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Abstract

In our tertiary referral centre, the Institute for Neuropathic Pain, we have treated many patients suffering from
localized peripheral neuropathic pain since 2009. We have developed, together with a compounding pharmacist, a
base cream as a topical formulation which has enabled us to compound creams based on amongst others
amitriptyline, ketamine, clonidine, baclofen, and phenytoin. We have found that many patients profit from such
topical formulations and we will describe our experiences using such creams over the last 8 years in this paper,
since we first started exploring such topical treatments. We have analysed the efficacy and safety of these topicals,
and based on literature, our own online data pool and the patients who had let us know that they benefited from the
creams, found sufficient analgesia and positive effects impaired sleep, while the tolerability was excellent. Patients
suffering from localized peripheral neuropathic pain, as in diabetic neuropathy, chronic idiopathic axonal
polyneuropathy, chemotherapy induced polyneuropathy and small fiber neuropathy, as well as in complex regional
pain syndrome, seem especially responsive to such topical approach. Meanwhile, more than 800 Dutch medical
doctors have been prescribing one or more of our compounded creams, and patients and medical doctors from
abroad frequently contact us to explore the therapeutic options for their patients based on these creams.
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Introduction
Neuropathic pain may be quite resistant to drug treatment. Efficacy

is in general quite disappointingly modest, with low Numbers Needed
to Treat (NNT). NNTs are between 6-7 for serotonin-noradrenaline
reuptake inhibitors including duloxetine, between 7-8 for pregabalin,
gabapentin and enacarbil, and around 10 for capsaicin high-
concentration patches [1]. Clearly, there is much room for
improvement. Furthermore, many patients complain about the central
side effects such as dizziness, feeling zombie-like and other signs of
cognitive impairment, because these in particular interfere with their
quality of life.

We exclusively see patients suffering from peripheral neuropathic
pain who are mostly referred to our tertiary referral center, the
Institute for Neuropathic Pain, as non-responders to the classical
(co-)analgesics by other pain-physicians, or who find us via our
website (www.neuropahy.nl). Until 2008 our approach was based on
rational polytherapy, which at that time seems to have the highest
likelihood of success [2].

We also combined a variety of treatment modalities, such as
percutaneous electrical nerve stimulation (PENS) and/or
transcutaneous electrical nerve stimulation (TENS), together with
various analgesics, which potentially allowed the use of lower and
better-tolerated doses of such analgesics. This approach, however, was
not always as successful as we wished and this provoked us to explore a
different route: the development of topical formulations containing
(co-)analgesics. This was because we felt such treatment approach
would be devoid of systemic side effects in particular. Systemic side

effects of current neuropathic pain medication tend to exclude elderly
patients suffering from neuropathic pain [3].

At that time there were some indicators that topical treatments
could indeed reduce pain, but the focus was mostly on topical agents
such as lidocaine 5% patches and topical capsaicin [4]. The first
treatment leads to anesthesia and the second one is basically a
neuropathological treatment, inducting degeneration of small nerve
fibers in the skin. Moreover, both approaches were not very popular
due to the adverse events and cumbersome handling.

After exploring the literature, we found out that most studies using
(co-)analgesics in topical formulations, such as amitriptyline and
ketamine, explored a rather low dose of such Active Pharmaceutical
Ingredients (APIs) [5]. Studies comparing the combination of
amitriptyline 2% and ketamine 1% to placebo were found to be
negative [6,7]. We felt that dose-ranging in topical studies has been
conducted in a suboptimal way, and one should aim for much higher
dose-ranges [8].

In this article, we will describe the development of our own line of
thinking, which eventually led to various topical formulations we now
use in our clinic, mainly based on phenytoin, baclofen, amitriptyline
and ketamine. It is clear that more research will be required, especially
randomized controlled trials (RCTs). However, as for most
compounded creams there is prior art, and thus patenting is
impossible. Finding financial resources for such studies has proven to
be complicated, and therefore it will be difficult to penetrate guidelines.
Thus, we expect topical analgesics will need more support from a
practice-based platform, rather than be formally based on sufficient
RCTs of good quality, including sufficient patients. In order to at least
partially compensate for this problem, we developed a single-blinded
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response test. Physicians can test within 30 minutes, based on a
comparison between placebo cream and active cream, whether a
patient is a responder or non-responder to the active cream. We
described this single-blind response test with the placebo cream and
the active cream in more detail in a separate paper [9].

Patient number 1: Diabetic neuropathic pain treated with a
topical mix of 3 compounds

In 2009 we saw a 62-years-old man suffering from intractable
neuropathic pains in both feet and hands since 2003 [10]. The
diagnosis was painful diabetic polyneuropathy. He scored 6 on the
Douleur Neuropathique 4 questionnaire (DN-4; total score 10), which
corresponds to severe neuropathic pain. When we first saw the patient
his treatment consisted of pregabalin 75 mg daily and topical capsaicin
0.075% cream. Neither of these medications had any effect on the pain.
Because of the pain, his function was severely compromised. The
patient described his pain as burning and excruciating. On the dorsal
side of his right foot he experienced a painful feeling as if a clamp was
squeezing his foot (‘‘cramp pain’’). Walking barefoot and sitting
increased the pain. The symptoms worsened as the day progressed.
Because of severe flatulence, a known side effect of pregabalin, the
patient stopped using this drug. PENS once a week provided only little
pain relief. TENS twice daily, Flos Cannabis in the evening,
amitriptyline 20 mg daily, and alpha lipoic acid 600 mg daily slightly
relieved his symptoms but without adequate analgesia (Figure 1).

Figure 1: Active Pharmaceutical Ingredients (API), such as
phenytoin (Phe), Ketamine (Ket) and Amitriptyline (Ami), brought
in a suitable topical formulation can down-regulate peripheral
sensitization in peripheral neuropathic pain via various targets in
the skin and their cross-talk.

As the patient did not respond to our rational polytherapy, we
prescribed a novel topical cream that we had developed in a neutral
cream base, consisting of isosorbide dinitrate 0.4%, capsaicin 0.075%,
and lidocaine 3%. The cream was applied in amounts of about 1 gram
per application, three times daily, as a thin layer on both soles. The
pain intensity decreased by 50%, and the cramping pain in his right
foot disappeared. We developed this cream, consisting of three
different drugs, based on three different mechanisms of action on the
idea that multi-target approach in neuropathic pain would lead to pain
reduction, in line with our general approach, and we introduced this
first step as ‘cream-enriched polytherapy’.

The success of this case provoked us to subsequently develop a line
of various creams, and we continued to explore amitriptyline cream.
We also developed a hypothesis of why topical analgesics would work
without systemic resorption, based on 3 different targets in the
epidermis: the small nerve endings (nociceptors), the keratinocytes,
and the immune-competent cells [11]. All of these cell populations are

characterized by a wide population of sodium channels in their
membrane, and there is an intense cross-talk between these cells,
leading to peripheral sensitization.

Selecting (co-)analgesics for topical formulations
Various factors can influence the analgesic effect of a topical

formulation, including the many physicochemical characteristics of the
drug selected, and the vehicle into which the drug is formulated.
Without wanting to go too much into detail here, various
physicochemical characteristics, such as molecular weight, melting
point, the partition coefficient, the capacity factor, and aqueous
saturation solubility, all play important roles [12]. For instance, in
order to penetrate the outer skin layer, a compound needs to have
lipophilic characteristics and a relatively low molecular weight; it needs
to be a small molecule [8]. Furthermore, the compounds need to be
soluble in the selected vehicle, which in turn needs to be smearable,
non-sticky and not unpleasant for patients when they rub it in. Most
contemporary compounded analgesics are formulated in Pluronic
Lecithin Organogel (PLO), and this vehicle is notable for its bad smell
and stickiness. With this in mind we developed a neutral cream, a
cream which also enabled us to mix the base with high doses and
various (co-)analgesics in order to optimize its efficacy.

Amitriptyline 5% and 10% topical treatment
We started with amitriptyline as the compound is lipophilic, has a

low molecular weight and was already known to have been formulated
in topical creams, albeit in PLO gel, and in a low concentration (2%)
only. We started with amitriptyline 5% and soon increased its
concentration to 10% [13]. We reported our experiences and reviewed
the literature in 2012 [13]. We presented two chronic neuropathic pain
patients, both with a positive response to topical amitriptyline
treatment and an apparent dose-related effect as well as dose-related
adverse effects. In both cases, 10% amitriptyline cream was more
effective than 5%. These first results were congruent with published
clinical studies at that time, in which higher concentrations of topical
amitriptyline (sometimes combined with other active drugs) had
shown significantly greater pain reduction compared to placebo or
lower doses. In one case, a complete reduction of pain was obtained
within 20 minutes after the application of amitriptyline 10%, without
any reoccurrence of pain during the day of application. This was our
first pointer that such topical approach would lead to a fast onset of
relief. Interestingly, there is no systematic literature on the relevance of
a fast onset of action and pain relief in the literature related to
neuropathic pain treatment. Most oral therapies need many days to
weeks before analgesic effects are perceived, and this of course induces
compliance problems and early drop-outs. It is therefore of high
importance to develop therapies with a quick onset of relief, and we
think that such therapies can be found in compounded topicals.

Amitriptyline cream in our hands proved to be of use for treating
localized neuropathic pain, for instance in diabetic patients, but there
were some minor drawbacks: sometimes there were signs of systemic
absorption especially in elderly patients with frail skins, and burning
sensations limited its use in around 10% of patients. We therefore
explored other options. First we developed 10% ketamine and 5%
baclofen creams, and more recently 5% and 10% phenytoin creams.
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Ketamine 10%: Opening the therapeutic window to CRPS
While exploring the therapeutic spectrum of amitriptyline 10%

cream, we were faced with some limitations. For instance, complex
regional pain syndrome (CRPS) is a painful disorder for which no
therapy yet exists, and thus we started to explore the value of
amitriptyline. However, after some initial responders, we soon felt the
local side effects were too frequent for amitriptyline to be of use; many
patients complained of burning side effects. This of course is not very
helpful in an indication such as CRPS. Subsequently, with CRPS, we
also felt amitriptyline did not have any relevant analgesic actions. We
therefore explored a new (co-)analgesic, ketamine. We found ketamine
cream to be of much more use in CPRS pains, especially since it
abolished or reduced allodynia relatively quickly [14-16]. Ketamine
ointment was already reported in 2002 to be of use in CRPS, but its
greasiness probably limited its further use. Moreover, the selected dose
at that time was minute, 0.25%-1.5% [17]. On the other hand, a double
blind controlled study showed that ketamine 10% cream had
significantly more pain reducing effect on allodynia in CRPS as
compared to placebo cream [18].

In our experience, ketamine 10% cream in the selected neutral base
cream leads to high compliance, and we did not see any indicators for
systemic absorption. In 2011 we were able to publish our first results
with a compounded ketamine cream, a successful treatment of a CRPS
type1 patient with severe intractable pain, following a multimodal
stepped care approach, using creams of amitriptyline, ketamine, and
dimethylsulphoxide (DMSO). As the first step of our treatment
schedule we selected topical amitriptyline 5% cream. In the past our
patients responded to some extent to oral amitriptyline; however,
adverse effects limited its use. Therefore, topical amitriptyline was well
justified but did not result in sufficient pain reduction. As a second step
we added topical ketamine 10% cream. Ketamine acts on the N-
methyl-D-aspartic acid receptor (NMDAR), located on the small nerve
fibers in the skin. The pain-reducing effect of ketamine cream we
explained based on increased inflammatory factors are present in
CRPS, and inflammation in the periphery increases the number of
NMDAR on peripheral nerve fibers [19]. As a third step we added
DMSO 50% cream. DMSO acts as a penetration enhancer for other
topically administered drugs, in particular amitriptyline and ketamine,
both which we used [20].

Each step lead to a decrease of pain scores, from an initial 9 and
eventually down to 1.5. Since that initial patient we have treated more
such patients with ketamine 10% and reported some of these cases in
literature [15].

Phenytoin 5% and 10%: Quicker action of onset and boosting
effects

In 2014 we started developing a topical cream formulation
containing phenytoin or phenytoin sodium, as a standalone or in
combination with other (co-)analgesic compounds. We chose
phenytoin because we wanted to improve our results in various
localized peripheral neuropathic pain states, and therefore turned to
this ‘mother of all anticonvulsants’, synthesized in 1908 and first
introduced in the clinic by Merritt and Putnam in 1937[21]. Phenytoin
is one of the most remarkable multi-purpose drugs in literature, and
has been repositioned since the 1940s in a plethora of indications [22].

Phenytoin has a number of mechanisms of action, making its use in
a compounding analgesic cream likely, such as broad channel blocking
properties, especially related to the family of sodium channels, as well

as some anti-inflammatory and neuroprotective properties [23] (Figure
2).

Figure 2: The 4 putative mechanisms of action of phenytoin as an
analgesic in a topical cream: inhibition various ion channels, both
sodium as well as calcium channels, anti-inflammation and
neuroprotection.

Before we could use this cream in our clinic however, we had to
solve a number of formulation issues, especially since phenytoin
sodium leads to pH changes in the base cream. After this we found
solutions in order for us to start testing the cream in a number of
localized peripheral neuropathic disorders [24].

To date, we have described in detail the successes of over 70 patients
treated with this cream, most of whom were suffering from pain from
diabetes mellitus, chronic idiopathic polyneuropathy, chemotherapy
induced polyneuropathy, small fiber neuropathy and post-herpetic
neuralgia. We will publish the results of a pooled-analysis of these
patients elsewhere. We also started publishing cases and case-series
where we explored the clinical spectrum of phenytoin [25-27]. Our
hypothesis is that those indications which are especially characterized
by small fiber pathology in the skin and those indications where
patients complain about burning pain in localized areas will be the
indications leading to the highest likelihood of success.

Based on our clinical experience, as well as on the input we received
from colleagues, it became clear for us that phenytoin cream has
certain advantages over other (co-)analgesics, like the fast onset of
relief within 20 minutes, the absence of systemic resorption (based on
a plasma analysis in 16 patients), and a strong boosting effect when
combined with other (co-)analgesics. As our findings were new and
innovative we were lucky to be able to design 2 patents, thus making a
worldwide development possible because now there is a clear incentive
for exploring its safety and efficacy in RCTs.

Conflict of Interest
The authors are patent holders of two patents related to the topical

formulations of phenytoin in the treatment of pain:

• Topical phenytoin for the use in the treatment of peripheral
neuropathic pain, and

• Topical pharmaceutical composition containing phenytoin and a
(co-)analgesic for the treatment of chronic pain.
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