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Introduction
Chemical eye injury (CEI) is a common ophthal-
mic emergency with potential sight-threatening 
complications.1 The incidence of CEI is esti-
mated to range from 5.6 to 50 per 100,000 people 
per year, with higher rates noted in the developing 
countries.1–3 In severe cases of CEI, it has been 

shown to cause significant economic and human-
istic burdens.4 Visual prognosis of CEI is largely 
dependent on various factors, including the type 
of chemical agents, timeliness of receiving appro-
priate treatment, and severity of the initial injury.1 
Among all, timely irrigation of the eye to remove 
the chemical irritants is recognised as the most 
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Abstract
Purpose: Diphoterine® is an amphoteric irrigating solution armed with rapid pH-neutralising 
action. It serves as an effective first-aid treatment for managing chemical burns, including 
chemical eye injury (CEI). However, its use is not widely adopted in current clinical practice, 
primarily attributed to limited clinical evidence. This study aims to highlight the experience in 
using Diphoterine for managing CEI in a UK tertiary referral centre.
Methods: This retrospective case series included all patients who presented with CEI and 
treated with Diphoterine at the James Cook University Hospital, UK, between April 2018 and 
February 2020.
Results: Seven patients (10 eyes) were included; the mean age was 28.2 ± 17.0 years (ranged, 
3–70 years) and 85.7% were male. All patients presented with an alkaline injury with a mean 
presenting pH of 8.7 ± 0.7 and a median (±interquartile range [IQR]) corrected-distance visual 
acuity (CDVA) of 0.10 ± 0.28 logMAR. Based on Roper-Hall classification, 90% and 10% of the 
eyes were of grade-I and -IV CEI, respectively. All eyes received normal saline/water as the 
first irrigation fluid and Diphoterine as second irrigation fluid. The mean pH improved slightly 
after first irrigation (8.4 ± 0.7; p = 0.13) and significantly after second irrigation (7.6 ± 0.4; 
p = 0.001). The volume of irrigation used was significantly less for Diphoterine (520 ± 193 mL) 
than for normal saline/water (2700 ± 2451 mL; p = 0.016). At final follow-up (median = 5 days), 
the median CDVA remained stable at 0.10 ± 0.28 logMAR (p = 0.60). One patient developed 
near-total limbal stem cell deficiency as a complication of grade-IV injury and was awaiting 
limbal stem cell transplantation at last follow-up.
Conclusion: This study represents the first case series in the United Kingdom, reporting the 
use of Diphoterine in managing CEI. The rapid pH-neutralising action of Diphoterine, with 
less volume required, makes it an ideal initial treatment for efficiently managing adult and 
paediatric patients with CEI in clinics.
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important intervention in managing CEI. It has 
been shown to reduce the CEI severity and 
improve final visual outcome.1 That said, there is 
much debate regarding the type of irrigation fluid 
to be used.5

Diphoterine® is a sterile solution with amphoteric, 
polyvalent, and chelating properties and is licenced 
in Europe as a class-II medical device for use for 
chemical injuries involving the skin and eye.6,7 
Compared to saline which works by diluting the 
chemicals at the site of injury, Diphoterine has 
active binding sites for both acidic and alkali 
agents,8 rendering it a more effective treatment for 
CEI. Despite its ability to rapidly neutralise the pH 
and reduce tissue necrosis,6 Diphoterine has not 
been widely adopted in the management of CEI in 
many countries, including the United Kingdom, 
primarily attributed to the limited clinical evidence 
available in the literature.6,9–11 In view of the pau-
city of literature, our study aims to report the clini-
cal outcomes and safety of Diphoterine in 
managing CEI in the United Kingdom.

Materials and methods
This was a retrospective, interventional case series 
examining the effectiveness and tolerability of 
Diphoterine as an irrigation agent for CEI. We 
included all patients who presented with CEI and 
treated with Diphoterine at the James Cook 
University Hospital, UK, between April 2018 and 
February 2020. Relevant data, including patients’ 
demographic factors, mode of injury, chemical 
agents, severity of injury (based on Roper-Hall grad-
ing; Table 1),12 irrigation fluid used, and visual out-
come, were obtained from the medical case notes.

Based on our local protocol, all patients present-
ing with CEI underwent surface pH measurement 

and eye irrigation immediately upon arrival at the 
emergency department. After the first irrigation, 
the pH was re-tested after 10 to 15 mins. 
Subsequent irrigation and pH testing were 
repeated until the pH was normalised. All patients 
were examined by the ophthalmologists using slit-
lamp biomicroscopy and fluorescein staining, par-
ticularly assessing for any corneal and conjunctival 
injuries (e.g. corneal haze, corneal melt, epithelial 
defect, and limbal ischaemia), eyelid injury, ante-
rior chamber inflammation, intraocular pressure, 
and lens damage. Discharge criteria included 
complete resolution of epithelial defect and 
inflammation at the ocular surface and/or normal-
isation of corrected-distance visual acuity (CDVA) 
to baseline.

For statistical analysis, CDVA was converted 
from Snellen vision to logMAR vision, presented 
in median ± interquartile range (IQR). Paired 
student T-test was performed to analyse the mean 
difference between two groups. Ethical approval 
was waived as this study was considered a clinical 
service evaluation study by the clinical govern-
ance team of the South Tees Hospitals NHS 
Foundation Trust, Middlesbrough, UK. All 
treatment provided in this study formed part of 
the standard practice of managing CEI in our 
unit. Written informed consent was obtained 
from the patients for publication of the medical 
data and images.

Results
A total of 10 eyes (7 patients) were included; the 
mean age was 28.2 ± 17.0 years (ranged 3–70 
years) with an 85.7% male preponderance 
(Tables 2 and 3). The most common mode of 
injury was occupational accidental injury (4 
patients; n = 5 eyes, 50%), followed by domestic 
accidental injury (2 patients; n = 3 eyes, 30%), 
and assault-related injury (1 patient; n = 2 eyes, 
20%). None of the patients reported the use of 
eye protection at the time of injury. All (100%) 
patients presented with an alkaline injury with a 
mean presenting pH of 8.7 ± 0.7 and a median 
CDVA of 0.10 ± 0.28 logMAR. Based on Roper-
Hall classification, 9 (90%) and 1 (10%) of the 
eyes were of grade-I and -IV CEI, respectively. 
All the patients received normal saline/water as 
the first irrigation fluid and followed by 
Diphoterine as the second irrigation fluid. The 
mean pH improved slightly after the first irriga-
tion (mean pH of 8.4 ± 0.7; p = 0.13) and signifi-
cantly after the second irrigation (mean pH of 

Table 1.  Roper-Hall classification of chemical eye injury.

Grade Cornea Limbal 
ischaemia

Prognosis

I Corneal epithelial damage None Good

II Corneal haze, iris details 
visible

<33% Good

III Total epithelial loss, stromal 
haze, iris details obscured

33–50% Guarded

IV Cornea opaque, iris and 
pupil obscured

>50% Poor
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7.6 ± 0.4; p = 0.001). The volume of irrigation 
used was significantly less for Diphoterine 
(520 ± 193 mL) than normal saline/water 
(2700 ± 2451 mL; p = 0.016). No Diphoterine-
related allergic or toxic reaction was observed in 
our study. At final follow-up, the median CDVA 
remained stable at 0.10 ± 0.28 logMAR, with no 
adverse event being noted in the majority (n = 9, 

90%) of eyes. One eye developed near-total lim-
bal stem cell deficiency (LSCD) following a 
grade-IV CEI (see below ‘Patient 3’).

Representative case studies
Patient 1 (adult patient, grade-1 CEI, good out-
come).  A 30-year-old male patient presented to 

Table 2.  Summary of the baseline characteristics, types, and volumes of irrigation fluid used and pH changes 
of all patients presented with chemical eye injury.

Parameters Results p value

Patients age (years) 28.2 ± 17.0 (range 3–70)  

Males 6 (85.7%)  

Mode of injury

  Accidental (Domestic) 2 patients (3 eyes; 30%)  

  Accidental (Occupational) 4 patients (5 eyes; 50%)  

  Assault 1 patient (2 eyes; 20%)  

Chemical substances

  Alkaline 7 patients (10 eyes; 100.0%)  

  Acid 0 (0%)  

Severity (Roper-Hall classification)

  Grade I 6 patients (9 eyes, 90%)  

  Grade IV 1 patient (1 eye, 10%)  

First irrigation fluid

  Normal saline 5 patients (6 eyes; 60%)  

  Water (at home) 2 patients (4 eyes; 40%)  

Second irrigation fluid

  Diphoterine 7 patients (10 eyes; 100%)  

pH

  At presentation 8.7 ± 0.7 –

  After 1st irrigation 8.4 ± 0.7 0.13a

  After 2nd irrigation 7.8 ± 0.6 0.001b

Volume (ml) of irrigation fluid 0.016

  1st irrigation fluid (Normal saline or water) 2700 ± 2451  

  2nd irrigation fluid (Diphoterine) 520 ± 193  

apH after 1st irrigation compared to pH at presentation.
bpH after 2nd irrigation compared to pH at presentation.
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the eye emergency department with a right 
grade-1 occupational CEI. His presenting vision 
was 0.0 logMAR in the right eye. The presenting 
pH was 9 and had remained at the same level fol-
lowing 9 L of normal saline. In view of the persis-
tently high pH, 1000 mL (2 × 500 mL cannisters) 
of Diphoterine was administered, which success-
fully neutralised the pH to 7. Examination 
revealed a small inferior conjunctival burn with 
no corneal haze or limbal ischaemia. The patient 
was treated with preservative-free chlorampheni-
col and prednisolone eye drops for 1 week. At 
2-day follow-up, the conjunctival defect had com-
pletely healed, and the patient was discharged 
with a right CDVA of −0.2 logMAR.

Patient 2 (paediatric patient, grade-1 CEI, good out-
come).  A 3-year-old girl presented to the eye 
emergency department with a right grade-I CEI 
following a domestic accident. The presenting pH 
was 9 and was reduced to 8 following 2 L of nor-
mal saline irrigation. Due to inadequate control 
of the pH, the eye was further irrigated with 500 
mL of Diphoterine, which effectively normalised 
the pH to 7. On examination, the patient had 
mild conjunctival injection of the eye, with a 
localised small area of conjunctival fluorescein 
staining from 4 to 6 o’clock. There was no corneal 
staining or haze, or limbal ischaemia. The patient 
was started on chloramphenicol eye drops and 
was discharged on Day 3 with no complications 
with a right CDVA of 0.0 logMAR.

Patient 3 (adult patient, grade-4 CEI, guarded out-
come).  A 37-year-old male presented to the eye 
emergency department with a right grade-IV 
occupational CEI, approximately 30 mins follow-
ing the injury. The patient received 4 L of normal 
saline, following which the pH remained at 8. 
This was followed by 200 mL of Diphoterine, 
which reduced the pH to 7.5. The presenting 
right CDVA was 0.30 logMAR. Slit-lamp exami-
nation revealed a right injected eye, with conjunc-
tival oedema and limbal ischaemia spanning 10 
clock-hours (3 to 1 o’clock position; Figure 1(a) 
and (b)). The patient was treated with preserva-
tive-free topical dexamethasone, chlorampheni-
col, cyclopentolate, citrate, and oral vitamin C 
and doxycycline. The patient subsequently devel-
oped partial LSCD, evidenced by conjunctivalisa-
tion of about two-thirds of the cornea with 
stippled fluorescein staining. At 6-month follow-
up, the patient complained of ongoing reduced 
vision (CDVA of 0.80 logMAR) due to LSCD 
affecting the visual axis (Figure 1(c) and (d). A 

small 3-mm central epitheliectomy was per-
formed to remove the conjunctivalised area from 
the affected cornea and promote normal corneal 
re-epithelialisation. The right CDVA improved 
significantly to 0.20 logMAR at 1-week postop-
erative but deteriorated to 0.80 logMAR by 
1-month postoperative due to recurrence of con-
junctivalisation and LSCD. At last follow-up (15 
months post-injury), the right vision remained at 
0.80 logMAR and the patient was placed on the 
waiting list for simple limbal epithelial transplan-
tation to treat his persistent LSCD (Figure 1(e) 
and (f)).

Discussion
Diphoterine is a polyvalent, amphoteric, and 
slightly hypertonic solution that was first devel-
oped in France and is licenced in Europe as a 
class II medical device for treating chemical injury 
of skin and eyes.6,7 Pre-clinical studies have dem-
onstrated that Diphoterine was able to minimise 
pain and expedite wound healing by increasing 
the level of beta-endorphin and inhibiting the 
release of substance P.13 In addition, a few clini-
cal studies have highlighted that Diphoterine 
could reduce the severity of CEI when compared 
to normal saline irrigation.10,11 Although the use 
of Diphoterine has been reported and adopted in 
certain parts of Europe,10,11,14 only one case has 
been reported in the United Kingdom in relation 
to the efficacy of Diphoterine for ocular and cuta-
neous burn.9

To the best of our knowledge, this study repre-
sents the first case series in the United Kingdom 
examining the clinical outcomes and safety of 
Diphoterine irrigation for CEI. The effectiveness 
of Diphoterine was demonstrated by the quick 
neutralisation of the pH, despite being given in a 
significantly smaller volume compared to normal 
saline. The much smaller volume of irrigation 
fluid needed to neutralise pH has been supported 
in other studies, reporting up to 17 times less vol-
ume with Diphoterine compared to water for 
neutralisation.15 In the setting of CEI when the 
patients are often in pain and distressed, using an 
irrigation fluid which is effective and requires less 
volume is beneficial for the patients, particularly 
for children who are usually not tolerant to irriga-
tion. In our experience, Diphoterine was well tol-
erated by all our patients, including the 3-year-old 
child, and we did not observe any adverse events 
in the majority of patients, except for patient 3 
who presented with a grade-IV CEI. In addition, 
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rapid neutralisation of the pH helps reduce the 
irrigation time and improve workflow in various 
clinical care settings, including the community, 
emergency department, and eye casualty.

The three cases presented above highlight the 
utility of Diphoterine in various settings. Case 1 
(Roper-Hall grade 1) shows the advantage of 
using Diphoterine for patient with refractory pH, 
with a relatively smaller volume of fluid needed 
for Diphoterine than normal saline. Case 

2 demonstrated the advantage of using smaller 
volume of irrigation fluid such as Diphoterine in 
effectively managing CEI in the paediatric popu-
lation. Case 3 features how a persistently high pH 
of 8 (despite 3 L of saline irrigation) was lowered 
to 7.5 with only 200 mL of Diphoterine. Although 
the patient presented within 30 mins of the injury, 
the severity of the initial damage had led to a 
near-total LSCD. It would be valuable to exam-
ine whether the choice of initial first-aid irrigation 
(Diphoterine vs normal saline) would have 

Figure 1.  A patient presented with right grade-IV occupational chemical eye injury (CEI). (a and b) Slit-lamp 
photographs demonstrating a near-total limbal ischaemia spanning 10 clock-hours (from 3 to 1 o’clock), 
evidence by the limbal staining and whitening. The cornea appears to be hazy and oedematous, obscuring 
the iris details. (c and d) At 6 months post-injury, slit-lamp photographs demonstrating a right partial limbal 
stem cell deficiency (LSCD), evidenced by the stippled fluorescein staining that affected the visual axis. The 
vision was 0.80 logMAR. A small central 3 mm epitheliectomy was performed and improved the vision to 
0.20 logMAR. (e and f) At 15 months post-injury, slit-lamp photographs demonstrating right complete LSCD 
affecting the visual axis, despite superficial epitheliectomy. Vision remained at 0.80 logMAR.
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changed the prognosis but this could only be 
determined in larger case–control studies.

It is noteworthy to mention that the effectiveness 
of the irrigation fluids used in this study is based 
on their ability in neutralising the surface pH, 
which may not reflect the aqueous pH. Previous 
ex vivo experimental studies of alkali CEI have 
shown that aqueous pH may continue to rise and 
stay elevated despite prolonged rinsing of the 
ocular surface, suggesting that the initial normali-
sation of the surface pH (without the aqueous pH 
measurement) may provide a false reassur-
ance.16,17 However, surface pH measurement is a 
standard practice that is widely adopted in many 
countries, including the United Kingdom, due to 
its non-invasive nature and technical simplicity, 
as opposed to aqueous humour pH measurement 
(via a paracentesis), which is an invasive proce-
dure with risk of lens damage and endophthalmi-
tis. In addition, it may not be practical as a part of 
the routine assessment in the general emergency 
departments who are not staffed with ophthal-
mologists. Based on the surface pH measure-
ment, we were able to demonstrate that 
Diphoterine could achieve a faster neutralisation 
of the surface pH than normal saline, with the 
advantage of requiring a much smaller volume of 
irrigation, highlighting its beneficial role in the 
real-world setting.

The diffusion characteristic of the irrigation fluids 
serves as another important aspect that guides the 
choice of the fluid. In vitro and ex vivo studies 
have shown that normal saline was much less 
effective than Diphoterine and water in normalis-
ing the aqueous pH.16,17 The mechanism under-
lying this can be explained by the differences in 
osmolarity following CEI. The high osmolarity of 
the corneal stroma following a chemical burn 
draws in the hypoosmolaric water resulting in 
dilution with minimal effect on the pH, with 
resultant corneal oedema. However, for normal 
saline (which is isotonic relative to the corneal 
stroma), there is a push inside of high osmolari-
ties with resultant increase in intraocular pH; 
therefore, the normalisation of intraocular pH is 
not as effective, which was shown in the experi-
ments by Rihawi and co-authors.16,17 Among all 
the investigated irrigating fluids, Diphoterine was 
reported as being the most effective fluid in neu-
tralising intraocular pH by means of hyperosmo-
lar water and OH− ions efflux from the cornea 
and chemically neutralising the ocular surface. By 

this, the intraocular and extraocular pH is nor-
malised for alkali and acids.16

We also acknowledge that this study was limited 
by the small sample size in a single tertiary referral 
centre. Nevertheless, we highlighted that 
Diphoterine is a safe and effective irrigation fluid 
in rapidly neutralising the surface pH during the 
management of CEI. This is particularly relevant 
in children or uncooperative patients with severe 
CEI that requires rapid pH neutralisation to limit 
tissue damage. The effectiveness, safety profile, 
ease of administration, and tolerability of 
Diphoterine irrigation observed in our study war-
rant further exploration and consideration for 
routine adoption in the community and clinical 
practice.
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