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PURPOSE. To examine the morphological and hemodynamic changes of the ophthalmic
artery (OA) in patients with acute coronary syndrome (ACS).

METHODS. This cross-sectional observational study included 31 patients with ACS and
10 healthy controls (HCs). The ACS subgroups were ST-segment elevation myocardial
infarction (STEMI; n = 10), non-STEMI (n = 10), and unstable angina (n = 11). OA three-
dimensional (3D) models were reconstructed based on computed tomographic angiog-
raphy, and morphological aspects of the OA were measured quantitatively. Moreover,
numerical simulation by computational fluid dynamics was used to obtain hemodynamic
information of the OA.

RESULTS. The study reconstructed 41 OA models. Hemodynamic simulation revealed a
significant decrease in OA blood velocity in patients with ACS compared with the HCs
(median velocity, 0.046 vs. 0.147 m/s; P < 0.001). No differences in the morphological
data for the OA were observed. Also, no differences in the mass flow ratio of OA to the
ipsilateral internal carotid artery was found. Similar differences were observed between
the ACS subgroups and HCs. OA blood velocity was negatively correlated with body mass
index, abdominal circumference, left ventricular ejection fraction, and triacylglycerol and
was positively correlated with early to late transmitral flow velocity, N-terminal pro-brain
natriuretic peptide, serum creatinine, and potassium.

CONCLUSIONS. The initial OA blood velocity was slower in patients with ACS and was
associated with ACS-related clinical parameters. To our knowledge, this is the first
study to analyze OA characteristics in ACS using 3D model reconstruction and hemo-
dynamic simulation, providing new perspectives on the relationship between ischemic
heart disease and ocular manifestations.
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Acute coronary syndrome (ACS), which is the acute mani-
festation of ischemic heart disease, remains a leading

cause of morbidity and mortality worldwide.1 Several stud-
ies have been conducted on the pathology and prognosis
of ischemic heart disease from the perspective of the ocular
vessels. Notably, the ocular vessels may be a guiding factor
for the long-term prognosis of patients with ACS. Wang et
al.2 reported that the degree of retinal atherosclerosis was
closely related to the recurrence of ACS. Furthermore, cases
of retinal artery occlusion after percutaneous coronary inter-
vention (PCI) have been reported worldwide.3 In contrast,
ocular vascular disease may also harbor ACS. Studies have
reported that patients with retinal vascular occlusion had a
higher risk of ACS.4–6

Accordingly, it is vital to understand the relationship
between ischemic heart disease and ocular blood flow. Many
studies have explored retinal vascular parameters in ACS,
such as superficial retinal capillary plexus vascular density,
but the results remain controversial.7–10 Most have focused
on the variables of retinal blood flow. Nevertheless, the
blood supply of the eye originates from the ophthalmic

artery (OA), which is believed to be a more direct and accu-
rate response to ocular blood flow.

The OA is difficult to observe clinically due to its small
diameter and complex course. Digital subtraction angiogra-
phy (DSA) and color Doppler imaging (CDI) are widely used
to visualize the OA; however, DSA is invasive, and patients
may present with varying degrees of complications. When
applied to the retrobulbar vessels, CDI results may be influ-
enced by human factors and therefore may be of limited use
in visualization of the OA. Computed tomographic angiog-
raphy (CTA) has been increasingly applied in neurovas-
cular imaging. A greater number of slice images yields a
clearer display of the complex vascular trees and their adja-
cent structures. We adapted computer software to recon-
struct three-dimensional (3D) OA models based on CTA
images and obtained anatomical information regarding the
initial OA, the junction of the OA and internal carotid artery
(ICA). In terms of hemodynamic simulation, computational
fluid dynamics (CFD) has recently attracted clinical interest.
Numerical simulation based on CFD can be used to obtain
accurate hemodynamic information of diseased vessels in
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patients. The models are consistent with the shape of vessels
under clinical conditions. Thus, the flow-field analysis results
according to the simulation are convincing. This approach
has been used for the hemodynamic analysis of, for exam-
ple, aortic aneurysms, carotid artery stenosis, and stented
coronary arteries.11–13 However, it has not been applied to
retrobulbar vessels.

Our study aimed to investigate the changes in the
morphology and hemodynamics of the OA in patients with
ACS and to explore whether the characteristics of the OA
were related to the clinical parameters of ACS.

METHODS

Study Design and Data Collection

This was a cross-sectional observational study of the differ-
ence between the morphology and hemodynamics of the
OA in patients with ACS and healthy controls (HCs). The
study protocol was approved by the local ethics commit-
tee of Beijing Friendship Hospital (2020-P2-008-01) and was
conducted in accordance with the tenets of the Declaration
of Helsinki, the International Conference on Harmonization
Good Clinical Practice guidelines, and applicable Chinese
laws. All participants provided written informed consent.

The medical records of all patients with ACS admit-
ted to the Beijing Friendship Hospital from January 2020
to September 2020 who underwent CTA and those of
healthy individuals who underwent CTA for other reasons
were reviewed. All patients with ACS had a clear diagno-
sis and thus underwent coronary angiography. The hospi-
tal electronic medical records were verified, and param-
eters were collected and recorded. Each participant then
underwent a detailed ocular examination, including Snellen
best-corrected visual acuity, intraocular pressure (by non-
contact tonometry), slit-lamp examination, fundus color
photography, axial length measurement by optical biome-
try (IOL Master; Carl Zeiss Meditec, Jena, Germany), and
optical coherence tomography (OCT; Heidelberg Engineer-
ing, Heidelberg, Germany). The exclusion criteria were as
follows: (1) any existing eye refractive medium opacity,
orbital space–occupying diseases, glaucoma, optic neuritis
glaucoma, or other significant eye pathologies such as blind-
ness and inability to fixate; (2) intracranial space-occupying
lesions and fundus lesions caused by systemic diseases, such
as diabetes and high blood pressure; and (3) active syphilis,
hepatitis B, or other infectious diseases.

CTA Acquisition

CTA was performed using a 64-row multidetector CT scanner
(LightSpeed VCT; GE Healthcare, Chicago, IL, USA) extend-
ing from the arch of the aorta to the skull base. An injection
of 65 mL of contrast medium (iohexol, 300 mg iodine per
mL) through an 18-gauge needle using a power syringe at a
rate of 4 mL/s was administered into the antecubital vein.
A smart prep layer was set to scan the starting position.
The starting scanning threshold was set at 140 Hounsfield
units, and it started when the CT value reached the threshold
scan. The scanning parameters were as follows: pixel spac-
ing, 0.625 mm; image resolution, 512 × 512; layer spacing,
0.8 mm; machine rack rotation speed, 39.37 mm/rotation;
rack rotation time, 0.5 s/rotation; and pitch, 0.984. The raw
data of the CTA images were stored in a DICOM format.

3D OA Reconstruction

DICOM images were imported into Mimics 21.0 (Materi-
alise, Ann Arbor, MI, USA) for reconstruction. We recon-
structed one of the OAs that was visible on the CTA for each
subject. Image segmentation technology was performed to
extract clear contour data of the OA and ICA from CT
images; Figure 1A shows the origin of the OA on the CTA
images. The specific process is as follows: (1) Determine
the region of the target tissue structure to be segmented
in the tomography image. Use the threshold segmentation
function to create a new mask. Based on our experience,
slightly adjust the threshold of this mask with reference to
the OA so that the pixels of this mask fill the OA as much
as possible. (2) Edit the mask of the above objects based
on their 3D form, erase other interfering objects, and only
retain a certain length of common carotid artery, external
carotid artery, ICA, and OA. The region growing function
was used to grow and select the ICA and OA region so as to
obtain a new mask with all pixel points continuous and to
separate the other part connected with the ICA and OA. (3)
Use the calculate 3D function to perform the optimal qual-
ity operation on the above mask to obtain a 3D model of
the OA containing the above pixel points. After reconstruc-
tion, models were imported into Geomagic Studio 14.0 (3D
Systems, Rock Hill, SC, USA) to smooth the model surface
and form solid blood vessel models (Fig. 1B).

The centerline best-fit diameter of the initial OA was
measured, as was the angle between the OA and ICA center-
lines (Fig. 1C). All of the above results were evaluated and
analyzed by two experienced ophthalmologists.

CFD Simulation

A finite-volume method for steady flow was used in the
simulation calculation using Ansys Fluent 15.0 (Ansys, Inc.,
Canonsburg, PA, USA). Each model was discretized into
approximately 0.3 million tetrahedron and tri-prism mixed
elements using Ansys ICEM CFD. A simple algorithm for the
calculation of blood velocity and pressure base was selected
to correct the pressure and solve the momentum equation in
sequence. The vessel wall was considered rigid and no slip,
and the simulated blood was assumed to be a steady-state,
laminar, and incompressible Newtonian fluid. The Navier—
Stokes equation and mass conservation equation are govern-
ing equations for the numerical simulation:

ρ
(
�u · ∇)

�u+ ∇p− μ��u = 0 (1)

∇ · �u = 0 (2)

In the formula, ρ represents the blood density, �u repre-
sents the velocity vector, p represents the pressure, and μ
represents the blood viscosity. Then, the material attribute
values of blood were set (μ = 3.5 × 10–3 kg/ms; ρ =
1050 kg/m3). We adopted the averaged systolic and diastolic
blood flow velocity of 0.34 m/s14 as the inlet velocity (the
flow rate into the siphon of the ICA). A pressure boundary
condition of 0 Pa was set at the outlet. All models adopted
the same boundary conditions and parameters.

After the calculation, the fluid velocity streamline chart
was created using the post-processing software in Ansys
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FIGURE 1. Case example of a 3D OA model reconstructed from the CTA images. (A) The beginning of the OA can be seen on the CTA image
(yellow arrow). (B) The 3D model after being smoothed using Geomagic Studio 14.0. (C) Measurement of the angle between the OA and
ICA using Mimics.

Fluent. The mass flow was calculated using Flux Reports,
and the fraction of the ICA flowing into the OA was calcu-
lated.

Statistical Analysis

Continuous variables were tested for normality using the
Shapiro–Wilk test. Descriptive data with a normal distri-
bution are expressed as the mean ± SD, and those
with non-normal distribution are expressed as median
(25th–75th percentile); comparisons were made using the
t-test or Mann–Whitney U test. When multiple groups
were compared, one-way ANOVA was used for normally
distributed continuous variables, whereas the Kruskal–
Wallis H test was used for non-normally distributed vari-
ables. Categorical variables are presented as numbers and
percentages and were analyzed using the χ2 test or Fisher’s
exact test, as appropriate. Bonferroni correction was used
for multiple comparisons.

Pearson’s correlations and linear regression were used to
estimate linear relationships between continuous variables.
Continuous variables that were not normally distributed
were transformed into natural logarithms. Statistical analyses
were carried out using SPSS Statistics 26.0 (IBM, Chicago, IL,
USA). P ≤ 0.05 was considered statistically significant.

RESULTS

Baseline Characteristics

Thirty-one patients with ACS (mean age, 62.48 ± 4.69 years;
26% female) and 10 healthy controls (mean age, 59.40
± 8.30 years; 40% female) were included in the study.
The clinical characteristics of the patients are summarized
in Table 1. Patients with ACS had a higher rate of comor-
bidities, including hypertension, dyslipidemia, and diabetes

mellitus, compared with HC. No differences were found
for age, sex, current smoking status, or history of ischemic
stroke in patients with ACS compared with the HCs.

Clinical characteristics, laboratory parameters, cardiac
hemodynamic variables, and concomitant medication of the
ACS subgroups are shown in Table 2. Subgroups of ACS
included patients with an ST-segment elevation myocardial
infarction (STEMI; n = 10), non-STEMI (NSTEMI; n = 10),
and unstable angina (UA; n = 11). Except for three partic-
ipants in the UA group, all other participants underwent
PCI or coronary artery bypass graft (CABG) before the CTA
examination. To avoid impacting the ICA, we evaluated the
degree of ICA stenosis in all participants through CTA imag-
ing. Based on the North American Symptomatic Carotid
Endarterectomy Trial,15 one patient had mild ICA stenosis,
two patients had moderate stenosis, and two patients had
severe stenosis in both the STEMI and UA groups. In the
NSTEMI group, only one patient had mild stenosis and one
patient had severe stenosis. Mean axial length was 23.90 ±
0.91 mm in the HCs, 24.27 ± 1.15 mm in the STEMI group,
24.22 ± 1.16 mm in the NSTEMI group, and 24.26 ± 1.00
in the UA group. There was no statistically significant differ-
ence between each group (P = 0.837). Also, OCT showed
no obvious abnormalities in any participant.

Morphological Comparison

CTA was available for all participants, and the OAs from
41 patients were reconstructed. Quantitative measurements
demonstrated that the mean diameter of the initial OA in
HCs was 1.56 ± 0.37 mm. The median (25th–75th percentile)
angle between the OA and ICA was 76.72° (70.81°–81.33°).
No difference was found in the OA diameter or angle (P =
0.840, P = 0.976, respectively).

TABLE 1. Baseline Characteristics of the Participants

Group

Variables HC (n = 10) ACS (n = 31) P

Age (y), mean ± SD 59.40 ± 8.30 62.48 ± 4.69 0.287
Female sex, n (%) 4 (40) 8 (26) 0.391
Current smoking, n (%) 3 (30) 20 (65) 0.075
Hypertension, n (%) 5 (50) 27 (87) 0.014*
Dyslipidemia, n (%) 4 (40) 27 (87) 0.003**
Diabetes mellitus, n (%) 1 (10) 22 (71) <0.001***
History of ischemic stroke, n (%) 1 (10) 13 (42) 0.064

P < 0.05 is significant (bold values). *P < 0.05; **P < 0.01; ***P < 0.001.
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TABLE 2. Baseline Characteristics of ACS Subgroups

Variables STEMI (n = 10) NSTEMI (n = 10) UA (n = 11)

Clinical characteristics
Age (y), mean ± SD 62.20 ± 6.16 63.10 ± 4.10 62.18 ± 4.02
Female sex, n (%) 1 (10) 3 (30) 4 (36)
Current smoking, n (%) 8 (80) 5 (50) 7 (64)
Hypertension, n (%) 6 (60) 10 (100) 11 (100)
Dyslipidemia, n (%) 8 (80) 8 (80) 11 (100)
Diabetes mellitus, n (%) 6 (60) 8 (80) 8 (73)
PAD, n (%) 1 (10) 3 (30) 4 (36)
History of ischemic stroke, n (%) 4 (40) 5 (50) 4 (36)
Family history of CAD, n (%) 6 (60) 2 (20) 1 (9)
BMI (kg/m2), mean ± SD 24.51 ± 1.64 27.98 ± 3.86 25.14 ± 2.16
DAC (cm), mean ± SD 84.80 ± 9.53 95.05 ± 10.24 88.95 ± 8.33
Heart rate (bpm), mean ± SD 77.20 ± 14.68 69.40 ± 10.88 70.73 ± 10.70
Systolic BP (mmHg), mean ± SD 123.60 ± 31.28 133.70 ± 21.76 144.45 ± 21.36
Diastolic BP (mmHg), mean ± SD 68.30 ± 24.86 76.70 ± 12.79 81.55 ± 16.31

Laboratory parameters
TnI (ng/mL), median (IQR 25%–75%) 0.63 (0.02–5.65) 0.19 (0.03–1.05) 0.02 (0.002–0.34)
TnT (ng/mL), median (IQR 25%–75%) 0.65 (0.10–1.53) 0.03 (0.01–0.09) 0.02 (0.01–0.06)
CK (U/L), median (IQR 25%–75%) 277 (77–426) 66 (60–160) 67 (52–97)
CK–MB (ng/mL), median (IQR 25%–75%) 9.75 (4.62–29.28) 2.25 (1.10–4.00) 1.40 (0.80–2.40)
LDH (U/L), median (IQR 25%–75%) 224.50 (170.25–435.50) 189.00 (162.25–218.00) 172.00 (149.00–283.00)
NT–proBNP (pg/mL), median (IQR 25%–75%) 784 (581–914) 256 (123–788) 187 (92–1170)
Scr (μmol/L), mean ± SD 69.41 ± 14.19 68.40 ± 9.20 70.43 ± 16.85
HBA1c (%), median (IQR 25%–75%) 7.08 (6.40–10.48) 7.00 (6.15–8.63) 6.80 (6.20–7.80)
TC (mmol/L), mean ± SD 4.29 ± 0.65 3.74 ± 1.18 3.53 ± 1.06
TG (mmol/L), mean ± SD 1.40 ± 0.50 1.92 ± 0.78 1.23 ± 0.33
HDL (mmol/L), mean ± SD 0.96 ± 0.24 1.13 ± 0.60 1.09 ± 0.30
LDL (mmol/L), mean ± SD 2.56 ± 0.50 1.93 ± 0.84 1.89 ± 0.73
Sodium (mmol/L), mean ± SD 139.67 ± 2.49 141.10 ± 2.05 140.07 ± 2.51
Potassium (mmol/L), mean ± SD 4.08 ± 0.44 3.88 ± 0.32 4.07 ± 0.39

Echocardiography, mean ± SD
LVEF (%) 58.30 ± 10.19 64.10 ± 3.78 64.55 ± 9.28
E/A 1.12 ± 0.27 0.79 ± 0.15 0.80 ± 0.22
Cardiac index (L/min/m2) 3.06 ± 0.59 2.74 ± 0.53 2.60 ± 0.53

Concomitant medication, n (%)
Statin 8 (80) 7 (70) 11 (100)
Aspirin 8 (80) 8 (80) 10 (91)
Clopidogrel/ticagrelor 10 (100) 9 (90) 6 (55)
ACE inhibitor/ARB 5 (50) 4 (40) 3 (27)
Beta blocker 8 (80) 6 (60) 7 (64)
Calcium channel blocker 0 (0) 4 (40) 7 (64)
Insulin 2 (20) 2 (20) 2 (18)

STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-STEMI; UA, unstable angina; PAD, peripheral arterial disease; CAD,
coronary atherosclerotic heart disease; BMI, body mass index; BP, blood pressure; TnI, troponin I; IQR, interquartile range; TnT, troponin
T; CK, creatine kinase; CK-MB, creatine kinase isoenzyme-MB; LDH, lactate dehydrogenase; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; Scr, serum creatinine; HBA1c, hemoglobin A1c; TC, total cholesterol; TG, triacylglycerol; HDL, high-density protein; LDL, low-density
protein; LVEF, left-ventricular ejection fraction; E/A, ratio of early to late transmitral flow velocity; ACE, angiotensin-converting enzyme; ARB,
angiotensin receptor blocker.

With respect to the comparison between the ACS
subgroups, the mean diameter of the initial OA was 1.52
± 0.40 mm for STEMI, 1.62 ± 0.49 mm for NSTEMI, and
1.62 ± 0.42 mm for UA. The angles between the OA and
ICA were 82.33° (77.61°–86.39°), 69.97° (64.71°–87.82°), and
71.82° (51.19°–82.95°) in each of these subgroup, respec-
tively. Similarly, no difference was found in the OA diameter
and angle among the ACS subgroups (P = 0.352).

Hemodynamic Comparison

Through the blood flow simulation, we obtained streamline
charts of each OA model (Figs. 2A, 2B). Every line of the
streamline chart showed different colors at different posi-

tions, meaning that the closer it approached the color red,
the faster the velocity was at that area. The results of quan-
titative measurements showed that the median (25th–75th
percentile) blood velocities of the initial OA in the HCs
were 0.147 m/s (0.099–0.302 m/s) and 0.046 m/s (0.029–
0.064 m/s) in patients with ACS. The blood velocity of the
initial OA was lower in the ACS group than in the HC group
(P = 0.00007) (Fig. 2C). In the ACS subgroups, the initial
OA blood flow velocities were 0.066 m/s (0.034–0.088 m/s)
for STEMI, 0.029 m/s (0.023–0.052 m/s) for NSTEMI, and
0.044 m/s (0.030–0.054 m/s) for UA. Similar differences were
found for the blood velocity, which was lower in the STEMI,
NSTEMI, and UA groups than in the HC group (P = 0.008,
P = 0.001, and P = 0.0003, respectively) (Fig. 2D).
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FIGURE 2. The streamlines are colored according to the magnitude of velocity in two typical patients. (A) Streamline of a HC subject.
(B) Streamline of an ACS subject; the blood velocity of the OA in the ACS patient was slower than that for the HC. (C, D) Comparisons of
OA blood velocities between the ACS and HC groups.

FIGURE 3. Mass flow (kg/s) and mass flow ratio of the OA to ipsilateral ICA (%) of two representative models from HCs (A) and a patient
with ACS (B). (C, D) Comparisons of the mass flow ratio of OA to ipsilateral ICA (%) between ACS and HC. Black arrow indicates blood
flow direction. ns, not significant; +, inlet; –, outlet.
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Figures 3A and 3B show two representative models for
mass flow measurements from the HC and ACS groups.
The mass flow ratios of OA to ipsilateral ICA were 2.64%
(0.91%–5.60%) for the HCs and 1.94% (1.13%–3.95%) for
patients with ACS. There was no difference in the mass
flow ratio (P = 0.649) (Fig. 3C). In the ACS subgroups,
the mass flow ratios were 2.60% (1.21%–5.22%) for STEMI,
1.43% (0.87%–2.99%) for NSTEMI, and 2.27% (1.10%–
3.28%) for UA. There was no difference in mass flow
ratios between the HC and ACS subgroups (P = 0.497)
(Fig. 3D).

Associations of the OA With ACS Clinical
Parameters

Figure 4 displays the correlations of OA blood flow veloc-
ity with the clinical parameters of patients with ACS. With
regard to clinical characteristics, there was no correlation
between blood velocity and age, sex, heart rate, systolic
blood pressure, or diastolic blood pressure (r = 0.320, P
= 0.079; r = –0.157, P = 0.400; r = 0.029, P = 0.877; r =
–0.035, P = 0.853; and r = –0.021, P = 0.910, respectively).
The OA blood flow velocity was negatively correlated with
body mass index (BMI; r = –0.391, P = 0.029) and abdomi-
nal circumference (AC; r = –0.583, P = 0.001).

With respect to the relationship between echocardio-
graphic parameters and the hemodynamics of the OA, a
negative correlation was found between the left ventricu-
lar ejection fraction (LVEF) and OA blood flow velocity (r
= –0.412, P = 0.021). In addition, the velocity was posi-
tively correlated with the ratio of early to late transmitral
flow velocity (E/A; r = 0.430, P = 0.016), whereas there was
no correlation with the cardiac index (r= –0.008, P= 0.965).

With respect to laboratory parameters related to ACS and
prognosis, the OA blood flow velocity was positively corre-
lated with levels of N-terminal pro-B-type natriuretic peptide
(NT-proBNP), serum creatinine, and potassium (r = 0.516,
P = 0.003; r = 0.441, P = 0.013; and r = 0.377, P = 0.036,
respectively) and negatively correlated with triacylglycerol (r
= –0.562, P = 0.001). There were no correlations between
OA blood flow velocity and other laboratory markers.

DISCUSSION

We reconstructed 3D models of the OA and simulated
blood flow based on CTA, which showed the morphological
differences and hemodynamic changes in the OA between
patients with ACS and HCs. Because of the small diame-
ter and convoluted course of the OA, it is difficult to clin-
ically observe the initial part of the OA. Previous studies on
OA blood flow velocity were conducted using CDI; however,
changes in the position of the patient during the examina-
tion, the pressure applied by the examiner, and the rela-
tive position of the probe could have affected the results.16

Compared with DSA, CTA is relatively non-invasive, and,
compared with CDI, our method displayed the course of
the OA more clearly. By measuring the parameters of the
OA models, the diameter of the OA at its origin was 1.56
± 0.37 mm in the HCs, which is different from the results
reported by Erdogmus et al. (2.25 ± 0.3 mm on the right and
2.16 ± 0.4 mm on the left).17 It may be because their study
was based on autopsy, and the vascular diameter of cadaver
specimens can change after formalin fixation and liquid latex
neoprene infusion. Moreover, their study measured the outer
diameter of the OA whereas we measured the inner diam-
eter of the OA, which can better reflect the actual state of
blood vessels.

Our study showed the blood velocity of the initial OA in
patients with ACS was slower than that in HCs. However,
retrobulbar blood flow data in patients with ACS have not
been reported yet. According to available data, the peak
systolic and end-diastolic blood velocities of the ophthalmic,
central retinal, and short posterior ciliary arteries were
reported to be significantly lower in patients with coronary
artery disease.18 This finding is consistent with the results of
our study. The basic pathogenesis of ACS is the formation,
rupture, and thrombosis of coronary atherosclerotic plaques.
Notably, the hemodynamic Doppler pattern in the OA was
proposed by many studies to be a predictor of systemic
atherosclerosis (AS), including coronary AS.19–21 Therefore,
we consider the slower blood flow velocity of the OA to be
related to AS. It was reported that carotid AS is related to the
occurrence and development of coronary AS.22 As the first
major branch of the ICA, the OA receives blood from the
ICA and can reflect changes in the petrous and cavernous
portions of the ICA.23 Therefore, if the carotid artery devel-

FIGURE 4. Correlation between OA blood velocity and clinical parameters of patients with ACS. Scr, serum creatinine; TG, triacylglycerol;
ln, natural log of the variable.



OAMorphological and Hemodynamic Features in ACS IOVS | November 2021 | Vol. 62 | No. 14 | Article 7 | 7

ops AS, the blood velocity will slow down, and the OA will
be directly affected, which further confirms our conjecture.

We noted that the E/A and cardiac index of patients
with ACS in this study were slightly lower than those of
the normal population, which may also be a factor affect-
ing ocular blood velocity. Almeida-Freitas et al.24 found that
patients with chronic heart failure had a lower diastolic
velocity and a higher resistance index in the OA; thus, the
decreased blood flow velocity at the initial stage of OA
in patients with ACS may be related to poor cardiac func-
tion. In addition, ACS is often accompanied by hypertension,
diabetes, hyperlipidemia, and other systemic diseases. The
increased resistance or decreased flow in retrobulbar blood
flow in patients with hypertension or diabetes have been
reported.25,26

Our subgroup study of patients with ACS showed that
OA blood velocity in the STEMI group was greater than that
in the NSTEMI group. At the same time, the diameter was
smaller than that in the NSTEMI group. We believe that this
phenomenon is related to compensatory vasoconstriction of
the OA in patients with STEMI during CTA. The clinical diag-
nosis of NSTEMI is not as rapid as that of STEMI, which can
be identified based on electrocardiogram (ECG) measure-
ments. The identification of patients with NSTEMI is often
delayed due to the frequent lack of clear ECG changes and
the uncertainty in the definition of NSTEMI with regard to
elevated cardiac troponin levels.27 Therefore, in our study,
the smaller vascular diameter and faster blood velocity in the
STEMI group than in the NSTEMI group may be related to
the timing of the examination. Although the diameter of the
OA in the STEMI group was the smallest, there was no statis-
tically significant difference among the groups. This may be
related to the small sample size.

The proportion of the OA and ipsilateral ICA blood flow
in patients with ACS was smaller than that in HC. However,
the difference was not statistically significant. This could be
due to a combination of different factors. First, ocular blood
flow is autoregulated, and there is a mechanism in the reti-
nal circulation that allows vascular resistance to adapt to
changes in perfusion pressure and maintain constant blood
flow.28 Second, almost all of our patients underwent PCI or
CABG and received well-tolerated drug therapy; this may
have resulted in timely improvement of their cardiac func-
tion, as observed in the results for the LVEF. Such therapy
maintains the pumping function of the heart and ensures
blood supply to the carotid artery. Downstream of the ICA,
the OA also ensures blood flow. Naturally, there is also the
possibility that some patients experienced ocular ischemia;
however, this occurrence was not significant due to the small
sample size. In addition, if the heart function is damaged for
a long time and the carotid artery flow rate continues to
be slow, then the OA blood flow may be compensated by
dilation.29 There was no statistical difference in OA diame-
ter. The onset of ACS is relatively rapid, and, although we
performed CTA only a short time after diagnosis and treat-
ment, the time lapse could have had an effect. In future
studies, we will follow up with patients to explore this
effect.

In the correlation analysis, clinical indicators were asso-
ciated with the blood flow velocity of the OA. Among these
correlations, BMI and AC were negatively correlated with OA
blood flow velocity. Obesity, particularly abdominal obesity,
is well known to be associated with increased cardiovas-
cular disease, cancer, and all-cause mortality.30 The average
BMI and AC of patients with ACS included in this study

were above the normal values. Hypertriglyceridemia is a
major detectable blood abnormality associated with abdomi-
nal obesity31 that may result from a dual mechanism, includ-
ing increased secretion of triglyceride-rich lipoproteins and
impaired clearance of these lipoproteins.32 This may also
explain why triglyceride levels were found to be inversely
associated with OA blood flow velocity. From the perspective
of biomechanics, slow OA blood flow velocity can increase
the residence time for blood to interact with the vessel
wall. The longer retention time allows lipids and emboli
in the blood to interact with the vessel wall, which can
lead to thrombus formation. This provides a new direc-
tion for us to analyze the pathogenesis of diseases such as
ACS. In addition, we studied many clinical and laboratory
indicators closely related to cardiac function. Among these,
LVEF was negatively correlated with OA blood flow velocity,
and other indicators were positively correlated with it. NT-
proBNP is a neurohormone mainly synthesized and secreted
by the ventricular myocardium. Although NT-proBNP is
commonly used to evaluate patients with heart failure, it
is independently associated with the risk of coronary heart
disease and poor prognosis in patients with STEMI and
NSTEMI.33 Elevated NT-proBNP levels reflect increased atrial
or ventricular stretch due to pressure or volume overload.34

We speculate that there is a regulatory mechanism between
OA blood flow and cardiac function that requires further
exploration.

This study had some limitations. Because of the cross-
sectional design of this study, the variation of the OA over-
time was not considered. In future studies, we will follow
up with patients to explore this effect. Another limitation
is the small sample size. Moreover, the slice thickness and
hatch spacing of the CTA scan limited the accuracy of the 3D
reconstruction models. Also, almost all of our ACS patients
underwent PCI or CABG and received well-tolerated drug
therapy, which could have affected the mass flow. Finally,
because more research data are not available, we adopted
the same boundary conditions in the HC group and the ACS
group.We will conduct further research in this area to obtain
more accurate results.

CONCLUSIONS

In this first, to our knowledge, systematic study of the
morphological and hemodynamic analysis of the OA, a
reduction in initial OA blood flow velocity was found in
patients with ACS. However, OA morphology and mass flow
in patients with ACS did not change significantly. Moreover,
the clinical parameters of ACS were related to OA blood flow
velocity.
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