%) No IOH n/N (%) RR (95% Cl) p-value
Ischemic Optic Neuropathy 50 / 139,951 (0.04%) 17 /139,770 (0.01%) 2.94 (1.70-5.10) <0.0001
Optic Atrophy 88 /138,809 (0.06%) 57 /139,188 (0.04%) 1.55 (1.11-2.16) 0.01
Retinal Ischemia 15 /139,810 (0.01%) 12/ 139,897 (0.01%) 1.25 (0.59-2.67) 0.56
Retinal Artery Occlusion 70 /139,155 (0.05%) 27 /139,564 (0.02%) 2.60 (1.67-4.05) <0.0001
Retinal Vein Occlusion 31/ 139,247 (0.02%) 31/ 139,540 (0.02%) 1.41 (0.82-2.44) 0.21

Values are reported as n/N (%). RR = risk ratio; Cl = confidence interval; IOH = intraoperative hypotension.
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Figure 2: Forest plot illustrating the association between intraoperative hypotension and postoperative ocular outcomes following propensity
score matching. Risk ratios (RRs) with 95% confidence intervals (Cls) are shown on a logarithmic scale for each outcome. The vertical
dashed line represents the null value (RR = 1.0). Outcomes with confidence intervals that do not cross the null line indicate a statistically

significant association with intraoperative hypotension.

Effect estimates, using risk ratios with 95% confidence
intervals, are summarized in Table 1. A forest plot depicting
the relative risk estimates for postoperative ocular outcomes
associated with intraoperative hypotension is shown in Figure
2, demonstrating statistically significant associations for
ischemic optic neuropathy, optic atrophy, and retinal artery
occlusion, while confidence intervals for retinal ischemia and
retinal vein occlusion crossed the null value.

Discussion

In this large retrospective cohort study, intraoperative
hypotension (IOH) was associated with an increased risk of
select postoperative ocular complications. After propensity
score matching, patients with IOH displayed higher risk for
ischemic optic neuropathy, optic atrophy, and retinal artery
occlusion in comparison to patients without IOH, while no
significant association was found for retinal ischemia or retinal
vein occlusion. These findings suggest that intraoperative
blood pressure instability may differentially affect ocular
structures, particularly those involving the optic nerve.

Previous studies examining postoperative visual
complications have primarily focused on factors such
as surgical positioning, blood loss, prolonged operative
duration, and patient comorbidities [9]. In contrast, the role of

intraoperative hypotension has been less well characterized,
particularly with respect to specific ocular outcomes. While
IOH has been widely associated with adverse systemic
outcomes involving the heart, kidneys, and brain, its
relationship with postoperative ocular complications has
not been extensively evaluated in large, multi-institutional
cohorts [3].

The optic nerve is particularly vulnerable to reductions
in perfusion due to its limited collateral blood supply and its
tendency to become hypoxic when perfusion pressure falls
below normal levels [13]. Transient decreases in systemic
blood pressure during surgery may compromise optic nerve
perfusion, increasing susceptibility to ischemic injury [14].
In contrast, the retina’s unique vascular architecture and
autoregulatory capacity may buffer brief reductions in
perfusion, which could help explain the lack of significant
association observed for retinal ischemia in this study [15].

From a clinical perspective, these findings highlight the
importance of maintaining hemodynamic stability during
surgery, particularly in patients who may be at increased risk
for optic nerve-related complications. Although postoperative
ocular events remain rare, the potential for permanent vision
loss underscores the need for careful intraoperative blood
pressure management and heightened awareness of ocular
risk factors.
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In conclusion, this study demonstrates an association
between intraoperative hypotension and specific postoperative
ocular complications within a large, matched cohort. Further
prospective studies are needed to better characterize the
relationship between blood pressure management and ocular
outcomes and to identify patients at greatest risk for vision-
threatening events.

Limitations

This study has several limitations, including its
retrospective design and reliance on data from the TriNetX
platform, which may introduce bias related to variability
in coding and documentation across institutions and
limit the generalizability of these findings. The use of
electronic health record data may result in incomplete or
inaccurate documentation of intraoperative hypotension and
postoperative ocular outcomes, and IOH was identified using
ICD-10diagnostic codes rather than direct intraoperative blood
pressure measurements, limiting assessment of the severity,
duration, and timing of hypotensive episodes. Postoperative
ocular complications were similarly identified through
coded diagnoses rather than standardized ophthalmologic
examinations, which may contribute to underreporting of rare
events. TriNetX anonymizes patient data by replacing event
counts between 1 and 10 with a value of “10” to protect patient
privacy. Although this approach can limit detailed statistical
analysis of uncommon outcomes, no outcome counts in the
present study fell within this range. The study also did not
account for surgical complexity, anesthetic technique, or
intraoperative management strategies that may influence both
blood pressure and ocular risk. Despite these limitations, this
study leverages a large, multi-institutional dataset to provide
novel insight into the association between intraoperative
hypotension and postoperative ocular complications.
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