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Abstract
BACKGROUND
Lipemia retinalis (LR) is a rare disease related to hypertriglyceridemia. However, the symptoms of hypertriglyceridemia are insidious and difficult to detect without blood tests. The fundus is the only site where blood vessels can be observed directly. Understanding the specific performance of LR in multimodal imaging fundus examinations can help diagnose more patients with abnormal hyperlipidemia. 

CASE SUMMARY
A 29-year-old woman with type 2 diabetes presented to our clinic complaining of a six-day loss of visual acuity in the left eye. The fundus color images showed typical LR: Arteries and veins were the same pink-white color. Infrared images showed hyperinfrared reflections of the arteries and veins. Optical coherence tomography (OCT) showed numerous high point-like reflections in the retinal section, corresponding to different calibers of blood vessel sections. Medium reflections were seen in the big vessels of the choroid. Fundus fluorescein angiography (FFA) and optical coherence tomography angiography (OCTA) showed no significant changes. Laboratory examination found a total cholesterol level of 13.98 mmol/L, triglyceride 20.55 mmol/L, which confirmed the diagnosis of LR. After treatment to lower blood lipids and control blood glucose, the fundus imaging showed that the blood lipids in the patient had returned to normal.

CONCLUSION
LR shows specific changes in fundus color photography, infrared photography, and OCT. FFA and OCTA were not sensitive to LR changes. 
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[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Core Tip: Lipemia retinalis (LR) is rarely seen in clinics. It occurs in individuals with extreme hypertriglyceridemia, usually when triglyceride levels reach 2000–2500 mg/dL. However, it is often not recognized by ophthalmologists. Previous examinations have focused on changes in color shown in fundus photography of LR. In this patient, retinal abnormalities were detected by fundus imaging, which were further confirmed by blood tests. We report the characteristics of LR multimodal imaging, which deepened our understanding of the imaging characteristics of LR.

INTRODUCTION
First described by Heyl[1] in 1880, lipemia retinalis (LR) is a rare disease caused by the disturbance of lipids in the blood. It is characterized by pink-white retinal blood vessels. The common secondary causes of LR include uncontrolled type 1 or type 2 diabetes mellitus, endocrine disorders (e.g., obesity, metabolic syndrome, hypothyroidism, and hypercortisolism), and medications[2,3]. Here, we present the case of an LR patient with diabetes mellitus and provide multimodal images of the fundus. 

CASE PRESENTATION
Chief complaints
A 29-year-old woman presented to our clinic complaining of a six-day loss of visual acuity in her left eye.

History of present illness
The patient’s symptoms began a month ago, with a decrease in the visual acuity of the left eye, which had worsened over the last six days. Recently, the patient had eaten a great deal of fried food, and she had poor blood glucose control. No other diabetic complications were observed.

History of past illness
The patient had had type 2 diabetes mellitus for two years almost certainly because of poor diet and lack of exercise. The patient had been treated for diabetic retinopathy and followed up at our hospital.

Personal and family history
The patient had diabetes for two years and denied any diagnoses of family history. The patient had normal menstruation. 

Physical examination
The physical examination was normal. 

Laboratory examinations
The results of the laboratory examinations revealed the following: total cholesterol (CHO) level of 13.98 mmol/L (3.6–6.5); triglyceride (TG) 20.55 mmol/L (0–1.71); high density lipoprotein (HDL) 0.75 mmol/L (0.83–1.96); low density lipoprotein (LDL) 6.91 mmol/L (0–3.36); apolipoprotein-A1 0.64 g/L (1.0–1.6); apolipoprotein-B 0.49 g/L (0.6–1.1); total protein 85.8 g/L (65–85); fasting blood glucose 10.89 mmol/L (3.9–6.1) (Table 1); glycosylated hemoglobin 12% (4.5–6.3); hemoglobin 216 g/L (115–150); mean corpuscular hemoglobin (MCH) 46.2 pg (27–34); MCH concentration 548 g/L (316–354); erythrocyte sedimentation rate 40 mm/h (0–20); and blood uric acid 424 μmol/L (140–340). Normal reference values are shown in parentheses after the results. The results of other blood routine tests for C-reactive protein 4.45 mg/L (0–10), liver function, kidney function, electrolytes, and homocysteine were normal. A B ultrasound of bile, pancreas, and spleen, an electrocardiogram, and a computed tomography of chest showed normal results. The B ultrasound showed that the patient had fatty liver.

Imaging examinations
Fundus color images (Kowa, Nonmyd 7, Kowa, Japan) showed a pink–white color of the fundus, arteries, and veins. Arteries and veins could not be distinguished by color, only by the caliber of the vessels (Figure 1A and B). The fundus of the left eye was covered by vitreous blood. Only the optic disk could be seen (Figure 1B).
Infrared images (Heidelberg Spectralis, Heidelberg Engineering, Heidelberg, Germany) showed hyperinfrared reflection of arteries and veins, unlike the hypoinfrared reflection of the normal fundus. Arteries and veins could not be distinguished by infrared reflection (Figure 2). 
Optical coherence tomography (OCT) (Heidelberg Engineering, Heidelberg, Germany) showed numerous high point-like reflections in the retinal section, which corresponded to different caliber blood vessel sections (Figure 3A). The big vessels in the choroid showed medium reflections, unlike the low reflections of normal choroid vessels. Careful observations were required to detect the great choroidal vessels (Figure 3). 
Fundus fluorescein angiography (FFA) (Heidelberg Spectralis, Heidelberg Engineering, Heidelberg, Germany) showed no significant difference in retinal filling time and fundus fluorescence between the patient’s hypertriglyceridemia condition and a normal blood lipid condition (Figure 4).
      The patient also underwent optical coherence tomography angiography (OCTA) (Avanti RTVue XR100-2, Optovue Inc, Fremont, CA, United States). The retinal blood flow showed decreased vascular density in the macular area consistent with the fundus fluorescein angiography, which was caused by diabetic retinopathy (Figure 4G). 

FINAL DIAGNOSIS
We made the LR.

TREATMENT
The patient was prescribed a low-salt, low-fat diabetic diet. Insulin injections were prescribed to control blood glucose levels. Fenofibrate capsules (0.2 g) were taken once a day with meals. One week later, the blood lipids were close to normal. Laboratory examinations revealed a total CHO level of 6.90 mmol/L, TG 2.74 mmol/L, HDL 0.92 mmol/L, LDL 5.92 mmol/L, apolipoprotein-A1 0.67 g/L, and apolipoprotein-B 1.41 g/L (Table 1).

OUTCOME AND FOLLOW-UP
In the follow-up treatment, the blood lipid and blood glucose levels of the patient were well controlled. At six months follow-up, the vitreous hemorrhage in the left eye had been absorbed. The fundus color and retinal blood vessel color were normal (Figure 1C and D). Diabetic retinopathy was well controlled, and there was no edema or exudation in the macular area.

DISCUSSION
LR is a rare disease, which has been little reported[4,5]. However, it has been reported that, when TG levels were less than 1500 mg/dL, the peripheral retina became a pink–white color; as TG increased, the pink–white vessels moved toward the macula; when TG was greater than 2500 mg/dL, all vessels were pink–white, and the arteries and veins showed the same color[6]. In the patient case reported here, TG was 20.55 mmol/L, equaling 1820.73 mg/dL, but the entire fundus vessels had already become pink–white. It has been reported that not all hypertriglyceridemia cases present LR, and other factors should be considered, such as changes in hematocrit and vessel translucency[7]. In the present case, TG was low and the fundus was seriously affected, which suggests that the levels in the previous standard were not strict but relative. The occurrence of LR can be affected by other factors that should be determined in further research. 
There are only a few imaging studies on LR. It is usually diagnosed based on color fundus photographs[8]. A few previous studies have observed multicolor scanning laser imaging and OCT in LR[9-12]. In the present case, infrared imaging showed hyperinfrared reflections of retinal large vessels, which differed from normal hypoinfrared reflections. To our knowledge, this phenomenon has not been previously reported. Infrared imaging can be performed simultaneously with FFA or OCT. In the OCT, which employed Spectralis OCT (Spectralis HRA + OCT, Heidelberg Co.), infrared imaging was used to indicate the location of B-scan OCT. Each B-scan OCT corresponded to an infrared photograph, and the site of the B-scan OCT in the fundus is present as a line in the infrared image. At present, OCT is commonly applied, which suggests that medical practitioners should pay more attention to infrared images during OCT examinations to better detect hypertriglyceridemia in patients. 
In the present case, the OCT examination revealed high reflections in retinal blood vessels and medium reflections in the choroid great vessel. According to Özturk et al[10], high point-like reflections in the retina are caused by lipid extravasation from retinal vessels. However, in the present case, by comparing the OCT B-scan layer with the corresponding infrared image, we found that the high reflection points of the retina in the B-scan corresponded to cross sections of retinal blood vessels of different diameters. The reflection in the choroid vessel was higher than normal, but lower than the reflection in the retinal vessels. These findings indicate that the increase in lipids in choroid vessels caused higher reflection. However, the retinal pigment epithelium blocked the reflection of the choroid, so the reflection in the choroid vessels was lower than the reflection in the retinal vessels. The change in vessels in the retina and choroid indicated the abnormal blood composition of the body vessels, which required treatment to reduce other complications, such as pancreatitis and gastrointestinal hemorrhage[13].
       It is well known that hypertriglyceridemia causes slow blood flow. However, in this case, the filling time was normal by FFA, which we considered the reason that the proportion of lipid components in the blood did not significantly slow the retinal blood flow speed. We observed the fundus of a patient with LR using OCTA for the first time. OCTA can display blood flow signals within a limited speed range only, and the slowest detectable blood flow depends on the time interval between two consecutive OCT B-scan sequences. If the blood flow in the lesion is slower than the slowest detectable blood flow, it cannot be displayed in OCTA. In the present case, the OCTA results were consistent with the FFA results, suggesting that the sensitivity of FFA and OCTA to hypertriglyceridemia was not high. The application of artificial intelligence (AI) has become increasingly extensive. Relevant previous studies have linked fundus photography to the condition of the human body, such as blood lipids, blood pressure, and blood sugar[14]. The combination of various non-invasive fundus imaging examinations and AI has the potential to contribute to human health in the future. 

CONCLUSION
LR shows specific changes in fundus color photography, infrared photography, and OCT, which can help detect changes in hypertriglyceridemia. In the case reported here, FFA and OCTA were not sensitive to changes in LR. The diagnosis and treatment of hypertriglyceridemia could benefit from an improved understanding of the manifestations of LR in diverse imaging results.
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Figure Legends
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Figure 1 Fundus images with lipemia retinalis and the fundus in the same case with normal blood lipids. A, B: The right and left eye fundus images with lipemia retinalis, respectively, and showed a pink–white color of the fundus, arteries, and veins. It had simultaneous vitreous hemorrhage (B); C, D: The right and left eye fundus images in the same case with normal blood lipids.


[image: ]
Figure 2 Infrared images with lipemia retinalis and infrared images of the same case with normal blood lipids. A, B: Infrared images of lipemia retinalis showed hyperinfrared reflection of retinal vessels; C, D: Infrared images of the same case with normal blood lipids showed hypoinfrared reflection of retinal vessels.
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Figure 3 Optical coherence tomography with lipemia retinalis and optical coherence tomography of the same case with normal blood lipids. A: The right eye Optical coherence tomography (OCT) with lipemia retinalis, which showed point-like high reflections in the retina, corresponding to the cross-section of retinal blood vessels, and medium reflections in the choroid big vessels; B: The right eye OCT of the same case with normal blood lipids.

[image: ]
Figure 4 Fundus fluorescein angiography with lipemia retinalis, fundus fluorescein angiography of the present case with normal blood lipids, and optical coherence tomography angiography of this case with lipemia retinalis. A-C: The fundus fluorescein angiography of this case with normal blood lipids; D, E, and F: The fundus fluorescein angiography of this case with lipemia retinalis (LR); A–F showed no significant difference in retinal filling time and fundus fluorescence between the patient’s hypertriglyceridemia condition and a normal blood lipid condition; G-J: The optical coherence tomography angiography of LR, showing a nonperfusion area consistent with fundus fluorescein angiography.

Table 1 Comparison of laboratory examinations between the day of presentation of lipemia retinalis and after 7 d of lipid-lowering treatment
	Date and normative values
	CHO (mmol/L)
	TG (mmol/L)
	HDL (mmol/L)
	LDL (mmol/L)
	apolipoprotein-A1 (g/L)
	apolipoprotein-B (g/L)
	blood glucose (mmol/L)

	August 24, 2021
	13.98
	20.55
	0.75
	6.91
	0.64
	0.49
	10.89

	September1, 2021
	4.46
	1.84
	0.79
	3.06
	0.72
	0.94
	8.47

	Normative values
	3.6-6.5
	0-1.71
	0.83-1.96
	0-3.36
	1.0-1.6
	0.6-1.1
	3.9-6.1


CHO: Total cholesterol; TG: Triglyceride; HDL: High density lipoprotein; LDL: Low density lipoprotein.
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