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Background: High resolution colour Doppler ultrasound shows intratendinous Doppler activity in patients
with chronic Achilles tendinopathy. Treatment of this neovascularisation with sclerosing therapy seems to
relieve the pain. However, the procedure often has to be repeated.

Objective: To investigate the effect of electrocoagulation of the neovessels on tendon pain and tendon
vascularity in patients with chronic Achilles tendinopathy.

Methods: Colour Doppler ultrasound guided electrocoagulation was used on vessels in the ventral portion
of the Achilles tendon in 11 patients (seven men, four women, mean age 41 years) with painful chronic
mid-portion Achilles tendinosis. A unipolar coagulation device was used.

Results: One patient dropped out after two months (dissatisfied with the results). The remaining 10 patients
(91%) were satisfied. These 10 patients were still satisfied at six months of follow up and had returned to
their previous level of activity. All 10 patients were ““cured”” after one treatment. The patient who dropped
out received two treatments because of lack of progress. There was significantly reduced pain (Likert pain
scale, 0-10) during activity, from a median of 7 (range 4 to 10) at baseline to 0 (O to 8) at six months’
follow up (p<<0.005); and at rest, from 1.5 (1 to 5) to O (0 to 8) (p=0.005). In all patients, vascularisation
was unchanged at the six months follow up, with no significant change in semiquantitative or quantitative
colour scoring.

Conclusions: Coagulation in the area with vessels entering the tendon appears to be effective treatment for
painful chronic mid-tendinous Achilles tendinopathy. No effect on the intratendinous Doppler activity could
be detected, suggesting that the effect is independent of changes in blood flow. Localisation of hyperaemia
appears to be the key to the pathology and for targeting the treatment. One explanation could be that the

been clarified although most evidence supports the
notion of a degenerative disease and thereby classifies
the tendinopathy as a tendinosis." Although some investiga-
tors have abandoned the tendinitis myth completely,” the
terms “‘tendinitis” and “‘tendinosis” are used interchange-
ably. Achilles tendinopathy is a relatively common painful
condition which is difficult to treat. High end ultrasound
equipment with a very sensitive Doppler has the ability to
detect flow in normal muscles and subcutaneous tissues, and
occasionally in normal joints,” * while normal, asymptomatic
Achilles tendons in many reports shows no sign of Doppler
activity.”®
Some investigators interpret the presence of intratendinous
colour Doppler activity in tendinosis of the Achilles tendon as
a sign of abnormality’ > and possible new vessels (neoves-
sels).” Furthermore, in microdialysis studies and immuno-
histochemical and gene expression analysis, some of these
workers have found not only higher levels of glutamate (a
potent modulator of pain in the central nervous system) and
the presence of glutamate receptors in close vicinity of
nerves,'” but also an upregulation of vascular endothelial
growth factor (VEGF) in patients with painful Achilles
tendinopathy." "> These findings indicate that inside the
Achilles tendinosis, nociceptive nerve fibres accompany the
neovessels. This hypothesis was followed by reports of
successful treatment of the neovessels with sclerosing
therapy in both the mid-portion of the tendon and at its
insertion.” '* The mean number of treatments necessary to
obtain not only pain relief but also the disappearance of

Thc pathogenesis of Achilles tendinopathy has not fully

effect is obtained by destruction of nerves accompanying the vessels.

neovessels has been reported to be two to four, which might
reflect insufficient closure of the vessels or recanalisation
after successful initial closure. When patients are cured there
are reportedly no intratendinous neovessels remaining.” "

Sclerosing thermal therapy has recently been reported in
the treatment of lateral epicondylitis using a radiofrequency
probe to carry out microtenotomies.” Furthermore, in the
treatment of patients with shoulder instability, unipolar
thermal capsular shrinkage, based on similar procedures, has
in some cases proved effective in the short term.'® In surgery,
perioperative haemostasis can be obtained by using either
monopolar or bipolar coagulation.'” Thus in theory thermal
energy applied to the site where neovessels enter the tendon
might be an effective way of destroying these vessels in
patients with chronic tendinopathies.

Our aim in this study was to develop an efficient technique
to cure the pain in chronic Achilles tendinopathy and to
examine its effect on tendon vascularity.

METHODS

Eleven patients participated (five women and six men). The
patients were recruited from private and public orthopaedic
and rheumatological units and general practitioners. All had
failed previous treatment regimens (table 1).

Mean age was 41 years (range 25 to 58) and the mean
weight was 71 kg (62 to 92). The mean duration of symptoms
was 31 months (6 to 120). In all patients, the pain was
localised to the part of the Achilles tendon corresponding to
the clinical non-insertional area, >2 cm above the calcaneus,
as defined by Clain and Baxter."® On ultrasound the painful
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Table 1 Different treatments regimens that the
patients had undertaken before inclusion

Treatment Number of patients
Rest 1
Physiotherapy 11
Orthoses in shoes 1
NSAID 9
Corticoid injections 8*
Eccentric exercise 9

*Injections in close proximity to the tendon (range 1-5): the
most recent injection was six months prior to the study.
NSAID, non-steroidal anti-inflammatory drug.

area corresponded to an area in the free part of the tendon
with localised swelling and widening of the tendon,
hypoechoic and irregular fibre structure, and in some patients
also a poorly defined anterior border. All patients had
neovessels.

All patients had constant pain or soreness from the
Achilles tendons and in all, walking was associated with
some pain and running was impossible. Two patients were
semiprofessional athletes (a handball player and a triathlete),
eight were recreational runners, and one had walking as her
main physical activity.

Ultrasound guided coagulation therapy

Ultrasound was dome wusing a Siemens SequoiaTM
(Mountainview, California, USA) equipped with a 14 MHz
linear array transducer. The colour Doppler was optimised for
low flow and the Nyquist limit was +0.014 m s '. The
Doppler frequency was 7 MHz and the gain was set just
below the level that produced random noise. The Doppler
settings were the same for all examinations. We used colour
Doppler and not power Doppler, as the sensitivity of the two
are equal on the Sequoia. The patients were placed prone
with a pillow under the distal tibia, and with the foot
hanging freely in an approximately 90° position of the ankle.
The Achilles tendon was scanned in longitudinal and
transverse planes.” The tendon and peritendinous tissues
were evaluated with colour Doppler and the presence of
intratendinous flow was recorded.” A longitudinal image
with maximum flow on colour Doppler was obtained to make
a semiquantitative grading of disease activity (see below).
The digitally stored images were exported to a computer as a
DICOM file. The contralateral non-painful tendon was also
examined. When intratendinous Doppler activity was
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observed, the entrance of the vessels into the tendon was
recorded and used during the coagulation.

Coagulation

A unipolar 16 G (1.6 mm) coagulation needle connected to
an ICC 80 electrosurgical Workstation for Minor Procedures
(ERBE®, Tiibingen, Germany) was used. The shaft of the
needle was electrically isolated and electrocoagulation was
only possible at the tip of the needle. The neutral electrode
was placed in the patient’s hand. The workstation was
equipped with a foot switch to activate the coagulation (fig 1).
The coagulation was carried out at 20-25 W. By activating
the foot switch the monopolar current was transferred
through the isolated needle into the tissue and back again
via the neutral electrode. The power was hereby delivered at
the unisolated tip.

Before treatment, the skin was washed with a solution of
chlorhexidine and alcohol. The skin was then covered with
sterile paper with a hole cut to reveal only the free part of the
Achilles tendon. The skin and subcutaneous tissue were then
anaesthetised locally with 5-10 ml of lignocaine (lidocaine)
2%.

The transducer was placed on the dorsal side of the
Achilles tendon parallel or transverse to the fibres depending
on the best visualisation of the vessels.

The needle was inserted from the medial side and placed
against the vessels entering the Achilles tendon from the
ventral side of the tendon (the site is identical to the site used
during sclerosing therapy)"” (figs 2 and 3). When the tip of
the needle was positioned correctly, coagulation was acti-
vated by the footswitch. Coagulation was carried out
dynamically (on average for one to two seconds at each site)
until the Doppler signal had disappeared (fig 2). By applying
this procedure to all vessels entering the pathological area it
was possible remove the baseline intratendinous flow visible
on ultrasound Doppler. During the procedure, we observed
transitory minor hyperaemia in the surrounding region both
intratendinously and extratendinously.

After the procedure, all patients were pain-free because of
the local anaesthesia. After the coagulation ice compression
was applied for 10 to 20 minutes to reduce possible reactive
hyperaemia after the invasive procedure. Because of the
effect of the local anaesthetic there was no pain during the
procedure, but in most patients pain returned the same
evening.

The patients were allowed to walk, cycle, or swim on the
day after the treatment but no jogging until two weeks later,

Figure 1

Coagulation procedure. Left: The patient is lying prone and the right Achilles tendon is being treated from the medial side. The coagulation

device is seen behind the physician. The device is activated by the foot switch seen at the bottom of the image. Right: Close up of the coagulation needle
during insertion. The physician is wearing gloves and the ultrasound transducer is covered by a condom. The needle is connected to the coagulation
device by the cable. Informed consent was obtained for publication of this figure.
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Figure 2 Colour Doppler activity at baseline and during treatment.
Longitudinal images of an Achilles tendon with proximal oriented left.
The anterior bor(?ers of the tendons are indicated with arrows. In (A) the
Doppler activity was graded as 2 and had a colour fraction of 33%. In
(B) and (C) the same tendon is belng treated with coagulation therapy.
The distal part of the tendon is “shut down”” and the proximal part
remains to be treated (B); (C) is the correspondlng grey scale image of
(B). The white filled arrow marks the ongoing coagulation.

depending on the follow up examinations which took place
14 days, one month, three months, four months, and six
months after the treatment. All coagulations were under-
taken by the same experienced radiologist (STP).

Ovutcome measures

At study entry and at the follow up examinations, the same
investigator did the ultrasound examination and assessed the
vascularisation, using both a semiquantitative and a quanti-
tative scoring system according to the appearance of vessels
inside the tendons.

Semiquantitative grading system
The tendons were graded according to the amount of
intratendinous Doppler activity inside the region of interest
(ROI). When Doppler activity was present, the centre with
the most pronounced Doppler activity was defined and 1 cm
of the tendon in both proximal and distal directions was used
as the ROL

The semiquantitative grading system has five grades (0—4):
0, no Doppler activity; 1, one or two tiny colour foci; 2, up to
50% colour inside the ROI; 3, 50-90% colour inside the ROL;
4, 90-100% colour inside the ROI (fig 4). This grading is
similar to a grading system defined by Ohberg et a/ with
respect to grades 0 and 1."” Our grades 2, 3, and 4 were
defined on the basis of ROI covered with colour, which has
not been defined in previous studies.

Quantitative scoring system
A longitudinal image with maximum flow on colour Doppler
was obtained to calculate the percentage of colour pixels. The
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Figure 3 Treatment procedure. Transverse image of an Achilles fendon
with the medial portion oriented to the left. The anterior border of the
tendon is indicated with a white arrow. In (A) the tendon is seen to have
intratendinous Doppler activity; in (B) the same tendon is seen in a grey
scale image, with the coagulation needle approaching from the medial
side (F|||ec?wh|te arrow).

digitally stored image was exported as a DICOM file, and the
colour fraction calculated with a B version of DataPro
(Noesis, Courtaboeuf, France). The ROI of the Achilles

Figure 4 Colour Doppler grading before treatment and after six
months of follow u!a Longitudinal images of an Achilles tendon with
e

proximal oriented left. The anterior borders of the tendons are indicated
with arrows. For illustration, the region of interest has been added (red
dotted line) and gives a valve of 33% in (A) (before treatment) and 45%
in (B) (at follow up). The centre of the maximum Doppler activity defines
the centre of the ROI, which extends 1 cm proximally and distally.
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tendon was traced inside the colour box, whereupon the
software reported the number of colour pixels and the total
number of pixels inside the trace. We then calculated the
colour fraction as colour pixels/total pixels.*'

Pain score

Achilles tendon pain was recorded using a Likert box scale
(from 0 to 10) for pain during rest and activity at baseline
and on follow up examination. Each patient’s satisfaction
with the result of treatment was also recorded as satistying or
not satisfying.

Treatment strategy

If there was any remaining intratendinous hyperaemia and if
the patient’s symptoms had not subsided, the treatment was
offered again. In case of remaining hyperaemia at follow up
but reduced pain, no further treatment was given.

Statistics

All analyses were based on 11 patients as the intention-to-
treat population, although only 10 of the participating
patients completed the follow up. The drop-out was included
as last observation carried forward.

All tests are based on the Wilcoxon matched pairs signed
rank sum test with a two sided significance level at 5%; these
are presented as median (range).

The investigation was approved by the ethics committee of
Copenhagen (KF 11 284314).

RESULTS
Before treatment
All patients had intratendinous Doppler activity. The median
pain score before treatment for the 11 patients was 7 (range 4
to 10) during activity and 1.5 (range 1 to 8) during rest.
Colour Doppler activity was grade 2 in most tendons (table 2).
The mean (SD) colour fraction was 24 (18)%.

All the contralateral tendons were slim with a regular
tendon fibre structure and no intratendinous hyperaemia.

After treatment

One of the patients dropped out after the two months follow
up because of disappointment with the results. She had
received two treatments (at baseline and at the one month
follow up) but declined an offer of further treatment.

At the six months follow up, all the remaining 10 patients
were satisfied with the treatment and had resumed their
preinjury activities. The median pain score after treatment
was 0 (range 0 to 8, n=11) during activity and 0 (0 to 8,
n = 11) during rest (fig 5, panels A and B).

Table 2 Semiquantitative and quantitative scoring of the
Achilles tendons before treatment and after six months of
follow up

Semiquantitative grading*  Colour fractiont

Patient Before After Before After
1 2 0 7% 0%
2 2 2 4% 35%
8 2 2 12% 11%
4 2 2 10% 14%
5 2 8] 33% 45%
6 2 2 19% 23%
7 2 2 12% 9%
8 8 2 51% 44%
9 3 2 44% 33%

10 3 8 45% 52%

*See the text for detailed description of the grading system.
1See the text for detailed description of the colour fraction.
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Figure 5 Pain during follow up shown on a Likert box score in the 11
patients. The graphs ﬁlustrqtes the outcome on the Likert box scale for
each patient (coloured line) during activity (A) and at rest (B). *The red
dotted line indicates the patient wc};\o dropped out at the 30 day follow
up. The thick black line shows development in median Likert score. **The

ellow line indicates a patient who experienced relapse of his symptoms
Eecause he returned too fast to full training load and ran 20 km three
days in a row. He recovered on conservative freatment.

There was a highly significant reduction in Likert pain
score compared with baseline. The median overall pain score
reduction (score at baseline minus score at day 180) was 7
during activity (p<<0.005) and 1 during rest (p = 0.005). The
reduction in pain was significant at all follow up examina-
tions—baseline to day 14: activity, p = 0.009; rest, p=0.011;
baseline to day 30: activity, p=0.011; rest, p=0.007;
baseline to day 90: activity, p=0.008; rest, p=0.004;
baseline to day 120: activity, p=0.005, rest, p=0.004;
baseline to day 180: activity, p = 0.005; rest, p = 0.004.

These differences corresponded to a self reported success
rate of 10/10 (100%); the corresponding intention-to-treat
success rate was: 10/11 (91%).

At the six months follow up, no change was observed in
colour fraction or colour grading compared with baseline
(table 2). The mean (SD) change in colour fraction
(intratendinous hyperaemia) was an increase of 3 (12)%
(p=0.47). Likewise, on semiquantitative scoring there was
no significant change in grading compared with baseline
(p=0.26).

On grey scale ultrasound there was no change in the
diameter (thickening) or appearance (structure) of the
tendons (data not shown).

No side effects were observed.

DISCUSSION

In this study we found that electrocoagulation of the
neovessels in patients with chronic Achilles tendinopathy
significantly reduced tendon pain during activity and rest at a
six month follow up in 10 of 11 patients. The treatment in the
present study was applied to the pathological area with
intratendinous hyperaemia seen on Doppler, and the
immediate response was a disappearance of the intratendi-
nous hyperaemia. In all cases, however, the hyperaemia
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reappeared in the two week interval between treatment and
follow up (fig 4, panels A and B). In the same period a
proportion of the patients experienced some degree of relapse
or had even more pain than at baseline. Nevertheless, at the
six month follow up, the treatment proved very effective with
regard to pain relief. To our knowledge, we are the first to
show that patients with Achilles tendinopathy and residual
neovessels after perioperative electrocoagulation and termi-
nation of the intratendinous hyperaemia can be pain-free.
Our treatment was based on the same theory as sclerosing
therapy” **; however, electrocoagulation differs from the
former in the way in which the vessels are obliterated and
in being potentially more locally destructive.

Previous studies using ultrasound colour,” power,” and
laser Doppler* have shown that painful chronic Achilles
tendinopathy is associated with neovascularisation within
the tendon which may be accompanied by pain. However, the
mere presence of intratendinous hyperaemia cannot be
regarded as abnormal in all cases, because some visible
perfusion may be physiological.”® In the reports of sclerosing
therapy, it was concluded that clinical improvement corre-
sponded to the elimination of the colour Doppler appearances
of neovascularisation.”” Our results with respect to electro-
coagulation directed against the area with Doppler activity
(neovessels) gave a similar pain relief as found in the study
by the Umed group using sclerosering agents. However, in
contrast to the sclerosing therapy we did not observe any
significant effect on the presence of neovascularisation at the
end of the follow up period. We do not know if more
aggressive treatment of the hyperaemia could have resulted
in the total disappearance of the neovessels and in better pain
relief in some patients at the first follow up examination. An
explanation of the remaining hyperaemia could be that
coagulation therapy introduces local tissue damage which
generates an inflammatory response. In our opinion this
inflammatory response is healthy for the patient and may be
the same we saw at follow up.

No significant change was found in the Doppler activity in
the 10 patients at the six month follow up compared with
baseline. As a result there was no correlation between
Doppler and pain reduction in the present study. The
improvement in pain was significant at all follow up
examinations. However, based on our clinical impression,
most patients felt the best pain relief after the second follow
up (fig 5). We have no good explanation for this.

Our findings differ from the previously published results of
a prospective double blind trial, in which an absence of
neovascularisation was reported in the pain-free tendons.”
The same investigators have, however, recently reported that
hypervascularity persists for at least three weeks after
sclerosing therapy. The hyperaemia found in our study
persists throughout the follow up period of six months,
indicating a difference between sclerosing therapy and
coagulation therapy, even though they have the same
objective—namely, the obliteration of visible vessels entering
the Achilles tendon.

Our results indicate that the effect of the treatment may be
a result of mechanisms other than the immediate change in
vascular supply. One possibility may be a destruction of the
nerves accompanying the vessels."

The present treatment with electrocoagulation of the
vessels was introduced as a supplement to sclerosing therapy,
which have shown to be efficient in both patellar tendino-
pathy and Achilles tendinopathy.* **

Besides being very efficient for pain relief, coagulation
treatment has the advantage compared with the use of
sclerosing treatments that a single therapist can undertake
the procedure. The therapist may be a surgeon (senior/
junior), radiologist, or sports physician with a licence to treat
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What is already known on this topic

e Refractory Achilles tendon pain may be reduced by
sclerosing the neovascularised area.

e Pain relief has been reported to be associated with
disappearance of the neovessels.

What this study adds

o Refractory Achilles tendon pain may be reduced by
coagulating the area affected by neovascularisation,
possibly because of denervation.

® No effect on neovascularisation was seen at follow up.

e Controlled trials are needed to test this new treatment
further.

and experience with ultrasound and ultrasound guided
injection/treatment.

The heat effect of the treatment is delivered exactly at the
tip of the coagulation needle. In contrast, sclerosing agents
may diffuse into the adjacent areas after injection. A
disadvantage with coagulation is that both ultrasound and
coagulation equipment are highly equipment dependent, and
that it has to be done under local anaesthesia. Full treatment
takes about 45 minutes, and if the number of treatments can
be reduced in the future then both patients and physicians
may benefit from this new approach.

Potential complications include infection, especially at the
insertion sites; nerve damage to the sural nerve, which may
be avoided by always approaching from the medial side; and
tendon rupture if the coagulation is done intratendinously by
mistake.

Limitations

We are aware of some limitations to our study. The patients
were not blinded to the treatment and there was no control
group. The design of the treatment and the study did not
allow this. However, the clear reduction in pain at the six
month follow up shows that coagulation is a very effective
treatment for patients with chronic Achilles pain. We do not
know whether a randomised controlled study would support
our results, or whether the same findings will be observed
over a longer follow up period. Moreover, we do not know if
the patients will remain at their preinjury activity level
without a relapse in their symptoms. In this pilot study a
Likert pain score was used, which is a categorised pain
measure. In future studies it may be more appropriate to use
outcome assessment tools, such as the VISA-A score,” the
visual analogue scale (VAS), or other validated measurement
tools.”® These measures are already included in our future
studies on electrocoagulation. RCT studies with electrocoa-
gulation versus placebo and longer follow up are currently
ongoing.

Conclusions
Coagulation in the area showing neovessels entering the
tendon appears to be an effective treatment for painful
chronic mid-tendinous Achilles tendinopathy. The procedure
is simple to carry out in combination with ultrasound.

No lasting effect on the intratendinous Doppler activity
could be detected, suggesting that the positive effect of the
coagulation on pain results from destruction of nerves
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accompanying the neovessels. We believe that the localisa-
tion of neovessels remains the key to the pathology of this
condition and for targeting treatment.

The link between pain and neovascularisation remains to
be demonstrated and would enable a better understanding of

the nature of chronic Achilles tendon problems.
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