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Titre Francais : Evaluation de la position scalaire des porte-électrodes

d’'implant cochléaire en imagerie cone-beam : Etude comparative
entre électrode droite et périmodiolaire pré-incurvée.

Résumeé

Objectif : Comparer I’incidence d’une dislocation en imagerie conebeam aprés une implantation

cochléaire selon I’utilisation d’une électrode droite ou pré-incurvée.

Matériel et méthodes : Etude comparative de cas non randomisée. Les portes électrodes droits et
pré-incurvés implantés provenaient de deux fabricants différents. Une insertion par la fenétre
ronde a été réalisée dans tous les cas, sauf deux pour lesquels une cochléostomie a été réalisée.
Une imagerie cone-beam a été réalisée chez tous les patients. Les images étaient reconstruites en
coupes coronale oblique, sagittale oblique et axiale oblique pour leur analyse. Nous avons évalué
la profondeur d’insertion de I’électrode et l1a survenue d’une dislocation de la scala tympani vers

la scala vestibuli.

Résultats : Cinquante-quatre patients et 61 implants ont été analysés. Trente et un patient ont
été implantés avec un porte-électrode périmodiolaire et 30 patients avec un porte-électrode droit.
Neuf (15%) dislocations ont été observées, 8 (26%) dans la cohorte des électrodes
périmodiolaires et 1 (3%) dans la cohorte des électrodes droites. La dislocation est survenue a un
angle d’insertion en profondeur entre 170 et 190° dans le groupe d’électrode périmodiolaire et

autour de 370° dans le groupe d’électrode droite.

Discussion : L’imagerie cone-beam est outil fiable pour déterminer la position du porte électrode
dans la cochlée et détecter une éventuelle dislocation scalaire. Une dislocation survient
habituellement dans la partie ascendante du tour basal de la cochlée avec un porte-électrode
périmodiolaire. Un porte-électrode droit flexible a de meilleures chances de conserver une

position dans la scala tympani.

MOTS CLES

Implant cochléaire, imagerie cone-beam, localisation scalaire, dislocation
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Title: Scalar localization by cone-beam computed tomography of

cochlear implant carriers: a comparative study between straight and
perimodiolar precurved electrode arrays.

Summary

Objective: To compare using analyses of cone-beam computed tomography (CBCT) images, the
incidence of scalar dislocation after cochlear implant surgery with a straight or a precurved

electrode array.

Study design: Consecutive non-randomized case comparison study.
Settings: Tertiary referral center
Patients: CBCT analyses of patients after cochlear implantation.

Intervention(s): Precurved perimodiolar and straight electrode arrays from two different
manufacturers were implanted. A pure round window insertion was performed in all cases,
except two necessitating a cochleostomy. All patients had, CBCT imaging and the images were
reconstructed in coronal oblique, sagittal oblique, and axial oblique section.

Main outcome measures: Evaluation of the insertion depth angle and the occurrence of

dislocation from the scala tympani to the scala vestibuli.

Results: Fifty four patients and 61 implants were analyzed. Thirty one patients were implanted
with a perimodiolar electrode array and 30 patients with a straight array. Nine (15%) scalar
dislocations were observed, 8 (26%0) in the perimodiolar array group and 1 (3%o) in the straight
array group. The dislocation occurred at an insertion depth angle between 170 and 190° in the

perimodiolar array group, and around 370° in the straight array group.

Conclusion: CBCT imaging is a reliable tool to assess the position of the electrode array in the
cochlea and to detect a possible scalar dislocation. The dislocation usually occurs in the
ascending part of the basal turn of the cochlea with a perimodiolar array. A straight flexible
electrode array has a higher chance of a confined scala tympani positioning than a perimodiolar

precurved array.

Keywords: Cochlear implant; Cone-beam computed tomography; Scalar localization; Dislocation
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Introduction

The cochlear implant (Cl) is a successful way to treat patients with severe or profound hearing
loss. Nowadays, over 300,000 patients have been implanted all over the world.

Audiological outcomes and speech recognition after cochlear implantation are based on
patient characteristics (age at onset of deafness, duration of deafness, age of patient at implantation
and presence of preoperative residual hearing), on the surgical technique, and on the design of the
electrode array. The goal of implant manufacturers is to improve the physical characteristics of the
electrode array (design, 3D shape) to allow precise positioning in the scala tympani (ST) and to
contribute to the optimization of hearing performance (1).

In 1993, Lehnardt introduced the principle of “soft surgery” which aims at inserting the
electrode array in the ST without dislocation (2). A dislocation can be defined by the displacement of
the electrode array from the ST to the scala vestibuli (SV), through the basilar membrane (BM) or the
osseous spiral lamina. The dislocation damages the BM and spiral ganglion cells, compromising
neural pathways (1). The technique of soft surgery was firstly described as a cochleostomy antero-
inferior to the round window. However, the round window insertion approach is also a valuable and a
safe technique with good clinical outcomes (3).

Cochlear implantation can be performed using either a precurved or straight array to place the
array as close as possible to the modiolus or along the lateral wall of the cochlea, respectively. The
Nucleus Contour Advance CI24RE and CI512 from Cochlear® (Cochlear Ltd, Lane Cove, Australia)
are precurved perimodiolar electrodes with a design dedicated to a shallow insertion. This positioning
decreases electrical thresholds and target specific frequencies for electrostimulation(4). The straight
electrode array from MED-EL® (MED-EL GmbH, Innsbruck, Austria) aims at a full insertion, in order
to provide a complete coverage of the cochlea with apical stimulation. This deeply inserted electrode
array improves hearing and speech performance. The manufacturer offers a wide range of electrodes;
among them a thin and flexible electrode array to minimize insertion trauma (5). Temporal bone
studies have demonstrated that both types of electrode array focus on minimizing the occurrence of a
scalar dislocation (6,7).

Post-implantation imaging was based initially on skull radiography, mainly modified Stenver’s
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incidence. It was a reliable tool to control the position of the implant inside the cochlea and measure
the depth of insertion. Nevertheless, plain radiography is not able to determine the three-dimensional
shape of the electrode and cannot identify a misplacement of the electrode array (8). Therefore, high-
resolution computed tomography (HRCT) has been used to determine the position of the electrode
array. Although, HRCT provides a better resolution to visualize the temporal bone, the image
definition due to the metallic artifacts is compromised; creating difficulties in assessing the scalar
localization of the electrode array (9).

Cone Beam computed tomography (CBCT) is an innovative tool using a rotating cone-shaped
source of radiation, with a flat panel detector. It was primarily developed for dental and maxillofacial
imaging. It allows a volumetric acquisition with a single rotation of the gantry, whereas the HRCT
would need an image set of multiple axial sections. With CBCT, reconstructions in any plane can be
performed from the three-dimensional dataset of isotropic voxels using algorithms. The spatial
resolution is consequently increased with reduced levels of radiation, metallic artifacts, and time of
acquisition (10). It has been demonstrated on temporal bone studies that CBCT is a valuable tool in
assessing scalar localization of the electrode array (11).

The aim of this study was to compare using CBCT analyses, the incidence of scalar

dislocation after Cl surgery with a straight or a precurved electrode array.
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Material and methods

This consecutive non randomized case comparison study was conducted in an affiliated
University Hospital following the tenets of the Declaration of Helsinki and adhered to Good Clinical
Practice guidelines. Study ethics approval was obtained on April 9", 2014 (CECIC Rhéne-Alpes-

Auvergne, Clermont-Ferrand, IRB 5891).

Study population

All patients included in this study had a severe, profound, or total hearing loss, without any

inner ear malformations.

Surgical Procedure

The surgery was performed in a one-day surgery setting, by the same surgeon, in all patients to
avoid any operator bias. The surgery consisted of a standard surgical technique with mastoidectomy
and posterior tympanotomy. A pure round window approach was performed in all patients except for 2
cases. It consisted of the drilling of a large posterior tympanotomy, in order to visualize the round
window entirely, and a round window preparation through the removal of the postero-superior bony
overhang of the round window niche. A hearing preservation technique was then attempted by
performing a micro-incision in the anterior third of the round window membrane using a 26G needle,
without suctioning the perilymph, working in a bloodless operative field. In two cases, an antero-
inferior cochleostomy had to be performed in 2 cases, due to ossification of the entire round window
niche, secondary to far advanced otosclerosis, which limited access to the round window membrane.

Cls from two manufacturers were used: Cochlear® and MED-EL®. The implants from
Cochlear® (CI24RE and CI512) were perimodiolar electrode array inserted using the “Advance Off

Stylet” (AOS) insertion technique.
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The implants from MED-EL® (Standard, FLEX®F", FLEX®, and FLEX?**) were straight
arrays inserted according to the standard procedure of insertion through the round window membrane.
The characteristics of the electrode arrays are summarized in table 1.

The electrodes were fully inserted in all cases and electrophysiological recordings were

performed in all cases to control the electrode integrity.

Imaging

All patients underwent CBCT using the same machine: 5G NewTom (NewTom, Verona,
Italy). The system used a 200 x 25 mm flat panel detector at 650 mm from the radiation source. The
360° rotation of the X-ray tube took 18s. Tube voltage was 110kV, with a 19 mA charge at the
terminals. Total filtrations were 2 mm and pitch 125 um, with a field of view corresponding to a 12 x
7.5 cm diameter cylinder. The images were reconstructed in 125 um isometric voxels and obtained in

axial, coronal, and sagittal planes, using the NNT software provided by NewTom.

Image Analyses

Triple-blinded image analyses were performed by three senior neuroradiologists accustomed

with CI imaging. They applied the same protocol for the reconstructions, measurements, and

dislocation analyses.

- Reconstruction Technique:
Three reconstructions were performed:
1) “The CBCT Cochlear view”: A coronal oblique section consisting of a view of the
greatest axis of the cochlea. We determined an axis of the basal turn of the cochlea passing

through the round window and reaching the pars ascendens on the lateral cochlear wall.
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Then, we performed a double obliquity tilt to visualize the basal turn in one view. The

thickness of the view was increased to 5mm to unroll the entire implant (Fig.1).

FIG. 1. Coronal oblique reconstruction: « CBCT Cochlear view ». A, Three-dimensional (3D) representation of a
left labyrinth demonstrating coronal oblique plane of section. B, two dimensional (2D) reconstruction from cone-
beam computed tomography (CBCT).

2) An axial obligue section in the plane of the long axis of the modiolus, perpendicular to the
“CBCT Cochlear view”. This section explored the cochlea from the round window to the

lateral wall of the medial side of the basal tun (Fig.2).

FIG. 2.Sagittal oblique reconstruction.A, 3D representation of a left labyrinth demonstrating sagittal oblique
reconstruction.B, 2D reconstruction from CBCT.
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3) Asagittal oblique section perpendicular to the axial oblique and crossing the center of the
modiolus. This section explored the cochlea from the inferior-most part to the superior-

most part of the basal turn of the cochlea (Fig.3)

FIG. 3.Axial oblique reconstruction.A, 3D representation of a left labyrinth demonstrating axial oblique plane of
section.B, 2D reconstruction from CBCT.

- Measurements

We estimated the distances A and B according to the method developed by Escude on the
“CBCT cochlear view” (12). Distance A was the largest distance measured from the center of the
round window to the lateral wall crossing the modiolar axis. Distance B was the largest perpendicular

cochlear measurement of A (Figure4).

FIG. 4.Measurements of distance A and B.A, Schematic 2D representation of a right cochlea and vestibule. The
A distance according to Escude (12) is the largest measurement from the center of the round window, through
the modiolar axis, to the lateral wall. The B distance is the perpendicular distance of the cochlea crossing the
modiolaraxis. B, Estimation of distance A and B on a 2D reconstruction of a right cochlea from CBCT.
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We estimated the insertion depth angle according to the method of Xu et al, on the “CBCT
cochlear view” (13). We drew a line (SCC-V) from the superior semicircular canal (SCC) crossing the
middle of the vestibule (V), as recommended by Xu et al. A perpendicular line to the SCC-V line was
drawn crossing the spiral center of the cochlea establishing the zero-degree reference line. The
insertion depth angle (IDA) was estimated in reference to the angular position of the most apical
electrode relative to the zero—degree reference line (Figure5). These measurements were performed in
order to analyze the inter-observer

reproducibility.

ce O° line

FIG. 5. Measurements of the insertion depth angle (IDA). A, Schematic 2D representation of a right cochlea and
vestibule. Axis SCC-V connects the apex of the superior semicircular canal and the middle of the vestibule the
reference line is perpendicular to the Axis SCC-V and crosses the cochlear spiral center. The IDA is estimated
according to the reference line (13). B, Estimation of the IDA on 2D reconstruction of a right cochlea from
CBCT.

- Dislocation Analysis

We defined a dislocation as a change in the location of the electrode array from the ST to the
SV across the BM and/or osseous spiral lamina. The dislocation site was evaluated in sagittal and axial
oblique reconstructions according to Lecerf et al (14). Scalar localization was determined by each
neuroradiologist unaware of the surgical outcomes. The position of the electrode array was determined

in reference to its position inside the cochlea; a posterior position was considered as an ST location
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and an anterior position was considered as an SV location. A dislocation was defined as a change in
the location of the electrode from the ST to the SV (Figure 6). A rereading was performed for all
mismatches by the three radiologists. For each dislocation the angle of its occurrence in the cochlea
was estimated, by locating on the sagittal and the axial oblique reconstruction the area where the
electrode array changed from the posterior to the anterior part of the cochlea. This location

identification was transferred to the cochlear view to estimate the depth of the angle of

dislocation.

FIG. 6.Dislocation of the electrode array on a sagittal oblique reconstruction. A, Using a precurved perimodiolar
electrode from Cochlear®. The dislocation occurs at the end of the basal turn of the cochlea (arrow). B, Using a
straight electrode from MED-EL®. The dislocation occurs in the apical part of the cochlea (arrow).

Statistical analysis

Data are presented as mean + standard deviation. Measurements and dislocation occurrence
mismatches were reread by the three neuroradiologists. Inter-rater agreement was calculated using the
Fleiss kappa-like agreement coefficient for categorical data and an Intra-class Correlation Coefficient
(ICC) for continuous variables. Distances A and B, and the IDA were averaged from the measurements
given by the three neuroradiologists. Comparisons were made using Student’s t-test. A P-value of <
0.05 was considered statistically significant. Data analyses were conducted using the Statistical
Package for the Social Sciences (SPSS; version 17.0, SPSS Inc., Chicago, Illinois, USA). Statistical

analyses were performed by our Clinical Center of Investigation.
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Results

Fifty four patients and 61 implants were included (seven patients had a bilateral

implantation), 25 women and 29 men, with a mean age of 50.2 years (Range 8 — 89).

Thirty one patients were implanted using the Nucleus implant system with the Contour
Advance Electrode fitted with the AOS electrode insertion technique. Among the 31 implants from

Cochlear®, 29 were CI24RE models and 2 were CI512.

Thirty patients were implanted using the implant from MED-EL® with the standard insertion
technique, 9 FLEX*°™", 14 FLEX?, 4 FLEX**, and 3 Standard electrode arrays were used.
The mean distance A was 8.81 + 3.27 mm (ICC = 0.756, Confidence interval 95% (Cfl95) =

0.548 - 0.877), the mean distance B was 6.71 + 2.36 mm (ICC = 0.820, CfI95 = 0.666 - 0.909).

The mean insertion depth angle for the implants from Cochlear® was 371 + 39.72 degrees for
the CI24RE and 362 + 24.6 degrees for the CI512. The mean insertion depth angle for the MED-EL®
Standard implant was 457 + 74 degrees, 640 + 45 degrees for the FLEX*°™", 552 + 60.3 degrees for the
FLEX*® and 477 + 55.6 degrees for the FLEX** (ICC = 0.589, CfI95 = 0.238 - 0.793). The mean values of

the IDAs are summarized in Table 1.
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Manufacturers Number of Length of the Basal diameter of  Apical diameter Insertion depth

cases electrode array the electrode of the electrode angle (degrees)
(mm) array (mm) array (mm)

Cochlear© ( n=31)

- CI24RE 29 19 0.8 0.5 371

- CI512 2 19 0.8 0.5 362
MED-EL®© (n = 30)

 standard 3 315 13 0.5 457

- FLEXT 9 315 1.3 0.5 640

- FLEX*® 14 28 0.8 0.5 552

- RLEX® 4 24 0.8 0.5 477

TABLE 1. Electrodes array specifications: length, basal, apical diameter and mean values of insertion depth

angle.

We recorded 5 mismatches concerning the positioning of the electrode array. All three

neuroradiologists agreed after rereading the images.

Scalar dislocation occurred in 9/61 cases (15%); in 8/31cases (26%) for the perimodiolar
electrode arrays and in 1/30 case (3%) for the straight electrode arrays (Figure 6). The difference in
scalar dislocation between the two types of arrays was statistically significant (Odd Ratio = 10,

Fischer’s test, p = 0.026).
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All dislocations of the implant from Cochlear® were located at an angle between 170° and

190°. The dislocation of the implant from MED-EL® was located at the angle of 380° (Table 2).

Dislocation Manufacturer Type of electrode Angle of occurrence
(degrees)
1 Cochlear CI24RE 173
2 Cochlear CI24RE 177
3 Cochlear CI24RE 187
4 Cochlear CI24RE 183
5 Cochlear CI24RE 173
6 Cochlear CI24RE 173
7 Cochlear CI24RE 180
8 Cochlear CI512 180
9 MED-EL Standard 366

TABLE 2. Cases of dislocation and angles of their occurrence

Statistical analysis of the site of dislocation between Cochlear and MED-EL devices was not

performed because of the low statistical power.
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Discussion

Atraumaticity of electrode array insertion is an essential objective, with the increasing rate of
cochlear implantation, in patients with residual hearing, and the emergence of electro-acoustic
stimulation. Although, patients with residual hearing represent a small part of the implanted
population, the hearing preservation technique should be the gold standard for all cochlear
implantation procedures. Moreover, in the pediatric population, repeated cochlear implantation surgery
in the lifetime of the individual requires a non-traumatic insertion in the ST.

We compared the possible occurrence of a dislocation between 2 types of electrodes arrays:
the perimodiolar Nucleus Contour Advance (CI24RE and C1512), and the straight MED-EL® FLEX
and Standard electrodes. Since perimodiolar arrays are shorter than the straight arrays that we used, the
insertion depth angle of perimodiolar arrays was smaller (15,16).We found a high degree of variation
in the IDA for the same type of electrode array. This is attributed to the variations in the dimensions of
the cochlea, and also to the position of the electrode array within the ST (medial position, midscala
position or lateral position) (16).

A traumatic insertion of the electrode array is responsible for the elevation of the BM until it
ruptures. The misplacement of the array in the SV involves a fracture of the osseous spiral lamina,
damage to the vasculature and spiral ganglion cells (7,17,18). This sensorineural injury affects the
residual hearing and increases electrical thresholds; resulting in poorer audiologic and speech results
(1,19,20).

The total rate of dislocation in our study (15%) was in agreement with temporal bone and
clinical studies (11-29.3%) (14,21,22). Our data demonstrated a significantly higher rate of dislocation
for electrodes with a perimodiolar design, than electrodes with a lateral wall design. This difference
has already been underlined in a recent publication (22). Despite the theoretical advantages of
modiolar proximity, and the decrease of the threshold and comfort levels, the flexibility of the silicon
and the nearness of the metal wires along the silicon body leads to a stiffness in the perimodiolar
electrode array compared to the straight flexible array (23,24). In addition, data are largely lacking in

the literature as to whether of not the AOS insertion technique has been used properly, with good
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reproducibility and robustness. In our study, this problem was avoided because all of the electrode
insertions followed a strict AOS insertion technique, performed by the same surgeon.

In our study, the straight electrode arrays resulted in only one dislocation. The basal and apical
diameter of the electrode array did not influence the dislocation rate (the basal diameter of the
FLEX®°"Tand Standard is 1.3 mm versus 0.8 mm for the Contour Advance).

In the precurved perimodiolar array group, the electrode crossed from the ST to the SV at an
approximate IDA of 180°, which corresponds to the ascending part of the basal turn of the cochlea.
This “sensitive zone” has been described in several other studies (7,18,25-27). It corresponds to the
point of lowest resistance of the basilar membrane, or the point where the force of electrode array
insertion is the highest. Anatomically, this area corresponds to a narrowing of the ST (approximately
300um), and an enlargement of the SV (28). In the straight array group, the electrode array crossed the
basilar membrane at an IDA of around 370°. This area corresponds to the end of the second turn of the
cochlea and the beginning of the apical turn, where a pressure point is described (29).

In our study, in all cases, we favored the use of a pure round window approach to surgery with
a hearing preservation technigue; even though the patients had no residual hearing. This approach
reduces the acoustic trauma induced by the noise of drilling; decreases the risk of a perilymphatic
fistula; and avoids an SV insertion (21,24,30). Moreover, a round window insertion potentiates the
retention of the electrode array inside the ST (22,31). Our data show that a pure round window
insertion can be performed in almost all cases (except two). We focused our investigation on this
approach to compare the design of the electrodes without any bias from the insertion technique (round
window versus cochleostomy insertion).

Nowadays, life expectancy of a newborn can reach a century; therefore, it is of utmost
importance that neural structures within the cochlea are preserved during surgery to provide the best
outcomes for re-implantation in the future. Similar objectives should also be applied in the adult
patient, whether residual hearing is present preoperatively or not, since soft surgery techniques have
become a gold standard in all recipients.

Our aim was not to compare audiological results in the subgroups that experienced a

dislocation in the SV versus those with an exclusive ST positioning of the electrode array. Obviously,
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we would expect that patients with a good positioning of the electrode in the ST would have better
hearing performance than patients with a dislocation of the electrode array, but such was not the case
in the present study. On the other hand, although patients from both subgroups exhibited the same
audiological outcomes postoperatively, a high dislocation rate is to discouraged in cochlear
implantation. In addition, comparison of the speech performance of patients implanted with different
types of electrodes (with or without a dislocation) is difficult in such small cohorts. Such a comparison
would require matching of the patients’ age, residual hearing, and type of CI. The aim of this
investigation was not to compare audiological outcomes provided by both manufacturers. We rather
focused our analyses on radiological examination, because post-implantation hearing performance
involves many parameters and would require a larger population.

It has been suggested in a temporal bone study that the round window approach is not
recommended with a perimodiolar electrode array (32). The perceived angle of insertion through the
round window membrane via a posterior tympanotomy might have an effect on the location of the
electrode array in the cochlea, and on the point of first contact of the electrode array with the pars
ascendens(33). It remains to be determined whether or not the higher rate of dislocation observed in
the present study, using a perimodiolar electrode array, was a consequence of the pure round window
approach used. To answer this question, a comparative study in patients would be required. However,
it has already been demonstrated in a clinical study that using an extended round window approach, a
perimodiolar electrode array has a higher risk of dislocation, than a straight electrode array (34). To
our knowledge, there is no evidence in the literature of a clinical study comparing a pure round
window approach with a cochleostomy approach, using a perimodiolar electrode array.

CBCT is an innovative and useful tool in post-implantation imaging. It demonstrated in
several temporal bone studies an accurate ability to detect the intracochlear position of the electrode
array (35-37). It also improves visualization of the basilar membrane and the osseous spiral lamina
(36). Furthermore, in patients implanted with a CI, CBCT has the ability to determine the scalar
localization and the insertion depth; while reducing the amount of metal artifacts (19). Moreover, the
volumetric acquisition using a cone-shaped beam with a flat panel detector reduces dramatically the

radiation dose, the time of image acquisition, and the cost of the examination compared with HRCT
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(10,11,38,39). In our study, the agreement among the 3 investigators in the measurements of A and B,
and the IDA was statistically significant, thus demonstrating the reproducibility of inter-observer
analyses. The evaluation of the dislocation carried only 5 mismatches, out of 61 CBCT scans (8%)
analyzed, which necessitated a rereading for the agreement of the neuroradiologists. Visualization of a
crossing from the ST to the SV was rather obvious in the basal turn of the cochlea. The
neuroradiologists experienced greater difficulty in analyzing the second turn of the cochlea and the
apex; however, they were still were able to identify a straight array dislocation in the second turn. This
was because of the narrowing of the scalae and their close proximity to the apical part of the cochlea,
which has already been described in the literature (33). Despite the fact that CBCT is known to
decrease metal artifact, several examinations were still difficult to be interpreted because the patients’
moved during the procedure. The next generations of CBCT (with a faster acquisition or artifact

attenuation) could be of great help in limiting this problem.

26



Conclusion

CBCT is a reliable tool to investigate the scalar position of the electrode array after cochlear
implantation. It allows accurate evaluation of crossing from the ST to the SV. In our study, we
investigated the occurrence of a dislocation with the use of a precurved perimodiolar array and a
straight array. Favoring a pure round window technique, the straight flexible array had a higher chance

of a strict scala tympani position than a perimodiolar precurved array.
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Admis dans [’intimité des maisons, mes yeux n’y verront pas ce qui s’y

passe ; ma langue taira les secrets qui me seront confiés et mon état ne
servira pas a corrompre les meeurs, ni a favoriser le crime.

Je ne permettrai pas que des considérations de religion, de nation, de race,
de parti ou de classe sociale viennent s’interposer entre mon devoir et mon
patient.

Je garderai le respect absolu de la vie humaine.

Méme sous la menace, je n’admettrai pas de faire usage de mes
connaissances médicales contre les lois de |’humanité.

Respectueux et reconnaissant envers mes Maitres, je rendrai a leurs enfants
l’instruction que j’ai recue de leurs peres.

Que les hommes m’accordent leur estime si je suis fidele a mes promesses.

Que je sois couvert d’opprobre et méprisé de mes confreres si j'y manque
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