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Rationale and Objectives: Percutaneous liver biopsy for tumors performed under local anesthesia is still a painful procedure. The aim of

this study was to evaluate the patient’s reaction and the analgesic efficacy and safety of an equimolar mixture of oxygen and nitrous oxide
(EMONO) inhalation.

Materials and Methods: A monocenter, prospective, randomized and double-blind controlled study was performed including 99 adult

patients undergoing ultrasound controlled liver biopsy for tumors. 50 patients received an EMONO and 49 patients received a placebo.
Pain was evaluated by patients before and after the procedure using a Visual Analog Scale.

Results: Analgesic control, defined by the difference between the final and initial VAS scores (D), was significantly better in the EMONO

group than in the placebo group (D = 17.8 � 25.5 mm vs 30.1 � 32.6 mm; P = .045. The number of patients who would agree to undergo

another liver biopsy under the same conditions was significantly higher in the EMONO group than the placebo group (92.0% vs 75.5%,
P = .026). There were no side-effects from the administration of an EMONO.

Conclusion: This study shows that patients receiving an EMONO had a higher analgesic control after percutaneous biopsy of focal liver

lesions than patients in the placebo group. Moreover, acceptance of additional biopsies was higher in the EMONO group.
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D
espite improvements in imaging techniques for the

characterization of liver lesions, percutaneous biopsy

of focal liver lesions is still often necessary in clinical

practice. As the position paper of the American Association

for the Study of Liver Diseases (AASLD) pointed out, liver

biopsy should be considered in patients whose diagnosis is

uncertain, and when a more specific diagnosis is likely to

modify the therapeutic management plan (1). Indications
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for liver biopsy depend on the patient’s specific clinical history

and imaging findings (1) , but they are mainly: 1) atypical liver

lesions in patients with underlying liver disease especially

cirrhosis (1,2), 2) atypical liver lesions in patients with

known extrahepatic cancer, or 3) incidental liver lesions not

characterized on extensive imaging (2–4).

Percutaneous liver biopsy for tumors is performed under

local anesthesia and with conscious sedation in most patients

before the procedure (5). Nevertheless, Eisenberg et al have

reported that 69% of the patients have pain immediately after

the procedure, more than half are still in pain 4 hours later, and

nearly 40% 24 hours after the procedure (6). These authors

have shown that sedation with standard premedication and

local anesthesia fails to produce sufficient immediate and

late analgesia (6). Although this issue is not usually considered

to be significant, patients with negative biopsies often require

additional biopsies and some may refuse this procedure.
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An equimolar mixture of oxygen and nitrous oxide

(EMONO, premix 50% N2O/50% O2) has been shown to

be an effective analgesic and to be safe in various procedures

associated with mild to moderate pain notably in dentistry

(7,8). N2O has a low solubility in blood and is not bound to

blood proteins. It acts rapidly and is quickly reversible after

inhalation is discontinued (9). A recent review has shown

that the side effects of EMONO inhalation are uncommon

and that major adverse events could not be attributed to

N2O (9). Moreover, this mixture is easy to administer and

allows the patient to follow instructions and to cooperate

for respiratory movements. To our knowledge, only one study

has evaluated administration of EMONO in patients with

chronic liver diseases requiring liver biopsy (10). These

authors have shown that EMONO inhalation provides safe

and effective analgesia (10).

Percutaneous liver biopsy of liver lesions often requires

numerous needle passes, and is consideredmorepainful than liver

biopsy fordiffuse liverdiseases. In a large series of 1910 liver biop-

sies for liver tumors, one biopsy pass was sufficient in 58 patients

(27.9%); two passeswere sufficient in 75 patients (36.1%); and up

to six passes in the other cases (11). To our knowledge, the use of

EMONO inhalation has not been evaluated for percutaneous

biopsy of liver lesions. Therefore, we performed a monocenter

double-blind randomized placebo-controlled study to assess

the analgesic efficacy and safety of EMONO inhalation as well

thepatient acceptance and the feasibilityof administrationduring

percutaneous liver biopsy of focal lesions.

MATERIALS AND METHODS

Study Design

This study was performed in accordancewith the ethical prin-

ciples set out in the Declaration of Helsinki and adopted in

2004 (Tokyo), with an approved protocol using Good Clinical

Practices including the International Conference of Harmo-

nization Guidelines and all applicable local laws and regulatory

requirements. This study was approved by our institutional

review board and all the patients gave their informed written

consent before being included in this study.

A pretest analysis was made to calculate the patient popula-

tion. It was hypothesized that EMONO could reduce

postprocedural pain evaluated on a visual analog scale (VAS)

by at least 20 mm compared to placebo. The patient popula-

tion was then estimated to be 101 patients.

This monocentric, prospective, randomized, comparative

and double blind study was performed over a 15-month

period. Inclusion criteria were as follows: 1) patients requiring

ultrasound guided percutaneous biopsy of focal liver lesions

according to recent guidelines (2,4,12), 2) age $18, 3)

general condition according to World Health Organization

score: #3. Exclusion criteria were as follows: 1) patients

unable to use a VAS, 2) serious alteration of general health

status (WHO > 3), 3) psychiatric disturbances, 4) abnormal

coagulation indexes (prothrombin levels less than 50% of the

standard value or Kaolin-activated partial thromboplastin
time exceeding 1.5 times the normal control time or platelet

count less than 50,000/mL), 5) contraindications to nitrous

oxide administration such as pulmonary emphysema or

chronic respiratory failure.

Biopsy Procedure

Premedication. A total of 10 mg of diazepam and two tablets of

paracetamol-dextropropoxyphene (400mg/30mg)were orally

administered 1 hour before the procedure.

Treatment Administration. The patients were randomized into

two treatment arms: EMONO group (50% N2O/50% O2

premix, Kalinox, Air Liquide Sant�e International, Paris,

France) or a placebo group (50% N2/50% O2 premix).

Patients were stratified into two groups: one group of patients

presenting chronic background pain (VAS >30 mm) versus

one group of patients without significant pain at inclusion.

Inhaled treatments were self-administered using a facial

mask (3 minutes before the beginning of the biopsy and

throughout the entire procedure). The gas flow rate was

determined by the patient’s spontaneous ventilation. Gas

administration was controlled by a nurse trained in the use

of EMONO. Contact with the patient was maintained orally

during biopsy.

Biopsy Samples. Four senior radiologists with more than 10

years of experience in abdominal imaging performed liver

biopsy at our institution. Core needle biopsy was always per-

formed and fine needle aspiration was performed during the

same sessionwhenmalignancywas suspected. Induction of local

anesthesiawith local infiltration of 10mL 2% lidocainewas per-

formed before needle insertion. If indicated, fine-needle aspira-

tion was performed first. The fine-needle aspiration samples

were obtained using a 22-gauge spinal needle under freehand

ultrasound guidance. Coaxial needles were not used. After

nodule localization, the needle was inserted and gently passed

through the lesion without suction and the samples were given

to the cytopathologist. Core needle biopsy samples were

obtained with an 18-gauge needle loaded into a semiautomatic

biopsy system. Up to three core samples were obtained and the

adequacy of the core needle biopsy was judged on the basis

of the position of the needle in the target lesion and the size

and the color of the samples. Biopsy of the tumor-free portion

of the liver was performed in patients with chronic liver disease

and when the diagnosis of a benign hepatocellular tumor was

suspected. The number of passes for both fine needle aspiration

and core needle biopsy was recorded for each patient.

Procedure Evaluation

Patients were asked to self-evaluate the intensity of pain expe-

rienced before the procedure and within the 15 minutes after

the end of inhalation by using a 0 (no pain) to 100 mm (worse

pain level) VAS.

Analgesic control was defined as the absolute difference

between the ‘‘final VAS’’ measure (after the procedure) and

the ‘‘initial VAS’’ measure (before the procedure).
817
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Patients were also asked if they would accept to have

another liver biopsy under the same conditions (binary

response as yes/no). The handiness of gas administration and

the patient’s reaction during the liver biopsy were assessed

by the radiologist who performed the biopsy on a semiquanti-

tative scale ranging from poor, satisfactory, good, and excel-

lent at the end of the procedure.

Safety was assessed by observation of adverse events

recorded in the case report form up to 24 hours after the

end of the biopsy.

Statistical Methodology

Patient distributions according to qualitative variables were

compared using c2 tests or exact Fisher tests when conditions

for validity of the c2 were not met (theoretical population size

<5). Distributions of quantitative variables were compared

using Student t tests or analysis of variance. The hypotheses

of the normality of the distribution of quantitative variables

were verified using the Shapiro-Wilk’s test. When the

normality hypothesis was not verified, non-parametric tests

(Wilcoxon or Kruskall Wallis) were used. Analyses of variance

were performed and stratified on the presence or not of

chronic background pain.

The sensitivity, specificity, and accuracy of percutaneous

liver biopsy (combining cytologic and histologic examina-

tions) were calculated as follows: sensitivity, division of the

number of correct diagnoses of malignancy by the number

of proven malignant tumors andmultiplication of the quotient

by 100; specificity, division of the total number of correct

diagnoses of benign tumors by the number of proven cases

of benign tumor and multiplication of the quotient by 100;

accuracy, division of the number of all correct diagnoses

including malignant and benign lesions by the number of all

tumors and multiplication of the quotient by 100. Definitive

diagnosis was determined by histological analysis of the

surgical specimen or by a combination of imaging, clinical,

and biological follow-up findings. In lesions that were not

resected, lack of tumor growth over at least 1 year defined

a hepatic tumor as benign. Elevation of levels of serum tumor

markers and evidence of tumor growth on images during

follow-up were used as criteria to define a tumor as malignant.

Factors associated with a negative biopsy (lesion character-

istics: poor visibility on ultrasound, difficulty in reaching the

lesion and lesion size, treatment administered, and lesion diag-

nosis) were searched for by univariate analysis and if they were

significant they were computed in a multivariate analysis

(logistic regression).

All statistical analyses were performed with SAS software

(version 9.1, SAS Institute, Cary, NC).
RESULTS

Enrollment

Two of the 101 included patients were excluded because they

did not undergo liver biopsy. A total of 99 patients were
818
analyzed, 50 patients in the EMONO group and 49 patients

in the placebo group. A total of 89 patients had no significant

pain before biopsy, whereas 10 patients had chronic back-

ground pain. Because of the small size of the group of patients

with chronic background, subgroup analysis based on this

criterion could not be performed.
Demographics and Baseline Patient Characteristics

Demographic patient characteristics are presented in Table 1.

The study population included 58 (58.6%) men and 41

(41.4%) women a mean of 55.4 years old (range, 21‒84 years).
No significant difference was found between the two groups

of treatments. All patients stayed in the hospital for at least

12 to 24 hours for postbiopsy observation, which is a common

practice in our institution. Patients’ vital signs were monitored

in the same way as all liver biopsies (ie, every 15 minutes

during the first hour after the biopsy, every 30 minutes for

the next 2 hours, then every hour for the next 3 hours).

Characteristics of the lesions are shown in Table 2. The two

groups were comparable. Lesions were more often difficult to

reach in the EMONO group than in the placebo group

(23/50 [46%] vs 17/49 [34.7%]), but this was not statistically

significant.

The number of needle passes was not different between the

two groups (2.34 � 0.98 vs 2.51 � 0.92 for the 18G needle

and 0.7 � 0.99 vs 0.59 � 1 for the 22 G needle; P > .05).
Treatments

Information related to the performed procedure is given in

Table 3. The mean gas flow rate during percutaneous liver

biopsy was 9.1 L/minute, and ranged from 4 to 15 L/minute.

The inhalation lasted between 5 and 42 minutes, whereas the

biopsy lasted between 1 and 37 minutes. No significant differ-

ence was found between the treatment groups.
Evaluation

The mean pain level described by the patients before or after

the biopsy was not statistically different between the two

groups of treatments. After the procedure, the mean pain

score observed in patients treated by EMONO was 24.0 �
25.8 mm versus 36.4 � 32.0 mm in the placebo group

(P = .069). Analgesic control was significantly better in

patients treated by EMONO than in those treated by placebo

(17.8 � 25.5 mm versus 30.4 � 32.6 mm, P = .045) (Fig 1).

When the presence or not of chronic background pain was

taken into account, EMONO treatment decreased the level

of pain related to the biopsy compared to placebo (coefficient:

�12.8, P = .028).

The number of patients who would agree to undergo

another liver biopsy under the same conditions was signifi-

cantly higher in the EMONO group than in the placebo

group (46/58 [92.0%] vs 37/49 [75.5%], P = .026).



TABLE 2. Characteristics of the Lesions

Lesion Characteristics

EMONO

(n = 50)

Placebo

(n = 49) P Value

Malignant/benign tumors 31/19 36/13 .223

Easy/difficult to reach 27/23 32/17 .252

Mean size (cm) 4.7 � 3.3 3.9 � 2.6 .193

Lesion visibility poor/fair 3/47 2/47 1.000

EMONO, equimolar mixture of oxygen and nitrous oxide.

TABLE 1. Demographic Patient Characteristics

Patients EMONO (n = 50) Placebo (n = 49) P Value

Sex ratio (M/F) 28/22 30/19 .598

Mean age (y) 53.6 � 12.2 57.2 � 15.1 .189

With chronic background pain 6 (12.0%) 4 (8.2%) .239

Mean VAS before the procedure (mm) (minimum, maximum) 6.8 � 18.2 0, 83 6.0 � 19.9 0, 95 .458

EMONO, equimolar mixture of oxygen and nitrous oxide; VAS, visual analog scale.
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Handiness of gas administration was satisfactory to excellent

in 98% of the patients in the EMONO group and in the

placebo group (49/50 and 48/49), respectively.

Patient’s reaction assessed by the radiologist was satisfactory

to excellent in 95% of the patients: 47/50 (94.0%) in the

EMONO group and 48/49 (97.9%) in the placebo group

(not significant).

The accuracy of percutaneous liver biopsy was 80/99

(80.8%). The sensitivity and specificity were 57/67 (85.1%)

and 32/32 (100%), respectively.

Factors significantly associated with negative biopsies with

univariate analysis were the use of EMONO (P = .025), diffi-

culty to reach the lesion (<.001), and poor lesion visibility at

ultrasound (.004). The only significant factor associated with

a negative biopsy with multivariate analysis was the difficulty

to reach the lesion (<.001).

During the study one patient treated by placebo had

a serious adverse event (pneumothorax) that was not consid-

ered to be related to the treatment administered.
DISCUSSION

This study confirms that percutaneous biopsy is a painful

procedure. The mean pain level after the procedure assessed

by VAS was 36.4 mm in the placebo group which is close to

that reported in the literature after liver biopsies of nontumo-

rous liver diseases (range 22‒28 mm, VAS score) (6,13,14).

The pain level can increase up to 30 minutes after the biopsy,

but is reduced within the first hour after the procedure

(6,14). Moreover, some authors have reported that up to

30% of patients experienced severe pain (VAS >40 mm)

immediately after the procedure (14). The slightly higher

VAS score in our study might be due to the higher number

of passes necessary to obtain the best results in liver tumors.

This is the first study to evaluate the administration of

EMONO in patients requiring biopsy for liver lesions. Pain
evaluation was performed using the VAS, which is the vali-

dated and recommended method for pain assessment. A

lower, but not statistically significant, mean VAS after the

procedure and higher, statistically significant analgesia control

was observed in the EMONO group in our study compared

to the placebo group. Castera et al reported a lower pain level

after liver biopsies of diffuse liver diseases in an EMONO

group vs a placebo (12 mm vs 28 mm, P = .001) (10). Our

randomized double-blinded placebo-controlled study design

effectively proves that the differences in analgesia were related

to the administration of N2O/O2 because neither patients nor

the medical team were aware of the gas administered. There

might be two effects in the pain relief induced by equimolar

mixture of N2O/O2. First, an analgesic effect as we have

seen a significant analgesic control in the EMONO group.

Second, nitrous oxide also displays anxiolytic, amnesic prop-

erties and has addictive psychedelic effects (15). In an experi-

mental study comparing five inhalational anesthetics, nitrous

oxide had the strongest amnesic potency (16). Yet, Castera

et al have shown that analgesia from EMONO inhalation

was not related to pain amnesia (10).

Sedation and analgesia control practices during liver biopsy

vary greatly. In the United States, most teams use conscious

sedation (5), whereas a French survey reported general anes-

thesia in 11% of cases (17). Eisenberg et al have argued that

the type of anesthesia or sedation required for effective anal-

gesia during liver biopsy has not yet been determined and

that local anesthesia alone was clearly insufficient (6).

Therefore based on our results, we recommend that

EMONO be administered to patients requiring biopsy for

liver tumors. Whether EMONO should be recommended

for all patients or only selected groups must still be deter-

mined. Previous studies have shown that the anxiety level

before a biopsy as well as intravenous drug abuse significantly

increase mean pain intensity after biopsy (6,18). Therefore,

EMONO inhalation should at least be recommended for

these patients.

Acceptance of additional biopsies is also an important issue

because some patients may need to undergo another liver

biopsy for monitoring treatment efficacy in chronic liver

diseases or when the initial biopsy for a liver tumor is negative.

Forner et al have prospectively validated European Associa-

tion for the Study of the Liver and AASLD criteria for the

diagnosis of small hepatocellular carcinomas. They have

shown that the first biopsy had a sensitivity of 70%. When

the first biopsy is negative, they recommend performing
819



TABLE 3. Information Related to the Analgesic Procedure

Patients EMONO (n = 50) Placebo (n = 49) P Value

Mean gas flow rate during the procedure (L/min) 9.1 � 2.6 9.2 � 2.5 0.912

Mean duration of gas inhalation during the procedure (min) 16.9 � 9.3 16.1 � 7.2 0.905

Mean duration of the procedure (min) 10.6 � 8.7 9.1 � 6.0 0.842

EMONO, equimolar mixture of oxygen and nitrous oxide.

Figure 1. Boxplot shows differences in the analgesic control
(defined as the absolute difference between the VAS measure after

the procedure and the VAS measure before the procedure) in

patients treated by EMONO and in those treated by placebo

(P = .045).
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a second and even a third biopsy because the sensitivity of

a second or third biopsy is still high (62% and 80%, respec-

tively) (19). In our study, patients were asked if they would

accept to have another liver biopsy under the same conditions

and the acceptance rate was statistically higher in the

EMONO group than in the placebo group. This result is of

clinical importance.

We also analyzed whether EMONO administration inter-

feres with patient cooperation and biopsy results. There was

no difference in patient cooperation among the two groups.

Our biopsy results: sensitivity (85.1%), specificity (100%)

and accuracy (80.8%) are within the range of large studies

on the biopsy of liver tumors (3,20). Factors that were

significantly associated with negative biopsies at univariate

analysis were the use of EMONO, difficulty in reaching the

lesion, and poor lesion visibility at ultrasound; these two

latter are factors known to increase biopsy failure. At

multivariate analysis, the only significant factor associated

with negative biopsy was difficulty in reaching the lesion,

and the use of EMONO was no longer significant.

No adverse events related to EMONO inhalation were

observed in this study. The only complication in the placebo

group was due to the biopsy itself.

We also want to emphasize that EMONO administration is

an easy procedure in a radiology unit. First, it does not require

the presence of an anesthesiologist, since gas administration is
820
performed by a trained nurse under medical prescription. In

our institution, this training included theoretical teaching

and supervised clinical experience. Second, it can be decided

immediately before the biopsy and does not require patient

preselection.

Our study has limitations. First, we did not record the

intensity of pain several hours after liver biopsy to evaluate

the long term postprocedural pain. We asked our patients to

self-evaluate within the 15 minutes after the end of inhalation

as most patients experience their maximal pain at the end of

the procedure. Second, we did not attempt to evaluate the

cost issues as costs vary from one country to another one. In

the study of Castera et al, the extra cost of EMONO was an

average of $US4 per biopsy (10).

In conclusion, this study demonstrates that patients who

received EMONO had a lower mean VAS after biopsy and

better analgesia control compared to patients who received

a placebo. Moreover, acceptance of additional biopsies was

higher in the EMONO group.
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