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Purpose: In this in vitro study, we investigated if the biological activity of commonly used VEGF antagonists might be affected by 
their passage through a newly designed 30 G needle (NDN) for intravitreal injection (IVI). To reduce the risk of intraocular 
inflammation compared to conventional injection with a standard hypodermic 30 G needle (SHN), the NDN contains an occluded 
front orifice and a side port for drug delivery, resulting in an altered direction of the injection stream.
Methods: Anti-VEGF drugs, such as ranibizumab, faricimab, and aflibercept, were passed twice through one of the two needle types 
to imitate IVI. To evaluate the VEGF-A-binding capacity of the un- or pretreated antagonists, VEGF-A165 was incubated with 
a 1–10fold molar excess of them for 15 min at 37°C, and unbound VEGF-A was determined by ELISA. As the capture antibody and 
antagonists bind to the same region of the growth factor, only the non-complexed VEGF-A was measured. Biological activity of 
pretreated antagonists was studied by assessing their capacity to prevent VEGF-A165-induced impairment of the barrier formed by 
retinal endothelial cells: VEGF-A165 plus antagonists were added to the cells and, as a measure of permeability, the cell index was 
continuously monitored by electric cell-substrate impedance measurements for three days.
Results: Only a marginal amount of free VEGF-A, if any, was detected after incubation of the growth factor with a fourfold molar 
excess of any of the antagonists, independent of the drugs’ pretreatment. VEGF-A165-induced low cell index values, indicative of 
a dysfunctional barrier, were similarly prevented by different pretreated antagonists.
Conclusion: The passage of the proteins through NDN or SHN did neither affect efficient binding to their target, nor their capacity to 
prevent VEGF-A165-induced barrier dysfunction. Overall, regarding the stability of therapeutic proteins, the NDN was not inferior to 
the SHN, and can now be considered for evaluation in clinical studies.

Plain Language Summary: Common ocular diseases can be treated by injecting drugs into the vitreous body of the eye. Although 
this procedure is safe and well established, severe intraocular inflammation may occur. As this might be due to the use of a standard 
needle, we recently invented a novel needle with a closed tip and outlet for medication set on the needle side. We now investigated if 
the different flow of drug solutions out of the novel needle changed the activity of often-used anti-VEGF drugs. We found that their 
passage through the novel needle did not affect (1) their efficient interaction with their target or (2) their capacity to prevent barrier 
dysfunction in vitro. Overall, regarding the stability of anti-VEGF drugs, the novel needle is not inferior to the commonly used 
standard needle. 
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Introduction
Various ocular diseases of high socio-economic relevance, for example, age-related macular degeneration, macular 
edema secondary to retinal vein occlusion or diabetic retinopathy, and myopia, are accompanied by increased amounts 
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of growth factors and cytokines in the vitreous.1–6 Of these, vascular endothelial growth factor-A (VEGF-A) plays 
a dominant role, and accordingly, the standard therapy comprises blocking VEGF-A-initiated signaling by intravitreal 
injection of VEGF-binding proteins. Fab fragment ranibizumab targets all splice variants of VEGF-A, Fc fusion protein 
aflibercept also complexes VEGF-B and placental growth factor (PlGF), and the bi-specific IgG faricimab additionally 
binds to angiopoietin-2 (Ang-2).7–14 These therapeutic proteins are usually injected intravitreally with standard hypo
dermic 30 gauge (G) needles (SHN) not approved for ocular use. Although intravitreal injection (IVI) is a well- 
established procedure, a low risk of serious vision-threatening complications, such as endophthalmitis, remains.15 

Nevertheless, the number of IVIs increases worldwide every year, resulting in proportionally more cases of severe 
intraocular inflammation.16 Furthermore, the cumulative endophthalmitis risk per injection and eye tends to rise with an 
increasing number of intravitreal injections, i.e. from ~0.002% after one injection to more than 10fold after hundred 
injections.16 Symptoms of endophthalmitis as a consequence of IVI may differ from those of postoperative endophthal
mitis after intraocular cataract, glaucoma, or vitreoretinal surgeries, and its early onset and diverse clinical presentation 
can lead to misdiagnosis.17 As the infection usually originates in the vitreous body, the early clinical signs may be 
overlooked. In such cases, infectious particles and their toxins have sufficient time to target the retina and optic nerve, 
causing irreversible degeneration. Although considered a rare complication, IVIs are the main cause of acute post
operative endophthalmitis because of their high frequency compared with other intraocular surgeries.18

Mechanisms of contamination of the vitreous during IVI are currently discussed, but clinical consequences of the 
demonstrated marked trauma to all layers of the eye wall at the entry site caused by the SHN and of ocular cell types 
found in needle-tip aspirates are not fully understood.19 However, histological studies revealed that a distinct linear cut 
remains throughout all ocular tissues passed by the tip of the 30°G SHN on its way to the vitreous.19 Therefore, 
intraocular inflammation can result from injection of adhering cellular material, which even could be contaminated by 
infectious particles, as well as from insufficient re-sealing of the entry site.19 To circumvent these problems, a 30 G 
needle featuring a sealed outer tip and a lateral side port for drug delivery was designed.20 Using an animal model, our 
group has demonstrated that penetration of the sclera with the newly designed needle (NDN) significantly reduces the 
risk of capturing and subsequently injecting potentially contaminated cellular material from the conjunctiva, sclera, and 
ciliary body.20

For the potential future use of NDN in IVIs in humans, both the safety and efficacy of drug delivery must be 
confirmed by thorough investigations. In particular, the altered injection stream produced by NDN may influence the 
biological activity of large molecules such as antibodies, and thus requires careful evaluation. Therefore, we investigated 
whether passage of VEGF-binding proteins through the NDN might alter their capacities to bind their target protein or to 
prevent VEGF-A-induced impairment of the barrier formed by immortalized microvascular endothelial cells of the 
bovine retina (iBREC).21–23 As model proteins we chose three VEGF antagonists frequently used in clinical practice: 
Ranibizumab (molecular weight 45 kDa), faricimab (140 kDa) and aflibercept (115 kDa).7,10,11,13,14

Materials and Methods
New Design of a Needle for IVI
A novel 30 G injection needle (NDN; custom-made, EP 18158 542.3, patent pending) was developed for intravitreal use 
(Figure 1A–C) and compared experimentally to a standard 30 G hypodermic needle (SHN; BD, Franklin Lakes, NJ, 
USA) (Figure 1D–F). Unlike SHN, NDN features a beveled occluded tip to eliminate dead space volume and a smooth 
side port for drug delivery (Figure 1B). The NDN prototype (S190630G), developed by Vitreq B.V. (Vierpolders, The 
Netherlands) in collaboration with Mr. Didenko (Kyiv, Ukraine), is not yet commercially available. Sterile, single-use 
NDN and SHN were imaged using intraoperative spectral-domain optical coherence tomography (OCT) (Rescan™ 700; 
Carl Zeiss Meditech AG, Jena, Germany) integrated into an OPMI Lumera 700 microscope (Carl Zeiss Meditech AG). 
The intraoperative OCT (iOCT) system settings were as follows: Wave length 840 nm (27000 A-scans/s; axial resolution 
≤ 3.5 µm) with a 2.5 mm × 6.0 mm scan area; crosshair scans captured the needle-tip surface for analysis. The passage of 
liquids through the needle tips of both needle types was visualized with a solution of 0.06% trypan blue (Trypan Blue 
PFS, Sidapharm, Thessaloniki, Greece) (Figure 1C and F).
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VEGF-Binding Proteins
Faricimab (Vabysmo; 120 mg/mL in 3.1 mg/mL L-histidine, 1.044 mg/mL L-methionine, 1.46 mg/mL NaCl, 54.8 mg/mL 
D-sucrose, 0.04% polysorbate 20, pH 5.5) was purchased from Roche Pharma AG (Grenzach-Wyhlen, Germany), the 
Fc fusion protein aflibercept (Eylea: 40 mg/mL aflibercept in 10 mM sodium phosphate, 40 mM NaCl, 0.03% polysorbate 20, 
5% sucrose, pH 6.2) from Bayer Vital GmbH Germany (Leverkusen, Germany), and ranibizumab (Lucentis: 10 mg/mL in 
10 mM Histidine-HCl, 10% α,α-Trehalose 2H2O, 0.01% polysorbate 20, pH 5.5) from Novartis Pharma GmbH (Nuremberg, 
Germany).7–9,11–14 Recombinant human Sf21-expressed VEGF-A165 (#293VE, bio-techne, Wiesbaden, Germany) was dis
solved in phosphate-buffered saline without Ca2+ and Mg2+ (PBSd; Thermo Fisher Scientific, Schwerte, Germany) at a final 
concentration of 100 µg/mL, and was stored at −80°C for no longer than three months.

Pretreatment of VEGF-Binding Proteins with Different Types of IVI Needles
Undiluted pharmacological formulations of the VEGF antagonists were either left untreated or 100 µL thereof were twice 
drawn up and dispensed through one of the needle types before being used for experiments. Repetitive passage through 
any of the tested cannulas mimics the process of IVI and a possible loss of biological activity should be detected with 
sufficiently high sensitivity. The needles were used immediately after sterilization, for which both types were rinsed 
several times with 70% 2-propanol and dried overnight at room temperature in a sterile environment.

Assessing Barrier Stability of Retinal Endothelial Cells by Cell Index Measurement
Generation, characterization and cultivation of telomerase-immortalized microvascular endothelial cells from bovine 
retina (iBREC) – established in our laboratory – have been described in great detail elsewhere.21–25 To assess the stability 
of a barrier formed by a monolayer of these cells, we measured the cell index with the xCELLigence RTCA DP device 
(Agilent, OLS, Bremen, Germany) as described in detail previously.22–28 Briefly, cells were cultured in Endothelial Cell 
Growth Medium MV (ECGM; #C22120, PromoCell, Heidelberg, Germany) until a confluent cell monolayer was reached 
three days later, indicated by a constantly high cell index (CI ~ 20).22–28 Effectors (VEGF-A165, un- or pretreated VEGF- 

Figure 1 Design and functional imaging of the newly designed needle (NDN) and a standard hypodermic needle (SHN). Images of (A) the NDN with a side port and (D) the 
SHN with a conventional front orifice (red arrows). Intraoperative OCT images of the needle tips, highlighting (B) the small side orifice of the NDN and (E) the front orifice 
of the SHN with a sharp inner edge (yellow arrows). Visualization of the injection jet direction out of (C) the NDN or (F) the SHN.
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binding proteins) were added one day after a complete exchange of the cell culture medium, and the cell index was 
measured every five minutes over the next three days.24 VEGF-A165 was used at a final concentration of 1.3 nM related 
to the dimer; final concentrations of VEGF antagonists were as follows: 0.2 µM ranibizumab, 0.1 µM faricimab or 
0.1 µM aflibercept.23,24,29 Recorded cell index values (n≥5 for each condition and time point) were normalized in relation 
to those measured immediately before addition of the effectors (RTCA Software Pro., Version 2.6.1; Agilent), and the 
data were converted to graphs showing means and standard deviations with GraphPad Prism 9.4.1 (GraphPad Software, 
Boston, MA, USA).22–24 At the end of each experiment, integrity of the confluent monolayer was confirmed by 
microscopy, before cell culture supernatants were collected and stored at −80°C for further analyses.24

Determination of VEGF-A by ELISA
VEGF-A165 (final concentration of 1.3 nM) was mixed with un- or pretreated 0.8–6.5 nM ranibizumab, 0.8–13 nM 
faricimab or 1.3–13 nM aflibercept, respectively, and the mixtures were incubated for 15 minutes at 37°C to allow 
formation of the corresponding complexes. Mixtures were prepared in ECGM, which did not contain measurable 
amounts of VEGF-A (C(VEGF-A) ~0 pM; N>20). Then samples were diluted 1:10 in PBSd and unbound VEGF-A165 

was determined with the Quantikine ELISA Human VEGF-A Immunoassay Kit (#DVE00, bio-techne) as described 
below. As a control, a solution of 1.3 nM VEGF-A165 was similarly processed, but these samples were diluted 1:50 in 
PBSd.

Unbound VEGF-A165 was also determined in the cell culture supernatants of iBREC collected after cell index 
measurements with cells exposed for three days to the growth factor with or without (pretreated) VEGF-binding proteins. 
The supernatants were not diluted except for those from the cultivation of cells exposed only to the growth factor, which 
were diluted 1:100 in PBSd.22–24

For all measurements, duplicate samples were processed according to the manufacturers’ instructions, and analyte- 
dependent absorbance was measured at 450 nm (reference wavelength: 570 nm) 20 min after addition of the stop solution 
with an Infinite 200Pro spectrophotometer controlled by I-control software (Tecan, Crailsheim, Germany).24 

Quantification was based on standard curves generated with human recombinant VEGF-A165 (0 to 1250 pg/mL; minimal 
detectable dose: 19 pg/mL~0.5 pM) in parallel to the analyses of samples.

Statistical Analyses
Analysis of variance (ANOVA) followed by Tukey’s multiple comparison test was used to compare VEGF-A-specific 
absorbances from ELISA, the two-way ANOVA followed by Šidak’s multiple comparison test to analyze data obtained 
from cell index measurements. Differences resulting in p-values below 0.05 were considered significant. All statistical 
analyses were performed with GraphPad Prism 9.4.1; means and standard deviations are provided as numbers, graphs, or 
scatter plots.

Results
Unlike the SHN, which features a sharp-edged front orifice (Figure 1D and E), the NDN has a closed tip and a smooth-edged 
side port designed to reduce tissue trauma and cell uptake during drug delivery (Figure 1A and B). Figure 1B and E) also 
shows the intraoperative OCT images of both needle types. Liquids, such as solutions of VEGF-binding proteins, are 
released from the NDN into the vitreous through the side port at an angle of 90° relative to the longitudinal axis of the needle 
(Figure 1C). As this is fundamentally different from the linear flow through the SHN (Figure 1F), we investigated potential 
impacts on the biological activity of VEGF-binding proteins. To allow direct assessment of complex formation with 
VEGF-A165, the concentration range was established for each VEGF antagonist at which it most efficiently competed with 
the capture antibody of the used ELISA kit.30–32 The optimized conditions, under which only weak or no VEGF-specific 
signals indicated efficient complex formation of growth factor and antagonist, were then applied to evaluate whether 
passage of the VEGF-binding proteins through the NDN or a SHN affected their binding abilities. We also determined the 
capacity of un- or pretreated VEGF antagonists to prevent VEGF-A165-induced barrier impairment of iBREC, as assessed 
by cell index measurements.22–24,26,27 In these experiments, VEGF-binding proteins were used at concentrations previously 
shown to be effective.23,24,29

https://doi.org/10.2147/OPTH.S557508                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Clinical Ophthalmology 2025:19 4236

Lytvynchuk et al                                                                                                                                                                    

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Ranibizumab
As shown in Figure 2A, concentrations of VEGF-A measured by ELISA depended on the molar ratio of ranibizumab to 
VEGF-A165, and at a fourfold molar excess of ranibizumab, only residual amounts of unbound VEGF-A were detected. 
Similar observations were made with ranibizumab after its passage through either a SHN or the NDN. (Figure 2B). 
Ranibizumab efficiently prevented the persistent barrier dysfunction induced by VEGF-A165 (Figure 2C), indicated by 
a significant decline of the normalized cell index. This was not changed by the passage of the antagonist through any of 
the two needle types tested (Figure 2D–F). At the end of the experiment, the concentrations of free VEGF-A in cell 
culture supernatants of control cells or of cells exposed to the growth factor and the un- or pretreated antagonists were 
below the ELISA detection limit. Supernatants of only VEGF-A-challenged iBREC then still contained 0.9 ± 0.1 nM 
VEGF-A (N=4; p<0.0001 compared to all other treatments).

Faricimab
Concentrations of VEGF-A determined by ELISA also depended on the molar ratio of faricimab to the growth factor, and 
they were even lower than those measured with ranibizumab (Figure 3A). An at least fourfold molar excess of the VEGF 
antagonist was sufficient for the complete depletion of free growth factor, regardless of whether faricimab had passed 
through either of the two needle types (Figure 3B). Consequently, the untreated (Figure 3C) and pretreated (Figure 3D–F) 
antagonists similarly prevented the VEGF-A165-induced barrier impairment. Unbound VEGF-A was also not detected in 
cell culture supernatants of cells exposed to the growth factor together with the antagonist for three days, whereas it was 
still present in supernatants of VEGF-A-treated iBREC (0.62 ±0.15 pM, N=6; p<0.0001 compared to all other 
treatments).

Aflibercept
At equimolar concentrations of a VEGF antagonist and VEGF-A165, markedly less VEGF-A was measured by ELISA 
with aflibercept than with faricimab, although residual amounts of the free growth factor were still present even at 
a 10fold molar excess of aflibercept (Figure 4A). However, observations made with aflibercept pretreated with SHN or 
NDN were similar, confirming the equivalence of the two needle types (Figure 4B). Similar to the other anti-VEGF 
drugs, aflibercept efficiently prevented the VEGF-A165-induced barrier breakdown (Figure 4C), with similar results when 
pretreated antagonists were used (Figure 4D–F). Interestingly, in contrast to our observations with ranibizumab and 
faricimab, residual amounts of VEGF-A were measured by ELISA in all cell culture supernatants obtained from iBREC 
cultures exposed to the growth factor together with aflibercept for three days (Figure 4G). However, these amounts were 
still significantly lower than those measured in the supernatants of VEGF-A165-exposed iBREC (Figure 4H).

Discussion
Ocular diseases are increasingly being treated with intravitreal injections of medications. Although severe complications 
such as infectious and non-infectious inflammation are rare, their absolute number is rising, prompting efforts to optimize 
the technique and devices. We focused on improving safety of intravitreal injections by modifying the needle tip, an area 
not yet systematically addressed.20 In previous studies we demonstrated that standard hypodermic needles may directly 
cause trauma and introduce cellular contaminants potentially leading to inflammation.19 In contrast, use of our novel 
needle with a closed front tip and side port was associated with reduced tissue damage in combination with comparable 
drug delivery, despite of a slightly higher penetration force due to prototype characteristics.20 In comparison to the tip 
aspirates of the SHN, those of the NDN contain ~50% less conjunctival and ciliary body cells, granulated proteins and 
vitreous body remnants, and it is a plausible assumption that the associated risk of inadvertent injection of potentially 
infectious particles is lower.20 In this study, we now investigated whether the different flow through the NDN affects the 
activity of commonly used VEGF-binding proteins as a contribution to the assessment of its safety in view of potential 
clinical use in humans.

In accordance with previous findings of others, we observed that anti-VEGF drugs ranibizumab, faricimab and 
aflibercept competed for binding to VEGF-A with capture antibodies of the used commercial ELISA kit.30–32 Only low 
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Figure 2 Passage of ranibizumab through the NDN or SHN did not change its typical characteristics. After incubation of VEGF-A165 with (A) untreated ranibizumab or (B) 
ranibizumab repeatedly passed through a needle, free growth factor was determined by ELISA. Data from independent experiments were pooled and analyzed as described in 
Material and Methods, and are shown as scatter plots with means ± standard deviations. *p<0.05, **p<0.01, ***p<0.001, ****) p<0.0001; only statistically significant differences 
are shown. All measured concentrations of free VEGF-A were very low. (C–F) Confluent monolayers of retinal endothelial cells (iBREC) were exposed to vehicle (n=6), 
VEGF-A165 (n=8), the growth factor plus (C and F) untreated (n=8), (D and F) SHN-treated (n=12) or (E and F) NDN-treated (n=11) ranibizumab for three days and the cell 
index was measured continuously. Cell index values were normalized and analyzed as described in Material and Methods. Means ± standard deviations are shown in (C–E), 
means only in (F). Ranibizumab efficiently prevented VEGF-A165-induced decline of cell index values which was not changed by its passage either through a SHN or the NDN.
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Figure 3 Passage through the NDN or a SHN did not alter faricimab’s properties. Free VEGF-A was determined by ELISA after incubating VEGF-A165 with (A) untreated or (B) 
pretreated faricimab. Data from independent experiments were pooled, analyzed and presented as described in the legend to Figure 1. **p<0.01, ***p<0.001, ****p<0.0001; only 
statistically significant differences are shown. Only very low concentrations of free VEGF-A were measured, independent of pretreatment of the antagonist. (C–F) The cell index 
was continuously measured for three days of confluent iBREC exposed to vehicle (n=5), VEGF-A165 (n=6), the growth factor plus (C and F) untreated (n=7), (D and F) SHN- 
treated (n=9) or (E and F) NDN-treated (n=8) faricimab, and cell index values were processed as described in the legend to Figure 1. Means ± standard deviations are shown in (C– 
E), means only in (F). The VEGF-A165-induced decline of the cell index values efficiently prevented by faricimab which was not changed by its passage either through a SHN or the 
NDN, as indicated by nearly identical curves.
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Figure 4 Characteristics of aflibercept were not changed by its passage through the NDN or a SHN. Competitive ELISA was used to determine free growth factor after 
incubation of VEGF-A165 with (A) untreated or (B) pretreated aflibercept. Data from independent experiments were pooled and processed as described above. *p<0.05, 
**p<0.01, ***p<0.001; only statistically significant differences are shown. All measured concentrations of free VEGF-A were very low. (C–F) Confluent iBREC were treated 
with vehicle (n=7), VEGF-A165 (n=6), the growth factor plus (C and F) untreated (n=6), (D and F) SHN-treated (n=10) or (E and F) NDN-treated (n=8) aflibercept for 
three days, and the cell index was measured continuously. Cell index values were processed as described above. Means ± standard deviations are shown in (C–F), means 
only in (F). Both un- and pretreated aflibercept efficiently prevented VEGF-A165-induced decline of cell index values with nearly identical results obtained in experiments 
with the different needle types. (G and H) Unbound VEGF-A was determined by competitive ELISA in supernatants of iBREC exposed to the growth factor with or without 
un- or pretreated aflibercept for three days. Pooled data were analyzed as described above. *p<0.05, **p<0.01, ****p<0.0001; only statistically significant differences are 
shown. n.d. not detected. Independent of pretreatment of aflibercept, residual free VEGF-A was measured in (G) supernatants of cells exposed to the growth factor and the 
antagonist but the amounts were still much lower than those in (H) supernatants of VEGF-A165-treated cells.
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concentrations of the growth factor were measured in the presence of the three antagonists, confirming the formation of 
stable complexes. However, the concentrations of residual free VEGF-A differed, which is likely due to the different 
dissociation constants of the three antagonists.13,33,34 Most importantly, pretreatment of the antagonists by passing them 
through any of the needle types tested did not alter the concentrations of free VEGF-A, confirming that the binding 
capacities of the antagonists were not affected and did not differ after lateral flow out of the NDN. Confirming our 
previous observations, all three anti-VEGF drugs also efficiently prevented VEGF-A165-elevated permeability of micro
vascular retinal endothelial cells, represented by the iBREC cell line.22–24,28 This ability was also not diminished by the 
passage of an antagonist solution through one of the needle types investigated. Even a moderate loss of activity of the 
antagonists would have been recognized because of the much lower ratio of antagonist to VEGF-A used in comparison to 
clinical practice.8–10,12,14 In addition, even subtle or transient changes affecting the cells’ barrier function would have 
been detected by highly sensitive cell index measurements.22–27 However, differences between pre- and untreated 
anti VEGF drugs were not observed, confirming that passage through the NDN does not alter their binding abilities.

We focused on the ability of the NDN-treated antagonists to bind to splice variant VEGF-A165 and to thereby 
suppress activation of its receptors and subsequent signaling, since this splice variant is the main driver in processes 
leading to impairment of the barrier formed by monolayers of retinal endothelial cells in vitro.35 In vivo, VEGF-A165- 
elevated permeability of retinal vessels eventually results in macular edema, a hallmark of various ocular diseases.36 The 
splice variant VEGF-A121 has only a minor effect, and VEGF-B, PlGF or Ang-2 by themselves do not alter the stability 
of the REC barrier in vitro.24,35,37 Although of non-human origin, iBREC that are similar to primary microvascular 
endothelial cells of the bovine retina, are an excellent and highly reliable in vitro model of the tight inner blood-retina 
barrier proofed to be useful to study the biological activity of VEGF antagonists.22,23,38,39 We believe that our very clear 
results based on the iBREC model are sufficient to confirm stability and maintained activity of VEGF antagonists 
injected with the NDN to foster its further clinical evaluation. Additional time-consuming and expensive investigations in 
animal models do not seem to be warranted, and therefore might also raise ethical concerns.

This in vitro study was performed to critically verify our hypothesis that the lateral injection stream out of the newly 
designed needle does not impair the biological activity of large therapeutic molecules, e.g. antibodies and their 
derivates.20 One limitation of the study is the only indirect verification by competitive ELISA of the anti VEGF 
drugs’ ability to bind to their target proteins.30–32 However, from the very low amounts of free VEGF-A measured, 
we can safely conclude that any possible sheer stress applied during passage through the NDN does not affect the 
antagonists’ binding efficiencies. Despite the study’s in vitro design, we do not anticipate different outcomes when the 
therapeutic efficacy will be evaluated after standard intravitreal injection with the NDN into the human eye. Collected 
data on the NDN, confirming less tissue damage, comparable drug delivery, and maintenance of drug activity as shown 
by this and our previous studies, now provide the basis for its clinical evaluation. Future approval and routine use of the 
potentially beneficial NDN will depend on the results of a sufficiently large prospective clinical study meeting all 
regulatory requirements. Obviously, the device then has to be manufactured under high-quality conditions that allow its 
initial certification and ongoing validation.

Conclusion
Passage of the VEGF-binding proteins faricimab, ranibizumab, or aflibercept through a newly designed needle with 
a lateral port does not affect their efficient interaction with VEGF-A165. Accordingly, the use of this delivery device does 
not impair the capacity of the anti-VEGF drugs to prevent VEGF-A165-induced barrier dysfunction of retinal endothelial 
cells. Our results clearly indicate that the newly designed needle is not inferior to the standard needle in terms of stability 
of therapeutic VEGF-binding proteins, complying with the approval requirements for intravitreal drug delivery.

Abbreviations
Ang-2, angiopoietin-2; ECGM, endothelial cell growth medium; iBREC, immortalized bovine retinal endothelial cells; 
iOCT, intraoperative OCT; IVI, intravitreal injection; NDN, newly designed 30 G needle; PBSd, phosphate-buffered 
saline without Ca2+ and without Mg2+ ions; OCT, optical coherence tomography; PlGF, placental growth factor; SHN, 
standard hypodermic 30 G needle; VEGF, vascular endothelial growth factor.
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