
ORIGINAL ARTICLE

Management of pain associated with debridement of leg
ulcers: a randomized, multicentre, pilot study comparing
nitrous oxide–oxygen mixture inhalation and lidocaı̈ne–
prilocaı̈ne cream

A Claeys,†,* C Gaudy-Marqueste,‡ V Pauly,§ F Pelletier,– F Truchetet,** T Boye,†† F Aubin,–

JL Schmutz,† JJ Grob,‡ MA Richard‡

†Department of Dermatology, Fournier Hospital, University Henri Poincaré, Nancy, ‡Department of Dermatology, Sainte-
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Abstract
Background Mechanical debridement of fibrin and/or necrosis promotes healing of arterial and venous leg ulcers

but is limited by pain associated with the procedure.

Objective The main objective of this study was to compare the respective analgesic effect of nitrous oxide oxygen

mixture (NOOM) inhalation and lidocaı̈ne–prilocaı̈ne cream (LPC) application during the mechanical repeated

debridement of chronic arterial and venous leg ulcers.

Methods In this randomized, multicentre, open-label study, pain was evaluated before and after each care and

debridement session using a Visual Analog Scale (VAS) and a Verbal Rating Scale (VRS), in the context of usual

debridement and wound care process. The Quality of debridement and tolerability of the treatments were also assessed.

Results Forty-one patients were randomized: 20 received NOOM and 21 LPC. Pain assessed by VAS and VRS

was more intense in the NOOM group than in the LPC group (5.29 vs. 3.68 and 2.87 vs. 1.71, P < 0.001, for the two

scales respectively). No differences were found concerning quality of debridement, safety or tolerability between the

two groups.

Conclusion This pilot study demonstrates the superiority of the LPC over NOOM for pain control during the

mechanical debridement of chronic leg ulcers.
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Introduction
Debridement of leg ulcers is a recommended procedure in

removing necrotic tissues and fibrin membrane to promote

healing.1 Mechanical debridement using a curette is a com-

mon procedure to clean wounds, the limiting factor being

pain.

Several studies have demonstrated the effectiveness of a lidoc-

aı̈ne (25 mg ⁄ g) and prilocaı̈ne (25 mg ⁄ g) cream (LPC) to reduce

pain during debridement of leg ulcers2–6 and its repeated use is

well tolerated.5

Inhalated equimolar nitrous oxide and oxygen mixture

(NOOM) is effective to reduce physical pain while maintaining
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consciousness and laryngeal reflexes.7 It acts rapidly but the anal-

gesic effect ceases immediately when stopping the inhalation. In

addition, NOOM can induce tranquilizing effects and some degree

of amnesia which are beneficial in the context of iterative debride-

ment procedures. NOOM is indicated both in children and adults

for painful medical procedures of short duration (15 to 30 min)

associated with mild to moderate pain.7 NOOM seems to be also

effective and well tolerated to reduce the pain associated with the

care of bedsores and painful ulcers in elderly patients.8

The objective of this study was to compare NOOM and LPC

in terms of analgesia, safety and tolerability during the repeated

mechanical debridement of chronic arterial and venous leg

ulcers.

Methods

Patients

The inclusion criteria were as follows: patients aged 18 years or

more, having venous, arterial or mixed leg ulcers as defined by the

recommendations of the French Health High Authority, i.e.

chronic lower-limb wounds caused by high venous pressure and

venous insufficiency and ⁄ or inadequate arterial blood supply to

the skin;9,10 size of the ulcers between 5 and 50 cm2 and ulcers

requiring mechanical debridement as defined by fibrin and ⁄ or

necrosis covering more than 50% of the ulcer surface.

Patients presenting with the following criteria were excluded:

neuropathy of lower limbs, treatment with opioı̈d analgesic such

as morphine or other class III analgesics (according to the classifi-

cation of the World Health Organization), severe impairment of

cognitive function (defined by a Mini-Mental State Examination

(MMSE) score under 18), contraindication to LPC because of the

allergy for local anaesthesia, or to NOOM because of the following

conditions; intracranial hypertension, coma, pneumothorax,

chronic respiratory failure, bullous emphysema, pulmonary embo-

lism, unstable heart failure, gaseous abdominal distension, facial

bone fracture, middle ear or sinus surgery, convulsive state, acute

alcohol intoxication and delirium tremens.

Study design

This was a randomized, multicentre, prospective open-label pilot

study. The protocol was approved by the Regional Ethics Com-

mittee (CCPPRB) – Aix Marseille II. The period of inclusion was

from June 2004 to June 2007. After giving informed consent, each

patient was included in a centralized randomization process strat-

ified by study centres allocating the analgesic procedure. The

design of this preliminary study was stratified by study centres

having four balanced blocks of size 4 and was generated using the

PLAN procedure (SAS version 8.2; SAS Institute Inc., Cary, NC,

USA).

The clinical characteristics (percentage surface area of necrosis,

fibrin, granulation tissue and epidermization) of the ulcers were

assessed by an independent dermatologist, unaware of the analge-

sic procedure received, who also measured the area of the target

ulcers with a transparent film at the beginning and at the end of

the study. Debridement was performed at a maximum rate of one

session per day, up to 14 debridement sessions, in total. Fourteen

sessions were estimated to be the maximum number to achieve

debridement of a leg ulcer in common practice.6

Only curette was authorized for the debridement. The maxi-

mum amount of LPC to be used per session was 10 g for all of

target ulcers; the cream was applied under occlusion using a plastic

dressing, in a standardized time interval procedure of 30 min

before debridement. Inhalation of NOOM started 3 min before

the debridement, with a flow rate ranging from 9 to 12 L ⁄ min.

The maximum duration of each inhalation was 15 min per

session. Each NOOM inhalation was systematically followed by an

inhalation of oxygen with a flow rate of 3 L ⁄ min for 5 min. For

each dressing, the treatment time, the flow rate and inhalation

time or the amount of LPC used, the time interval between appli-

cations and treatments were recorded.

In all patients, pain was assessed before and immediately after

each debridement using a 10-cm visual analogue scale (VAS) grad-

uated from 0 (‘no pain’) to 10 (‘worst imaginable pain’) and a

verbal rating scale (VRS) having five potential answers from 0 (‘no

pain’) to 4 (‘very intense pain’).11 Blood pressure and heart fre-

quency rates were also recorded for each patient. Partial oxygen

saturation (POS) via pulse oxymetry was recorded for each patient

receiving NOOM at the end of each inhalation procedures, as well

as the sedation level using the Ramsay sedation score (RSS) which

defines the conscious state ranging from a level 1 when the patient

is anxious, agitated or restless, a level 2 when the patient is quiet,

cooperative and communicative, to a level 6 when the patient is

completely unresponsive.12 Finally, we also asked each patient in

the NOOM group, after each care if he or she was able to memo-

rize all the events that had happened during the inhalation proce-

dure and during the debridement.

During the study, patients were not allowed to use class III anal-

gesics. The choice of dressings following debridement was free.

The quality of debridement was assessed by comparing the

initial and final fibrino-necrotic areas of the ulcers using skin

mapping and pictures. At the end of the study, debridement was

considered as ‘satisfactory’ when < 50% of the initial area of fibrin

deposits remained and ‘unsuccessful’ when more than 50%

remained at the end of the protocol. All adverse events were

reported for the duration of the study.

Statistical analysis

Hypotheses for sample calculation were as follows: as the compar-

ative therapeutic efficacy of NOOM vs. lidocaı̈ne was unknown,

all tests were two-sided tests. Considering a a level of 5%, a 80%

power (1-b), a minimum difference of 2 cm in the mean VAS

between the two groups (standard deviation estimated at 3), the

estimated number of patients was 40 in each group, for an esti-

mated total of 80 enrolled subjects.
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The two groups were compared for demographic data, aetiology

of the ulcers, clinical characteristics of the ulcers at baseline and

for the baseline pain of the ulcer using the Student’s t-test for con-

tinuous variables and Chi-squared or Fisher test as appropriate for

categorical variables.

To evaluate the primary end point, i.e. the difference in terms

of analgesia between the two treatments by the measure of VAS

and VRS, two variance analyses for repeated measurements and

unbalanced data were conducted, independently of the size of the

ulcer and its aetiology. They took into account the pre ⁄ post pro-

cessing factors and the difference in the number of debridement

sessions per patient. Four variance analyses were also performed

to compare the evolution of the clinical characteristics of leg

ulcers (percentage of necrotic tissue, fibrinous tissue, granulation

tissue, epidermization) after the debridement procedure. Other

variance analyses were performed to evaluate the difference in

terms of safety and tolerability between the NOOM and LPC

group.

P < 0.05 was considered statistically significant. All statistical

analyses were performed using SPSS V15 (Marseille, France).

Results
A total of 42 patients were randomized; one patient was excluded

from the NOOM group as he received immediate-release morphine

during the inclusion process. Therefore, the analysis included 41

patients: 20 in the NOOM group and 21 in the LPC group (Fig. 1).

The study was closed before reaching the theoretical number of

inclusions because of difficulties in recruiting patients.

The demographic data and the initial clinical characteristics of

the ulcers, including pain caused by the ulcers before debridement,

were not significantly different between the two groups (Table 1).

Debridement procedures

Twelve patients discontinued the study prematurely and 29

completed the debridement procedures (Fig. 1). The two groups

were well-balanced for baseline variables. The total number of

Figure 1 Flow chart of the study.
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debridement sessions included in the analysis was 209: 95 were

conducted under NOOM and 114 under LPC. There was no signi-

ficant difference in the number of debridement sessions performed

per patient between the two groups, with respectively a median of

5 (1–13) and 6 (1–12) debridement procedures in the NOOM and

LPC groups (P = 0.4). There was no significant difference between

the median duration of each debridement care with NOOM and

LPC, [4.5 min (ranges 1–15) and 4 min (ranges 1.5–15) respec-

tively (P = 0.41)]. The total duration of the debridement period

also did not differ significantly between the two groups, with a

mean of 11.6 days (± 5.3) for the NOOM group and 11.2 days

(± 5.6) for the LPC group respectively (P = 0.8).

In the NOOM group, the median inhalation time of gas was

8 min for each care (4.5–22). Twenty-three percent of the debride-

ments were made with a rate of insufflation of 9 L ⁄ min and the

remaining 77% with a rate of 12 L ⁄ min. In the LPC group, the

average amount of cream used was 8 g for each care.

Analgesic efficacy

Among the 41 enrolled cases, two patients discontinued the study

before having the complete debridement procedure on their

request because they felt the debridement procedure was exces-

sively painful (Fig. 1).

Among the 41 patients, in the two treatment groups, average

pain level assessed by VAS increased significantly during debride-

ment (P < 0.001 for each group), but was significantly lower in

the LPC group than in the NOOM group (P < 0.001) after the

debridement (Fig. 2, Table 2). Similar results were found using

VRS (P < 0.001) (Table 2). The analgesic efficacy (analysed

according to the VAS and VRS) was not dependent upon the size

of the ulcer, the aetiology (arterial or venous) or the patients’ level

of MMS.

Early interruption of debridement procedures on patient

request because of pain and discomfort during the care was more

frequent in the NOOM arm (26 cases) than in the LPC arm

(12 cases), P < 0.002.

Quality of the debridement

When compared with baseline, a significant reduction of fibrin

and a significant increase in granulation tissue were observed at

the end of the debridement sessions in both groups (P < 0001,

in the two arms) (Table 3). At the last available evaluation, the

Table 1 Study population and legs ulcers characteristics (n = 41)

Nitrous oxide–
oxygen mixture

Lidocaı̈ne–prilocaı̈ne
cream

P

Patients n = 20 n = 21

Age: median (min–max) 78 (57–87) 77 (51–89) 0.59

Gender: male ⁄ female 7 ⁄ 13 8 ⁄ 13 0.84

MMS score : median (min–max) 25 (19–29) 26 (18–30) 0.35

Oral analgesic treatment (class I or II) prior to the study 17 18 0.71

Aetiology of the ulcers n = 19 n = 19 0.81

Venous 9 (47.4%) 11 (57.9%)

Mixed with predominantly venous 6 (31.6%) 5 (26.3%)

Arterial or mixed with predominantly arterial 4 (21.1%) 3 (15.8%)

Clinical characteristics of the ulcers median % (min–max) n = 20 n = 21

Necrotic tissue 0% (0–10) 0% (0–10) 0.9

Fibrinous tissue 80% (50–100) 85% (50–100) 0.21

Granulation tissue 10% (0–50) 10% (0–50) 0.33

Epidermization 0% (0–20) 0% (0–20) 0.4

Ulcer area (cm2) n = 15 n = 17 0.06

5 to 10 2 (13.3%) 5 (29.4%)

10 to 20 2 (13.3%) 4 (23.5%)

20 to 30 6 (40.0%) 0 (0%)

30 to 40 1 (6.7%) 2 (11.8%)

40 to 50 4 (26.7%) 6 (35.3%)

Duration of the ulcer in months: median +(min–max) 14 (1–120) 12 (1–360) 0.144

Baseline pain related to the ulcer itself n = 20 n = 21

VAS mean (± SD) 2.10 (± 0.25) 2.46 (± 0.27) 0.144

VRS mean (± SD) 2.06 (± 0.15) 1.65 (± 0.15) 0.600
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quality of debridement did not differ significantly in two groups

among the 29 evaluable patients: 12 of the 15 patients in the

NOOM arm and 10 of the 14 patients in the LPC arm having

debridement considered as satisfactory, P = 0.682. Debridement

was considered as ineffective only in two patients in the LPC group

who discontinued early from the study on physician requests, con-

sidering that the debridement procedure was ineffective (Fig. 1).

Tolerance – safety

The safety profile was comparable between the two analgesic pro-

cedures. Systolic and diastolic arterial pressure following debride-

ment increased slightly but significantly in the two groups (data

not shown). In the NOOM group, there was also a little but signif-

icant POS and heart rate increase following the painful procedure

(data not shown); Ramsay sedation score changed significantly

from an average score of 1.99 (0.43 SD) before the NOOM inhala-

tion to an average score of 2.23 (0.72 SD), P = 0.003, but all

patients had a good memorization of all the care.

No serious event occurred during the study. In the NOOM group,

one patient had an anxiety attack when wearing the facemask and

was withdrawn from the study; two patients presented erysipelas

on the lower limb homolateral to the ulcer and six other different

patients complained about nausea (n = 1), vomiting (n = 2), diz-

ziness (n = 1), vertigo (n = 1), euphoria (n = 1), agitation

(n = 1) and paraesthesia in the limbs (n = 1). In the LPC group,

burning sensations (n = 2), tingling sensations on the wound

(n = 1), excoriation by mechanical removal of the adhesive plastic

film (n = 1) were recorded among four patients. Whatever the

quality of debridement obtained, we did not find any significant

difference between the two groups as to the occurrence of side-

effects.

Discussion
This pilot study showed that LPC provides a better analgesia than

NOOM for the debridement of chronic ulcers of the lower

extremities, and a similar result in terms of quality of debride-

ment. The power of the study was unfortunately not as large as

expected, because the number of randomized patients was lower

than the initial theoretical. This bias was supported by the diffi-

culty of recruiting patients in the study: some patients were afraid

of having gas inhalation, others of entering a trial but the difficulty

was also because of concurrent trials for chronic wounds during

the same period. Although the total number of enrolled patients

Figure 2 Comparison of average pain assessed by visual

analogue scale (VAS) before and after debridements using nitrous
oxide–oxygen mixture or lidocaı̈ne–prilocaı̈ne cream (variance

analysis).

Table 2 Comparison of pain assessed by visual analogue scale and by verbal rating scale after the debridement using nitrous
oxide–oxygen mixture (NOOM) or lidocaı̈ne–prilocaı̈ne cream (LPC) (variance analysis)

Pain assessed after debridement by NOOM (n = 20) LPC (n = 21) 95% CI P

Visual analogue scale (VAS): mean (± SD) 5.29 (± 0.27) 3.68 (± 0.25) 1.14–2.09 < 0.001

Verbal rating scale (VRS): mean (± SD) 2.87 (± 0.15) 1.71 (± 0.15) 0.57–1.04 < 0.001

Table 3 Clinical characteristics of the ulcers at baseline and after debridement period among patients who completed the study
(n = 29), comparison with variance analysis

Clinical characteristics of the ulcers median % (min–max) Baseline After debridement

NOOM (n = 15) LPC (n = 14) P NOOM (n = 15) LPC (n = 14) P

Necrotic tissue 0 (0–10) 0 (0–5) 0.55 0 (0–0) 0 (0–5) 0.31

Fibrinous tissue 85 (50–100) 77.5 (50–100) 0.39 20 (0–95) 25 (0–70) 0.94

Granulation tissue 17.5 (0–45) 10 (0–50) 0.53 70 (0–95) 62.5 (0–90) 0.92

Epidermization 0 (0–20) 0 (0–20) 0.57 0 (0–40) 0 (0–70) 0.99

NOOM, nitrous oxide–oxygen mixture; LPC, lidocaı̈ne–prilocaı̈ne cream.
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was lower than planned, the pain estimated by the measure of

VAS and VRS was significantly lower in patients treated with LPC.

There were also significantly more patients who discontinued in

the NOOM group.

To our knowledge, this is the first study comparing these two

analgesic procedures in the debridement of chronic leg ulcers. The

previous studies have only demonstrated the analgesic superiority

and a better quality of debridement of LPC compared with a

placebo in the debridement of leg ulcers,2–6 and for two of them,

a better quality of debridement.4,6 In a recent study planned to

compare the efficacy of the NOOM vs. morphine in bedsore care,

a few cases of leg ulcers were included:8 analgesia was significantly

better with NOOM than with morphine chlorhydrate.

In our study, we tried to limit biases which could interfere with

the perception or expression of pain, such as cognitive dysfunc-

tions assessed by MMS, neuropathy, or the use of class III analge-

sics and especially morphine. We took into account pain directly

related to the ulcer itself, and compared the baseline pain with

pain after debridement. The gas in NOOM is inducing a superfi-

cial analgesia which may reduce the memory of the care and may

promote to euphoric sensations (‘mirthful gas’). This is the reason

why we have decided not to assess the pain during the debride-

ment but only after the end of the care. NOOM acts through dif-

ferent pharmacological pathways and has different analgesic

targets than LPC. The less pain after the debridement of patients

in the LPC group may be explained by a persistence of the analge-

sic effect after the cream afterwards (during several hours), com-

pared with a more rapid fall of the analgesic efficacy of NOOM

within 2 to 3 min.7 However, the analgesic property of the

NOOM during the debridement procedure, which has not been

directly assessed in our study during the care, is transient and

probably better than those recorded by measuring VAS after the

care. It could have been efficient enough to explain in the NOOM

group the quality of the final debridement which was found to be

similar to those noticed in the LPC group.

It must be underlined that neither LPC nor NOOM was com-

pletely satisfying in pain management in our study, because the

patients still complained during debridement. This may be a good

reason to test the combination of the two strategies.

In our study, the two analgesic procedures were well tolerated.

The various side-effects observed were infrequent and minor either

with NOOM or LPC, and comparable with those reported in the

literature.2–6,8,13,14 The increasing blood pressure noticed at the

end of each debridement procedure in both LPC and NOOM

groups and the increasing heart rates in the NOOM group can be

explained by the remaining pain and the care itself. The transient

increase in POS in the NOOM group can be attributed to the oxy-

gen inhalation following the NOOM procedure. The good memo-

rization of the care and the RSS which did not exceed the score of

3 (responds quickly to a voice command) also suggests that none

of the treated patients suffered from severe disorientation or

amnesia following the NOOM procedure. Moreover, in our study,

the frequency of local reactions following repeated use of LPC was

lower than those observed in the previous studies4–6 and was, like

in the literature, not influenced by the repetition of debridements.5

Especially, we did not notice any contact allergy as suggested by

the previous studies.2–6,15 Finally, we have to underline that the

use of NOOM requires the presence of two trained persons (a

nurse and a doctor, or two nurses, one devoted for the gas admin-

istration and one for the dressing), instead of a single nurse in the

LPC group and by this, NOOM procedure cannot be considered

as an out-hospital care.

Our results demonstrate a significant difference in favour of

LPC over NOOM in the debridement of chronic leg ulcers. How-

ever, it is only a preliminary study and we can use it as the basis

for a new study. The good tolerability, the different mechanisms

of action and the incomplete efficacy of the two strategies warrant

to test a combination of the two procedures.
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