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Abstract
Background To describe the design, implementation, and evaluation of a nurse-led intravitreal injection (NL-IVT) pro-
gramme in a Singapore tertiary eye hospital.
Methods Patients requiring anti-vascular endothelial growth factor (VEGF) IVT were recruited. Implementation and eva-
luation were done in the Singapore National Eye Centre, a tertiary centre. To assess safety, nurse injectors recorded details of
procedures performed and complications for an 8-month period from February 2019. To evaluate patient experience, we
used a modified patient questionnaire and recorded both patients’ waiting time and IVT procedure duration. A retrospective
audit of IVTs before and after the introduction of NL-IVT was performed from January 2017 to September 2019. Cost
difference between NL-IVT and standard doctor-led (DL) IVT was evaluated.
Results A total of 8599 NL-IVTs were performed. No cases of severe complication were detected in the follow-up. A total
of 135 patients who received NL-IVT and DL-IVT were surveyed. General satisfaction, interpersonal manner, financial
aspect, time spent with injector, and staff competence were higher in NL-IVTs than in DL-IVTs (p < 0.05). There were
no differences in terms of technical quality and communication. For 934 patients, waiting time was significantly shorter
in NL-IVT (3.6 ± 10.3 min) compared with DL-IVTs (35.3 ± 32.3 min); on average, 19.7 min were saved through NL-IVT
(p < 0.01). The cost difference per IVT between NL-IVT and DL-IVT is estimated at 286 SGD (163 GBP).
Conclusion With a well-designed training programme, NL-IVT is a safe, acceptable, and cost savings procedure. With
increasing demand for IVT, NL-IVT provides an alternative model of care for healthcare systems globally.

Introduction

With ageing populations and increasing incidence of dia-
betes, age-related macular degeneration (AMD) and dia-
betic macular oedema (DMO) remain the leading causes of

vision loss globally [1–3] For AMD, DMO, and other ret-
inal diseases such as retinal vein occlusion (RVO) or
choroidal neovascularization, intravitreal injection therapy
(IVT) with anti-vascular endothelial growth factor (VEGF)
agents has been the mainstay of treatment for the past
decade [1].

However, the enormous resources, costs and efforts of
sustainable IVT treatment have placed a tremendous burden
on patients and healthcare systems [4]. The majority of
patients have an intensive follow-up and injection regime at
four or six weekly intervals in alignment with current
therapeutic concepts [5, 6]. This has resulted in significant
public health challenges to ensure accessibility and timely
availability of IVT treatment for patients. In many countries
and in remote locations without sufficient ophthalmologists,
the accessibility of IVT therapy is questionable. Partly as a
result of this, real-life outcomes of IVT treatment deviate
drastically from the level of benefit suggested by landmark
clinical trials [5, 7, 8].
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In many countries, IVT with anti-VEGF agents is cur-
rently administered by an ophthalmologist. However, there
is a need to expand this service because of increasing load
of AMD, DMO, and RVO [3, 9, 10]. Multidisciplinary team
approaches may be used to cope with increasing treatment
burden, and it has been suggested safe for appropriately
trained, non-medical healthcare professionals to administer
IVT. This is in line with evolving landscape such that tra-
ditional nursing work has also changed in recent years with
the introduction of extended roles in many surgical spe-
cialties [11].

Nurse-led IVT (NL-IVT) was introduced in the UK, and
now appears safe and acceptable to patients across many
institutions there [12–14]. It has proven to be an effective
means to increase IVT capacity in many retina clinics.
Numerous healthcare providers and patients already accept
this non-physician NL-IVT service in the clinical environ-
ment [15–21].

However, outside of UK, Finland, and a small number of
countries, few countries have explored setting up sustain-
able NL-IVT programs (Supplementary material 1)
[5, 12, 20, 22, 23]. In Asia, where the traditional roles of the
physician and nurse are well demarcated and patients may
prefer treatment by physicians, we are not aware of any NL-
IVT programme outside Singapore. The purpose of this
paper is to describe the design, implementation, and eva-
luation of an NL-IVT programme in a large, busy retina
service in a major tertiary eye hospital in Singapore.

Methods

Design and setting

IVT training, implementation, and data acquisition were
done in the Singapore National Eye Centre (SNEC). SNEC
is the largest, tertiary national eye centre in Singapore,
managing more than half of outpatient eye consults and
surgeries in the country [24, 25].

Clinical governance

A comprehensive policy and procedure document was
produced including a stipulation that there will be a con-
tinuous audit of each nurse’s complications. Consultant
ophthalmologists would retain clinical responsibility for the
patient. NL-injections were initially supervised, and then
allowed to run independently but parallel to an
ophthalmologist-led clinic so that a doctor is present if
adverse events occur.

Training

A rigorous training programme was developed for nurses
(Fig. 1). This must be completed before being allowed to
administer IVT injections. The programme designed
includes 4-h of classroom lecture describing IVT indica-
tions (Supplementary materials 2 and 3), 4-h of wet-lab
practice, 4-h observation of doctor-led (DL) IVTs (DL-
IVT), and preparation for 20 patients’ IVT. During the wet-
lab training, each trainee was provided with a disposable
workstation consisting of an instrument pack, gloves, apron,
and a fresh pig eye. The procedure was demonstrated to the
trainees, who subsequently performed the procedure on
their allocated pig eye. This allowed them to identify the
injection location and practice the injection technique. Once
comfortable, the nurses underwent step by step supervision
and observation by a consultant retina specialist doing the
actual procedure administered on a patient. After complet-
ing 100 supervised procedures, nurses underwent a com-
petency assessment. Patients were fully informed and
consented before a nurse performed the procedure. Regular
teaching and professional development sessions were
organized to support nurses undertaking this extended role.

Procedure

Patients were given an IVT pamphlet and watched an IVT
video before the procedure was administered.

RN 
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training in 
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Fig. 1 Training process for nurse-led intravitreal injection. RN= nurse.
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Injection technique

The injection technique is standardised amongst doctors and
nurses in our centre.

Before the procedure, patient’s consent and type of IVT
were confirmed with medical records. The eye receiving the
IVT is marked with a right/left sticker. The patient’s eyelid
and eye are assessed to determine if they are safe to
administer IVT. The IOP is checked with non-contact
tonometry prior to the injection. Once the initial checks are
performed, the ocular surface is prepared with 1–2 minims
of tetracaine 1% and 1 minim of povidone iodine 5% to
the conjunctival fornix. Two cycles of tetracaine and
povidone iodine are administered 5 min apart. Patients with
iodine allergy received gutt tobramycin 0.3% instead.

A time out is held before the injection. A speculum is
inserted and a patient is instructed to look away from the
site of injection. An additional nurse will assist by providing
a point of fixation and reassurance. The location of the
injection is inferotemporal or superotemporal, away from
the lid margin and away from large vessels. The site is then
marked with a caliper, with 4 mm from the limbus for
phakic eyes and 3.5 mm from the limbus for pseudophakic
eyes. A 30 gauge needle is directed perpendicular to the
globe and aimed at the centre of the vitreous cavity. The
medication is then injected into the vitreous cavity.

The needle is withdrawn carefully to avoid reflux and
subconjunctival haemorrhage. The patient’s vision is
checked for ability to count fingers immediately after the
procedure. The IOP is not checked formally post procedure.
The patient is then assessed for eye pain, non-threatening
and threatening eye complications, and if required referred
to an ophthalmologist immediately. The patient is coun-
selled for potential complications they may encounter and
nurses document the procedure at the end.

Planning and implementation

After consultation with senior nursing staff, it was felt
appropriate that only nurses with a university degree
perform this extended role. A named retina specialist
was allocated for each nurse trainee. A pilot initiative was
instigated and after a successful trial, the service was
expanded over a year. Since February 1, 2019, nurses per-
formed majority of IVTs at SNEC.

Outcome measures

Safety

Each nurse recorded details during each IVT administration
for 8 months from February 1, 2019, and recorded it in
our electronic medical records. Injections were recorded

as eventful if any non-visual threatening complications
occurred, and adverse if there were vision threatening
complications. Presence of any non-visual threatening
complications recorded are presence of intravitreal air,
subconjunctival haemorrhage, or corneal abrasion. Any
vision threatening complications include endophthalmitis,
retinal detachment, lens damage, loss of central artery per-
fusion, uveitis, or vitreous haemorrhage.

Patient experience—waiting time

Informed consent was obtained from all subjects involved
in the study. We evaluated the patients’ waiting time and
procedure time by extracting data from the local Health
Information System. A total of 934 patients were analysed
—the group comprised of 467 patients who received
NL-IVTs between February 1, 2019, and February 24,
2019, and a random selection of 467 patients who received
DL-IVT in 2018.

Patient experience—patient satisfaction

Four months after the initiation of NL-IVT, we began to
survey 135 patients while they were waiting for their injec-
tion. Patients were surveyed at random. A modified patient
questionnaire was formulated (Supplementary material 4)
based on the patient satisfaction questionnaire short form and
administered to 135 patients [26]. In this questionnaire, seven
elements of patient satisfaction were examined: general
satisfaction, quality, interpersonal manner, financial aspects,
information/communication, time spent with the doctor, and
staff competence. All patients have previous IVT adminis-
tered by both nurse and doctor. Patients who received IVT
only by a doctor or a nurse were excluded from the study.
Patients were not preselected for survey. Our survey was
administered in dedicated IVT clinics. The survey was
administered after patients received nurse-led injections for
the first time and before if patients have already undergone
both doctor and nurse-led injections in prior visits.

Number of injections before and after initiation of the
nurse injector programme

To assess the impact of the nurse injector programme, the
number of monthly IVTs before and after the introduction
of four nurse injectors at the SNEC were evaluated.
Monthly number of IVTs from January 2017 to September
2019 were calculated and used for comparison.

Impact of NL-IVT on cost

We aim to explore differences in cost between NL and DL-
IVT. We evaluated the total cost of injection and delved into
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the cost per minute of the procedural time. Indirect costs of
patients were omitted because there is heterogenicity in
personal backgrounds and comorbidities. Quantifying this
would prove to be challenging. A detailed cost analysis is
not provided because of information sensitivity. We present
the total cost difference per injection. (For review, we
provided a reviewer only material in Supplementary docu-
ment 2.) The monthly IVTs in 2018 were used for projec-
tion, and it was assumed that SNEC accounted for 70% of
Singapore’s total medical care in ophthalmology.

Statistical analysis

Descriptive statistics were provided. Target sample size was
calculated for survey. A total of 128 patients were required

to achieve a power of 80% and a level of significance of
5%, for detecting a mean of the differences of 0.2 between
doctor and nurse, assuming the standard deviation (SD) of
the differences to be 0.8 based on our preliminary survey.
Paired t test was used for estimation of patient’s satisfaction,
and a histogram is displayed for time comparison. P value
of <0.05 was considered statistically significant. Analyses
were performed with Stata/MP version 14.0 (StataCorp,
College Station, TX, USA).

Results

Safety

A total of 8599 injections were performed by nurses
between February 1 and September 31 in 2019. Non-vision
threatening complications like subconjunctival haemor-
rhage occurred in 4%, intravitreal air injections occurred in
0.55%, and one cornea abrasion occurred during study
period. For adverse events, there were two patients who
were unable to perceive light or hand movement post pro-
cedure. Both patients were examined by a consultant phy-
sician immediately. One had a normal eye exam, while the
other had an intraocular pressure of 39 post procedure. As
the patient was unable to see out of the injected eye, a
decision was made to perform immediate anterior chamber
paracentesis. The patient’s vision recovered after. There
were no recorded cases of any endophthalmitis, retinal
detachment, lens damage, loss of central artery perfusion,
uveitis, or vitreous haemorrhage.

Patient experience—waiting time

A total of 934 participants’ waiting and procedure time were
recorded and compared. In Fig. 2, waiting time is

A. Waiting time B. Procedure time

Fig. 2 The wait time for nurses was shorter and more uniform than the wait time for doctors, which varied widely. Nurses took longer than
doctors to administer the procedure, presumably due to the preparation performed by the nurses for the doctors to administer the injection, rather
than technical proficiency.

Table 1 Demographics of the study population (n= 135).

Variables Value

Age, mean (standard deviation) 67.6 (10.5)

Gender (female), n (%) 80 (59.3)

Race

Chinese, n (%) 84 (62.2)

Malay, n (%) 27 (20)

Indian, n (%) 20 (14.8)

Other, n (%) 4 (3)

No. of injections

1–5, n (%) 32 (23.7)

6–10, n (%) 51 (37.8)

≥11, n (%) 52 (38.5)

Fear of IVT (yes), n (%) 54 (40)

Diagnosis

AMD, n (%) 53 (39.3)

DME, n (%) 66 (48.9)

Other, n (%) 16 (11.9)
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significantly shorter in NL-IVT (3.6 ± 10.3 min) compared
with waiting time in DL-IVT (35.3 ± 32.3 min). A sig-
nificantly wide SD in DL-IVT was observed. On average,
19.7 min were saved through the NL-IVT (P < 0.001).
More specifically, 1 (0.2%) patient and 78 (16.7%) patients
waited for more than an hour in the NL and DL-IVT,
respectively. In total, 1 (0.2%) case in NL-IVT and 16
(3.4%) cases in DL-IVT waited for more than 2 h. The NL-
IVTs (9.7 ± 6.4 min) took longer than the DL-IVTs (7.1 ±
4.3 min, P < 0.001). The average procedure time difference
was 2.6 min (Fig. 2).

Patient experience—patient satisfaction

Table 1 shows the characteristics of 135 patients in the
study population. Mean age was 67.6 ± 10.3 years, and
59.3% (n= 80) were female. Patients were classified into
the number of IVTs received, mainly less than five times
(n= 32, 23.7%), six to ten times (n= 51, 37.8%), and ≥11
IVTs (n= 52, 38.5%). Fear of IVT was reported in 40%
(n= 54).

Table 2 provides the mean score in each of the seven
domains of patient satisfaction. Mean score of general
satisfaction was 4.8 in NL-IVTs and 4.5 in DL-IVTs (P ≤
0.01). A wide SD of 1.1 was noted in DL-IVTs. This
indicates a relatively larger variation in satisfaction reported
by patients in DL-IVTs than in NL-IVTs. Score of quality
was perceived to be the same (3.9 ± 0.3) between NL-IVTs
than in DL-IVTs. Score of interpersonal manner is higher in
NL-IVTs (4.0 ± 0.1) than in DL-IVTs (3.8 ± 0.5). In terms
of financial aspect, NL-IVT (2.8 ± 1.3) showed higher score
than DL-IVT (2.2 ± 1.4). However, overall score in finan-
cial aspect was lower than other dimensions in both DL-
and NL-IVT. Patients responded more positively (2.8) that
the injection is affordable in NL-IVT but responded nega-
tively (2.2) in DL-IVT. There were no differences in
information/communication between DL- and NL-IVT.
Higher score was observed in NL-IVT than in DL-IVT in
terms of time spent with injector and staff competence.

Number of injections before and after initiation of
the nurse injector programme

An average of 1347 IVT injections are done every month
from January 2017 to January 2019. We calculated the total
number of monthly NL-IVTs from February to September
2019. There were 1280 in February, 1425 in March, 1489 in
April, 1581 in May, 1327 in June, 1703 in July, 1591 in
August, and 1319 NL-IVTs in September in 2019 (orange
colour in Fig. 3). This increasing trend in the number of IVT
delivered is likely to continue with the implementation of
the new system.

Evaluation of the financial cost of IVT after
implementing NL-IVT

The difference in cost between a DL-IVT and NL-IVT was
estimated to be 286 SGD (136 GBP). The monthly differ-
ence is projected to be 386,000 SGD based on the average
monthly number of IVTs in 2019. Therefore, a total of 4.6
and 6.6 million SGD (2.61–3.75 million GBP) can be saved
annually for patients receiving NL-IVT in SNEC and Sin-
gapore, respectively.

Discussion

Our study describes an introduction of NL-IVT in an Asian
tertiary eye centre and evaluates patient safety, waiting time,
satisfaction, and cost savings. In the patient satisfaction
survey, the patients were satisfied with the NL-IVTs and
average waiting time was reduced by 20 min since the
implementation. The number of monthly IVTs continued to
increase steadily before and after the implementation.
Implementing this service is expected to save up to 6.6
million SGD (3.8 million GBP) annually.

Safety

The most feared complication of anti-VEGF injections is
endophthalmitis, which has an occurrence or incidence
ranging from 1 case in 1000 to 1 case in 5000 [27–29]. We
would expect one to five patients developing endophthal-
mitis in our study population of 8599 injections based on
previous statistics [27–29]. The complication rate in this
study suggests that NL-IVTs are a viable alternative to DL-
IVTs. Other complications like vitreous haemorrhage
(0.07%) and raised intraocular pressure (0.17%) have also
not been recorded in our study so far [18]. Our results thus
far suggest the comparable quality and safety of an NL-IVT
service. However, patient safety must be judiciously audited
to ensure high safety standards as the service develops
further.

Table 2 Mean patient satisfaction score (n= 135).

Scale Doctor led Nurse led P value

General satisfaction 4.5 (1.1) 4.8 (0.8) <0.01

Quality 3.9 (0.3) 3.9 (0.3) 0.37

Interpersonal manner 3.8 (0.5) 4 (0.2) <0.01

Financial aspect 2.2 (1.4) 2.8 (1.3) <0.01

Information/communication 3.8 (0.7) 3.8 (0.6) 0.49

Time spent with injector 3.7 (0.7) 3.9 (0.3) <0.01

Staff competence 3.5 (0.8) 3.8 (0.6) <0.01

Bold numbers indicate superiority in the domain that it is
represented in.
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Waiting time

The issue of long patient waits has attracted increasing
public attention due to the negative effects of waiting on
patients’ satisfaction with healthcare [30, 31]. A previous
study in an ophthalmology clinic showed that waiting
time was associated with patient satisfaction, regardless of
financial status, with a linear relationship between these
two variables [32]. We show that an average of 20 min is
saved per injection for the patient when the injection is
carried out by a nurse. Waiting time for NL-IVTs was
only 3.6 min with minimal waiting time for the procedure
itself. Shortening the waiting time for IVT injection
will increase patients’ satisfaction with the service. These
time savings to these patients and their family are not
insubstantial because young people who accompany the
elderly patient are mainly an economically active popu-
lation. An efficient service will result in better compliance
rates. A positive experience will contribute to patients
being more proactive with their IVT treatment and
potentially improve the real-world visual outcomes
of IVT.

Patient satisfaction

Previous studies have shown a high acceptance rate of
NL-IVT [12, 17]. Our patient sample is more satisfied
with NL-IVT as measured in our survey. NL-IVT scored
higher in five out of seven dimensions than DL-IVT.
Patients were generally satisfied with both NL and DL-
IVTs with score of ~4. However, the financial aspect of
IVT is particularly concerning for patients, with relatively
low scores of 2.8 for NL-IVT and 2.2 for DL-IVT.
Although patients are happier with the reduction in cost,
some still struggle with the continual need for IVT
and the cost can rise quickly. We believe that the
financial cost will serve as an important decision-making
factor for compliance for IVT. Overall, our results sug-
gest that patients are equally satisfied with an NL-IVT
service.

The trend of IVT and the relevance of a nurse-led
service

The prevalence of AMD, DMO, and RVO is projected to
increase by 113%, 54% and 46% by 2040, respectively, in
the Singapore population [33]. The amount of IVTs is
expected to increase accordingly (Fig. 3). Currently, our
centre delivers ~16,000 injections a year. Ophthalmology
training is long and expensive. The increases in IVT
demand will outpace the ability to train sufficient ophthal-
mologists to deliver this service. There will be difficulties in
coping with the increasing treatment burden if an adequate
solution is not available. Many studies have shown that
supplementing manpower via training more allied health
professionals is one successful solution for overcoming the
medical workforce shortage [15, 17, 21, 34]. Ophthalmo-
logic trainees/doctors must carry out clinical duties and
perform injections concurrently. By having trained allied
health professionals administer IVT, doctors can dedicate
more time to see clinical cases and treat patients. This will
also reduce the workload of the doctors. By providing a
quick, safe, and effective training programme for nurses to
deliver IVT, we can overcome the inelastic supply of doc-
tors and ensure that the service will not be overwhelmed in
the future. This is in line with the new models of care
needed to sustain the growing patient population amidst the
expected shrinking healthcare professional team.

Cost

Another important aspect is injection cost. In a fee for
service healthcare model, the accumulated number of IVT
injections can result in considerable financial cost for the
patient. A recent study showed that living in the most
deprived areas was associated with a significantly higher
risk of severe reduction in the visual acuity of patients with
neovascular AMD (relative risk= 3.59, 95% confidence
interval, 1.39–9.27) [35]. Through the introduction of the
NL-IVT, we have reduced the cost of injection by ~61% per
injection, this would represent substantial savings for the

Fig. 3 Number of monthly
injections from January 2017
to September 2019 in the
Singapore National Eye
Centre. After an initial dip in
the number of intravitreal
injections at the start of the nurse
programmee, there was a
gradual increase in the number
of monthly injections performed
in the centre. The increase in
capacity is expected to continue
as the service develops.
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patients given that the average patient receives 6–11
injections per year. This will potentially lead to an increase
in treatment compliance if financial concerns have been a
deterring factor. We hope lower costs of IVT will improve
patient accessibility to treatment.

This study evaluates the patient’s experience of NL-IVT
in a high volume centre in Singapore and identifies potential
improvements we can make to the service. Implementing an
NL-IVT service will reduce the number of injections that
ophthalmologists perform, and importantly allow doctors to
dedicate more time to seeing patients with these retinal
diseases.

Limitations of this study include a short study duration
and the questionnaire’s qualitative nature. It is noteworthy
that >8000 IVT cases were done by nurse from February to
September 2019 without significant adverse effect in the
largest institution in Singapore, but we must always be
cautious and continually audit the service. There is a pos-
sibility that the patients gave favourable answers to the
nurse because the IVT was administered by nurses. To
reduce this response bias, patients were surveyed by doctor.
There is also a possibility that our modified questionnaire
could not fully estimate the patients’ satisfaction. Our study
might not be able to capture the full range of complications
as some may be unreported. English is also not the first
language for many taking the survey and understanding the
questions might not be easy. We have tried to mitigate this
by using the same questions for DL- and NL-IVT to eval-
uate the service. Cost would also influence patient satis-
faction with the service, regardless of care standards. This
may not be applicable to other countries, where the cost of
IVT might not differ based on provider.

In conclusion, with an increasing trend of anti-VEGF
IVT for the foreseeable future, an NL-IVT could trans-
form models of care for many major ophthalmology ser-
vices globally. We have shown that an NL-IVT program
is safe, reduced waiting time for the procedure, increased
patients’ satisfaction of IVT, and reduce patents’ cost.
This will reduce any potential delays in the management
of retinal diseases. Our study provides a rationale for the
design, implementation, and evaluation of an NL-IVT
service in Asia, which appears comparable compared with
DL-IVT.

Summary

What was known before

● Intravitreal injection load is increasing.
● Nurse administered intravitreal injection services are

slowly gaining acceptance to increase treatment capacity
but apart from few centres like Tan Tock Seng Hospital

(TTSH) in Singapore, who have launched this service in
2017, no such services have been reported in Asia.

What this study adds

● Design of an NL-IVT programme.
● Experience and patient satisfaction in NL-IVT in a large

Asian eye centre.
● Safety and cost efficacy of NL-IVTs.
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