Corneal Confocal Microscopy to Evaluate Small Nerve Fibers in Patients with HIV
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Key Points

Question: Can in vivo corneal confocal microscopy (IVCCM) be used to assess corneal nerve fiber pathology and Langerhans cell density in patients with HIV associated sensory neuropathy (HIV-SN)?
Findings: Our study shows a decrease in corneal nerve fiber density and an increase in corneal nerve tortuosity in patients with HIV-SN when compared to HIV patients without neuropathy with no change in LC density. 
Meaning: IVCCM is a non-invasive ophthalmic imaging technique that could aid in the diagnosis and longitudinal monitoring of patients with HIV-SN.


Abstract 
Importance: Objective quantification of small fiber neuropathy in patients with HIV associated sensory neuropathy (HIV-SN) is difficult, but needed for diagnosis and monitoring. In vivo corneal confocal microscopy (IVCCM) can quantify small fiber damage.

Objectives: To establish whether IVCCM can identify an abnormality in corneal nerve fibers and Langerhans cells in patients with and without HIV-SN.

Design: A prospective, cross-sectional cohort study was conducted between June and September 2015. Patients completed validated symptom questionnaires, the Clinical HIV-Associated Neuropathy Tool (CHANT) and IVCCM; results were compared to age and sex matched controls.

Setting: Patients were recruited at Imperial College, London, IVCCM was conducted at Moorfields Eye Hospital NHS Foundation Trust (MEH) and images were assessed at Weill Cornell Medicine-Qatar. 

Participants: Twenty HIV positive patients were recruited.

Main Outcomes and Measures: Corneal nerve fiber density (CNFD), corneal nerve branch density (CNBD), corneal nerve fiber length (CNFL), corneal nerve fiber tortuosity (CNFT) and corneal Langerhans cell density (CLCD) were compared between healthy controls and HIV patients with and without SN.

Results: All participants were male; 14/20 HIV patients had HIV-SN. The HIV-SN group were older (57.7 (7.75)) than the HIV-no SN group (42.3 (7.26)) and controls (53.8 (10.45)). CNFD was reduced in patients with HIV (26.7 versus 38.6 no./mm2 (median difference -10.37 (-14.27 to -6.25); P<0.001), and in HIV-SN compared to HIV-no SN (25.8 versus 30.7 no./mm2; median difference -4.53 (-8.85 to -0.26); P=0.03). CNBD and CNFL were reduced in patients with HIV, but no differences were identified between those with and without neuropathy (CNBD controls 95.83 versus HIV 72.37 no./mm2; median difference -24.53(-50.62 to -3.13); P=0.01; CNFL 28.4 versus 21.9 mm/mm2; median difference -5.24 (-8.83 to -1.38); P=0.001). Tortuosity coefficient was increased in patients with HIV (16.44 versus 13.95; median difference 2.34 (0.31 to 4.65); P=0.03) and those with HIV-SN compared to HIV-no SN (17.84 versus 14.18; median difference 4.32 (0.68 to 9.23); P=0.01). No differences were identified in CLCD (controls 19.84 versus HIV 41.43 cells/mm2; median difference 9.38 (-12.51 to 26.34); P=0.53)
Conclusions and Relevance: IVCCM could be used in the assessment of HIV-SN but larger studies are required for confirmation.
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Introduction
HIV-associated sensory neuropathy (HIV-SN) is one of the most frequent neurological consequences of HIV infection and its treatment1. HIV-SN presents with pain and paraesthesia and has a significant impact on quality of life and the ability to work2.  Small fiber neuropathy can be accurately assessed by quantifying intra-epidermal nerve fiber density (IENFD), but is invasive and does not easily facilitate longitudinal studies3. In vivo corneal confocal microscopy (IVCCM) is a rapid, non-invasive ophthalmic imaging technique which can quantify small nerve fiber damage in diabetic neuropathy4 , hereditary Charcot Marie Tooth Type 1A5, chemotherapy induced peripheral neuropathy6, chronic inflammatory demyelinating polyneuropathy7 and amyloid neuropathy8 
In a non-human primate model of HIV-SN, animals with the most severe disease showed a decrease in corneal nerve fiber density9 and IVCCM has demonstrated a reduction in corneal nerve fiber length in HIV positive patients10. Epidermal LC density is reduced in patients with HIV/AIDS 11 but in vivo assessment of corneal LC density has not been reported in HIV. 
This study undertook IVCCM to quantify corneal nerve fiber morphology and LC density in patients with HIV.
Methods
Ethical approval was granted by the National Ethics Research Service (REC London, Hampstead 15/LO/0559). This study was part of the EUROPAIN project (http://imieuropain.org) and was conducted in accordance with the Declaration of Helsinki. 
Subjects had a diagnosis of HIV and exclusion criteria included pregnancy, peripheral vascular disease, severe co-incident psychiatric diagnosis, other cause of peripheral neuropathy, nystagmus, or corneal surgery. Patients were recruited from adult outpatient clinics at Chelsea and Westminster Hospital NHS Foundation Trust. Images from age and sex matched healthy volunteers were collected using the same image acquisition protocol as for the patient group4 
Classification
Subjects were classified into three groups: Controls and HIV patients without (HIV-no SN) and with (HIV-SN) sensory neuropathy (one sign and at least one symptom from the validated Clinical HIV-associated Neuropathy Assessment Tool (CHANT)12). Patients with HIV underwent a structured clinical examination and completed the Dolour Neuropathique-4 interview (DN4-i) and the Brief Pain Inventory (BPI) and were classified as having a painful neuropathy if DN4-i >3. 
Image acquisition and quantification
Subjects underwent in vivo corneal confocal microscopy (IVCCM) at Moorfields Eye Hospital, London4. Images were acquired using the Heidelberg retinal tomography (HRT) (Heidelberg Engineering, Heidelberg (Germany)) and the Rostock Camera Module (RCM). Six images from the right and left eyes were selected for analysis and manually quantified (CCMetrics®, M. A. Dabbah, Imaging Science, University of Manchester) by a single experienced examiner (INP). Corneal nerve fiber density (CNFD) (no./mm²), nerve branch density (CNBD) (no./mm²), nerve fiber length (CNFL) (mm/mm²), nerve fiber tortuosity (CNFT) and Langerhans cell density were quantified4. Subjects did not undergo any assessment of corneal sensation. 
Statistical analysis
A power calculation (using SigmaPlot version 10.0) using data from patients with diabetic polyneuropathy revealed a sample size of at least n=6 per group to identify a difference in CNFL (mean difference 1.16 mm/mm2, (SD 0.59) α=0.05 β=0.8) and n=4 for LC (mean difference 8.01 cells/mm2, SD 2.7, α=0.05 β=0.8).
Statistical analysis was performed using SPSS version 22.0. Data are presented as mean (SD) or median (IQR). Corneal nerve parameters and corneal LC density in patients with HIV were compared to controls using Wilcoxon rank sum test and the HIV groups (HIV-no SN, HIV-SN) were compared using the Kruskal-Wallis test for continuous, nonparametric data (with post hoc testing for pairwise comparisons). Median differences are reported using a Hodges-Lehmann estimate and since non-parametric data rely on ranks, exact 95% confidence intervals were not always possible (exact confidence interval stated).
To reduce the chance of a type I error, a false detection rate correction was made to the p value using the Benjamini Hochberg method. Spearman’s rank correlation was used between corneal nerve fiber parameters and symptom severity scores. 
Results
Twenty male subjects with HIV were matched by age and sex to 20 healthy volunteers (Table 1). Six subjects had no neuropathy (HIV-no SN) and 14 had neuropathy (HIV-SN). CNFD was lower in patients with HIV than controls (26.7 versus 38.6 no./mm2 (median difference -10.37 (95.09% c.i.-14.27 to -6.25);P<0.001), and in HIV-SN compared to HIV-no SN ((25.8 versus 30.7 no./mm2; median difference -4.53 (95.92% c.i.-8.85 to -0.26); P=0.03). CNBD and CNFL  were lower in patients with HIV, with no difference identified between those with and without neuropathy (CNBD controls (95.83) versus HIV (72.37 no./mm2; median difference -24.53(95.32% c.i.-50.62 to -3.13); P=0.01); CNFL controls (28.4) versus HIV (21.9 mm/mm2; median difference -5.24 (95.09% c.i.-8.83 to -1.38); P=0.001). TC was increased in patients with HIV (16.44 versus 13.95; median difference 2.34 (95.09% c.i. 0.31 to 4.65); P=0.03), and HIV-SN compared to HIV-no SN (17.84 versus 14.18; median difference 4.32 (95.92% ci. 0.68 to 9.23); P=0.01). No differences were identified in CLCD  (control (19.84) versus HIV (41.43 cells/mm2; median difference 9.38 (-12.51 to 26.34)); P=0.53) or between HIV-no SN and HIV-SN (54.17 versus 28.13 cells/mm2; median difference -25.15(95.92% c.i. -43.75 to 0.42); (Figure 1,2 and Supplementary Tables 1 and 2). 
Adjustment for covariates
Using corneal parameters as dependent factors and group (control versus HIV-no SN versus HIV-SN) as an independent variable, there was no significant relationship between corneal parameters and covariates of age (P values >0.08) and duration of HIV infection (P values >0.2).
Correlations
There was a significant correlation between TC with BPI severity (r=0.628, p=0.003) and interference scores (r=0.650, p=0.002). There was no correlation between corneal nerve fiber parameters and duration of HIV, age, duration of treatment with anti-retroviral medication, most recent or nadir CD4 count or peak viral load.
Discussion
Neuropathy is a frequent complication of HIV infection and its treatment, affecting 32-67% of patients1. We show that IVCCM can quantify small nerve fiber damage in patients with HIV and particularly, HIV-SN. Corneal nerve fiber density was reduced in HIV patients without neuropathy, indicating subclinical small nerve fiber damage. Patients with HIV-SN demonstrated a further reduction in corneal nerve fiber density and increased tortuosity with increased branching. This reduction in corneal nerve fiber parameters replicates the findings in simian immunodeficiency virus (SIV) infected macaques8, patients with HIV9, diabetic neuropathy4, Charcot Marie Tooth Type 1A5, chemotherapy induced peripheral neuropathy6, chronic inflammatory demyelinating polyneuropathy7 and amyloid neuropathy8 
Langerhans cells modulate the transmission of HIV11and may be increased due to anterior segment pathology causing corneal nerve damage 13.  We demonstrate no change in corneal Langerhans cell density in patients with HIV and a recent study of patients with stable CD4 counts showed a low incidence of anterior segment pathology14 
Increasing age correlates with a decrease in CNFD and CNFL and an increase in TC in healthy volunteers15. Whilst patients with HIV-SN were slightly older than those without HIV-SN, no significant effect of age was demonstrated. Future studies should relate corneal nerve fiber loss with functional loss of corneal sensation using esthesiometry as IENFD correlates with quantitative sensory testing in HIV2.
Conclusions and further work
CCM could act as a rapid non-invasive ophthalmic imaging technique to identify nerve damage in patients with HIV. Larger longitudinal studies are required to establish CCM as a surrogate end point for diagnosing and monitoring small fiber neuropathy in patients with HIV.
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Figures & Tables
Figure 1. Comparison of corneal nerve fiber parameters and Langerhans cell density between healthy controls and HIV patients with and without neuropathy

Figure 1 Legend: HIV-No-SN (HIV patients without sensory neuropathy), HIV-SN (HIV patients with sensory neuropathy), CNFD (corneal nerve fiber density) (A), CNFL (corneal nerve fiber length) (B), CNBD (corneal nerve fiber branch density) (C), TC (tortuosity coefficient) (D), LCD (Langerhans cell density) (E). Pairwise comparison after Benjamini Hochberg correction (significance P<0.017) showed significant differences between HIV patients with and without neuropathy for TC (P=0.01). CNFD also approached this level of significance (P=0.032).

Figure 2. Examples of in vivo corneal confocal microscopy (IVCCM) images in control and patient groups.

Figure 2 Legend: In vivo corneal confocal microscopy (IVCCM) images from A) a healthy volunteer, B) a patient with HIV but no sensory neuropathy (HIV-No SN) and C) a patient with HIV-SN showing a progressive reduction in corneal nerve fiber density and an increase in corneal nerve tortuosity.



Table 1. Demographics for HIV patient cohort
	Parameter
	HIV-no SN (N=6)
	HIV-SN (N=14)
	Healthy volunteers (N=20)

	Age, mean (SD), years
	42.3 (7.26)
	57.7 (7.75)
	53.8 (10.5)

	Ethnicity, % white european
	83
	93
	70

	Height, mean (SD), cm
	174.2 (4.96)
	174.0 (7.95)
	167.9 (11.19)

	Weight, mean (SD), kg
	70.5 (7.53)
	74.9 (13.1)
	81.6 (14.63)

	Duration of HIV, mean (SD), years
	12.4 (10.81)
	25.3 (4.68)
	NA

	Duration of medication, mean (SD), years
	10.8 (9.26)
	20.7 (3.75)
	NA

	Most recent CD4 count, mean (SD), cells/mm3
	797.0 (285.51)
	685.4 (370.55)
	Not measured

	Nadir CD4 count, mean (SD), cells/mm3
	192.8 (141.74)
	154.5 (152.18)
	Not measured

	Peak viral load, mean (SD), copies/mL
	93,137.2 (84721.61)
	59,281.5 (91369.90)
	Not measured

	CHANT symptom score
	0.2 (0.41)
	1.8 (0.43)
	NA

	CHANT sign score
	0.0 (0.0)
	1.2 (0.43)
	NA

	DN4-i score
	0.3 (0.82)
	4.4 (1.40)
	NA

	BPI severity score
	0.04 (0.10)
	3.5 (3.13)
	NA

	BPI interference score
	1.3 (0.0)
	4.26 (2.33)
	NA

	Exposure to neurotoxic anti-retroviral agents, N (%)
	2 (33)
	12 (86)
	NA


HIV-No SN (patients with HIV but no neuropathy), HIV-SN (patients with HIV associated sensory neuropathy), BPI (Brief Pain Inventory), CHANT (Clinical HIV-Associated Neuropathy Tool), DN4-I (Dolour-Neuropathique-4 interview), NA (Not applicable as group includes healthy volunteers only). 



Supplementary Table 1. Comparison of IVCCM parameters between healthy and HIV cohorts.
	IVCCM parameter
	Healthy volunteers (N=20)
	Subjects with HIV (N=20)
	P value
	Median difference
	~95% confidence interval of difference

	CNFL, median (IQR), mm/mm2
	28.4 (22.2-32.4)
	21.9 (20.4-24.0)
	0.001
	-5.24
	-8.83 to -1.38

	CNFD, median (IQR), no./mm2
	38.6 (32.6-43.4)
	26.7 (25.2-31.5)
	<0.001
	-10.37
	-14.27 to -6.25

	CNBD, median (IQR), no./mm2
	93.8 (60.6-118.8)
	72.4 (53.6-85.6)
	0.01
	-24.53
	-50.62 to -3.13

	TC, median (IQR)
	13.9 (12.6-15.7)
	16.4 (14.3-20.1)
	0.03
	2.34
	0.31 to 4.65

	LCD, median (IQR), cells/mm2
	19.8 (7.58-70.5)
	41.43 (22.0-55.5)
	0.53
	9.38
	-12.51 to 26.34


IVCCM (in vivo corneal confocal microscopy), CNFL (corneal nerve fiber length), CNFD (corneal nerve fiber density), CNBD (corneal nerve fiber branch density), TC (tortuosity coefficient), LCD (Langerhans cell density). Comparison after Benjamini Hochberg correction, all p values remained significant. Median difference reported as Hodges-Lehmann estimate, all confidence intervals are 95%+/-0.99%




Supplementary Table 2. Comparison of IVCCM parameters between HIV patients with and without neuropathy.
	CCM parameter
	Healthy volunteers (N=20)
	HIV- no SN (N=6)
	HIV-SN (N=14)
	P value
	Median difference between HIV-no SN and HIV-SN
	~95% confidence interval of median difference

	CNFL, median (IQR), mm/mm2
	28.4 (22.2-32.4)
	22.0 (19.1-25.1)
	21.9 (21.0-23.8)
	0.02
	0.51
	-3.52 to 3.94

	CNFD, median (IQR), no./mm2
	38.6 (32.6-43.4)
	30.7 (27.6-35.0)
	25.8 (23.9-28.3)
	<0.001
	-4.53
	-8.85 to -0.26

	CNBD, median (IQR), no./mm3
	93.8 (60.6-118.8)
	63.3 (34.9-88.4)
	75.6 (53.9-83.6)
	0.087
	8.39
	-15.73 to 41.4

	TC, median (IQR)
	13.9 (12.6-15.7)
	14.2 (12.2-16.0)
	17.8 (14.8-22.5)
	0.004
	4.32
	0.69 to 9.23 

	LC median (IQR), cells/mm2
	19.8 (7.6-70.5)
	54.2 (42.1-73.4)
	28.1 (18.3-52.7)
	0.21
	-25.15
	-43.75 to 0.42


IVCCM (in vivo corneal confocal microscopy), CNFL (corneal nerve fiber length), CNFD (corneal nerve fiber density), CNBD (corneal nerve fiber branch density), TC (tortuosity coefficient), LCD (Langerhans cell density). Pairwise comparison after Benjamini Hochberg correction showed significant differences between HIV patients with (HIV-SN) and without (HIV- no SN) sensory neuropathy for TC (P=0.01). CNFD neared significance (P=0.032) between those with and without sensory neuropathy. Median difference reported as Hodges-Lehmann estimate, all confidence intervals are 95%+/-0.99%
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