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Abstract
Objective: The aim of this study was to describe the placement of subpalpebral 
lavage (SPL) systems in 12 dogs (15 eyes) intolerant of topical ocular medications 
to assess the suitability, complications encountered and owner perception of use.
Animals Studied: Retrospective review of dogs that underwent SPL placement 
for treatment of ocular disease at the Ophthalmology Department, University of 
Bristol Small Animal Hospital between 2017 and 2021.
Procedure(s): Data recorded included signalment, history, diagnosis, treatment, 
reason  for  SPL  placement,  uni-   or  bilateral  placement,  duration  of  placement, 
complications,  and  outcome.  Owner  perception  was  assessed  using  an  online 
questionnaire. Statistical analysis included McNemar and Wilcoxon signed- ranks 
tests.
Results: Twelve dogs (15 eyes) underwent SPL placement. Eleven owners com-
pleted the online questionnaire. Corneal ulceration was the most common disease 
requiring SPL placement (n = 13/15 eyes, 86.7%). Most cases received multimodal 
topical therapy (n = 9/15 eyes, 60.0%) via SPL. Owners administered medication 
6.63 times daily via SPL (range 1– 16 applications/day). All dogs requiring ongo-
ing topical medication (n = 8/12, 66.7%) were trained to accept direct administra-
tion during SPL treatment. Statistically significant improvements in medication 
compliance,  ease  of  application,  and  reduced  perceived  risk  of  iatrogenic  ocu-
lar injury were reported by owners (p- value = .001, .004, and .031 respectively). 
Minor complications were infrequently reported but an excellent outcome was 
achieved for all eyes.
Conclusion: Subpalpebral lavage placement provides a practical and safe solu-
tion for the provision of frequent multimodal ocular medication when treating 
patients with a challenging temperament.
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1   |   INTRODUCTION

The application of topical eye drops is the cornerstone of 
treatment for many ocular diseases. This is generally well 
tolerated  by  the  majority  of  patients  but  aggressive  and 
fractious dogs can present a dangerous challenge to them-
selves and those administering the medication.

An  inability  to comply with  topical eye drop regimes 
may be associated with therapeutic failure and attempts to 
medicate fragile eyes may lead to iatrogenic damage such 
as  descemetocele  rupture  or  ocular  wound  dehiscence. 
Attempts  to  treat  aggressive  patients  may  be  associated 
with  injury  to  the  owner  and  negatively  impacting  the 
owner- pet relationship.

Poor  medication  compliance  plays  a  major  role  in 
outcome  and  treatment  failure1  in  human  health  care. 
Management  of  ophthalmic  conditions  is  hindered  by 
non- compliance with topical eye medication, even if there 
is a risk of significant consequences in sight- threatening 
diseases  such  as  glaucoma.2  Poor  administration  tech-
nique,3  particularly  in  older  patients  and  children4−,6 
is  often  identified  as  a  factor  in  ophthalmic  medicine 
non- compliance.

Alternatives  to  direct  application  of  medication  in-
clude  subconjunctival  injections,7  sustained  release  de-
vices8,9  and  drug- loaded  ophthalmic  inserts10,11  but  are 
only available for a very limited range of medication and 
are uncommon in small animal veterinary practice.

A subpalpebral lavage (SPL) is a specialized ophthalmic 
catheter allowing remote delivery of non- viscous medica-
tion to the eye via a silicone tube. The tubing passes from 
a  small  footplate  in  the conjunctival  fornix,  through  the 
eyelid  to where  it  is secured onto the patient's head and 
terminates with a needle- free injection port. Topical med-
ication is drawn up in a syringe and injected into the port 
followed by an air bolus to push the medication through 
the tubing to the reach the tear film.

Subpalpebral  lavages are widely regarded as the most 
practical  method  of  administering  multiple  ophthalmic 
medications  to  the equine eye  in  the short and medium 
term.12– 15 Medication can be safely and accurately admin-
istered to head- shy patients without the handler touching 
the  patient's  face  or  periocular  area.  They  are  routinely 
used in hospital and ambulatory settings. Owners can be 
trained to operate the SPL system allowing the patient to 
be managed at home. SPL use has been  reported  in hu-
mans,16 llamas, and a harbor seal.17 A single report18 and a 
case series of four dogs19 describe SPL use for management 
of corneal ulceration in dogs. However, a study of compli-
cations and owner compliance has not been described.

The aim of this study was to investigate placement of 
a subpalpebral lavage system in the ventral eyelid of dogs 
intolerant of direct administration of topical medications, 

to  assess  the  suitability  for  use  in  patients  with  fragile 
eyes, complications encountered and owner perception of 
its ease of use.

2   |   METHODS AND MATERIALS

2.1  |  Retrospective review of medical 
records

The  medical  record  database  at  Langford  Vets  Small 
Animal  Hospital,  University  of  Bristol,  was  searched 
to  identify  all  clinical  canine  cases  that  underwent  SPL 
placement between 2017 and 2021.

Only  patients  having  undergone  a  complete  ophthal-
mic examination performed by either an ECVO resident or 
diplomate were included in the study. Ophthalmic exam-
ination included neuro- ophthalmic evaluation, Schirmer 
tear  test  (STT- ),  slit- lamp  biomicroscopy  (Kowa  SL- 15, 
Kowa  Company  Ltd.),  rebound  tonometry  (TonoVet®, 
Icare  Finland  Oy)  indirect  ophthalmoscopy  (Vantage 
Plus, Keeler Ltd) and  fluorescein  test  (I- Dew Flo, Entod 
Research  Cell  UK  Ltd).  Cases  requiring  sedation  for  a 
complete ophthalmic assessment were not excluded from 
the study.

The  decision  to  place  an  SPL  in  each  case  was  made 
under the direction of an ECVO diplomate.

The patient data obtained included the breed, age, sex, 
diagnosis, type of treatment (medical or surgical), reason 
for SPL placement, uni-  or bilateral SPL placement, type 
of ocular medication administered via the SPL, maximum 
number  of  medications  administered  per  day,  duration 
of SPL placement, reported complications and treatment 
outcome.

2.2  |  Assessment of owner perception

Owners of patients identified in the medical record search 
were asked to participate in an anonymous online ques-
tionnaire  using  Survey  Monkey®  (Survey  Monkey  Inc.) 
about  their  experiences  and  perception  of  the  use  of  an 
SPL. Contact was made via email or telephone to explain 
the reason for performing the study and to inform the par-
ticipants  what  was  involved.  Consent  to  participate  was 
obtained at the first question of the survey. Cases were ex-
cluded from participating in the questionnaire if the SPL 
device was removed before discharge from hospital.

The  questionnaire  was  divided  into  three  parts 
(Appendix  S1).  The  first  two  parts  compared  the  own-
er's  experience  of  applying  eye  drops  directly  onto  the 
eye, prior to placement of the SPL with applying the eye 
drops  using  the  SPL.  This  included  questions  regarding 
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compliance, ease of application, the dog's behavior while 
medication  was  applied,  the  perceived  risk  of  injury  to 
the eye during  the application of  the drops,  the number 
of people required to administer eye medication, and the 
effect on the owner's bond with their dog during this expe-
rience. The third part of the questionnaire focused on the 
owner perception of using the SPL system. This included 
questions  regarding  how  confident  they  felt  administer-
ing  the  eye  drops  through  the  SPL  system  and  if  there 
was anything the owner liked or disliked about the SPL. 
Questions regarding the patient's behavioral issues, such 
as  referral  to a behavioral  specialist, were also  included. 
The  responses  were  anonymous,  and  the  questionnaire 
was  available  online  for  6 weeks.  The  interval  between 
SPL placement and completion of  the survey was calcu-
lated from the time each patient's SPL was removed to the 
closing date of the survey.

2.3  |  Statistical analysis

Data  collected  from  medical  records  and  the  owner 
questionnaire  was  entered  into  an  Excel  spreadsheet 
(Microsoft®  Excel  for  Mac  Version  16.47).  Analysis  was 
performed  using  Excel  and  SPSS®  software  (IBM  SPSS 
Statistics  Version  27.0.1.0).  Descriptive  statistics  were 
analyzed using standard methods. Questionnaire answers 
were  compared  using  McNemar  and  Wilcoxon  signed 
rank tests. Statistical significance was defined at p < .05.

2.4  |  Ethics statement

Ethics  approval  for  this  study  was  obtained  from  the 
University  of  Bristol  Faculty  of  Health  Science  Student 
Research Ethics Committee (Ref:111188) and the Animal 
Welfare and Ethical Review Body (VIN/20/033).

2.5  |  Placement of an SPL in the 
ventromedial eyelid

Subpalpebral  lavage  placement  was  performed  by  an 
ECVO resident supervised by an ECVO diplomate.

All patients were heavily sedated or anesthetized and 
placed  in  sternal  or  lateral  recumbency.  The  equipment 
required  for  SPL  placement  is  detailed  in  Table  1.  The 
lower  eyelid  and  two  small  square  areas  corresponding 
to the sites of SPL suture placement were clipped and an 
aseptic surgical prep was performed.

Local  anesthetic  drops  (Minims  proxymetacaine  hy-
drochloride  0.5%  and  Minims  tetracaine  hydrochloride 
1.0%, Bausch and Lomb UK Limited) were applied to the 

eye following surgical preparation. In cases where the SPL 
placement was performed while under sedation, subcuta-
neous infiltration of 1% lidocaine hydrochloride (Hameln 
Pharma Ltd.) was injected up to a maximum cumulative 
dose of 6 mg/kg into the ventromedial eyelid and the other 
clipped areas.

The trocar was positioned between the third eyelid and 
the lower medial lid (Figure 1A) and then passed through 
the conjunctiva at the deepest point of the ventromedial 
fornix, avoiding excessive contact or application of pres-
sure to the globe (Figure 1B). The trocar tip was guided to 
emerge through the lower lid around 1 cm ventral to the 
orbital rim (Figure 1C). The trocar and tubing were gently 
pulled through the lid until the foot plate was positioned 
in the ventromedial fornix (Figure 2). The trocar was then 
removed from the tubing.

Three “butterfly” tabs were created using 5 cm pieces 
of adhesive duct tape (Vinyl Duct Tape 3903i, 3M™) and 
placed at  the exit point of  the  tubing  through  the  lower 
eyelid  (Figure  3A,B).  The  butterfly  tab  was  sutured  in 
place on each side of the tubing using non- absorbable ma-
terial (2– 0 or 3– 0 Ethilon™, Ethicon Inc.) using a horizon-
tal mattress suture with the knot tied on the underside of 
the  tab  taking  care  to  avoid  puncturing  the  tubing  with 
the suture needle (Figure 3C,D). The two remaining tabs 
were placed and sutured in the two clipped areas on the 
skin (Figure 3E).

The tubing was passed over the top of the head and down 
the neck to the chest harness. The tubing was attached on 

T A B L E  1   List of equipment required for placement of a 
subpalpebral lavage system.

Equipment required for placement of SPL under general 
anesthetic or sedation

Clippers

1:10 and 1:50 povidone- iodine solution

Gauze swabs

Topical local anesthetic (proxymetacaine or tetracaine)

Sterile gloves

Equivet SPL kit- 8 French gauge (Kruuse UK Limited)

Nonabsorbable suture (2– 0 or 3– 0 Nylon)

Needle holders

Adhesive duct tape

Strapall tape

Marker pen

Adhesive cyanoacrylate glue

Chest harness

Buster collar

Additional equipment required for placement of SPL 
under sedation only

Lidocaine drawn up into three syringes with 25G needle
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F I G U R E  1  Placement of the SPL trocar. (A) The trocar is grasped using a pencil grip close to the sharp end with the bevel pointing 
down while holding the tubing in the palm of the hand. (B) The tip of the trocar is introduced, guarded by the index finger, into the lower 
conjunctival fornix ensuring placement of the trocar was between the third eyelid and the lower medial lid. (C) The trocar is then passed 
through the conjunctiva at the deepest point of the ventromedial fornix, avoiding excessive contact or application of pressure to the globe. 
The tip of the trocar is then walked through the subcutaneous tissue until it passes full thickness onto the skin surface of the ventromedial 
eyelid. The ideal exit point is around 1 cm ventral to the orbital rim.

F I G U R E  2  Positioning the SPL footplate. (A) Once the trocar has passed full thickness through the lower eyelid, the tubing gently 
pulled through until the foot plate is positioned in the ventromedial fornix. The trocar is then removed from the tubing. (B) The position 
of the footplate can be adjusted until it is well seated in the ventromedial fornix. When correctly placed, the foot plate should not be visible 
within the palpebral fissure. (C) Check the tubing is not twisted and the foot plate must sit between the lower eyelid and the third eyelid.

F I G U R E  3  (A– E) Securing the SPL 
in position using adhesive duct tape and 
suture. (F) SPL tubing correctly secured in 
place with three butterfly tabs.
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to the harness using adhesive tape (Figure 4A,B) and then 
trimmed to an appropriate length. A longer length of tub-
ing was advantageous in very aggressive patients to main-
tain  a  safe  distance  between  the  patient  and  the  person 
administering  the  medication. The  blunt- ended  cannula 
and needle- free injection port were placed into the open 
end of the tube (Figure 4C). Adhesive cyanoacrylate glue 
(Loctite®, Henkel Ltd.) was applied to the end of the tub-
ing and adhesive tape was used to secure the catheter and 
port in place. Excess tubing was coiled and secured onto 
the harness with tape (Figure 4D). The injection port was 
labeled to differentiate between any intravenous long- line 
injection  ports  (Figure  4E).  An  Elizabethan  collar  was 
placed prior to recovery of the patient.

The patency of the SPL system was tested by injecting 
5– 10 ml of  sterile  saline  followed with an air bolus of a 
similar volume. Topical ophthalmic medication solutions 
and suspensions were drawn up in a syringe and adminis-
tered in a volume of 0.2 ml followed by 3– 5 ml of air until 
the  air  bolus  was  witnessed  arriving  at  the  conjunctival 
footplate.

2.6  |  Postoperative management and 
follow- up

All  patients  were  discharged  with  an  Elizabethan  col-
lar  and  a  chest  harness  in  addition  to  topical  and  oral 
medication. Owners were counseled prior to SPL place-
ment  with  regard  to  the  procedure,  appearance  of  the 
device  and  how  to  administer  eye  medication  with 
the  aid  of  a  photograph  or  a  diagram.  Administration 
of  medication  via  the  SPL  was  demonstrated  to  own-
ers by an ECVO resident at the time of discharge from 
the hospital. Owners were asked to administer a bolus 

of medication via  the SPL under supervision to ensure 
a  correct  technique was used. Written  instructions de-
tailing  the  patient's  medication  schedule  and  how  to 
use  the  SPL  system  were  also  provided.  Follow- up  ap-
pointments were arranged based on the condition being 
treated in each patient.

3   |   RESULTS

3.1  |  Retrospective review of medical 
records

This retrospective study reviewed medical records of dogs 
that  presented  to  Langford  Vets  Small  Animal  Hospital, 
University  of  Bristol,  UK,  between  November  2018  and 
November  2020.  Twelve  dogs  (15  eyes)  that  underwent 
SPL placement were identified and included in the study 
(Table 2).

The  most  common  breed  was  the  French  Bulldog 
(n  =  6/12,  50.0%).  Tibetan  Terriers,  Shih  Tzu,  English 
Springer  Spaniel,  Rhodesian  Ridgeback,  Labrador 
Retriever,  and  English  Bulldog  represented  single  cases 
(n = 1/12, 8.3%). There were eight male dogs (66.6%; 4/8 
were  neutered)  and  four  female  dogs  (33.3%;  2/4  were 
neutered). The  mean  age  at  the  time  of  SPL  placement, 
or at the time of the first placement if multiple SPLs were 
placed, was 4 years and 9 months with a range of 1 year to 
13 years and 4 months.

The SPLs were placed while the patient was under gen-
eral anesthesia in 10/12 (83.3%) dogs and under sedation 
in 2/12 (16.7%) dogs.

Subpalpebral  lavage  placement  was  bilateral  in  three 
out of 12 dogs (25.0%) and nine cases were placed unilater-
ally (75.0%). Three out of nine unilateral cases were placed 

F I G U R E  4  (A– E) Securing the 
SPL tubing in place onto the harness 
and preparing the injection port. (F) 
Appearance of the patient with a 
unilateral SPL in place once recovered 
from general anesthesia.
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in the right eye (3/9; 33.3%), and 6/9 were placed in the 
left eye (66.7%). The most common reason for SPL place-
ment was due to intolerance of direct application of topi-
cal eye medication (11/12 dogs; 91.7%). The average time 
from the initial prescription of eye drops to placement of 
the SPL was 17.2 days (range 0– 75 days). Case 10 suffered 
from  a  severe  anxiety  due  to  ongoing  otitis  externa  that 
manifested as aggression when applying ear medication. 
The owner  felt medication with eye drops would not be 
possible and opted to place the SPL pre- emptively before 
starting  eye  drop  treatment.  The  mean  duration  of  SPL 
placement was 23.9 days with a range of 6– 72 days.

The mean duration of hospitalization from placement 
of  the  SPL  to  the  time  of  discharge  was  5 days  (range 
0– 29 days). The mean  follow- up  time  from placement of 
the SPL was 145.9 days  (range 15– 902 days). On average, 
the  number  of  rechecks  performed  from  placement  to 
removal of  the SPL was 3.4  (range 1– 6). The mean  time 
to  the  first  recheck  appointment  following  discharge 
from  the  hospital  was  4.6 days. The  second  recheck  was 
performed on average at 11.3 days, the third recheck was 
21.9 days,  the  fourth was 30.8 days,  the  fifth was 31 days, 
and  the  sixth  was  38 days.  Removal  of  the  SPL  was  per-
formed  while  the  patient  was  conscious  in  4/12  (33.3%) 
dogs and under sedation in 8/12 (66.7%) dogs.

Corneal ulceration was the most common disease re-
quiring administration of eye drops in cases requiring SPL 
placement (n = 13/15 eyes, 86.7%). Case 10 received treat-
ment  for  bilateral  idiopathic  uveitis  (2/15  eyes;  13.3%). 
Superficial  corneal  ulcers  (<50%  stromal  loss)  were  re-
ported  in 8/13 eyes  (61.5%) and deep ulcers  (>50% stro-
mal loss) affected 5/13 eyes (38.4%). Conditions associated 
with  corneal  ulceration  included  keratoconjunctivitis 
sicca  (3/13  eyes;  23.1%),  entropion  (3/13  eyes;  23.1%), 
neurogenic  keratoconjunctivitis  sicca  (nKCS)  secondary 
to  otitis  media  in  (1/13  eyes;  7.7%),  corneal  endothelial 
degeneration  (1/13;  7.7%),  crystalline  corneal  dystrophy 
(1/13; 7.7%) and distichiasis (1/13; 7.7%).

A  surgical  procedure  was  performed  in  12/15  eyes 
(80.0%). Only one eye (7.7%) with corneal ulceration did 
not undergo a surgical treatment (case 9). The most com-
mon surgical procedures that were performed included a 
conjunctival  graft  (5/12;  41.7%)  followed  by  a  corrective 
eyelid  blepharoplasty  (3/12  eyes;  25.0%).  Conjunctival 
grafting procedures included a conjunctival pedicle graft 
(2/5; 40.0%), a conjunctival bridge graft (2/5; 40.0%), and 
a  conjunctival  advancement  graft  (1/5;  20.0%).  Other 
surgical  procedures  included  a  superficial  keratectomy 
and  placement  of  a  subconjunctival  ciclosporin  A  im-
plant (both 2/12; 16.7%). Single cases required a corneo- 
conjunctival  transposition  graft,  cryotherapy,  diamond 
burr  debridement,  and  a  thermal  keratoplasty  were  also 

recorded  (1/12;  8.3%).  Three  patients  (3/12;  25.0%)  had 
multiple  procedures  performed  under  the  same  general 
anesthetic, such as  the placement of a conjunctival ped-
icle  graft  and  subconjunctival  ciclosporin  A  implant  or 
cryotherapy.

Most cases received multimodal topical therapy (9/15 
eyes, 60.0%) via  the SPL. The most common medication 
prescribed  was  a  topical  antibiotic  (11/15  eyes,  73.3%), 
including  0.5%  chloramphenicol  (Chloramphenicol  Eye 
Drops, Martindale Pharma Ethypharm Group Company) 
in  7/11  (64%),  0.3%  ofloxacin  (Exocin™  Allergan  Ltd.) 
in  3/11  (27.7%)  and  0.3%  ciprofloxacin  hydrochloride 
(Ciloxan™  Alcon  Novartis  Pharmaceuticals  UK  Ltd.)  in 
one  case  (9.1%).  Topical  lubrication  was  prescribed  in 
8/15  (53.3%)  of  eyes.  Various  preservative- free  sodium 
hyaluronate- based  topical  lubricants  were  prescribed; 
the  most  used  lubricant  was  0.15%  (Hyabak®  eye  drops, 
Thea Pharmaceuticals Ltd.) in 6/8 (75.0%), 0.4% (Clinitas 
Soothe®  0.5  ml  unit  dose,  Altacor  Ltd.)  in  1/8  (12.5%), 
0.2% (Hylo- forte™ eye drops, Scope Ophthalmics Ltd.) in 
1/8 (12.5%), of cases. Heterologous serum was prescribed 
in 5/15  (33.3%) eyes, 0.02%  tacrolimus  (BOVA UK Ltd.), 
and 1% prednisolone acetate (Pred Forte™, Allergan Ltd.) 
were  prescribed  in  2/15  eyes  (13.3%).  Owners  admin-
istered  medication  on  average  6.63  times  daily  via  SPL 
(range 1– 16 applications/day).

Case 9 received treatment for a superficial corneal ulcer 
secondary  to  nKCS  and  required  intensive  topical  lubri-
cation to maintain a sufficient precorneal tear film to aid 
healing  and  maintain  ocular  comfort.  A  Graseby®  MS26 
syringe  driver  (Smiths  Medical  International  Ltd.)  was 
utilized as a continuous rate infusion pump to administer 
a constant delivery of Hyabak® lubricating drops to the eye 
during hospitalization. The syringe driver was attached to 
the patient's harness and was required for 17 days until the 
tear production responded to oral pilocarpine.

Eight  dogs  (66.7%)  required  ongoing  topical  medica-
tion due to the nature of their condition. All were trained 
to accept direct administration while the SPL was in place.

Minor complications occurred in 6/15 eyes (40.0%) and 
included  butterfly  tab  replacement  (3/15;  20.0%),  tube 
slippage  (1/15;  6.7%),  tube  repair  (1/15;  6.7%)  and  der-
matitis following removal of the tabs (1/15; 6.7%). Case 4 
(1/15; 6.7%) required a revision surgery  following dehis-
cence  of  a  corneo- conjunctival  transposition  graft  to  re-
pair a deep corneal ulcer: a conjunctival bridge graft was 
placed  at  the  second  surgery.  However,  this  was  related 
to a  lack of owner compliance with using the protective 
buster collar leading to disruption of corneal sutures and 
SPL butterfly tabs, rather than a complication of using the 
SPL.  Overall,  an  excellent  outcome  was  achieved  for  all 
eyes in this study.
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3.2  |  Owner questionnaire

Eleven  owners  were  invited  to  participate  in  the  online 
questionnaire, and all completed it. Case 5 was excluded 
as the SPL was removed prior to being discharged from the 
hospital. The mean time to survey completion following 
the placement of the SPL was 448 days (range 5– 870 days). 
The responses are summarized in Table 3.

All owners (11/11; 100.0%) answered they were unable 
to  apply  medication  directly  onto  their  dog's  eye  for  the 
recommended  number  of  times  per  day  and  their  dog's 
behavior prevented direct topical medication. Owners as-
signed a score (0 = very easy to 100 = impossible) to indi-
cate how easy they found applying the eye drops directly 
onto the eye and via the SPL system. A statistically signif-
icant difference between the mean score given by partici-
pants when applying eye drops directly onto the eye (86.9; 

range 50– 100) and using  the SPL (24.5;  range 0– 87) was 
recorded (p- value .004).

Eight  owners  (72.7%)  felt  concern  applying  the  eye 
drops  directly  could  cause  injury  to  the  eye  and  6/11 
(54.5%)  reported  concern  about  injury  to  the  dog.  This 
contrasts with using the SPL, where only one participant 
(9.1%)  was  concerned  about  causing  harm  to  the  eye  or 
their dog when using the SPL system. A significant differ-
ence was reported between the perceived risk of iatrogenic 
injury  to  the  eye  applying  the  drops  directly  and  when 
using the SPL system (p- value .031) but the perceived risk 
of applying the drops and causing  injury to  the dog was 
not significant (p- value .219).

A  minority  of  owners  (2/11,  18.1%)  expressed  con-
cern  that  applying  the  eye  drops  directly  onto  the  eye 
could cause themselves injury, but none shared this con-
cern  when  applying  the  drops  through  the  SPL  system. 

T A B L E  2   Summary of the signalment, diagnosis, treatment, and SPL use of patients included in the study.

Patient 
No Breed

Age 
(months) Sex

Side of 
placement Diagnosis Surgical procedure Restraint

Duration of SPL 
placement (days)

No of eye 
medications 
administered via 
SPL by owner

Drugs administered via 
the SPL

Maximum number 
of eye drops given 
by owner per day Treatment outcome

Tolerant of eye 
drops by end of 
treatment

Number of days 
between removal of 
SPL and closure of 
owner questionnaire Complications

1 Tibetan terrier 4 years
10 months

FN OU KCS (OU), Superficial corneal 
ulcer (OD) Deep stromal 
ulcer (OS)

Conjunctival pedicle graft 
(OS), Subconjunctival 
ciclosporin A implant

(OU)

GA 35 3 Chloramphenicol, 
tacrolimus, 
hyaluronate- based 
lubricant

8 Good Yes 870 Tube slippage

2 French bulldog 1 year FE OS Deep stromal ulcer Conjunctival pedicle graft GA 10 3 Ofloxacin, serum, 
hyaluronate

based lubricant

8 Good Yes 801 Butterfly tab 
replacement

3 English
Bulldog

2 years
5 months

ME OS KCS, Deep stromal ulcer,
lower lid entropion

Celsus Hotz blepharoplasty GA 10 2 Ofloxacin, serum 8 Good Yes 678 None

4 French Bulldog 4 years MN OS Deep stromal ulcer Corneo- conjunctival 
transposition (CCT), 
conjunctival bridge 
graft

GA 42 2 Ofloxacin, serum 8 Conjunctival bridge graft 
placed following 
CCT dehiscence but 
good visual

outcome achieved

No 608 CCT dehiscence
Butterfly tab 

replacement

5 French Bulldog 4 years
8 months

MN OD Deep stromal ulcer Conjunctival hood graft GA 11
Discharged from the 

hospital after SPL 
removal

0 Ciprofloxacin, 
hyaluronate- based 
lubricant

0 Good Yes n/a None

6 Labrador 13 years
4 months

MN OU Corneal endothelial degeneration, 
bulla rupture, stromal corneal 
ulcer

Thermal keratoplasty Sedation GA 7
23

1
2

Chloramphenicol, 
Chloramphenicol, 
serum

4 Good No 580 Dermatitis at location of 
butterfly tabs

7 French Bulldog 3 years
4 months

ME OD Mid- stromal corneal ulcer, lipid 
keratopathy

Lamellar keratectomy GA 16 2 Chloramphenicol, serum 8 Good Yes 435 None

8 Rhodesian 
Ridgeback

1 year
1 month

FE OU Superficial corneal ulcer, 
entropion (OU)

Temporary tacking sutures GA 6 1 Chloramphenicol, 
hyaluronate- based 
lubricant

4 Good Celsus Hotz 
blepharoplasty 
performed at a later 
date

Yes 667 None

9 Shih tzu 3 years
11 months

FN OS Neurogenic KCS secondary to 
otitis media, superficial 
corneal ulcer

None Sedation 72 2 Chloramphenicol, 
hyaluronate- based 
lubricant

6 Good Yes 76 Butterfly tab 
replacement

10 English Springer 
Spaniel

8 years
7 months

ME OU Uveitis, chorioretinitis (OU) None Sedation 36 1 Prednisolone acetate 3 Good 204 None

11 French Bulldog 7 years
3 months

MN OS SCCED Lamellar keratectomy GA 24 3 Ofloxacin, serum, 
hyaluronate- based 
lubricant

16 Good Yes 5 Tube repair

12 French Bulldog 2 years
7 months

ME OS Deep corneal ulcer (OS) 
distichiasis (OU)

Conjunctival pedicle graft 
(OS), cryotherapy 
(OU)

GA 14 1 Chloramphenicol 4 Good Yes 6 None
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However,  a  statistically  significant  difference  was  not 
found when responses were compared with using the SPL 
system (p- value 0.5).

A statistically significant difference was identified be-
tween the mean number of people required to administer 
eye drops directly onto the eye compared with via the SPL 
(2.25 people (range 2– 3) and 1.4 (range 1– 2)) respectively 
(p- value 0.023).

Three  owners  (27.2%)  reported  the  experienced  af-
fected the bond with their dog in the short term.

When  asked  to  assign  a  score  (0  = not  confident  to 
100 = very confident)  to  indicate how owners  felt using 
the SPL system after receiving a demonstration by a vet-
erinary surgeon or nurse, a mean score of 88.7 (range 70– 
100) was recorded.

All owners (11/11) answered the application of drops 
through the SPL was easier compared with applying the 
eye drops onto their dog's eye at the time of placement.

Several participants commented on the ease of apply-
ing drops and reduction in the stress when using the SPL 
(Table 4). Owners disliked the appearance of the SPL and 
some felt the tubing appeared flimsy and easy to damage. 
Several owners reported a reaction to the eye drop passing 
through  the  tubing  and  objected  to  their  dog  wearing  a 
harness and protective plastic cone at all times while the 
SPL was in place.

Most  participants  (8/11,  72.7%)  had  received  advice 
regarding positive reinforcement following application of 
eye drops, but very few (3/11, 27.2%) recalled having a dis-
cussion about referral to a behavioral specialist.

T A B L E  2   Summary of the signalment, diagnosis, treatment, and SPL use of patients included in the study.

Patient 
No Breed

Age 
(months) Sex

Side of 
placement Diagnosis Surgical procedure Restraint

Duration of SPL 
placement (days)

No of eye 
medications 
administered via 
SPL by owner

Drugs administered via 
the SPL

Maximum number 
of eye drops given 
by owner per day Treatment outcome

Tolerant of eye 
drops by end of 
treatment

Number of days 
between removal of 
SPL and closure of 
owner questionnaire Complications

1 Tibetan terrier 4 years
10 months

FN OU KCS (OU), Superficial corneal 
ulcer (OD) Deep stromal 
ulcer (OS)

Conjunctival pedicle graft 
(OS), Subconjunctival 
ciclosporin A implant

(OU)

GA 35 3 Chloramphenicol, 
tacrolimus, 
hyaluronate- based 
lubricant

8 Good Yes 870 Tube slippage

2 French bulldog 1 year FE OS Deep stromal ulcer Conjunctival pedicle graft GA 10 3 Ofloxacin, serum, 
hyaluronate

based lubricant

8 Good Yes 801 Butterfly tab 
replacement

3 English
Bulldog

2 years
5 months

ME OS KCS, Deep stromal ulcer,
lower lid entropion

Celsus Hotz blepharoplasty GA 10 2 Ofloxacin, serum 8 Good Yes 678 None

4 French Bulldog 4 years MN OS Deep stromal ulcer Corneo- conjunctival 
transposition (CCT), 
conjunctival bridge 
graft

GA 42 2 Ofloxacin, serum 8 Conjunctival bridge graft 
placed following 
CCT dehiscence but 
good visual

outcome achieved

No 608 CCT dehiscence
Butterfly tab 

replacement

5 French Bulldog 4 years
8 months

MN OD Deep stromal ulcer Conjunctival hood graft GA 11
Discharged from the 

hospital after SPL 
removal

0 Ciprofloxacin, 
hyaluronate- based 
lubricant

0 Good Yes n/a None

6 Labrador 13 years
4 months

MN OU Corneal endothelial degeneration, 
bulla rupture, stromal corneal 
ulcer

Thermal keratoplasty Sedation GA 7
23

1
2

Chloramphenicol, 
Chloramphenicol, 
serum

4 Good No 580 Dermatitis at location of 
butterfly tabs

7 French Bulldog 3 years
4 months

ME OD Mid- stromal corneal ulcer, lipid 
keratopathy

Lamellar keratectomy GA 16 2 Chloramphenicol, serum 8 Good Yes 435 None

8 Rhodesian 
Ridgeback

1 year
1 month

FE OU Superficial corneal ulcer, 
entropion (OU)

Temporary tacking sutures GA 6 1 Chloramphenicol, 
hyaluronate- based 
lubricant

4 Good Celsus Hotz 
blepharoplasty 
performed at a later 
date

Yes 667 None

9 Shih tzu 3 years
11 months

FN OS Neurogenic KCS secondary to 
otitis media, superficial 
corneal ulcer

None Sedation 72 2 Chloramphenicol, 
hyaluronate- based 
lubricant

6 Good Yes 76 Butterfly tab 
replacement

10 English Springer 
Spaniel

8 years
7 months

ME OU Uveitis, chorioretinitis (OU) None Sedation 36 1 Prednisolone acetate 3 Good 204 None

11 French Bulldog 7 years
3 months

MN OS SCCED Lamellar keratectomy GA 24 3 Ofloxacin, serum, 
hyaluronate- based 
lubricant

16 Good Yes 5 Tube repair

12 French Bulldog 2 years
7 months

ME OS Deep corneal ulcer (OS) 
distichiasis (OU)

Conjunctival pedicle graft 
(OS), cryotherapy 
(OU)

GA 14 1 Chloramphenicol 4 Good Yes 6 None
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T A B L E  3   Summary of owner responses from the questionnaire.

Question

Drops directly onto the 
eye Using the SPL

Statistical test p- Value

Response

Yes No Yes No

Did your dog ever behave in a way that 
prevented you from putting drops into the 
eyes?

11 0 0 11 McNemar <.01*

Were you able to apply the drops into the eye 
for the recommended number of times a 
day?

0 11 10 1 McNemar <.01*

Did you ever feel concerned you might 
accidentally injure your dog's eye while 
applying the eye drops?

4 7 10 1 McNemar .031*

Did you ever feel concerned that your dog 
might hurt themselves when you were 
applying drops into their eye?

5 6 10 1 McNemar .219

Did you ever feel concerned that your dog 
might hurt you when you were applying 
drops into their eye?

8 3 11 0 McNemar .5

Question

Drops directly onto the 
eye Using the SPL

Statistical test p- Value

Average 
assigned 
score 
(0– 100) Range

Average 
assigned 
score 
(0– 100) Range

How easy did you find applying drops into your 
dog's eye

86.82 50– 100 24.45 (0– 87) Wilcoxon signed 
rank test

.004*

How confident would you feel if you were asked 
to apply drops directly onto your dog's eyes 
again?

57.63 0– 100

How confident did you feel applying the 
drops through the SPL system after it was 
demonstrated to you?

88.73 82– 100

T A B L E  4   Summary of the comments from owners submitted in the questionnaire

Summary of Comments Number of owners

Positives

Less stressful to apply the drops to the eye through the SPL 2

Easier to apply the medication 4

Effective at delivering medication 1

Able to distract the dog during application of drops with food 2

Shortened recovery time 1

Negatives

Disliked the appearance of the SPL 3

The procedure required to place the SPL 1

Dog seemed distressed by the administration of drops 3

Wearing a harness 2

Wearing a cone 1

Risk of damage to the SPL tubing 3
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At the  time the questionnaire was submitted  to own-
ers, all dogs were still alive. Eight dogs  (66.7%) required 
ongoing topical medication,  for conditions such as kera-
toconjunctivitis sicca, and all were able to receive topical 
medication applied directly.

4   |   DISCUSSION

This retrospective study is the first review of subpalpebral 
lavage use in dogs for remote administration of topical eye 
medication.  The  use  of  a  subpalpebral  lavage  has  been 
widely reported in horses12– 15 and is considered a safe and 
efficient method of remote eyedrop delivery for both vets 
and  owners.  SPL  placement  in  dogs  for  management  of 
corneal ulceration is described in a single report18 and a 
case  series  of  four  patients.19  However,  a  case  series  in-
cluding  assessment  of  owner  compliance  using  the  SPL 
has not previously been described.

4.1  |  Site and method of SPL placement

Subpalpebral  lavage  placement  was  performed  exclu-
sively in the ventromedial eyelid in this study, but ventro-
lateral and dorsal placement has been reported for dogs,19 
horses,14,15 a llama, a harbor seal17 and humans.16

Comparison  between  studies  reporting  the  complica-
tions with SPL placement in a population of horses with 
SPLs12,15  indicates  both  sites  are  associated  with  an  ac-
ceptable  rate  and  severity  of  complications.13  However, 
a  prospective,  randomized  trial  comparing  complication 
rates in upper and lower SPLs is required to draw any firm 
conclusions.  In  this  study,  placement  of  the  SPL  in  the 
ventromedial  lid was chosen over dorsal or ventrolateral 
sites as it was felt the third eyelid would protect the cornea 
from mechanical trauma from movement of the footplate.

Subpalpebral lavages were secured using butterfly tabs 
secured onto the skin with suture material, as described 
for placement in horses.12 A previous study19 utilized two 
techniques  for  SPL  placement  in  four  dogs;  a  fingertrap 
technique  in  two  cases  and  subdermal  tunneling  of  the 
tubing  in  the  remaining  patients.  There  were  no  major 
complications reported, but a temporary tarsorrhaphy was 
placed when using the finger trap technique due to con-
cerns regarding movement of the footplate.

4.2  |  Complications

Minor complications occurred in 6/15 eyes (40.0%) which 
were  limited  to  problems  with  the  tubing  and  securing 
the SPL onto the face. Dermatitis of the skin at the site of 

placement was also reported in one dog but was mild and 
resolved following device removal. One major complica-
tion occurred in one eye due to a corneo- conjunctival graft 
dehiscence that required a revision surgery, but this was 
considered unrelated to the SPL. The SPL was well toler-
ated by all patients in this study but they learned to antici-
pate arrival of medication as it passed through the tubing. 
They were unable to behave in such a way to prevent its 
administration, but  the process did cause  some mild  re-
sentment, particularly to the air bolus that followed medi-
cation use.

Rushton  et  al.  did  not  describe  any  major  complica-
tions using  the dorso and ventrolaterally placed SPLs  in 
dogs using the fingertrap and subdermal tunneling meth-
ods. However, details regarding minor complications were 
not  discussed. The  incidence  of  complications  in  horses 
varies between studies. Minor complications, such as eye-
lid swelling, butterfly tab replacement, and tearing of the 
SPL tubing, ranged between 13 and 38%.12,14,15 Major com-
plications, such as iatrogenic corneal ulceration and eye-
lid infection, occurred in 0%– 24% of patients.12,14,15

4.3  |  Compliance

Drug  compliance  in  the  context  of  veterinary  medicine 
has  been  defined  as  the  extent  to  which  owners  adhere 
to  instructions  when  administering  prescribed  drugs  to 
their  animals.20  This  can  be  considered  in  terms  of  the 
percentage of prescribed doses actually administered, the 
percentage of days on which the correct number of doses 
were given or were administered on time.21

Poor  compliance  plays  a  major  role  in  outcome  and 
treatment failure1 and in human health care, is expected 
in 30%– 50% irrespective of disease, prognosis or setting.22 
Non- compliance  with  daily  eye  drops  may  lead  to  poor 
disease control and progressive visual loss.23– 25 The mag-
nitude of the ocular morbidity associated with mediation 
non- compliance  in  human  glaucoma  has  been  widely 
investigated. Glaucoma is the leading cause of blindness 
worldwide and requires lifelong treatment to reduce nega-
tive outcomes including pain and vision loss. An estimated 
10%  of  glaucomatous  vision  loss  is  due  to  poor  compli-
ance2  and  an  association  demonstrated  between  visual 
field deficits severity and poor medication compliance.26

There  are  several  studies  examining  the  occur-
rence  of  poor  compliance  with  oral  antimicrobial  treat-
ments20,21,27– 30 and topical aural medication31 in dogs, but 
there are no publications studying  the  incidence and ef-
fect  of  poor  compliance  using  topical  eye  medication  in 
veterinary species.

Most  patients  in  this  study  were  treated  for  ulcer-
ative  keratitis  and  received  topical  antibiotic  treatment. 
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Antimicrobial  resistance  (AMR)  has  been  identified  as 
a major global public health  threat by  the World Health 
Organization. Poor compliance with antibiotic treatment 
can  lead  to  inadequate  therapy  response,  increased  risk 
of recurrent infection and has been identified as a theme 
in  the  emergence  of  AMR.32,33  Clinicians  may  become 
doubtful  of  a  drug's  effect  if  the  response  to  treatment 
does not meet expectations and consequently prescribe a 
different drug  that may have an  inappropriate  spectrum 
or  is  not  considered  a  first- line  antibiotic  medication.34 
The improved compliance when using the SPL system re-
ported in this study may have the added benefit of helping 
to reduce the risk of AMR in these challenging cases.

One of the main reasons for poor ophthalmic medicine 
compliance in humans is due to poor administration tech-
nique.3 Correct opening and successful squeezing of eye-
drop containers can present a manual problem for elderly 
people, even when they are free of conditions hindering 
self- application.4,5 Although not encountered  in  the cur-
rent study, owners with physical disabilities that prevent 
eye  drop  administration  are  another  potential  scenario 
where SPL placement could be considered.

Constant  rate  delivery  of  ophthalmic  medications 
using a continuous infusion pump (Infu- Disc Medical- e- 
Cell) has previously been described as an effective method 
of drug delivery in horses.35 A pediatric syringe driver was 
utilized in one case that required a continuous supply of 
topical  lubricating  drops  due  to  neurogenic  keratocon-
junctivitis.  This  proved  successful  in  supplying  artificial 
tear replacement while the patient remained hospitalized 
until  the  lacrimal  innervation  and  tear  production  had 
sufficiently recovered. This demonstrates potential for use 
of constant rate delivery devices in canine patients requir-
ing intensive medication or for owners unable to adminis-
ter eye drops due to physical or time limitations.

4.4  |  Behavior escalation

Problematic  behavior,  such  as  a  flight  response  and  ag-
gression, preventing administration of drops was the sole 
reason for placement of the SPL in all cases in this study.

An  association  between  certain  behavioral  problems, 
such  as  aggression,  and  musculoskeletal  pain  has  previ-
ously  been  described.36,37  Studies  that  specifically  assess 
the effect of ocular pain on behavior in canine patients are 
lacking. Discomfort associated with application of drops 
onto  a  painful  eye,  or  the  anticipation  of  experiencing 
pain, are potential stressors that could result in the patient 
exhibiting problematic behavior.

Problematic behavior is commonly exhibited as a man-
ifestation of pain, but also as an exacerbation of existing 
behavioral issue. An adjunctive behavior (behavior reliably 

exhibited in response to an unrelated stimulus) associated 
with pain may underpin the emergence of undesirable be-
havioral traits in these patients.38 All cases that required 
ongoing topical treatment were trained to accept direct ap-
plication of drops, so it is likely that once the source and 
memory  of  discomfort  were  removed,  an  improvement 
in  the  problematic  behavior  occurred.  Referral  to  a  be-
havioral specialist was not commonly discussed with the 
owners of the patients in this study but should be explored 
in  cases  that  do  not  respond  to  simple  training,  such  as 
positive reinforcement, once the eye has recovered, or  if 
the owners report pre- existing behavioral problems.

4.5  |  Owner experience and effect on the 
bond with their dog

Problematic behavior can be a cause of significant distress 
for an owner and may ultimately result in a failure of the 
human– dog  relationship.39– 41  Aggression  is  one  of  the 
most common reasons for the referral of dogs to behavior 
specialists42– 44  and  for  dogs  to  be  surrendered  to  rescue 
shelters.45  There  were  few  reports  of  patient  aggression 
directed toward the owners, and most participants did not 
report a damaging effect on their relationship with their 
dog in this study.

4.6  |  Limitations

There were a small number of participants  in  this study 
that was  limited by  the number of dogs  that underwent 
placement of an SPL. This group was further reduced as 
one dog was discharged following removal of the SPL as it 
was no longer required. However, all 11 clients that were 
asked to participate completed the survey.

Discrepancies  between  subjective  self- evaluation  and 
objective measurement of compliance is well reported. In 
prospective studies,  this  is overcome using a Medication 
Event Monitoring System (MEMS) to electronically mon-
itor  drug  compliance.  MEMS  devices  have  been  used  in 
veterinary studies21,27 to assess client compliance with the 
administration of oral antibiotic treatment but are large, 
expensive, and difficult to use. This would not have been 
practical due to the retrospective nature of this study; most 
cases had been prescribed topical medication prior to re-
ferral.  However,  the  discrepancy  in  owner  self- reported 
compliance  is  likely  to  be  consistent  pre-   and  post- SPL 
placement.

There  was  a  wide  range  in  the  time  between  owners 
completing the survey and the removal of the SPL system 
that could have affected the owner's memory of their ex-
perience. All dogs in the study had an excellent treatment 
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outcome, so it is possible an owner's recollection could be-
come more favorable as time passed since the SPL system 
was removed. This may have particular significance when 
reporting  the  effect  on  their  relationship  with  their  dog 
prior to and during the SPL placement period as it is likely 
that owners were able to repair any short- term damage to 
their relationship in this time.

The questionnaire did not explore the owner's experi-
ence and confidence regarding application of drops before 
referral and placement of  the SPL. Eye drop compliance 
and the owner's experience of topical medication are im-
portant areas in the treatment of ophthalmic diseases that 
are overall lacking in research.

5   |   CONCLUSION

Subpalpebral  lavage  placement  provides  a  practical  and 
safe  solution  for  the  provision  of  frequent  multimodal 
ocular medication when treating patients with challeng-
ing behavior. Improvements in compliance, ease of medi-
cation  administration,  and  risk  of  iatrogenic  trauma  to 
the  eye  were  reported  by  owners  using  the  SPL  system. 
Patients intolerant of topical eye drops can be trained to 
accept eye drops while the SPL system is in place to enable 
provision of long- term medication if required.
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