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ABSTRACT
Regarding systemic analgesic treatment for painful chronic wounds, current guidelines recommend following the WHO 
analgesic ladder. However, to the best of the author’s knowledge, clinical studies supporting this recommendation are lacking. 
From a pharmacokinetic perspective, the main problem is the prescription of nonsteroidal anti-inflammatory drugs (NSAIDs) 
as first-line analgesics for all types of wounds, including those with poor blood supply.

NSAIDs are primarily local acting agents and must reach the site of inflammation to produce their main clinical effect by 
inhibiting the cyclooxygenase-2 enzyme. The intensity of the analgesic effect would be compromised in wounds with any 
degree of ischemia in which blood supply is reduced, as the drugs would be unable to adequately reach their pharmacological 
target. In contrast, NSAIDs are always able to target and inhibit the cyclooxygenase-1 enzyme, which is responsible for their 
well-known adverse effects. Therefore, the risk-benefit balance of NSAIDs would be unbalanced in favor of risk in ischemic 
wounds.

In general, it is clear that clinical trials are needed to determine the role of NSAIDs and other systemic analgesics in the 
treatment of different types of wounds. In particular, the role of NSAIDs as systemic analgesics in poorly perfused wounds 
should be addressed. Meanwhile, clinicians should guide analgesic treatment with NSAIDs based on their clinical judgement 
and, where possible, perhaps with the support of noninvasive new technologies, such as infrared thermography.
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What to do when clinical trials are lacking? 
Pharmacokinetic-guided treatment of nonsteroidal 
anti‑inflammatory drugs for painful chronic wounds

Opinion

KEY MESSAGES
•	 The efficacy of systemic analgesics for painful chronic 

wounds has not been clinically evaluated to date.

•	 Nonsteroidal anti-inflammatory drugs must reach the site 
of inflammation to produce their analgesic effect.

•	 The risk-benefit balance of nonsteroidal anti-inflammatory 
drugs on ischemic wounds remains to be evaluated.

BACKGROUND
This article expands on the ideas presented in a previous 
commentary1 to the EWMA guideline on the holistic 
management of wound pain.2 The current document primarily 
expresses the author’s ideas and opinions on how to use 
basic pharmacokinetic knowledge to guide the treatment of 
the nociceptive component of painful chronic wounds with 
nonsteroidal anti-inflammatory drugs (NSAIDs) after assuming 
that clinical trials are lacking.

PAINFUL CHRONIC WOUNDS: A MAJOR HEALTH 
ISSUE
Chronic wounds can cause a variety of symptoms in patients, 
such as pain, itching, unpleasant odor, depression, social 

isolation and others. But among them, patients often report 
pain as the worst symptom, the one that most impairs their 
quality of life,3-6 sometimes to the point of considering 
suicide.7,8

Currently, there are several guidelines available from scientific 
societies dedicated to chronic wounds that address the 
analgesic treatment of painful chronic wounds.2,9-11 Analgesic 
treatment is traditionally divided into local analgesics-
anesthetics, and systemic analgesics. The author is unaware 
of any comparative clinical study determining which of 
these alternatives is superior. However, it is clear that, from 
a pharmacokinetic perspective, the topical approach offers 
numerous advantages over the systemic approach.12-14

TOPICAL ANALGESICS: A PRIORI, THE BEST 
PHARMACOKINETIC ALTERNATIVE
First, topical application allows analgesic efficacy to be 
prioritised, as the drug is applied directly to the painful 
area,12 avoiding the processes of distribution and diffusion 
throughout the body to the painful site.

Second, it is very easy to apply the desired medication to the 
wound.12
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Third, it allows for greater control of the treatment, as the 
dose can be adjusted and, depending on the formulation, any 
excess dose could be removed if desired.12

Fourth, topical application increases systemic safety. Topical 
doses are usually lower than doses required systemically 
because distribution and diffusion processes are avoided, as 
stated. Additionally, the rate of absorption from the wound 
into the systemic circulation may be reduced due to impaired 
blood perfusion to the wound. For all these reasons, the risk 
of developing systemic adverse effects is lower with topical 
application than with systemic administration.12,13

Fifth, the risk of clinically relevant pharmacokinetic and 
pharmacodynamic interactions is significantly reduced.12,13 
Most patients with chronic wounds are frail elderly individuals 
taking multiple medications, and adding systemic analgesics 
exposes them to an increased risk of adverse effects secondary 
to drug interactions.14 This risk is especially important in 
the case of NSAIDs due to the large number of dangerous 
interactions they can cause.15 This issue reinforces the safety of 
topical administration over systemic administration.

Despite these obvious advantages inherent to the topical 
route, the number of drugs that have been studied in 
controlled clinical trials and approved for the topical 
analgesic treatment of painful wounds is very small.16 
Alternatives are limited to eutectic lidocaine and prilocaine 
cream, and dressings impregnated with the nonsteroidal 
anti-inflammatory drug ibuprofen,16 although there is 
some controversy regarding the efficacy of the latter.17,18 
Additionally, there is also some controversy regarding the 
effectiveness of topical use of other families of systemic 
analgesics, such as opioids.16,18

Although this article aims to focus on systemic treatment, 
the author would like to express a final reflection on 
topical treatment before moving forward. Clinical trials are 
very expensive and beyond the reach of most healthcare 
professionals. For this reason, the number of topical analgesics 
reported in publications other than clinical trials, such as 
case reports, case series, retrospective studies, etcetera, is 
much higher. Without attempting to be exhaustive, these 
drugs include cannabinoids19, gabapentinoids, ketamine, 
local anesthetics other than lidocaine and prilocaine,20 
sevoflurane,21 metamizole,22 etcetera. While clinical trials with 
these drugs are conducted, if they are conducted at all, these 
and other alternatives may be an option to consider for off-
label use when approved options prove ineffective.23

SYSTEMIC ANALGESICS: TWO QUESTIONS TO BE 
SOLVED
Returning to the guidelines for the treatment of chronic 
wounds, there are numerous examples of guidelines 
promoted by scientific societies in which pain is not 
even taken into account.24-30 Some of the guidelines that 
do take pain into account offer simple, not very useful 
recommendations,17,31,32 while the rest of the guidelines 
consulted by the author agree on the recommendation to 
follow the steps of the WHO analgesic ladder.2,9-11 As previously 
stated, the author has already expressed concern that 
recommending the WHO analgesic ladder for the treatment 
of painful chronic wounds would constitute a kind of 
misappropriation.1

The first step of the WHO ladder includes common analgesics, 
such as aspirin, while the second and third steps include 
minor and major opioids.33 The guidelines cited recommend 
always follow the steps of this ladder,2,9-11 regardless of the 
type of wound, etiology or perfusion status. From the author’s 
perspective, two specific problems arise. The first concerns 
the lack of evidence, the lack of clinical trials or any other type 
of clinical study to support the recommendation of treating 
chronic wounds according to the WHO ladder. The second 
relates to pharmacokinetics, in particular the use of NSAIDs 
without distinguishing between well- and poorly perfused 
wounds.

SYSTEMIC ANALGESICS FOR PAINFUL WOUNDS: 
LACK OF CLINICAL STUDIES
As stated, all guidelines recommending the treatment of 
painful chronic wounds with systemic analgesics refer to 
the WHO analgesic ladder.2,9-11 However, there are no clinical 
studies to support this recommendation. Astonished readers 
can verify this statement by consulting the most common 
databases.

Assuming the lack of studies is true, the question arises 
as to why the guidelines recommend the WHO analgesic 
ladder. As far as the author has been able to investigate, 
the key moment was the publication in 1999 of a review 
on the state of analgesic treatment for painful wounds 
by nurse Susan Senecal.34 Unable to find any studies, this 
nurse sensibly suggested the possibility of using the WHO 
analgesic ladder, which at that time had just released its 
second expanded version.35 However, what Susan Senecal 
proposed as a suggestion was later reproduced in a guide 
as this nurse had applied the WHO analgesic ladder to the 
treatment of chronic wounds.36 Since then, the WHO ladder 
has been recommended in the other guidelines cited.2,9-11 
This is the most plausible explanation the author has been 
able to find to explain why evidence-based guidelines make a 
recommendation that is not based on clinical studies.

WHAT TO DO WHEN EVIDENCE IS LACKING?
When dealing with a clinical problem for which clinical 
studies are lacking, proponents of evidence-based medicine 
recommend descending the evidence pyramid until reaching 
some level of evidence.37 Such a level could be personal 
clinical experiences or, failing that, going further down the 
pyramid to basic science.38 The guideline for pain management 
in epidermolysis bullosa represents a very interesting example 
of how to take clinical experience into account when no 
studies are available. Most of the recommendations are 
based on the opinion of experts and patients’ relatives.39 
As for descending the pyramid to the level of basic science, 
this would be the case for the use of NSAIDs in painful 
chronic wounds since, in the absence of clinical studies, 
pharmacokinetic knowledge would be the best available 
evidence.

PHARMACOKINETIC-GUIDED TREATMENT WITH 
NSAIDS FOR CHRONIC WOUNDS
By following the WHO ladder, all patients with painful chronic 
wounds should be treated with first-line analgesics, which are 
paracetamol and NSAIDs35 — and also metamizole in those 
countries where it is approved,10 — regardless of the degree 
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of ischemia in the wound. From a pharmacokinetic point 
of view, this generalisation does not pose any problems for 
centrally acting drugs, such as paracetamol or metamizole, 
because their clinical efficacy should be independent of 
the degree of perfusion/ischemia of the wound. However, it 
can be a problem for analgesics that act predominantly at a 
peripherical level, like NSAIDs.

Although NSAIDs have been found to exert a certain pain-
modulating effect at the central level, the fundamental 
analgesic mechanism of action derives from the inhibition of 
the cyclooxygenase enzyme (COX),40,41 meaning that most of 
the clinical effect occurs primarily at the peripheral level in 
damaged tissues.

Two isoforms of COX have been fully identified, which have 
been named COX-1 and COX-2 (Figure 1).

COX-1 is the constitutive isoform and is always present in 
organs such as the kidneys, the gastrointestinal tract and 
platelets. This isoform has cytoprotective effects, which is why 
the inhibition of COX-1 by NSAIDs causes, in addition to a mild 
analgesic effect, the well-known systemic adverse effects of 
these drugs, such as bleeding, kidney failure or gastrointestinal 
ulcers.40,42 Since COX-1 is always present, a patient taking 
NSAIDs for any reason will always be at risk of developing 
these adverse effects. To compensate for this risk and increase 
the likelihood of achieving a favorable risk-benefit balance, the 
probability of achieving efficacy must be high.

COX-2 is the inducible isoform, meaning that it is normally 
undetectable in most tissues, but its expression increases 
and appears at the site of inflammation when tissues are 
damaged. After cell death, arachidonic acid is generated 
from the components of cell membranes. Arachidonic acid 
is in turn metabolised by COX-2 to produce prostaglandins, 
which are responsible for the chain of events that lead to 
inflammation and pain.40 Overall, the beneficial anti-
inflammatory and analgesic effects of NSAIDs are due to the 
sum of the inhibition of both COX-1 and COX-2 isoforms, 
the latter both centrally and peripherally.43 However, the 
primary analgesic mechanism is the inhibition of COX-2 at 
the inflammatory focus41 (Figure 1). And since COX-2 appears 
in the inflammatory focus (Figure 2), NSAIDs must reach the 
inflammatory site to elicit most of their analgesic effect.

This will not be a problem in well-perfused wounds with 
a significant inflammatory component, such as pyoderma 

Figure 1. The analgesic mechanism of action of NSAIDs involves the inhibition 
of COX-2, while the inhibition of COX-1 produces unwanted effects. Illustration 
created by the author.

Figure 2. The COX-2 isoform is induced at the site of inflammation. Image 
generated by the author with DALL-E.

gangrenosum, because NSAIDs will be able to adequately 
achieve their pharmacological target. However, it may be a 
problem in wounds where blood perfusion is compromised, 
such as arteriolosclerotic wounds or pressure ulcers, as the 
likelihood of NSAIDs producing beneficial effects would be 
reduced without diminishing their ability to cause adverse 
effects. Theoretically, the risk-benefit balance would be 
unfavorable (Figure 3). For this reason, the likelihood of 
NSAIDs having a beneficial effect on chronic wounds would 
be inversely proportional to the severity of the ischemic 
component of the wound.

The theory that drug delivery is reduced in ischemic ulcers is 
based on solid pharmacokinetic knowledge, but it remains to 
be proven. The best way to assess the accuracy of this theory 
would be to compare drug concentrations in the wound bed 
between ischemic and non-ischemic wounds. However, the 
author is not aware of any studies in which NSAIDs levels 
were measured, or any studies that compared the levels of 
any drug between ischemic and non-ischemic wounds. Micro 
dialysis techniques would allow such measurements to be 
made. In fact antibiotic levels have been measured in infected 
diabetic foot wounds, for example.44 Antibiotics were probably 
measured rather than NSAIDs because treatment failure in 
infected wounds has a more significant clinical impact than 
failure to treat painful wounds.

The corollary of the theory is that, for equal doses of NSAIDs, 
patients with poorly perfused wounds will experience more 
pain than patients with better perfused wounds. The accuracy 
of this corollary could be assessed by reviewing comparative 

Figure 3. Risk-benefit balance of NSAIDs treatment for well and poorly 
perfused chronic wounds. Illustration created by the author.
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clinical studies on the use of NSAIDs in wounds with and 
without an ischemic component, but again, there are no 
studies on this particular topic either.

A COMMON MISCONCEPTION: “DRUG INSIDE 
THE BODY” DOES NOT EQUAL “TREATMENT 
ACCOMPLISHED”
This section is dedicated to emphasising a common 
misconception, which is believing that a drug always achieves 
the desired effect once it is administered to a patient. Among 
the various factors that can modulate the clinical effect of 
a drug, we will focus here on a very obvious one: a drug 
must achieve its pharmacological target to be effective. This 
statement will be reinforced by examining two life-threatening 
scenarios in which treatment failure could be fatal for the 
patient, because they involve the eradication of bacteria and 
cancer cells from the organism.

The first example involves poor diffusion of drugs from the 
blood to the target organ or tissue due to the existence of 
barriers, such as daptomycin and the blood-brain barrier. 
After systemic administration, daptomycin concentrations 
in the cerebrospinal fluid are low, which would significantly 
reduce the likelihood of successfully treating central nervous 
system infections. This well-known pharmacokinetic issue 
makes daptomycin unsuitable as a first-line agent for treating 
central nervous system infections, even when the causative 
agent is fully susceptible to daptomycin.45 Any physician who 
ignores this basic knowledge would be making a serious 
mistake by treating bacterial meningitis exclusively with 
daptomycin at usual doses, believing that the treatment would 
be successful just by administering the antibiotic. In fact, 
treatment of bacterial meningitis with daptomycin frequently 
involves intrathecal administration of the antibiotic.46 This 
technique, although invasive, makes it possible to overcome 
poor diffusion from blood without using higher doses.

Leaving barriers aside, the second example refers to situations 
in which drugs cannot adequately reach their target due to 
poor blood perfusion, increasing the likelihood of therapeutic 
failure. Selective regional drug delivery directly into the artery 
supplying the site of interest can overcome the problem 
of the reduced amount of systemic drugs reaching their 
target due to hypoperfusion. This method of administration 
is generally reserved for life-threatening conditions because 
it is an invasive technique that requires the placement of an 
arterial catheter. Septic shock caused by bacterial peritonitis 
is a life-threating condition.47 As such, selective regional 
administration of antibiotics directly through the mesenteric 
artery to increase the amount of antibiotics reaching the 
infectious site has been reported.48 Examples of selective 
regional drug delivery also come from the oncological field.49 
Exceptionally, examples also come from the field of infected 
chronic wounds. Twenty-five patients with infected diabetic 
foot wounds were successfully treated with selective intra-
arterial administration of medications, including antibiotics.50

Overall, these examples reinforce the importance of organ 
perfusion status for drugs to exert their effect, and also the 
hypothesis that the efficacy of NSAIDs may be reduced in 
ischemic wounds because they do not reach the inflammatory 
focus in adequate doses.

FUTURE SOLUTIONS: INTEGRATING 
PHARMACOKINETICS, TECHNOLOGY AND COMMON 
SENSE WHILE WAITING FOR CLINICAL TRIALS
The key idea guiding this document is that there is an 
unfavorable balance when using systemic NSAIDs for the 
analgesic treatment of painful chronic wounds of ischemic 
etiology, but no clinical evidence is provided to support this 
claim. The best evidence would be provided by a clinical trial. 
Pharmaceutical companies are in a strong position to conduct 
such trials, but they may lack incentives to run trials in which 
old, cheap drugs are involved.

Determining clinically the degree of wound perfusion can be 
a very difficult challenge. Fortunately, some new technologies 
can assist in decision-making. Several advanced devices are 
currently used to estimate blood perfusion in chronic wound 
beds, which likely allow for a more accurate assessment than 
traditional clinical judgment. Newer noninvasive technologies 
incorporate principles from imaging, spectroscopy and tissue 
oxygen measurement.51 They could be useful to determine 
the degree of blood perfusion in wounds and to classify 
them according to this characteristic52 (Figure 4). These new 
techniques could help determine which wounds are more or 
less susceptible to treatment with peripherally acting drugs 
such as NSAIDs.

While clinical trials are conducted, if they ever are, and in the 
absence of new technologies in the workplace, what attitude 
should the average healthcare professional dealing with 
chronic wounds maintain? In the author’s opinion, the most 
sensible and logical clinical approach would be to conduct 
individual therapeutic trials, meaning prescribe an NSAID 
for a painful wound, re-evaluate the analgesic effect after a 
day or two and, if it proves ineffective, discontinue it to avoid 
unwanted effects.

Additionally, from a scientific perspective, regular health 
workers should report case series or retrospective comparative 
studies that include real-world data, which is what most of 
us can achieve within the pyramid of evidence. Furthermore, 
I would also recommend expanding these studies beyond 
NSAIDs to include other systemic analgesics, such as 
paracetamol and metamizole. Finally, these studies should 
differentiate between types of chronic wounds. Overall, we 
need to assess the risk-benefit profile of each specific systemic 
analgesic for each type of chronic wound.

Figure 4. Noninvasive measurement of oxygen saturation could help to 
distinguish between wounds that are well perfused (upper panel: red and yellow 
colors predominate in a venous ulcer) and poorly perfused (lower panel: blue 
and green colors predominate in an ischemic ulcer related to antiphospholipid 
syndrome). Courtesy of Miguel Ángel Mellado-Sanz (HERIDEA).
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CONCLUSION
Overall, the systemic treatment of painful chronic wounds 
warrants further study. With regard to drugs that act on the 
inflammatory focus, such as NSAIDs, clinical studies should 
differentiate between different types of wounds based on 
their degree of perfusion. New technologies can greatly assist 
in guiding treatment by helping to distinguish between well- 
and poorly perfused wounds.
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