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Microvascular Changes of the Non-surgical Eye after General Anesthesia in
Optical Coherence Tomography Angiography
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Purpose: To investigate chorioretinal vascular changes in the non-surgical eyes of patients who underwent vitreoretinal surgery
under general anesthesia using optical coherence tomography angiography (OCTA).

Methods: Data from 40 patients who underwent retinal surgery were retrospectively analyzed. Ophthalmologic examinations
(including OCTA) were performed in the morning before and after surgery. The presence of intraoperative hypotension (IOH;
mean arterial pressure <70 mmHg) was determined based on medical records. The vessel density of superficial and deep retinal
capillary plexus layers, choriocapillaris void features, and thickness of the choroid and retina were quantified after image
processing. Associations between retinal OCTA parameters and anesthesia profiles were also assessed.

Results: DCP vessel density was increased after general anesthesia (p < 0.05). Among the patients who experienced IOH, there
was no statistical difference in chorioretinal vessel parameters before and after general anesthesia. Also, we did not observe a
difference in chorioretinal vessel parameters after general anesthesia between healthy patients and patients with chronic dis-
ease, including hypertension and diabetes (p > 0.05). The duration of anesthesia and average size of the choriocapillaris void
(p < 0.05, r =-0.32), and the intraoperative mean arterial pressure (MAP) fluctuation and DCP, showed statistically significant
negative linear correlations (p < 0.05, r =-0.38). The choriocapillaris void size and intraoperative MAP fluctuation also displayed
a significant negative correlation (p < 0.05, r =-0.37), while the average size signal void showed a weak positive linear correlation
(p<0.01,r=0.41; and p < 0.01, r = 0.44, respectively).

Conclusions: This is the first study to assess the effects of general anesthesia on chorioretinal vessels using OCTA. The Vessel
density of the DCP was significantly increased in the non-surgical eye after total vitrectomy under general anesthesia.
Furthermore, we found a correlation between MAP fluctuation and choriocapillaris void features. More studies are needed to
confirm and expand on these observations.
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Value
Number of patients 40
Sex, male:female 21:19

Age (years)
Height (m)
Weight (kg)
Underlying disease
Diabetes melitus
Hypertension
Chronic kidney disease
Type of general anesthesia
Total intravenous anesthesia
Inhalational anesthesia
Anesthesia duration (minutes)
Baseline BCVA, decimal value (logMAR)
postoperative BCVA (logMAR)

64.35 + 8.72 (40-82)
1.63 + 0.08 (1.45-1.78)
64.30 + 12.09 (43.10-103.0)

16
24
3

2
38
104.6 + 19.6 (65-140)
0.78 + 0.22 (0.13 + 0.14)
0.81 + 0.19 (0.11 + 0.17)

Values are presented as mean + standard deviation (range) or number unless otherwise indicated.

BCVA = best-corrected visual acuity; logMAR =

logarithm of minimal angle of resolution.

Table 2. Comparisons of structural and angiographic microvascular parameters before and after general anesthesia

Before GA After GA p—Value*
BCVA 0.78 + 0.22 0.81 + 0.19 0.340
LogMAR 0.13 £ 0.14 0.11 + 0.12 0.235
RT 277.80 + 18.85 276.88 + 18.71 0.452
CT 193.84 + 83.27 192.39 + 83.51 0.662
SCP (VD) 65.49 + 2.70 65.68 + 2.41 0.767
DCP (VD) 58.83 + 2.00 59.47 +2.54 0.037"
Choriocapillaris flow void parameters
Count 2,434.95 + 274.35 2,433.8 + 277.27 0.877
Average size 16.18 + 2.53 16.25 + 2.63 0.648
Signal void 38.85 + 1.87 38.95 + 1.89 0.545

Values are presented as mean + standard deviation.

GA = general anesthesia; BCVA = best corrected visual acuity; logMAR =

logistic minimal angle of resolution; RT = retinal thickness; CT =

choroidal thickness; SCP = superficial capillary plexus; VD = vessel density; DCP = deep capillary plexus.
"Wilcoxon signed-rank test; J'statistically significant difference (p < 0.05).
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Table 3. Changes in choroidal thickness and retinal thickness associated with general anesthesia

Choroidal thickness Retinal thickness

Before GA After GA p-Value* Before GA After GA p-value*
Total 193.8 + 83.3 192.4 + 83.5 0.662 277.8 + 18.8 276.9 + 18.7 0.452
C 202.0 +£91.8 199.8 + 92.1 0.731 233.0 + 30.8 231.2 +£33.2 0.542
oS 199.4 + 81.4 199.9 + 82.2 0.950 272.0 + 16.7 271.0 +£ 15.8 0.552
ON 160.2 + 86.9 161.4 + 88.8 0.656 286.0 + 15.1 2843 +15.2 0.563
Ol 190.7 + 89.9 190.4 + 91.9 0.602 254.4 + 19.1 254.8 + 18.5 0.685
oT 185.4 + 75.8 185.2 + 76.1 0.935 254.4 +22.4 255.0 + 18.5 0.606
IS 207.8 + 90.5 201.6 + 90.0 0.101 305.1 +£22.0 304.2 £+ 21.6 0.425
IN 197.5 + 94.5 197.5 + 94.4 0.364 305.9 +24.3 304.0 £ 25.1 0.463
I 203.8 + 96.7 200.8 +92.8 0.388 300.9 +22.2 299.6 +22.9 0.635
IT 196.8 + 87.4 194.8 + 86.8 0.994 295.0 + 26.5 295.3 +£23.4 0.978

Values are presented as mean + standard deviation.

GA = general anesthesia; C = central; OS = outer superior; ON = outer nasal; Ol = outer inferior; OT = outer temporal; IS =
IN = inner nasal; II = inner inferior; IT =

"Wilcoxon signed-rank test.

inner temporal.

Table 4. Anesthesia and intraoperative hemodynamic characteristics between patients with and without IOH

inner superior;

Without IOH (n = 16) With IOH (n = 24) p-value’
Age 62.8 + 8.8 65.3 + 8.9 0.872
Anesthesia duration (minutes) 105.3 + 19.6 104.1 + 19.9 0.671
Intraoperative MAP fluctuation (mmHg) 54.5 £ 14.1 62.4 + 16.6 0.842
Baseline and intraoperative MAP 09 + 11.3 4.4 + 84 0.473
difference (mmHg) ’
Intraoperative MAP <baseline MAP time 21.3 +41.5 29.4 + 38.8 0.874
(minutes)
Intraoperative MAP <80% of baseline 6.6 + 19.0 13.8 + 21.1
. . 0.927
MAP time (minutes)
IOH time (minutes) 0.0 21.0 + 16.1 -

Values are presented as mean + standard deviation.

IOH =

*Mann—Whitney U test.
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Table 5. Comparisons of structural and angiographic vessel parameters between patients with and without IOH

Without IOH (n = 16) With IOH (n = 24) p-value’
Difference in SCP area 0.34 + 1.89 -0.55 +2.32 0.204
Difference in DCP area -0.89 4+ 1.98 -0.47 + 3.17 0.641
Difference in count -24.94 + 184.40 18.54 4+ 222.02 0.521
Difference in average size 0.02 + 1.64 -0.12 £ 2.22 0.829
Difference in signal void -0.04 + 1.00 -0.13 £+ 2.07 0.885
Difference in BCVA 0.00 + 0.17 -0.43 + 0.16 0.421
Difference in logMAR 0.01 £+ 0.11 0.03 + 0.09 0.701
Difference in retinal thickness 0.85 + 3.22 0.97 + 5.52 0.938
Difference in choroidal thickness -0.34 + 7.61 2.64 +22.72 0.616

Values are presented as mean + standard deviation.

IOH = intraoperative hypotension; SCP = superficial capillary plexus; DCP = deep capillary plexus; BCVA = best corrected visual acuity;

logMAR = logarithm of minimal angle of resolution.
*Mann—Whitney U test.

Table 6. Anesthesia and intraoperative hemodynamic characteristics between patients with and without relative IOH

Without relative IOH (n = 29)  With relative IOH (n = 11) p-value*

Age 64.0 £+ 8.5 65.2 +10.2 0.719
Anesthesia duration (minutes) 102.8 + 18.7 109.6 + 21.8 0.334
Intraoperative MAP fluctuation (mmHg) 58.9 + 16.0 60.2 + 16.3 0.815
Baseline and intraoperative MAP difference (mmHg) -0.1 £ 9.9 -8.1+7.7 0.0201‘
Intraoperative MAP <baseline MAP time (minutes) 4.7 +13.9 82.7 + 26.6 0.000"
Intraoperative MAP <80% of baseline MAP time (minutes) 0.0 39.6 + 19.3 -
Values are presented as mean + standard deviation.
IOH = intraoperative hypotension; MAP = mean arterial pressure.
"Mann-Whitney U test; 'statistically significant difference (p < 0.05).
Table 7. Comparisons of structural and angiographic parameters between patients with and without relative IOH

Without relative IOH (n = 29) With relative IOH (n = 11) p-value*
Difference in SCP area -0.16 + 1.62 -0.28 + 3.34 0.873
Difference in DCP area -0.80 + 2.24 -0.22 + 3.85 0.556
Difference in count -6.55 + 193.86 21.45 + 245.65 0.707
Difference in average size -0.07 + 1.76 -0.02 + 2.60 0.941
Difference in signal void -0.27 £ 1.31 0.39 +2.48 0.279
Difference in BCVA -0.02 £ 0.18 -0.05 £ 0.12 0.605
Difference in logMAR 0.02 £+ 0.11 0.03 + 0.08 0.782
Difference in retinal thickness 0.51 + 5.27 2.00 + 2.46 0.376
Difference in choroidal thickness -0.60 + 11.93 6.85 + 28.99 0.251

Values are presented as mean + standard deviation.

IOH = intraoperative hypotension; SCP = superficial capillary plexus; DCP = deep capillary plexus; BCVA = best corrected visual acuity;

logMAR = logarithm of minimal angle of resolution.
*Mann—Whitney U test.
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Table 8. Anesthesia and intraoperative hemodynamic characteristics between patients with and without underlying chronic disease

With chronic diseases (n = 28) Without chronic diseases (n = 12) p-value*

Age 64.5 + 8.17 62.8 + 10.6 0.886
Anesthesia duration (minutes) 103.7 + 19.2 106.7 + 21.1 0.686
Intraoperative MAP fluctuation (mmHg) 59.6 £ 15.3 58.5 + 18.0 0.842
Baseline and intraoperative MAP difference (mmHg) -1.5 +£10.7 -4.0 + 8.0 0.473
Intraoperative MAP <baseline MAP time (minutes) 26.8 + 39.7 24.6 + 41.0 0.874
Intraoperative MAP <80% baseline MAP time (minutes) 11.1 +20.2 10.4 + 21.6 0.927

Values are presented as mean + standard deviation.
MAP = mean arterial pressure.
*Mann—Whitney U test.

Table 9. Comparisons of structural and angiographic parameters between patients with and without underlying chronic disease

Without chronic diseases (n = 12) With chronic diseases (n = 28) p-value*
Difference in SCP area -0.73 + 3.03 -0.04 + 1.71 0.310
Difference in DCP area -1.26 + 2.15 -0.37 + 2.95 0.350
Difference in count -35.25 + 192.07 16.64 + 213.77 0.476
Difference in average size 0.35 + 2.16 -0.24 +1.93 0.395
Difference in signal void -0.04 £ 0.20 -0.02 £ 0.15 0.136
Difference in BCVA 0.04 + 0.12 0.01 £ 0.09 0.684
Difference in logMAR 1.27 + 1.58 0.77 + 5.54 0.539
Difference in retinal thickness -1.27 + 1.58 -0.77 + 5.54 0.762
Difference in choroidal thickness -2.40 + 10.40 3.10 + 20.54 0.387

Values are presented as mean + standard deviation.

SCP = superficial capillary plexus; DCP = deep capillary plexus; BCVA = best corrected visual acuity; logMAR =

of resolution.
*Mann—Whitney U test.
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Table 10. Correlation between anesthetic parameters and clinical and tomographic parameters
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Average

BCVA LogMAR SCP DCP Count size Signal void RT CT
Anesthesia duration
r 0.061 -0.028 -0.001 -0.111 0.208 -0.319 -0.291 0.139 0.252
p-value 0.708 0.862 0.996 0.494 0.198 0.045" 0.068 0.391 0.117
Intraoperative MAP
fluctuation
r -0.228 0.226 -0.144 -0.377 -0.374 0.409 0.438 -0.139 0.033
p-value 0.157 0.160 0.376 0.017" 0.017" 0.009" 0.005" 0.393 0.838
Baseline — intraoperative
MAP gap
r 0.080 -0.073 -0.033 0.123 -0.184 0.122 -0.005 -0.171 0.034
p-value 0.622 0.656 0.838 0.449 0.254 0.453 0.977 0.291 0.833
Intraoperative hypotension
r 0.291 -0.304 -0.342 -0.120 -0.128 0.051 -0.011 -0.214 0.001
p-value 0.167 0.148 0.102 0.576 0.551 0.812 0.960 0.314 0.997
Intraoperative MAP
<baseline MAP time
r -0.011 -0.022 0.062 0.248 0.122 -0.096 0.023 0.133 0.106
p-value 0.944 0.892 0.704 0.123 0.454 0.557 0.889 0.413 0.514
Intraoperative MAP <80%
baseline MAP time
r -0.042 0.001 0.097 0.243 0.081 -0.048 0.076 0.141 -0.037
p-value 0.796 0.994 0.552 0.131 0.617 0.768 0.640 0.387 0.821
Age
r -0.045 0.047 -0.386 -0.081 0.131 -0.167 -0.137 -0.304 0.299
p-value 0.784 0.772 0.014" 0.621 0.420 0.302 0.401 0.056 0.061

BCVA = best corrected visual acuity; logMAR = logistic minimal angle of resolution; SCP = superficial capillary plexus; DCP = deep capil-
lary plexus; RT = retinal thickness; CT = choroidal thickness; MAP = mean arterial pressure.
"Pearson correlation coefficient; "statistically significant difference (p < 0.05).
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Figure 1. Scatter plots between clinical and tomographic parameters and anesthesia parameters. (A) Duration of anesthesia and dif-
ference in average size of choroidal capillary layer showed a weak negative linear correlation (p < 0.05, r = -0.319). (B) Negative
linear correlation (p < 0.05, r = -0.386) was observed between age and SCP vessel density. (C-F) Intraoperative MAP fluctuation
appeared to have linear correlation with change of DCP vessel density, and of flow void features of choriocapillaris (count, average
size, signal void). (C) DCP & (D) count showed a weak negative correlation with MAP fluctuation, however, (E) average size (p
< 0.01, r = 0.409) and (F) signal void of choriocapillaris (p < 0.01, r = 0.438) showed a weak positive correlation. SCP = super-
ficial capillary plexus; DCP = deep capillary plexus; MAP = mean arterial pressure.
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