
Laser surgery as a treatment for histologically confirmed sarcoids
in the horse
P. C. COMPSTON*, T. TURNER†, C. E. WYLIE and R. J. PAYNE

Rossdales Equine Hospital, Newmarket, Suffolk, UK
†Royal (Dick) School of Veterinary Studies, Easter Bush Veterinary Centre, Edinburgh, UK.

*Correspondence email: polly.compston@thebrooke.org; Received: 30.10.13; Accepted: 30.04.15

Summary

Reasons for performing study: Laser resection for the treatment of sarcoids is an established part of equine practice; however, few studies have
provided long-term follow-up results. Additionally, many previous reports have evaluated several treatments concurrently or have not been able to
provide a definitive histological diagnosis of sarcoid.
Objectives: To establish the success rate following laser resection as a sole treatment for histologically confirmed sarcoids and evaluate risk factors for
recurrence.
Study design: Retrospective time-to-event analysis.
Methods: Horses included had laser surgery to remove at least one sarcoid between 1 July 2005 and 1 September 2012. No previous known/
concurrent veterinary treatment was administered. Diagnosis was confirmed by histology in all cases. Clinical data were retrieved from the hospital
database. Follow-up information was obtained by telephone questionnaire.
Results: Ninety-nine horses, with a total of 235 sarcoids, were included in the analysis; 82 (83%) had no recurrence of the sarcoid removed and 71 (72%)
had no occurrence of any sarcoids following surgery. Horses with sarcoids on the head and neck and those with verrucose sarcoids were at increased
risk of recurrence (hazard ratios of 1.61 and 4.03, and 95% confidence intervals of 1.02–2.56 and 1.11–14.7, respectively).
Conclusions: Laser resection of sarcoids in the horse has a positive post operative prognosis. Further work is required to fully evaluate risk factors for
recurrence fully.

Keywords: horse; sarcoid; laser; surgery; histology; time-to-event analysis

Introduction

Sarcoids are the most commonly reported neoplastic lesion seen in the
horse, with owner-reported frequency recently calculated at 5.8% [1].
Despite being so widespread, there is no clear consensus as to their
aetiology, or a universal method of treatment, owing in part to their
diverse phenotypic appearance. A range of treatment modalities,
including various topical applications [2–5], immunotherapy [6–12],
radiation therapy [2,13–17], chemotherapy [18–21], cryosurgery [12,22],
‘traditional’ sharp surgery [2,9,12,23] and laser surgery [12,24–27], have
all been reported in the veterinary literature (Fig 1) and an even wider
variety of nonprescription treatments are used by the horse-owning
public. Success rates with respect to recurrence vary widely; however,
no single treatment has been shown to be suitable for all sarcoids in all
locations.
Laser surgery has become an increasingly popular therapy for equine

sarcoids. The heat energy contained in the laser’s beam vaporises
neoplastic cells and generates an area of irreversible coagulative necrosis
around the margin of the surgical site, and a further zone of reversible
oedema and inflammation [28]. Nd:YAG light energy is primarily absorbed
by melanin and haemoglobin, and is more readily absorbed by tissue than
a CO2 laser, leading to better coagulation but increased thermal damage to
surrounding tissues [29], with the similar wavelength diode laser
considered more efficient [30]. The unique advantage of laser surgery is
limitation of ‘seeding’ from the site of the operation due to desquamation
of cells from the lesion surface or release from cut ‘roots’ of the main
mass. Other advantages in comparison to conventional treatment options
include: precision [31]; a bloodless surgical field [24,31]; reduced
haemorrhage, swelling and pain [31]; sterilisation of the surgical site [31];
and shorter hospitalisation times [24].
Previously, recurrence rates of 63–89% have been reported following

laser surgery to remove sarcoids [12,25,26] with follow-up periods ranging
from 6 months to 5 years. However, few sarcoids from these studies were
definitively diagnosed with histology and no reference was made to the

incidence of recurrence. In addition, few studies have evaluated the risk
factors for sarcoid recurrence.
Definitive diagnosis of any neoplasia is based on histological

examination. Historically, histological sarcoid confirmation has not always
been performed, owing to a combination of a high index of clinical
suspicion for tumours with characteristic morphologies and reluctance to
biopsy suspicious lesions for fear of aggravating tumour growth [2].
However, without definitive confirmation of tumour type, it is difficult to
interpret previously reported results.
The aim of this study was to evaluate long-term results following

histologically confirmed sarcoid resection with laser surgery alongside risk
factors for recurrence.

Methods

Inclusion criteria and case data

Horses were included if they fulfilled the following criteria: 1) admitted
to Rossdales Equine Hospital between 1 July 2005 and 1 September
2012; 2) had at least one tumour removed by laser surgery; 3) had
at least one tumour confirmed histologically as a sarcoid. Horses
were excluded if: 1) histological diagnosis was not definitive; 2) they
had had previous laser surgery for suspected sarcoids but no histology
had been obtained; 3) an alternative surgical treatment had been
performed prior to initial laser surgery; 4) follow-up information was
unavailable; or 5) the sarcoids treated with laser surgery were treated
with another modality (e.g. 5% fluorouracil cream) concurrently at the
time of laser surgery.

Surgical method

Strict adherence to laser safety was maintained during the surgical
procedure. A margin of at least 1 cm of visibly and palpably normal tissue
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around the sarcoid was resected by Nd:YAG or diode laser, leaving behind
a charcoalised eschar. The wavelengths of the lasers were 1064 and
940 nm, respectively, and they were both used in continuous mode.
Between 500 and 5000 J laser energy was used per sarcoid depending on
size, at power setting 25 W. Wounds were left to heal by secondary
intention. All sarcoids were removed from all horses.

Data collection

The following data were recorded from hospital records: horse age, sex
and breed; date of laser surgery; season of laser surgery (winter:
December–February; spring: March–May; summer: June–August; autumn:
September–November); number of sarcoids; anatomical location of
sarcoids; sarcoid type [32]; any record of previous treatment of the
sarcoid; largest dimension of any sarcoid recorded (cm); if surgery was
performed under general anaesthesia or standing sedation and local
anaesthesia; if clear histological margins had been achieved; any
subsequent examination or treatment for sarcoids; and total number of
times laser excision of sarcoids was performed.
Sarcoid location was divided into 4 anatomical sites: 1) lower limb (hoof

to carpometacarpal joint/tarsometatasal joint); 2) upper limb and ventral
abdomen (cranial border: cranial aspect of the scapula, dorsal border: line
from C7 to greater trochanter of the femur); 3) dorsum; and 4) head and
neck. Sarcoids were classified into nodular, verrucose, fibroblastic, occult
and mixed [32]. These data allowed calculation of the number of different
sites and the number of different types of sarcoid for each horse.
For horses that were re-examined at Rossdales Equine Hospital the

following data were recorded: date of examination; sarcoids present at
examination (classified as previously); and method of treatment.
Follow-up data were obtained by telephone questionnaire

(Supplementary Item 1), and consisted of date of telephone conversation;
whether (and if so when) the horse had died or been sold since its
operation; any post operative complications; whether the sarcoid treated
had recurred; if it had, when and where; and if any other sarcoids had
recurred and, if they had, date of occurrence and their anatomical location.
Additionally, owners were asked if they could recollect any treatment that
had been used prior to their first appointment at Rossdales Equine
Hospital. Follow-up was considered unavailable if owners could not be
contacted after 5 telephone attempts at separate times of day.
This allowed calculation of the following: total follow-up time (months),

number of months to recurrence of sarcoid if applicable and categorisation
of the horses into 4 groups:

• No sarcoid recurrence or occurrence at another site since initial laser
surgery

• Recurrence of original sarcoid
• Occurrence of sarcoid in a new location
• Recurrence of original sarcoid and occurrence in a new location

Data analysis

Descriptive data were calculated. Time-to-event analysis was performed at
the horse level, with 2 outcome events evaluated:
Outcome one: Sarcoid present at any location on the horse (e.g. Groups

2, 3 and 4).
Outcome two: Sarcoid present at original surgery site (e.g. Groups 2

and 4).
Numerical variables were evaluated continuously. Each sarcoid location

and type of sarcoid was evaluated independently. A separate analysis was
performed with the addition of horses that had been previously excluded
owing to previous treatment. Follow-up time was censored at either: 1)
time to occurrence of sarcoid postoperatively; 2) death or sale of horse; or
3) follow-up telephone conversation, whichever happened first.
Individual variables were analysed for proportional hazards and

differences in outcome using Kaplan–Meier graphs and log rank tests. Any
variables with P<0.15 in the univariable analysis were evaluated in a Cox’s
proportional hazards model. Model consensus was achieved with stepwise
progression and evaluation of likelihood ratio tests. Significance was set at
P<0.05. Power calculations are available (Supplementary Item 2). The
number of explanatory variables allowed in each model was limited in
accordance with the power calculations. All statistical analysis was
performed in R (2014, The R Foundation for Statistical Computing) using
epicalc and survival packages. The Cox’s proportional hazards assumption
was tested based on Schoenfeld residuals [33].

Results

A total of 143 horses were identified in the hospital records that fulfilled
the inclusion criteria. Twenty-eight owners could not be contacted, and,
following telephone questionnaire, 16 horses were excluded as they had
been treated prior to laser surgery, either with a cream (nonprescription or
veterinary prescribed, n = 13) or cryotherapy (n = 3). Exclusion of these
cases left 99 horses, with a total of 235 sarcoids, included in the analysis
(Fig 2).
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Fig 1: Diagram to show the range of previously reported success rates following treatment of sarcoids for cisplatin [2,18–21], iridium [2,13–17], topical agents (AW4-
LUDES2 [2], aciclovir [5] and 5% fluorouracil cream [2]), Bacillus Calmette-Gu!erin (BCG) vaccination [2,6–9,12], cryotherapy [2,7,9,12,22], traditional excision [2,9,12] and
laser surgery [12,24–27,31]. The nearer to the top each circle is, the more successful the treatment. The size of each circle is proportional to the number of horses in
each study. The colour represents the follow-up time available in each study, which were classified as follows: where only provided as a range, the lower figure was
taken; where only the upper limit provided classified as unknown; medians used where provided, otherwise mean values used.
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Most horses had one sarcoid (n = 53, 53.5%; 95% confidence interval [CI]
43.7–63.4%); maximum number (in one horse) was 18 (Supplementary
Item 3). The majority of sarcoids were located on the upper limb and
ventral abdomen (n = 179, 76.2%; CI 70.7–81.6%), followed by sarcoids on
the head and neck (n = 46, 19.6%; 14.5–24.6%), then lower limbs (n = 7,
3.0%; CI 0.8–5.2%) and upper body (n = 3, 1.3%; CI 0.0–2.7%)
(Supplementary Item 4). The number of anatomical locations of sarcoids
per horse ranged from 1 to 3 (median 1). All but 2 horses had a
presumptive diagnosis of sarcoid. Eighty-one horses (81.8%) were operated
on under standing sedation and local anaesthesia; the rest (18.2%) were
operated on under general anaesthesia.
Nodular sarcoids were most common (n = 83, 35.3%; CI 29.2–41.4%),

followed by fibroblastic (n = 53, 22.6%; 17.2–27.9%), mixed (n = 36, 15.3%;
10.7–19.9%), occult (n = 12, 5.1%; 2.3–7.9%) and verrucose (n = 7, 3.0%; CI
0.8–5.2%) sarcoid types. The morphological type of 47 sarcoids was not
recorded. The majority of horses had only one sarcoid type present
(n = 64, 64.6%; CI 55.2–74.1%); the maximum number of sarcoid types (in
one horse) was 4 (Supplementary Item 4).

Follow-up

No post operative problems were reported in 82 (82.8%; CI 75.4–90.3%)
horses. The most common post operative problem reported by owners
was prolonged healing (n = 8, 8.1%; CI 2.7–13.4%), followed by sarcoids
that never healed and recurred (n = 4, 4.0%; CI 0.2–7.9%), scar formation
(n = 3, 3.0%; CI 0.0–6.4%), minor inflammation (n = 1, 1.0%; CI 0.0–3.0%) and
reported behavioural problems preventing girthing following resection of
sarcoid from the girth area (n = 1, 1.0%; CI 0.0–3.0%).
Median time contributed by each horse was 18.5 months (range

1–89 months). Overall, following the first surgical procedure, 195 sarcoids

(83.0%, CI 78.2–87.8%) were successfully treated, 40 (17.0%; CI 12.2–21.8%)
sarcoids recurred and 28 sarcoids that had not been present at initial
veterinary examination were described in 19 horses (19.2%; CI 11.4–26.9%).

Any postoperative sarcoid presence

Twenty-eight horses (28.3%; CI 18.6–40.5%) had at least one sarcoid that
occurred at median 6 months (range 1–43 months) post operatively,
significantly shorter than the median 23 months (range 1–89 months)
follow-up time available for horses without recurrence (Mann–Whitney
U = 1592, P<0.0001). Incidence of recurrence was 1.54 (CI 1.02–2.23)
sarcoids per 10 horse-years. Univariable results are displayed in
Supplementary Items 3 and 4.
The results of the Cox’s regression model are shown in Table 1.

Recurrence was more likely for each verrucose sarcoid that was present,
with a hazard ratio of 4.54 (CI 1.70–12.1, P = 0.003; Fig 3). However, each
additional fibroblastic sarcoid present had a borderline significant
protective effect, with a hazard ratio of 0.53 (CI 0.28–1.01, P = 0.05).

Recurrence of sarcoid(s) including at the original site

Seventeen horses (17.2%; CI 9.9–27.2%) had recurrence of original sarcoids
at median 5 months (range 1–37 months) post operatively; significantly
shorter than the median 22 months (3–89 months) follow-up time available
for horses without recurrence (Mann–Whitney U = 1101.5, P = 0.0002).
Incidence of recurrence was 0.89 (CI 0.52–1.43) sarcoids per 10 horse-
years. Univariable results are displayed in Supplementary Items 3 and 4.
The results of the Cox’s regression model are shown in Table 1. Sarcoids

located on the head or neck had a hazard ratio of 1.61 (CI 1.02–2.56,
P = 0.04) associated with recurrence at the same location. Also, if at least

n = 143

n = 99

n = 28
No follow-up available

Horse sarcoid free

Horse sarcoid free

Horse’s sarcoid reported by owner at
telephone questionnaire

Horse excluded due to insufficient
post operative time

Horse excluded due to insufficient
postoperative time

Horse included in time-to-event analysis

n = 28
Sarcoid present

n = 13
Second laser surgery to remove sarcoids

n = 2

n = 2

n = 1

n = 1

n = 9

Third laser surgery to remove sarcoids

Euthanasia due to widespread sarcoids

n = 16

n = 15

n = 71

Owner reported previous treatment

Definitive histological diagnosis of at least one sarcoid, removed by laser surgery between 1/1/2005 and 1/9/2012

Fig 2: Flowchart to show progression of horses throughout study recruitment for sarcoid treatment by laser surgery at Rossdales Equine Hospital.
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one verrucose sarcoid was present, a hazard ratio was calculated as 4.03
(CI 1.11–14.7, P = 0.03) associated with recurrence at the same location.

Evaluation of the effect of previous treatment

A total of 16 horses were excluded from the time-to event analysis owing
to previous treatment: 50% had recurrence of sarcoid in any location,
whereas 17.2% of horses that were not previously treated had recurrence
of sarcoid in any location. Local recurrence was significantly more likely in
horses that had previously been treated (odds ratio = 4.82, CI 1.59–14.6;
P = 0.006).

Subsequent laser resection of sarcoids

Thirteen horses returned to Rossdales Equine Hospital for a second
surgery for sarcoid resection, a median 5 months (range 1–37 months)
following initial surgery. Two horses in this group were excluded from
further follow-up as second surgery had occurred in the 3 months prior to
data collection. At least one sarcoid that had been previously removed
recurred in 3 horses (27.3%; CI 1.0–53.6%), with a total of 4 horses (36.4%;
CI 7.9–64.8%) not sarcoid free (median 30 months, 8–81 months post
operatively; Fig 2). One horse with no recurrence had been treated
concurrently at the time of second surgery with 5% fluorouracil cream.
Two horses were seen for a third surgery. One horse was excluded from

follow-up as the third surgery had occurred in the 3 months prior to data
collection. The other horse had recurrence of sarcoids and was eventually
subjected to euthanasia.

Discussion

This study shows that of the 99 horses that underwent laser surgery, 82
(83%) had no recurrence and 71 (72%) had no occurrence of any sarcoids
following surgery. This success rate seen in this study compares favourably
to both previous studies of laser resection of sarcoids with and other
studies that have reported on treatment of sarcoids. Treatment modalities
that have higher success rates include iridium wires (81–100% success rate
[14,16]) and cisplatin, with or without electrotherapy (87–97% success rate
[19,21]; Fig 1). The advantages of these techniques for treating specific
sarcoid types must be weighed against their disadvantages, which include
high costs, risks to operator safety and associated difficulties with
radiotherapy, and in the case of cisplatin with electrotherapy the
requirement for repeated general anaesthesia. At Rossdales Equine
Hospital preference would be for standing laser surgery; nevertheless,
approximately 20% of horses have sarcoid removal under general
anaesthesia. The reasons for this would be a concurrent surgical
procedure necessitating general anaesthesia, or horse temperament,
severity or location of the lesions precluding safe removal under sedation.
Although it is therefore acknowledged that general anaesthesia has an
associated risk and cost, this was considered to be the best clinical
treatment option. Success rates for sarcoid removal have been shown to
vary depending on the location or type of sarcoid, and it is unlikely that
there will ever be a universal treatment for sarcoids in the horse. However,
in the absence of specific contraindications, such as large periocular
lesions, these results show that laser resection of sarcoids is an effective
first-line treatment.
The most clinically relevant finding in this study was that sarcoid

recurrence is most likely to happen within the first 6 months following
surgery. This correlates with previous reports [12,25]. Additionally, the
presence of verrucose sarcoids was significantly associated with a higher
rate of sarcoid recurrence in both models. Previously poor results have
been reported for periocular verrucose sarcoids [2]. The reasons for this
are unclear. Histological examination of verrucose sarcoids has shown
increased levels of hyperkeratosis, rete pegs and ‘picket fence’ appearance
at the dermoepidermal junction compared with other types of sarcoid
except for mixed varieties [34]. These histological characteristics may
indicate that verrucose sarcoids extend further into the dermal layer than
other types of sarcoid, which could have an influence on excisional
margins. However, care must be taken not to overinterpret this finding
owing to the low number of horses with verrucose sarcoids present
(n = 7). Further studies are required, first to confirm this result and then to
evaluate it fully.
Other significant variables for recurrence included presence of a sarcoid

on the head or neck. Surgical margins can be harder to achieve on the face
than in the ventral abdominal region owing to the close proximity of vital
structures and increased tissue tension. Horses that had been previously
treated, whether by the owner with nonprescription topical applications or
under the supervision of a veterinary surgeon with either cryotherapy or
topical creams (e.g. AW4-LUDES, 5% fluorouracil), had a higher risk of
recurrence following laser surgery. Previous authors have described a
poorer prognosis for sarcoids that have been previously treated
unsuccessfully, independent of treatment modality [2,12,26]. It is unclear
why additional fibroblastic sarcoids would reduce the risk of recurrence of
sarcoids. This novel and unexpected finding necessitates further

TABLE 1: Final Cox’s proportional hazards models regarding sarcoid treatment by laser surgery at Rossdales Equine Hospital

Hazard ratio
Lower
confidence interval

Upper
confidence interval P value

Wald test

Value P value

Outcome 1 (any sarcoid presence)
Number of verrucose sarcoids (continuous) 3.42 1.70 12.1 0.003 13.0 0.002
Number of fibroblastic sarcoids (continuous) 0.71 0.28 1.01 0.05

Outcome 2 (sarcoid recurrence in same location)
Number of verrucose sarcoids (continuous) 4.03 1.11 14.7 0.03 6.94 0.03
Presence of sarcoid on head or neck (binary) 1.61 1.02 2.56 0.04

0

0.
0

C
um

ul
at

iv
e 

pr
op

or
tio

n 
w

ith
ou

t r
ec

ur
re

nc
e

0.
4

0.
2

0.
6

0.
8

1.
0

20 40

Follow-up time (months)

60 80

Verrucose sarcoids

Nonverrucose sarcoids

95% confidence interval

Fig 3: Kaplan–Meier plot showing Outcome 1 survival curves for horses with
(pink line) and without (black line) verrucose sarcoids. The rate of sarcoid
occurrence in horses that originally had verrucose sarcoids removed was
significantly greater than those that had not (P = 0.003).
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clarification owing to the borderline statistically significant effect and the
small numbers involved.
Previously, horses affected with multiple sarcoids have been shown to

have a poorer prognosis following treatment [8,22,25]. This was not shown in
this study. It may be that clinical diagnosis is more often thought to be
sufficient in these cases and therefore tissue samples are less likely to be
submitted for histological diagnosis. Therefore, fewer horses with multiple
sarcoids appeared in our cohort (only 11 had >5 sarcoids). Additionally, the
presence of clear histological margins was not found to be significant in this
model. Following laser excision a region of coagulative necrosis will extend
into resected tissue as well as into deeper tissues of the horse. This
complicates the interpretation of surgical margins achieved for that excised
tissue. Histology from laser-excised masses must therefore be interpreted in
context.
The most frequent comment on the post operative period made by

owners of horses in this study was that healing appeared to be prolonged.
Wounds were left to heal by secondary intention; therefore, this is likely to
account for this perceived increase in the duration of healing time.
Management of owner expectations is important in these cases. Otherwise,
there were few post operative complications. Standard discharge
instructions for laser sarcoid removal at Rossdales Equine Hospital would be
a follow-up veterinary examination after 7–10 days; however, subsequent
follow-up is not then considered necessary during the straightforward
secondary intention healing – thereby not resulting in excessive costs.
This study had a number of limitations. The inclusion criteria used were

very narrow, as the aim was to evaluate the effect of laser surgery alone as
a first-line treatment on sarcoids that had been definitively diagnosed. By
restricting inclusion to horses with histology, many horses that presented
with sarcoid-like lesions were excluded. We felt that this exclusion criterion
was essential for the integrity of the study, to ensure that the masses
removed were indeed sarcoids. However, this will have inevitably
introduced some bias into the results, in particular the risk factor analysis.
Additional bias will occur when follow-up cannot be obtained for all
animals, and recall bias is unavoidable when using telephone
questionnaires. Retrospective studies will always encounter these
problems but are often a necessity to obtain adequate sample sizes.
Owner-reported data on follow-up were used to obtain information on
recurrence. Although it was expected that most owners would be capable
of identifying evident lesions, some occult sarcoid types may have been
missed in particular locations, such as the inguinal region. Animals with a
longer coat may have been more problematic for lesion identification,
although follow-up was collected between April and June.
To the authors’ knowledge this is the largest study to date following

treatment of histologically confirmed sarcoids in the horse. Laser surgery is
comparatively inexpensive and safe and offers a similar prognosis to the
treatment options often used in veterinary practice to treat sarcoids,
without the need for treatment on multiple occasions. These results
provide an evidence base upon which practitioners can recommend laser
surgery as a treatment, and advise on likely recurrence rates, for the
majority of sarcoids in the horse. Further studies examining the sensitivity
and specificity of clinical diagnosis of sarcoids may help with the
implementation of larger risk factor analyses.
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