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Alterations of bulbar conjunctival microcirculation in essential hypertension
patients with different risk stratification

HE Tao, TAO Tian-Qi, LI Yu-Zhen, XU Fei-Fei, WANG Xiao-Reng, SONG Dan-Dan, LIU Xiu-Hua"
(Department of Pathophysiology, Chinese PLA General Hospital, Beijing 100853, China)

[ Abstract] Objective To determine the effect of essential hypertension (EH) with different risk stratification on the
morphology and function of bulbar conjunctival microcirculation in EH patients. Methods Blood pressure (grades 1, 2,
and 3), other cardiovascular risk factors (age, smoking, blood cholesterol, low density lipoprotein cholesterol, high
density lipoprotein cholesterol, family history of premature cardiovascular diseases, body mass index, and high
sensitivity C reactive protein), and target organ damage and complications were used to stratify 118 EH patients admitted
in the hypertension clinic of our hospital from April 2014 to February 2015. Bulbar conjunctival microcirculation was
monitored and analyzed in the patients and 20 healthy volunteers in the same period. Results Compared with the
healthy volunteers, the low-risk patients had statistically sparser grid structure, less microvessels, and thinner venules
(P < 0.05). While the moderate-, high-, and very high-risk patients displayed obvious changes in morphology, blood flow
in microvessles, and surrounding loop state. The morphological changes were mainly characterized by blurred vision,
reduced microvessels, thinner arterioles and venules, more microvessels of uneven diameters, grid structure and
microaneurysm, cystic dilation and ischemic area. They also showed slowed blood flow velocity, increased erythrocyte
aggregation and exudation, and hemosiderin deposition in surrounding loop. With the increase in risk stratification, there
were gradually more grid structure density, decreased number of microvessels, reduced blood flow velocity, and
enhanced erythrocyte aggregation (P < 0.05). Conclusion EH patients with different risk stratification show different
alterations in bulbar conjunctival microcirculation.
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Table 1 The general data of subjects in each group

Group n Gender Age (years, x £s) Course of disease (years, x +s)
Male [n(%)] Female [n(%)]
Healthy control 20 11 (55) 9 (45) 47.6 +16.7 -
Low-risk 10 5 (50) 5 (50) 46.8 +13.4 53+6.4
Moderate-risk 28 16 (57) 12 (43) 48.4 +13.4 59+7.1
High-risk 34 14 (41) 20 (58) 48.6 £ 13.3 5971
Very high-risk 46 30 (60) 16 (40) 49.0+135 6.0£7.0
*2 HBEZREARRSEYK. M5, MERIEER
Table 2 The BMI, TG, TC and BP of subjects in each group (xxs)
BP (mmH

Group " (kgim) (mmoll) (mmoiL) sep e DEP
Healthy control 20 242+1.6 1.7+08 5.9+1.10 1189 81+ 8¢
Low-risk 10 25.0+3.3 1.9+0.4 4.3+0.58 152+ 7" 97+3"
Moderate-risk 28 25.9+3.4 1712 4.5+0.80 160 + 10" 106 +9"
High-risk 34 26.5+3.3" 1.7+0.7 4.6+0.50 172 + 16™* 107 £ 20"
Very high-risk 46 27.2+4.0" 25+20 53+1.74 187 = 2074 120 + 24744

BMI: body mass index; TG: triglycerides; TC: total cholesterol; BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic blood
pressure. ImmHg = 0.133kPa.Compared with healthy control group, “P < 0.05; compared with low-risk group, * P < 0.05; compared with

moderate-risk group, “P < 0.05; compared with high-risk group, *P <0.05
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Bl BREEMEARNEEME. MODERMEZMAREE
Figure 1 The representative images of clarity, number and diameters of microvessels in the bulbar conjunctival microcirculation( x 50)
A: healthy control group; B: low-risk group; C: moderate-risk group; D: high-risk group; E: very high-risk group. The bulbar conjunctival microcirculation
of the healthy control group and low-risk group is clear. The number of microvessels is reduced, and the conjunctival microvessel is thinner in the low-risk
group. The bulbar conjunctival visions are unclear, the number of microvessels are reduced, and the diameters of arterioles and venules are thinner in the
moderate-risk group, the high-risk group and the very high-risk group
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Figure 2 The representative figures of the shape structure of the bulbar conjunctival microcirculation ( x 20)
A: healthy control group; B: low-risk group; C: moderate-risk group; D: high-risk group; E: very high-risk group. There is no latticework structure in
the bulbar conjunctival of healthy control group. The microvessel shape shows sparse latticework structures in the low- and high-risk groups. While, it
shows locally dense latticework structures in the moderate-and high-risk groups, and widely dense latticework structure in the very high-risk group
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Table 3 Changes in bulbar conjunctival microcirculation clarity and latticework structure of subjects in each group

[n(%)]
Clarity Latticework structure

crow " Clear Unclear Fuzzy IatticNe(\J/vork |atfii§$§rk Lfaiztiilclgvsgﬂ(se V\I/;(Zglc);vsgrnlfe
Healthy control 20 18 (90) 2 (10) 0(0) 18 (90) 2 (10) 0(0) 0(0)
Low-risk 10 8 (80) 2 (20) 0(0) 4 (40)" 6 (60)" 0(0) 0(0)
Moderate-risk 28 14 (50)" 14 (50)" 0 (0) 9 (32) 11 (39) 8 (29)™ 0 (0)
High-risk 34 16 (47)" 18 (53)" 0 (0) 7 (20)" 11 (32) 14 (42)"* 2 (6)
Very high-risk 46 22 (47)" 23 (50)" 1(3) 12 (26)" 13 (28) 7 (16%) 14 (30)"#°*

Compared with healthy control group, "P < 0.05; compared with low-risk group, *P < 0.05; compared with moderate-risk group, “P < 0.05;

compared with high-risk group ,*P < 0.05
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Table 4 Changes in the number of microvessels and the diameter of arteriole and venule of subjects in each group

(xxs)
Group n Number of microvessels Diameter of venule (um) Diameter of arteriole (um)
Healthy control 20 8.0+1.0 278+4.1 10.3+2.0
Low-risk 10 57+1.0 22.7+4.3" 9.0+1.1
Moderate-risk 28 5017 21.0+3.4" 8223
High-risk 34 53+1.1" 21.1+5.0" 8.5+1.9"
Very high-risk 46 47+0.9™ 20.3+4.1" 78+12"

Compared with healthy control group, "P < 0.05; compared with low-risk group, “P < 0.05
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Figure 3 The representative images of microangioma in the bulbar conjunctiva ( x 50)
A: healthy control group; B: low-risk group; C: moderate-risk group; D: high-risk group; E: very high-risk group. There is no microangioma in the
bulbar conjunctiva of the healthy control group, the low-risk group and the moderate risk group. While microangiomas are prone to appear in the
bulbar conjunctiva of high- and very high- risk groups

B4 REBEMM E AT MR RIEE

Figure 4 The representative images of uneven thickness of microvessels in the bulbar conjunctiva ( x 50)

A: healthy control group; B: low-risk group; C: moderate-risk group; D: high-risk group; E: very high-risk group. The microvessels shows uniform
thickness in the healthy control group, while, they show uneven thickness in the low-, moderate-, high- and very high-risk groups
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Table 5 Changes in capillary hemangioma, cystically dilated, ischemic region and number of microvessels with uneven diameters from
subjects in each group

Microangioma

Cystically dilated

. . Number of microvessels
Ischemic region

Group n [N(%)] [n(%)] In(%)] with un?\;ez g;ameters
Healthy control 20 0(0) 1 (5) 0 (0) 1.1+0.38
Low-risk 10 0 (0) 2 (20) 0(0) 16+1.2"
Moderate-risk 28 2(8) 17 (58)" 5 (18) 28+0.8"
High-risk 34 8 (24)™ 22 (64)™ 4(12) 25+0.9"

Very high-risk 46 9 (23)™ 31 (68)™ 13 (29)™ 27+1.1"

Compared with healthy control group, “P < 0.05; compared with low-risk group, “P < 0.05
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Table 6 Changes in blood flow in bulbar conjunctival microcirculation of subjects in each group

Velocity of blood flow

Erythrocyte aggregation degree [n(%)]

Group n (um/s, x £5) No Mild Moderate Servere
Healthy control 20 549.6 + 54.2 16(80) 4 (20) 0(0) 0 (0)
Low-risk 10 542.4 + 61.5 7 (70) 3 (30) 0(0) 0(0)
Moderate-risk 28 442.9 +60.4™ 13)™* 23 (82)" 4 (15) 0 (0)
High-risk 34 421.0 £79.1% 5 (15)™ 13 (38)" 16 (47)"* 0 (0)
Very high-risk 46 386.3 + 86.8* 6 (13)™ 17 (37)* 19 (43)™ 3(7)

Compared with healthy control group, ‘P < 0.05; compared with low-risk group, *P < 0.05; compared with moderate-risk group, “P < 0.05;

compared with high-risk group,*P < 0.05

A B

E

E5 HKEEMNERABESHKMERTENKREE
Figure 5 The representative images of hemosiderosis around the microvessels in the bulbar conjunctiva ( x 50)

A: healthy control group; B: low-risk group; C: moderate-risk group; D: high-risk group; E: very high-risk group. There is no hemosiderosis
around the microvessels in the bulbar conjunctiva of control group, while it appears in the moderate-, high- and very high-risk groups

R7T BEZTHERGRFMEEEBROTL

Table 7 Changes of the surrounding of bulbar conjunctival microvessels of subjects in each group [n(%)]
Group 0 Exudation or edema .
No 1-2 >3 Widely
Healthy control 20 19 (95) 1(5) 0 (0) 0 (0)
Low-risk 10 2 (20)" 5 (50) 3 (30) 0 (0)
Moderate-risk 28 9 (32)" 10 (36) 8 (28) 1(4)
High-risk 34 10 (29)" 14 (41)" 8 (24) 2 (6)
Very high-risk 46 7 (15)" 23 (50)" 13 (28) 3()

Compared with healthy control group, "P < 0.05
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