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ABSTRACT
Purpose: This study aimed to evaluate early postoperative changes in retinal microvasculature in 

patients undergoing cardiopulmonary bypass surgery by comparing preoperative and postoperative 

measurements of superficial capillary plexus and, deep capillary plexus vessel density, foveal avascular 

zone area using optical coherence tomography angiography (OCT-A). Methods: This prospective 

longitudinal study included 38 patients, undergoing cardiopulmonary bypass surgery. Each patient 

served as their own control optical coherence tomography angiography imaging was performed at four 

time points: 3 days preoperatively and at postoperative week 1, week 2, and month 1. Vessel densities 

in the superficial capillary plexus and deep capillary plexuses and the foveal avascular zone area were 

measured and analyzed. Depending on data distribution repeated measures analysis of variance or 

the Friedman test was used for statistical analysis. Results: Data from all 38 patients were included in 

the analysis. A significant increase in overall superficial capillary plexus vessel density was observed 

following cardiopulmonary bypass surgery (p=0.008). In contrast, deep capillary plexus vessel density did 

not differ significantly between the preoperative and postoperative assessments. The foveal avascular 

zone area showed a significant increase at postoperative week 2 compared with baseline (p=0.016). 

Conclusion: Cardiopulmonary bypass surgery may induce early retinal microvascular alterations, 

particularly in the superficial capillary plexus and foveal avascular zone. Optical coherence tomography 

angiography is a noninvasive and reproducible imaging modality that enables precise assessment of 

subtle retinal vascular changes after major cardiovascular surgery. These findings may contribute 

to postoperative monitoring and risk assessment in patients undergoing cardiopulmonary bypass.

KEYWORDS: Cardiopulmonary bypass surgery; Extracorporeal circulation; Macular vessel density of the 

retina; Retina/blood supply; Foveal avascular zone; Optical coherence tomography angiography; 

Retinal microvasculature

INTRODUCTION

Cardiopulmonary bypass (CPB) is a life-saving technique widely used during 
complex cardiac surgeries to maintain systemic circulation and oxygenation through 
an extracorporeal circulation system(1,2). Despite its clinical benefits, CPB is associated 
with severe systemic complications, including microvascular alterations that may 
affect multiple organs, including the retina(2-4).

Postoperative visual loss is a rare but potentially devastating complication of CPB, 
with reported incidences ranging from 0.06% to 0.33%(5-7). Several mechanisms have 
been proposed to explain this complication, including hemodynamic and hematologic 
disturbances, embolic events, ischemic optic neuropathy, retinal nerve fiber damage, 
chorioretinal hypoperfusion, and tissue hypoxia. These factors may contribute to 
retinal ischemia and subsequent visual dysfunction(8).
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Although systemic hypoperfusion and hypotension 
frequently occur during CPB, their effects on macular 
perfusion remain poorly understood. Optical coherence 
tomography angiography (OCT-A) is a non-invasive, high-
resolution imaging technique that enables visualization 
and quantitative assessment of retinal and choroidal 
microvasculature(9).

A better unterstandig of early retinal microvascular 
alterations after CPB may help identify patients at risk of 
ocular complications and inform postoperative surveillance 
strategies. Therefore, this study aimed to evaluate retinal 
microvascular changes following CPB surgery by comparing 
OCT-A parameters obtained preoperatively with those 
measured at postoperative week 1, week 2, and month 1.

METHODS

This prospective longitudinal observational study was 
conducted at the Department of Ophthalmology, University 
of Health Sciences Bakırköy Dr. Sadi Konuk Training and 
Research Hospital, Istanbul, Turkey, in accordance with 
the principles of the Declaration of Helsinki. Written 
informed consent was obtained from all participants before 
enrollment. The study protocol was approved by the local 
institutional ethics committee.

Between March and December 2023, patients scheduled 
to undergo CPB surgery for coronary artery bypass grafting 
(CABG) at the Department of Cardiovascular Surgery 
were referred to the Department of Ophthalmology for 
preoperative evaluation. Patients with systemic diseases 
other than well-controlled hypertension and hyperlipidemia 
were excluded. Additional exclusion criteria included a history 
of intraocular surgery, orbital trauma, ocular disorders that 
could affect OCT-A image quality (e.g., advanced cataract, 
corneal opacity, or vitreous hemorrhage), and hypertensive 
retinopathy.

All patients underwent CPB using a cardiopulmonary 
bypass system equipped with a hollow-fiber membrane 
oxygenator and a 40-μm arterial filter. During aortic cross-
clamping, pulsatile flow was maintained at 2.4 L/min/
m². After removal of the cross-clamp, continuous flow 
was established. Systemic hypothermia was induced and 
maintained at 29°C-30°C, and mean arterial pressure was 
maintained between 50 and 60 mmHg throughout the 
procedure. Myocardial protection was achieved using 
intermittent antegrade cold blood cardioplegia with a blood-
to-crystalloid ratio of 4:1(10).

A total of 38 eyes from 38 patients were included in 
the analysis. All participants underwent a comprehensive 

ophthalmologic examination before surgery, including 
best-corrected visual acuity (BCVA) assessment, slit-lamp 
biomicroscopy, and dilated fundus examination. BCVA 
assessment and OCT-A imaging were repeated at 
postoperative weeks 1 and 2 and at month 1. Demographic 
and perioperative data were collected for all participants.

OCT-A imaging was performed using a split-spectrum 
amplitude-decorrelation angiography algorithm imple
mented in the RTVue XR Avanti system with AngioVue software 
(Optovue Inc., Fremont, California). For each participant, 
6×6-mm macular scans were obtained. Automated layer 
segmentation was used to identify the superficial capillary 
plexus (SCP) and deep capillary plexus (DCP).

Vessel density (VD, %) measurements were recorded for 
the whole image, as well as the foveal, parafoveal, and peri
foveal regions. Regional analyses were further performed 
in the superior, nasal, inferior, and temporal quadrants. The 
foveal avascular zone (FAZ) area was measured in square 
millimeters (mm2). Representative OCT-A images of the SCP, 
DCP, and FAZ are presented in figure 1.

All OCT-A images underwent quality assessment before 
analysis. Scans with a signal strength index <6, segmentation 
errors, or significant motion artifacts were excluded. 
Two independent graders evaluated all images, and any 
discrepancies were resolved through consensus.

Statistical analysis

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 26.0 (IBM Corp., Armonk, 
New York). Continuous variables are presented as mean ± 
standard deviation (SD), with minimum and maximum values 
where appropriate.

The distribution of quantitative variables was assessed 
using the Kolmogorov-Smirnov test, Shapiro-Wilk test, 
skewness and kurtosis values, and graphical methods, 
including histograms and quantile-quantile (Q-Q) plots.

Because measurements were obtained repeatedly at 
four time points, variables with a normal distribution were 
analyzed using repeated measures analysis of variance 
(ANOVA). In contrast, nonnormally distributed variables were 
analyzed using the Friedman test. When significant overall 
differences were identified, post hoc pairwise comparisons 
were performed. For normally distributed variables, paired t 
tests with adjustment for multiple comparisons were used. 
For nonnormally distributed variables, Wilcoxon signed-rank 
tests with appropriate correction for multiple testing were 
applied.

All statistical tests were two-sided, and a p value <0.05 
was considered statistically significant.
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RESULTS

A total of 38 eyes from 38 patients were included in the 
final analysis. Of the 47 patients initially enrolled, two were 
excluded because of postoperative mortality, one because 
of diabetic retinopathy, and six because of inadequate OCT-A 
image quality.

The study population comprised 11 women (28.9%) and 
27 men (71.1%), with a mean age of 63.2±11.8 yr (range, 35-
78 yr). The demographic and clinical characteristics of the 
participants are summarized in table 1.

Measurements of vessel density (VD) in the SCP and 
DCP, including whole-image, foveal, parafoveal, and peri
foveal parameters as well as FAZ area measurements are 
presented in table 2. Comparisons between preoperative 
and postoperative measurements are summarized in table 3.

A significant increase in overall SCP vessel density was 
observed during the postoperative follow-up period. Mean 
SCP vessel density increased from 47.24% preoperatively to 
48.89% at postoperative month 1 (p=0.008; Table 2). Changes 
in macular SCP vessel density over time are illustrated in 
Figure 2. In addition, SCP vessel density in the superior 
perifoveal region increased significantly at postoperative 
month 1 compared with baseline values (p=0.002; Table 3).

No significant differences were detected in DCP vessel 
density between the preoperative and postoperative 
assessments. In contrast, the FAZ area increased significantly 
at postoperative week 2 (p=0.016) and subsequently 
returned to values comparable to baseline by postoperative 
month 1 (Table 3).

Postoperative ophthalmologic examinations revealed no 
newly developed ocular abnormalities during the follow-up 
period. BCVA remained stable throughout the study and did 
not differ significantly from preoperative values.

DISCUSSION

Many studies have reported that blood flow in the optic 
nerve head (ONH) decreases during CPB, and ischemic 
optic neuropathy is one of the most common complications 
resulting from hypoperfusion(11,12). In addition, non-arteritic 
anterior ischemic optic neuropathy and posterior ischemic 
optic neuropathy may occur because of severe hypoperfusion 
caused by hypotension(12). However, it remains unclear 
whether macular perfusion is affected by the systemic 
hypoperfusion and hypotension associated with CPB. Only 
a few studies have investigated this issue. Therefore, in the 
present study, we aimed to evaluate macular microvascular 
changes in patients undergoing CPB surgery.

Figure 1. Macular vessel density analysis by optical coherence tomography angiography: (A) superficial capillary plexus; (B) deep capillary plexus; (C) foveal avascular zone; and 
(D) cross-sectional image of the macula showing retinal blood flow
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Table 1. Clinical and demographical data

Parameter Mean±SD, n (Range)

Age (yr) 63.2±11.8 (35-78)

Gender

Female 11

Male 27

Operation time (min) 315 (180-500)

Pumping time (min) 125.5 (55-300)

Cross clamping time (min) 62 (28-164)

Blood loss (ml) 300 (0-900)
Values are presented as mean±SD or number of patients (n); ranges are shown in parentheses.

Table 2. Measurements of vessel density and foveal avascular zone

Localization Preop (mean±SD) Postop 1 week (mean±SD) Postop 2 week (mean±SD) Postop 1 month (mean±SD) p- value

SCP (%)

Whole 47.24±3.68 48.34±3.99 46.89±4.30 48.89±3.23 0.025*

Foveal 20.32±6.74 21.66±7.20 20.03±6.15 24.50±11.11 0.177

Parafoveal(PaF)

 PaF-Superior 48.71±5.41 48.97±5.31 48.39±5.85 49.74±12.04 0.560

 PaF-Nasal 47.53±5.27 48.50±4.67 47.42±5.38 50.58±9.97 0.139

 PaF-İnferior 49.61±4.43 48.66±5.68 48.61±5.50 51.21±11.41 0.362

 PaF-Temporal 48.58±4.52 48.08±4.69 47.26±5.14 49.68±10.18 0.453

Perifoveal(PeF)

 PeF-Superior 47.42±4.80 48.61±5.05 47.13±5.08 50.66±8.21 0.006*

 PeF-Nasal 50.84±4.41 51.97±4.00 50.84±4.53 53.00±6.43 0.120

 PeF-İnferior 48.53±3.80 49.05±4.39 47.24±6.50 50.00±7.98 0.664

 PeF-Temporal 44.58±4.82 45.54±5.11 44.28±4.99 47.39±11.95 0.726

DCP (%)

Whole 45.95±3.58 45.53±5.16 45.71±5.16 44.47±5.59 0.322

Foveal 35.53±8.06 36.82±8.36 34.58±6.69 36.63±9.08 0.652

Parafoveal(PaF)

 PaF-Superior 49.61±5.13 49.29±6.72 50.76±5.98 47.26±7.00 0.204

 PaF-Nasal 51.95±3.72 51.29±5.75 52.50±5.50 49.79±6.08 0.060

 PaF-İnferior 49.39±4.22 49.39±4.22 49.92±5.92 47.97±7.21 0.835

 PaF-Temporal 52.50±3.65 50.74±5.95 51.92±5.09 50.18±6.36 0.237

Perifoveal(PeF)

PeF-Superior 44.53±4.35 45.08±6.08 44.63±6.05 45.00±7.03 0.642

 PeF-Nasal 46.47±5.03 44.79±5.71 46.45±5.65 43.53±6.90 0.261

 PeF-İnferior 46.63±5.12 46.39±6.26 45.66±7.98 45.63±6.55 0.607

 PeF-Temporal 50.00±4.35 49.41±5.51 49.33±5.73 48.56±5.97 0.684

FAZ (mm²) 0.26±0.10 0.26±0.10 0.27±0.10 0.26±0.10 0.035*

DCP= deep capillary plexus; FAZ, foveal avascular zone; SCP= superficial capillary plexus. 
*p-values <0.05 were considered statistically significant (Friedman test).

Fundus fluorescein angiography (FFA) is considered the 
gold standard for evaluating retinal perfusion. In a previous 
study, retinal microvascular damage was detected by FFA in 
five of nine patients after CPB surgery(13). However, FFA is an 
invasive procedure, and patient compliance may be limited 
during the early postoperative period. OCT-A is a noninvasive 
technique that enables high-resolution imaging and provides 
accurate, objective measurements of the retinal layers, optic 
disc, and choroid(14,15).

The findings of Wang et al.(16) suggest that retinal micro
vasculature reflects systemic vascular status, supporting the 
concept that OCT-A can detect microvascular alterations 
associated with cardiovascular disease. In their study, mean 
macular vessel density was significantly lower in patients 
with coronary heart disease than in healthy controls, 
indicating chronic microvascular impairment. In this context, 
our findings may reflect acute postoperative changes 
superimposed on an underlying systemic vascular condition.

In the present study, we found that SCP vessel density 
at the macular level increased significantly within 1 month 
after CPB surgery, whereas no significant changes were 
observed in DCP vessel density. In addition, the FAZ area 
showed a transient increase at postoperative week 2 and 
returned to baseline values by postoperative month 1. 
These findings suggest that CPB surgery may induce early 
alterations in superficial retinal perfusion, possibly reflecting 
autoregulatory responses to intraoperative hypotension.

Other mechanisms may also contribute to the increase 
in SCP vessel density. The inflammatory response associated 
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Table 3. Changes in vascular density and foveal avascular zone area measurements before and after cardiopulmonary bypass surgery.

Localization Preop-Postop 1 week (mean±SD / p) Preop-Postop 2 week (mean±SD / p) Preop-Postop 1 month (mean±SD / p)

SCP (%)

Whole  1.11±3.75 / 0.083 −0.34±4.56 / 0.564  1.66±4.46 / 0.008**

Foveal  1.34±6.78 / 0.143 −0.29±5.29 / 0.894  4.18±11.45 / 0.076

Parafoveal (PaF)

 PaF-Superior  0.26±6.33 / 0.625 −0.32±6.16 / 0.450  1.03±11.80 / 0.594

 PaF-Nasal  0.97±6.00 / 1.00 −0.11±6.88 / 0.722  3.05±10.73 / 0.051

 PaF-Inferior −0.95±5.89 / 0.399 −1.00±6.52 / 0.722  1.61±11.97 / 0.399

 PaF-Temporal −0.50±5.40 / 0.657 −1.32±6.45 / 0.286  1.11±11.35 / 0.657

Perifoveal (PeF)

 PeF-Superior  1.18±4.25 / 0.051 −0.29±5.95 / 0.450  3.24±9.04 / 0.002**

 PeF-Nasal  1.13±4.33 / 0.756  0.00±5.04 / 0.722  2.16±8.21 / 0.069

 PeF-Inferior  0.53±3.93 / 0.505 −1.29±6.75 / 0.756  1.47±8.70 / 0.248

 PeF-Temporal  0.86±5.24 / 0.315 −0.50±4.81 / 0.616  2.61±11.58 / 0.386

DCP (%)

Whole −0.42±5.24 / 0.286 −0.24±5.51 / 0.399 −1.47±6.16 / 0.069

Fovea  1.29±8.21 / 0.824 −0.95±5.99 / 0.351  1.11±9.31 / 0.722

Parafoveal (PaF)

 PaF-Superior −0.32±7.65 / 0.214  1.16±7.19 / 0.894 −2.34±6.48 / 0.120

 PaF-Nasal −0.66±6.70 / 0.929  0.55±5.82 / 0.328 −2.16±6.98 / 0.110

 PaF-Inferior −0.24±5.93 / 0.689  0.53±6.95 / 0.965 −1.42±8.09 / 0.424

 PaF-Temporal −1.76±6.57 / 0.399 −0.58±5.29 / 0.594 −2.32±6.35 / 0.198

Perifoveal (PeF)

 PeF-Superior  0.55±5.91 / 0.418  0.11±6.80 / 0.719  0.46±7.82 / 0.653

 PeF-Nasal −1.68±7.63 / 0.374 −0.03±7.84 / 0.965 −2.95±8.77 / 0.100

 PeF-Inferior −0.24±6.89 / 0.790 −0.97±8.56 / 0.722 −1.00±8.60 / 0.328

 PeF-Temporal −0.46±5.52 / 0.648 −0.67±5.32 / 0.681 −1.44±5.92 / 0.254

FAZ (mm²)  0.00±0.05 / 0.062  0.02±0.05 / 0.016*  0.00±0.06 / 0.806
DCP= deep capillary plexus; FAZ= foveal avascular zone; SCP= superficial capillary plexus.
*p-values <0.05 were considered statistically significant (Friedman test).
**p-values <0.05 were considered statistically significant (post hoc Wilcoxon test).

Figure 2. Postoperative change in the whole superficial capillary plexus vessel density 
in the macula

with CPB may increase retinal vascular permeability and 
vasodilation. Furthermore, hemodilution and hypoxemia 
during surgery may temporarily increase vessel diameter in 
response to elevated tissue oxygen demand.

Similarly, Li et al.(17) reported improved retinal 
microcirculation after cardiac surgery. Our findings are 
generally consistent with this observation and may indicate 
increased retinal perfusion during the early postoperative 
period. This change may be related to compensatory vascular 
responses or restoration of systemic circulation following 
surgery.

The SCP consists of larger arterioles, capillaries, and 
venules and is closely associated with the central retinal 
artery, whereas the DCP is supplied through vertical 
anastomoses originating from the superficial plexus(18). 
According to our findings, the SCP appears to be more 
affected by systemic hemodynamic changes, whereas the 
DCP appears to be less susceptible to alterations in systemic 
circulation.

The structural organization of the DCP differs from that 
of the SCP. OCT-A studies have shown that the DCP is located 
in deeper retinal layers and exhibits a vortex-like capillary 
network pattern. The SCP is more directly connected to 
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the central retinal arterial circulation, whereas the DCP 
is supplied through vertical interconnections from the 
superficial plexus(19,20).

These anatomical differences may contribute to variations 
in perfusion dynamics between retinal vascular layers and 
may explain their differential susceptibility to acute systemic 
hemodynamic changes. The observed increase in SCP vessel 
density may represent a compensatory response aimed at 
preserving perfusion in the deeper retinal layers.

Although direct evidence remains limited, the differential 
response observed between the SCP and DCP may be 
explained by their distinct anatomical organization and 
vascular connectivity.

The FAZ area measured 0.26 mm2 preoperatively, 
at postoperative week 1, and at postoperative month 
1. However, it increased to 0.27 mm² at postoperative 
week 2, and this difference was statistically significant 
compared with the preoperative value (p=0.035; Table 2). 
This transient enlargement of the FAZ area may be attributed 
to intraoperative hypotension and hypoperfusion during 
aortic cross-clamping in CPB surgery. The subsequent 
normalization of the FAZ area by postoperative month 1 may 
reflect improved perfusion or autoregulatory mechanisms 
within the retinal microcirculation. 

In contrast, Simdivar et al.(21) did not observe significant 
changes in retinal vessel density or FAZ area after CPB 
surgery. Several methodological and clinical differences 
may explain this discrepancy. First, they used a 3 × 3-mm 
OCT-A scan protocol, which evaluates a more limited central 
macular area, whereas our study used 6 × 6 mm scans, 
allowing a more comprehensive assessment of the macular 
microvasculature. Second, their study population included 
patients with systemic comorbidities such as diabetes 
mellitus and chronic renal failure, both of which are known 
to affect microvascular structure and function. In contrast, 
our study population was relatively homogeneous because 
patients with systemic diseases other than well-controlled 
hypertension and hyperlipidemia were excluded. This may 
have minimized potential confounding effects on retinal 
microvasculature and facilitated the detection of subtle 
postoperative microvascular changes.

The relatively small sample size is the main limitation 
of this study. Although systemic vascular factors, including 
the severity and laterality of coronary artery occlusion and 
the presence of concomitant carotid artery disease, may 
influence retinal microcirculation, the primary objective of 
this study was to isolate the effect of CPB using a within-
subject longitudinal design. Each patient served as their own 
control, allowing the assessment of longitudinal changes 

while minimizing interindividual variability. Therefore, 
factors such as the severity and laterality of coronary artery 
occlusion and concomitant carotid artery disease were 
beyond the scope of the present analysis.

In this study, we found that CPB surgery has an early 
effect on retinal microcirculation and may increase vessel 
density, particularly in the SCP. The preservation of DCP 
vessel density and the transient changes observed in the FAZ 
area suggest distinct physiological responses among retinal 
vascular layers. These microvascular alterations occurred 
without any change in visual acuity. In conclusion, CPB 
surgery may cause a subclinical increase in macular vessel 
density. Larger prospective studies are needed to confirm 
these findings and improve their generalizability.
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