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Abstract 

Objective  To evaluate changes in retinal layer thickness and microvascular density in pancreatitis patients using opti‑
cal coherence tomography angiography (OCTA).

Methods  The study involved 16 pancreatitis patients and 16 healthy controls. Each participant underwent a super‑
ficial OCTA scan, with images divided into nine subregions to compare macular retinal thickness (RT) and superficial 
vascular density (SVD) between groups.

Results  Pancreatitis patients exhibited reduced retinal thickness in specific macular areas, including inner, full, 
and outer layers (p < 0.05). Additionally, decreased superficial vascular density was noted in inner superior (IS), outer 
superior (OS), inner nasal (IN), and outer nasal (ON) regions (p < 0.05). ROC curve analysis showed high diagnostic 
accuracy for full-layer inner superior, outer superior, and outer inferior thickness with areas under the curve of 0.9429, 
0.9233, and 0.9990, respectively.

Conclusions  Pancreatitis is associated with macular retinal thinning and decreased superficial vascular density, offer‑
ing potential for improved diagnostic imaging.

Keywords  Pancreatitis, Retinal thickness, Optical coherence tomography angiography (OCTA), Superficial vascular 
density, Macular region

Introduction
Acute pancreatitis is a  pathological condition result-
ing from the inappropriate  activation of pancreatic 
enzymes,  leading to  self-digestion. The annual global 
incidence of acute pancreatitis is reported to be 34 cases 
per 100,000  individuals, with no  discernible dispar-
ity between genders [1]. This condition predominantly 
impacts individuals in the  middle-aged and  elderly 
demographic [2]. The combined annual  mortality 
rate stemming from acute pancreatitis stands at 1.16 per 
100,000  individuals [1, 2]. Despite a noticeable decline 
in  case fatality rates  associated with  acute pancreatitis, 
the overall mortality rate  attributed  to acute pancreati-
tis  within the population has remained constant [3, 4]. 
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Various factors contribute to the risk of mortality in cases 
of acute pancreatitis, such as persistent organ failure and 
infected pancreatic necrosis [5–7]. These are also seri-
ous complications of acute pancreatitis [8]. The incidence 
of acute pancreatitis is rising annually, particularly in 
Europe [9, 10]. Acute pancreatitis is increasingly becom-
ing one of the most significant acute digestive system dis-
eases in many parts of the world.

Acute pancreatitis typically presents with severe 
abdominal pain as its predominant symptom, fre-
quently accompanied by nausea, vomiting, and feelings of 
bloating [11]. Severe  cases of  pancreatitis can  result in 
serious complications such as shock, respiratory failure, 
and multiple organ dysfunction syndrome, posing a sig-
nificant risk to patient survival [12].

The diagnosis of acute pancreatitis  commonly entails 
confirmation through clinical  manifestations, medical 
background, and pertinent laboratory evaluations. Stand-
ard assessments  encompass  blood  analyses, ultrasonog-
raphy, and imaging modalities like computed tomography 
(CT) scans [13, 14]. Given the vague presentation of ini-
tial symptoms of acute pancreatitis, pancreatic aspiration 
and histological examination may be necessary for addi-
tional validation of diagnosis in challenging cases  and 
when  differential diagnoses need to be considered [15]. 
The present diagnostic modalities exhibit constraints, 
with significant limiting factors encompassing test speci-
ficity and sensitivity, invasiveness level, patient condi-
tion-based restrictions, and examination cost.

Some research has been conducted on Purtscher’s 
retinopathy  as a rare ocular complication of acute pan-
creatitis [16]. However, recent  studies indicate that in 
addition to  Purtscher’s retinopathy, other  significant 
alterations in the fundus  may  be  linked to  pancreati-
tis [17]. Asymptomatic fundus  changes such as  cotton 
wool spots or retinal hemorrhages have been  observed 
in cases of  acute pancreatitis [17]. Patients with-
out  evident  Purtscher’s retinopathy have  exhib-
ited  asymptomatic optic disc edema and retinal 
hemorrhages, particularly in cases of moderate-to-severe 
acute pancreatitis [17]. These findings  present novel 
insights into the potential application of optical coher-
ence tomography angiography (OCTA)  for diagnosing 
pancreatitis. OCTA, a  non-invasive imaging technol-
ogy, offers direct in  vivo  visualization of  ocular micro-
vascular changes [18–20]. Various systemic diseases, 
including  diabetes [21], primary hyperthyroidism [22], 
and cancer [23], are known to manifest ocular changes. 
OCTA enables visualization of  the microvasculature of 
the macula and optic disc, aiding in the diagnosis of con-
ditions such as  Alzheimer’s [24], diabetes [25, 26], and 
thyroid-related eye diseases [27, 28]. Optical Coher-
ence Tomography (OCT) plays an important role as a 

non-invasive examination in the diagnosis of various dis-
eases, including viral diseases [29, 30].

This study examines  the ocular conditions of  indi-
viduals diagnosed with pancreatitis, utilizing optical 
coherence tomography angiography (OCTA)  to  evalu-
ate retinal thickness (RT) and vascular density (VD) 
in comparison to a control group of healthy individuals. 
The objective is to investigate the  relationship between 
various examination indices, such as vision, and pancrea-
titis, with the goal of offering insights  for  the  diagnosis 
and management of pancreatic diseases.

Methods
Participants
In 2023, a  retrospective case–control study was carried 
out  at the Department of Ophthalmology and Gastro-
enterology of the First Affiliated Hospital of Nanchang 
University  in  Nanchang, China.  The study recruited 
participants with pancreatitis  from the Department of 
Gastroenterology  and healthy control subjects  from the 
Clinical Research Center for Eye Diseases, with 16 indi-
viduals in each group. The participants were assessed 
for ocular abnormalities by an ophthalmologist from the 
medical center using  clinical examination and OCTA 
imaging. All participants  underwent evaluation  by the 
same retinal specialist.

Recruitment criteria
Patients  diagnosed  with pancreatitis  were required 
to adhere to  the classification criteria outlined in  the 
2012 International Association of Pancreatology (IAP) 
published Classification of acute pancreatitis–2012: 
revision of the Atlanta classification and definitions 
by international consensus [31],  or the ACG Clini-
cal Guideline: Chronic Pancreatitis published in 2020 
[32]. All patients  exhibited an absence of symptoms 
related to retinal vasculitis, choroiditis, or optic neuritis. 
Patients  presenting  with chorioretinal disorders  attrib-
uted  to  hydroxychloroquine (HCQ) were  specifically 
excluded from the study.

Exclusion conditions
Participants who  meet  any of the following criteria will 
be  ineligible for inclusion in the study: (1)  a history of 
ocular trauma or surgery; (2)  systemic diseases  impact-
ing the eyes or optic nerve, such as hypertension (car-
diovascular disease), diabetes (endocrine and metabolic 
disorder), or Alzheimer’s disease (neurological disorder); 
(3)  ocular diseases  affecting  the choroid or retina, such 
as choroiditis and age-related macular degeneration; 
(4) other conditions that could potentially impact fundus 
imaging; (5)  pregnant or lactating  individuals; (6)  a his-
tory of alcohol or substance abuse.
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Clinical examinations
All participants underwent the following clinical tests 
and ophthalmic examinations: (1) assessment of psycho-
logical state using the Hospital Anxiety and Depression 
Scale (HADS); (2) ocular measurements, including vis-
ual acuity (VA) (Snellen chart) and intraocular pressure 
(IOP) (Goldmann applanation tonometry); (3) optical 
coherence tomography angiography (OCTA).

OCTA​
For OCTA imaging, the RTVue Avanti XR system (Opto-
vue, Fremont, CA, USA)  was utilized to visualize  reti-
nal cross-sectional views and microvasculature. The 
scanning speed was  configured  at 70,000 A-scans per 
second, with an axial resolution of 5 mm, a lateral reso-
lution of 22  µm, a central wavelength of 840  nm, and a 
bandwidth of 45  nm.  Angiography was conducted  five 
times in a 6 mm x 6 mm scanning pattern using a B-scan 
(x-axis) to capture 216 raster locations (y-axis) centered 
on the macular region, with an acquisition time of 3.9 s. 
A total of 1,080 B-scans were captured at a frame rate of 
270 frames per second, consisting of 216 y positions and 
5 passes [33]. A 3 mm x 3 mm OCTA image was gener-
ated from  four-volume scans, including 2 horizontal 
and 2 vertical rasters,  totaling  933,120 A-scans.  Subse-
quently, a 3 mm x 3 mm en face OCTA angiogram was 
computed  for each eye. Utilizing  the Early Treatment 
Diabetic Retinopathy Study (ETDRS) [34]  method of 
dividing retinal subfields into  three concentric circles 
with radii of 0.5 mm, 1.5 mm, and 3 mm, the retina was 
segmented  into nine regions  for thickness  analysis. 
The study examined nine distinct retinal regions, encom-
passing inner nasal (IN), outer nasal (ON), inner inferior 
(II), outer inferior (OI), inner temporal (IT), outer tempo-
ral (OT), inner superior (IS), outer superior (OS), and the 
macular center (C). Retinal thickness (RT) was assessed 
from the internal limiting membrane (ILM) to the inner 
plexiform layer, with full RT measured from ILM to the 
retinal pigment epithelium (RPE). The disparity between 
these  two  measurements,  full RT and inner RT, repre-
sents the outer RT. Vascular density was calculated by 
generating a model  extending  from the foveal center to 
the  periphery  of a 3  mm x 3  mm luminance gradient 
image, and assessing both macular retinal thickness and 
superficial vascular density (SVD). Data from the right 
eye were utilized for all participants, necessitating a mir-
roring of data from the left eye. Subsequently, the com-
bined datasets were averaged and analyzed collectively.

Statistical analysis
The data were  analyzed utilizing SPSS  version 
27.0  (IBM Corp., Armonk, NY, USA) and  GraphPad 

Prism  version 9.5  (GraphPad Software, La Jolla, CA, 
USA),  with  results  presented as mean values ± standard 
deviations. Statistical comparisons between groups were 
conducted using independent sample t-tests and Chi-
square tests. Pearson correlation analysis was  employed 
to assess  the  relationship  between  various  observa-
tional  indicators. Receiver operating characteristic 
(ROC) curves  were generated for  RT (full, inner, outer) 
and SVD to compare healthy individuals with those diag-
nosed  with pancreatitis, and the area under the curve 
(AUC) was calculated. Statistical  significance was deter-
mined by a P-value of less than 0.05.

Results
General data analysis
There was no significant difference in the average age 
between the two cohorts, with the pancreatitis group hav-
ing an average age of 50.33 ± 2.80 years, while the normal 
group had an average age of 49.83 ± 3.20 years (P = 0.747). 
Similarly, no significant difference in gender distribution 
was noted, as the pancreatitis group consisted of 9 males 
and 7 females, while the normal group comprised 8 males 
and 8 females (P = 0.780). Notably, both intraocular pres-
sure and visual acuity were determined to be statistically 
significant (P = 0.017; P < 0.001, respectively) (Table 1).

Macular retinal thickness analysis
The retinal thickness data in each region for the inner, 
outer, and full layers conformed to a normal distribu-
tion for both study groups. In the control group, all 
macular regions—except for the C—showed signifi-
cantly higher full-layer retinal thickness compared to 
the pancreatitis group, with statistically significant 
differences (IS: P < 0.001; OS: P < 0.001; IN: P < 0.001; 
ON: P < 0.001; II: P < 0.001; OI: P = 0.005; IT: P < 0.001; 
OT: P < 0.001); specifically, the IS, OS, IN, ON, and C 
regions showed significantly higher inner retinal thick-
ness in the control group compared to the pancrea-
titis group (IS: P < 0.001; OS: P < 0.001; IN: P < 0.001; 

Table 1  General information of pancreatitis patients and healthy 
subjects

Bold values indicate P < 0.05. Gender analysis used the Chi-square test; 
comparisons of age, intraocular pressure, and visual acuity were performed 
using independent sample t-tests. HC healthy control

Pancreatitis HC t P

Gender (male/female) 9/7 8/8 – 0.780

Age (years) 56.31 ± 5.78 49.81 ± 5.80 3.175 0.003
Intraocular pressure 
(mmHg)

14.31 ± 1.45 15.30 ± 1.76 − 2.444 0.017

Visual acuity (LogMAR) 0.60 ± 0.18 0.90 ± 0.13 − 7.614  < 0.001
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ON: P < 0.001; C: P = 0.029), while the II, OI, IT, and 
OT showed no statistically significant differences 
(P > 0.05); for the outer layer, all regions except for the 
C—which showed no statistically significant difference 
(P > 0.05)—were thicker in the control group compared 
to the pancreatitis group (IS: P < 0.001; OS: P < 0.001; 
IN: P < 0.001; ON: P < 0.001; II: P = 0.009; OI: P = 0.010; 
IT: P < 0.001; OT: P < 0.001) (Table 2).

Analysis of superficial vascular density in the macular 
region
The retinal vascular density in the IS, OS, IN, ON, IT, 
and C  regions of the control group was significantly 
greater compared to  the pancreatitis group, with sta-
tistically significant  variations between the two groups 
(P < 0.001; P < 0.001; P < 0.001; P < 0.001; P = 0.001; 
P = 0.004, respectively). Conversely, no significant differ-
ences were  observed in the remaining regions (P > 0.05) 
(Table 3, Fig. 1).

Analysis of receiver operating characteristic curves 
for full‑layer, inner‑layer, outer‑layer retinal thickness, 
and superficial vessel density
ROC curve analysis was  conducted  on  the full-layer, 
inner-layer, and outer-layer retinal regions, revealing sta-
tistically significant differences between the two groups. 
The AUC was utilized to assess the sensitivity and speci-
ficity of diagnosis. The AUCs of retinal thickness in the 
full-layer regions of IS, OS, IN, ON, II, OI, IT, and OT 
were 0.9429 (95%CI: 0.8892 to 0.9965), 0.9233 (95%CI: 
0.8524 to 0.9943), 0.8604 (95%CI: 0.7728 to 0.9479), 
0.9990 (95%CI: 0.9958 to 1.000), 0.7388 (95%CI: 0.6157 to 
0.8618), 0.7061 (95%CI: 0.5654 to 0.8467), 0.7925 (95%CI: 
0.6827 to 0.9023), and 0.8545 (95%CI: 0.7543 to 0.9547), 
respectively. IS, OS, and OI demonstrated very high diag-
nostic sensitivity for pancreatitis, while IN showed rela-
tively high diagnostic sensitivity.

Significant differences in  inner-layer thickness  were 
observed in the regions IS, OS, IN, ON, and C between 
the two groups, with  corresponding AUC values of 
0.7065 (95%CI: 0.5683 to 0.8448), 0.7959 (95%CI: 
0.6793 to 0.9125), 0.7100 (95%CI: 0.5747 to 0.8453), 

Table 2  Comparison of macular retinal thickness at different 
locations between pancreatitis patients and healthy subjects

Bold values indicate P < 0.05. The P-values comparing the internal, external, and 
complete macular retinal thicknesses between pancreatitis patients and healthy 
subjects were obtained using independent sample t-tests. HC healthy control, IS 
inner superior, OS outer superior, IN inner nasal, ON outer nasal, II inner inferior, 
OI outer inferior, IT inner temporal, OT outer temporal, C central

Location Pancreatitis 
(n = 16, 32 
eyes)

HC (n = 16, 32 eyes) t P

Macular full retinal thickness (µm, mean ± SD)

IS 291.91 ± 22.37 333.06 ± 14.29 − 8.770  < 0.001
OS 267.34 ± 15.38 299.22 ± 20.80 − 6.969  < 0.001
IN 302.38 ± 19.08 330.06 ± 14.78 − 6.490  < 0.001
ON 282.81 ± 15.23 317.88 ± 7.93 − 11.553  < 0.001
II 308.00 ± 20.55 324.44 ± 14.81 − 3.671  < 0.001
OI 268.13 ± 22.11 280.44 ± 6.41 − 3.025 0.005
IT 294.81 ± 24.40 316.50 ± 13.80 − 4.377  < 0.001
OT 257.50 ± 15.07 275.38 ± 6.82 − 6.113  < 0.001
C 236.44 ± 25.49 244.19 ± 30.23 − 1.109 0.272

Macular inner retinal thickness (µm, mean ± SD)

IS 103.13 ± 13.26 113.13 ± 5.85 − 3.903  < 0.001
OS 100.28 ± 9.63 110.28 ± 6.16 − 4.950  < 0.001
IN 107.56 ± 10.34 115.78 ± 5.84 − 3.915  < 0.001
ON 113.09 ± 9.61 123.47 ± 4.34 − 5.568  < 0.001
II 113.09 ± 13.29 114.22 ± 5.22 − 0.446 0.658

OI 102.75 ± 10.40 104.09 ± 6.23 − 0.627 0.533

IT 103.53 ± 8.18 104.91 ± 3.51 − 0.874 0.387

OT 94.25 ± 5.16 94.31 ± 5.50 − 0.047 0.963

C 49.56 ± 5.42 52.53 ± 5.22 − 2.231 0.029
Macular outer retinal thickness (µm, mean ± SD)

IS 188.78 ± 26.60 219.94 ± 15.07 − 5.764  < 0.001
OS 167.06 ± 15.44 188.93 ± 21.90 − 4.619  < 0.001
IN 194.81 ± 21.34 214.28 ± 14.24 − 4.292  < 0.001
ON 169.72 ± 19.34 194.41 ± 9.09 − 6.536  < 0.001
II 194.91 ± 27.23 210.22 ± 16.42 − 2.724 0.009
OI 165.38 ± 21.52 176.34 ± 7.94 − 2.705 0.010
IT 191.28 ± 26.78 211.59 ± 14.82 − 3.754  < 0.001
OT 163.25 ± 15.31 181.06 ± 8.39 − 5.771  < 0.001
C 186.88 ± 24.95 191.66 ± 30.79 − 0.682 0.498

Table 3  Comparison of superficial vessel density at different 
locations between pancreatitis patients and healthy subjects

Bold values indicate P < 0.05. P-values comparing superficial vessel density 
between pancreatitis patients and healthy subjects were obtained using 
independent sample t-tests. HC healthy control, IS inner superior, OS outer 
superior, IN inner nasal, ON outer nasal, II inner inferior, OI outer inferior, IT inner 
temporal, OT outer temporal, C central

Location Pancreatitis 
(n = 16, 32 
eyes)

HC (n = 16, 32 eyes) t P

IS 45.63 ± 6.40 53.81 ± 3.57 − 6.321  < 0.001

OS 43.34 ± 6.48 51.53 ± 2.82 − 6.556  < 0.001

IN 45.81 ± 4.15 51.09 ± 3.65 − 5.404  < 0.001

ON 49.63 ± 4.38 53.88 ± 2.76 − 4.643  < 0.001

II 51.78 ± 9.28 52.88 ± 3.70 − 0.620 0.539

OI 51.66 ± 5.49 52.56 ± 2.82 − 0.831 0.410

IT 51.16 ± 4.60 54.47 ± 2.90 − 3.447 0.001

OT 48.91 ± 4.35 50.75 ± 3.02 − 1.970 0.053

C 21.94 ± 3.73 24.84 ± 4.10 − 2.963 0.004
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0.8296 (95%CI: 0.7177 to 0.9415), and 0.6948 (95%CI: 
0.5652 to 0.8244), respectively.  Notably,  the ON 
region  exhibited higher diagnostic sensitivity  in terms 
of inner-layer thickness.

The outer-layer thickness of the regions IS, OS, IN, 
ON, II, OI, IT, and OT in the control group  exhibited 
significantly greater thickness compared to the pancre-
atitis group, as evidenced by the respective AUC values 
of 0.8369 (95%CI: 0.7353 to 0.9386), 0.8101 (95%CI: 
0.7043 to 0.9158), 0.7617 (95%CI: 0.6443 to 0.8791), 
0.8828 (95%CI: 0.8033 to 0.9623), 0.6865 (95%CI: 
0.5520 to 0.8211 twice), 0.7417 (95%CI: 0.6194 to 
0.8640), and 0.8413 (95%CI: 0.7412 to 0.9414), respec-
tively.  Notably, IS, OS, ON, and OT  regions demon-
strated high diagnostic sensitivity.

The superficial vessel density of the retina in  vari-
ous regions (IS, OS, IN, ON, IT, and C) was esti-
mated  using  ROC curve analysis, resulting in area 
under the curve (AUC) values of 0.8979 (95%CI: 0.8135 
to 0.9824), 0.8467 (95%CI: 0.7432 to 0.9502), 0.8457 
(95%CI: 0.7426 to 0.9488), 0.7749 (95%CI: 0.6592 to 
0.8906), 0.7139 (95%CI: 0.5853 to 0.8424), and 0.6924 
(95%CI: 0.5630 to 0.8218), respectively. IS, OS, and 
IN  regions exhibited higher diagnostic sensitivity 
(Fig. 2).

Correlation between retinal thickness, vascular density, 
and intraocular pressure in the pancreatitis group
Upon examination of  the  relationship  between reti-
nal superficial vascular density, retinal thickness, and 
intraocular pressure, it was  determined that among 
individuals  with pancreatitis, only the superficial vas-
cular density in the IN region  exhibited a statisti-
cally  significant  correlation  with intraocular pressure 
(P = 0.031),  demonstrating a negative correlation (r = − 
0.382) (Table 4).

The correlation between retinal thickness, vascular density, 
and visual acuity in the pancreatitis group
After conducting an analysis of the relationship between 
retinal superficial vascular density, retinal thickness, and 
visual acuity, it was  observed that  within the pancreati-
tis group,  a positive correlation existed between  super-
ficial blood vessels in the IS region of the retina and 
the thickness of the outer retinal OS region  with 
visual acuity. Conversely, a negative correlation was 
observed between  the thickness of the inner retinal OS 
region and visual acuity. No statistically significant corre-
lations were identified between retinal superficial vascu-
lar density or retinal thickness in other regions and visual 
acuity (P > 0.05) (Table 5, Fig. 3).

Fig. 1  OCTA images and analysis of RT and SVD for control and pancreatitis groups. A Cross-sectional images of RT using OCTA for the control 
and pancreatitis groups. Inner RT, full RT, and SVD were measured by ETDRS. B-D Analysis of RT results for the pancreatitis and healthy groups. The 
ordinate is the value of RT, and the abscissa is the sub-region of the retina. E Analysis of SVD results for the pancreatitis and healthy groups. The 
ordinate is the value of SVD, and the abscissa is the sub-region of the retina. OCTA​ optical coherence tomography angiography, RT retinal thickness, 
SVD superficial vessel density, ETDRS Early Treatment Diabetic Retinopathy Study, IS inner superior, OS outer superior, IN inner nasal, ON outer nasal, II 
inner inferior, OI outer inferior, IT inner temporal, OT outer temporal, C central. * P < 0.05; ** P < 0.01; *** P < 0.001
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Correlation between retinal superficial vascular density 
and retinal thickness
The study utilized Pearson analysis to examine the rela-
tionship between retinal superficial vascular density and 
retinal thickness. Results indicated a negative correla-
tion between  outer retinal thickness in the ON region 
and inner retinal thickness in the II region with superfi-
cial vascular density in the pancreatitis group (P = 0.041; 

P = 0.034), while no significant correlation was observed 
in other regions  (P > 0.05). In the control group,  sig-
nificant negative correlations were observed between 

Fig. 2  Receiver operating characteristic (ROC) curve analysis for RT and SVD. A Area under the ROC curve for full-layer IS, OS, IN, ON, II, OI, IT, OT are 
0.9429 (95%CI: 0.8892 to 0.9965), 0.9233 (95%CI: 0.8524 to 0.9943), 0.8604 (95%CI: 0.7728 to 0.9479), 0.9990 (95%CI: 0.9958 to 1.000), 0.7388 (95%CI: 
0.6157 to 0.8618), 0.7061 (95%CI: 0.5654 to 0.8467), 0.7925 (95%CI: 0.6827 to 0.9023), 0.8545 (95%CI: 0.7543 to 0.9547), respectively. B The AUC 
for the inner layers IS, OS, IN, ON, C are 0.7065 (95%CI: 0.5683 to 0.8448), 0.7959 (95%CI: 0.6793 to 0.9125), 0.7100 (95%CI: 0.5747 to 0.8453), 0.8296 
(95%CI: 0.7177 to 0.9415), 0.6948

Table 4  Correlation analysis of retinal thickness, superficial 
vascular density, and visual acuity in different regions of patients 
with pancreatitis

The P-values for retinal thickness, superficial vascular density, and visual acuity 
were obtained through Pearson analysis. All P-values are less than 0.05. IS inner 
superior, OS outer superior

Visual acuity

r P

Superficial vascular density in the IS region 0.550 0.001

Inner retinal thickness in the OS region − 0.405 0.021

Outer retinal thickness in the OS region 0.481 0.005

Table 5  Correlation analysis of retinal thickness and superficial 
vascular density in different regions between patients with 
pancreatitis and healthy subjects

P-values for the correlation between retinal thickness and superficial vascular 
density were obtained through Pearson analysis. All P-values were less than 0.05. 
HC healthy control, IS inner superior, OS outer superior, ON outer nasal, II inner 
inferior

Superficial vascular 
density of the retina

r P

Pancreatitis

Outer retinal thickness in the ON region − 0.364 0.041

Inner retinal thickness in the II region − 0.375 0.034

HC

Full retinal thickness in the IS region − 0.394 0.026

Full retinal thickness in the OS region − 0.624  < 0.001

Outer retinal thickness in the OS region − 0.566  < 0.001
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superficial retinal vascular density and  the full-layer 
retinal thickness in the IS  region  (P = 0.026), the full-
layer retinal thickness in the OS  region  (P < 0.001), and 
the outer retinal thickness in the OS region  (P < 0.001). 
No statistically significant correlations  were  found in 
the other regions (P > 0.05).

Discussion
Pancreatitis is a  common gastrointestinal disorder that 
can impact  pancreatic function  and potentially contrib-
ute to pathophysiological alterations in various bodily 
systems [35]. Recent research suggests  that systemic  ill-
nesses may  influence the morphology  and function of 
the retinal microvasculature. In recent years, an increas-
ing number of studies have demonstrated the significant 
advantages of OCTA in the early detection of micro-
vascular changes associated with systemic diseases [36, 
37]. Therefore, OCTA plays an essential role in assess-
ing retinal microvascular and structural changes in 
pancreatitis patients. The macular region serves as the 
primary locus for visual acuity, with alterations in reti-
nal thickness and vascular density directly influencing 

visual function [38]. Despite this, the existing body 
of  literature  regarding changes in macular retinal struc-
ture and microvascular density in  individuals with pan-
creatitis is  characterized by inconsistencies, indicating 
a lack of comprehensive  understanding  in this  area. 
This study employed OCTA technology to  systemati-
cally observe  and analyze  the macular retinal thickness 
and superficial microvascular density in patients with 
pancreatitis, with the goal of enhancing our comprehen-
sion  of the  relationship  between pancreatitis and the 
retinal microenvironment and  investigating  its poten-
tial clinical  implications. Through a comparative analy-
sis of  patients with pancreatitis and  a  healthy control 
group, this study aims to contribute additional pathologi-
cal evidence supporting the association between pancre-
atitis and retinal lesions, as well as propose novel insights 
for clinical diagnosis and treatment strategies.

In this study, retinal thickness was quantified utilizing 
the ETDRS segmentation method. Our analysis revealed 
a statistically  significant  reduction in retinal thickness 
among individuals with pancreatitis. This observation 
implies a potential association between pancreatitis 

Fig. 3  Correlation between retinal thickness and SVD. A In the healthy control group, the full-layer retinal thickness in the IS region, the full-layer 
retinal thickness in the OS region, and the outer retinal thickness in the OS region were negatively correlated with the superficial retinal vascular 
density (r = − 0.394, P = 0.026; r = − 0.624, P < 0.001; r = − 0.566, P < 0.001). B In the pancreatitis group, the outer retinal thickness in the ON region 
and the inner retinal thickness in the II region were negatively correlated with the superficial vascular density of the retina (r = − 0.364, P = 0.041; 
r = − 0.375, P = 0.034). SVD superficial vascular density, IS inner superior, OS outer superior, ON outer nasal, II inner inferior
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and  structural  abnormalities or damage within the ret-
ina. Given the neural nature of retinal tissue, it is known 
to be particularly susceptible to the effects of  systemic 
diseases  [39, 40]. Pancreatitis  induces systemic vas-
cular  alterations [41], with  severe acute pancreati-
tis  potentially leading to both  pancreatic and systemic 
microcirculatory disturbances via various mechanisms, 
including  ischemia–reperfusion injury, vascular and 
perfusion  abnormalities, oxidative stress, microvascu-
lar  injury, and hemodynamic dysfunction  characterized 
by  vasoconstriction, inadequate perfusion, and  height-
ened blood viscosity and coagulability [42, 43]. Retinal 
thinning may  result from  vascular changes  within the 
retina, which can  lead  to  compromised  local blood cir-
culation and inadequate nutrient delivery. Additionally, 
retinal thinning may be attributed to the influence  of 
inflammatory factors on retinal neurons and support 
cells, either directly or indirectly. In a research investiga-
tion of  Alzheimer’s disease,  heightened concentrations 
of pro-inflammatory cytokines, such as  tumor necro-
sis factor, interleukin 1β, interleukin 6, and interferon 
γ, were identified. It was suggested that cytokine-induced 
neurotoxicity  may exacerbate cellular  apoptosis,  result-
ing  in  neuronal demise [44]. Previous studies have 
investigated the effects of cytokines on the retina. The 
research found that cytokine-activated microglia release 
cytotoxins, leading to the death of retinal neurons [45]. 
Active interleukin 1β causes the gradual death of pho-
toreceptor cells by initiating and propagating sterile 
inflammation, and it can also lead to chronic retinal 
degenerative changes through excessive inflammation, 
ultimately resulting in the apoptosis of retinal neurons 
[46]. In the retina, tumor necrosis factor and interleu-
kin 1β trigger exogenous apoptotic pathways and the 
NLRP3 inflammasome pathway by binding to the recep-
tors tumor necrosis factor receptor 1 and P2X7 recep-
tor, leading to the death of retinal ganglion cells. These 
studies indicate that cytokines can affect the survival of 
retinal neurons through multiple pathways [47]. These 

findings suggest  that  the  pro-inflammatory  agents gen-
erated by pancreatitis could potentially induce neuronal 
impairment and cellular demise, consequently diminish-
ing retinal thickness (Fig. 4).

The  observed reduction  in superficial retinal vascu-
lar density among  patients with pancreatitis  represents 
a significant discovery in our research. This  decline in 
vascular density may suggest endothelial  injury or com-
promised blood flow. Inflammatory cytokines gener-
ated as a result of the  inflammatory  process  can  lead 
to  vascular  abnormalities, subsequently impacting 
retinal blood flow [42, 43]. Given the systemic nature 
of pancreatitis-induced inflammation, these inflam-
matory mediators have the potential to affect various 
organs, including the eyes,  through  the  circulatory sys-
tem. Vascular inflammation is characterized by intri-
cate  interactions  among  inflammatory cells, endothelial 
cells, vascular smooth muscle cells, and the extracel-
lular matrix [48, 49]. Cytokines  are pivotal in orches-
trating  this  process by initiating signaling  cascades that 
culminate in inflammation, cellular adhesion, permeabil-
ity, and apoptosis [50–52]. Cytokines, including  tumor 
necrosis factor-alpha and interleukin-6, have been 
shown to induce the synthesis  of endothelin-1 in vas-
cular smooth muscle cells,  resulting in  endothelial dys-
function  and subsequent  vasoconstriction,  potentially 
impacting retinal vascular density [53–55]. Furthermore, 
hemodynamic disturbances associated with pancreatitis 
may further exacerbate the reduction  in retinal vascular 
density by affecting retinal blood flow [42, 43]. The reduc-
tion in superficial vascular density of the retina indicates 
a potential inadequacy in  retinal blood supply,  thereby 
heightening the vulnerability of neural tissues to damage, 
in alignment with the aforementioned findings on retinal 
thickness.

The reduction  in retinal thickness and superficial vas-
cular density may  be attributed to diabetes secondary 
to  pancreatitis.  Wang et  al.  conducted a study which 
revealed a decrease in  peripapillary vascular density in 

Fig. 4  The relationship between the reduction in superficial vascular density (SVD), the thinning of retinal thickness (RT), and the impairment 
of visual acuity in patients with pancreatitis. In patients with pancreatitis, a decrease in superficial retinal vascular density in the macular region may 
lead to a reduction in retinal thickness in the related areas, and a reduction in retinal thickness in the macular region may result in a decline in visual 
acuity. RT retinal thickness, SVD superficial vascular density
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patients with mild-to-moderate nonproliferative dia-
betic retinopathy (NPDR) compared to healthy individu-
als. Furthermore, the study demonstrated a significant 
reduction in peripapillary capillary vascular density and 
retinal nerve fiber layer thickness in the superotem-
poral quadrant  of  the mild-to-moderate NPDR group 
[56]. A  study  conducted  by Mokrane et  al.  demon-
strated a positive correlation between  subfoveal sen-
sitivity of the superficial capillary plexus and vascular 
density [57] in patients with diabetic retinopathy. These 
results indicate  that diabetes  may induce  structural 
and vascular  alterations in the superficial retinal layers, 
aligning  with the conclusions  of our own research  on 
pancreatitis.

The utilization of ROC curve analysis  serves as a 
valuable method for evaluating the precision of diag-
nostic tests, allowing for the assessment of specific bio-
markers  in  distinguishing  between healthy individuals 
and those afflicted with disease. The examination of ROC 
curves pertaining to  the full-layer  inner superior,  outer 
superior, and  outer inferior thicknesses may  present a 
viable approach for the diagnosis of pancreatitis. Timely 
diagnosis and  precise evaluation play a pivotal role in 
the effective management and positive outcomes of 
pancreatitis [58, 59]. Nevertheless, early detection  of 
pancreatitis  poses a  challenge due to the nonspecific 
nature of initial symptoms. Symptoms commonly asso-
ciated with acute pancreatitis,  such as upper abdominal 
pain, abdominal distension, nausea, and vomiting,  are 
also  characteristic of numerous  other gastrointestinal 
disorders. The challenge of early diagnosis  in  chronic 
pancreatitis is  compounded by the gradual onset and 
progression of symptoms over an extended period. 
OCTA offers a non-invasive and convenient method 
for assessing  perfusion  in  the intraocular vascular net-
work, with retinal thickness potentially serving as a valu-
able biomarker for aiding in the diagnosis of pancreatitis. 
Currently, this discovery is being investigated as a poten-
tial avenue for future research to confirm its validity, with 
the potential to serve as a novel method for detecting and 
monitoring pancreatitis.

In summary, pancreatitis exerts a notable influence on 
retinal structure, presenting a novel angle for the sup-
plementary diagnosis of pancreatitis. It is important to 
highlight that while our results hold promise for clinical 
utility, extensive prospective investigations are required to 
ascertain the sensitivity, specificity, and prognostic signif-
icance of alterations in retinal parameters. Furthermore, 
due to the small sample size of this study, further inves-
tigation is warranted to expand the sample size in order 
to elucidate the specific relationship between these reti-
nal  alterations and the pathophysiology of pancreatitis, 
as well as their potential correlation with disease severity 

and progression. Subsequent  research  efforts  should 
also  prioritize  the  strategic utilization  of these retinal 
changes in order to develop individualized diagnostic and 
therapeutic strategies for patients.

Conclusion
Optical coherence tomography angiography (OCTA) was 
employed in our study to evaluate  the  effects  of retinal 
thickness (RT) and superficial vascular density (SVD) 
in  individuals with  pancreatitis. Our  findings revealed 
that  patients with pancreatitis  exhibited decreased reti-
nal thickness and superficial vascular density in specific 
areas of the macular region when compared to the con-
trol group. Consequently, the identification of imag-
ing changes through OCTA may serve as a valuable 
adjunctive method for the diagnosis and evaluation of 
pancreatitis.
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