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Abstract

Introduction: During evaluation of the Brainlab Elements™
software for postoperative determination of directional
deep brain stimulation lead orientation, we noted a lack of
published in vivo comparative agreement data. At the same
time, prior reports have described substantial variability in
implanted lead rotation angles, underscoring the need to
verify software-based estimates. We therefore compared
Brainlab Elements™ with 3D rotational fluoroscopy,
analyzed using the “lron Sights” method (ISM), by two
independent observers. Methods: We prospectively ana-
lyzed 70 directional leads implanted at our center
(2022-2024). Orientation was measured on postoperative
rotational fluoroscopy by two independent observers and
compared with postoperative CT analyzed in Brainlab Ele-
ments™. The agreement was evaluated using established
reliability statistics. Results: Observers using the ISM pro-
duced highly consistent measurements, differing on aver-
age by <1° and rarely more than +7°. Compared with CT-
based analysis, the ISM showed good agreement, with
differences typically within +15°. These margins
correspond to <1.5 mm displacement at 6-mm radial
distance from the lead. Conclusion: Interobserver agree-

ment using the ISM was excellent (ICC [2, 1] = 0.983).
Brainlab Elements™ estimations (ICC [3, 1] = 0.864; limits of
agreement = +15°) correlated well with the ISM.

© 2026 S. Karger AG, Basel

Plain Language Summary

The study examined agreement between two postoperative
imaging approaches used for deep brain stimulation (DBS).
One method used computed tomography (CT) analyzed
with dedicated lead localization software. The second
method used three-dimensional rotational fluoroscopy in-
terpreted with the “lron Sights” technique, in which lead
orientation is determined from the radiographic appear-
ance of segmented contacts. Two independent observers
evaluated fluoroscopic images to assess measurement
consistency. Seventy implanted directional leads were in-
cluded. Measurements obtained by the two observers using
rotational fluoroscopy showed very high agreement, with
small angular differences between raters. When
fluoroscopy-based measurements were compared with CT
software-derived estimates, overall agreement between the
two methods was good, with most measurements differing
within a limited angular range. In 3 cases, CT-based software
did not generate orientation estimates. These instances
were associated with imaging acquisition factors, including
excessive lead angulation relative to the scan plane normal
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and increased slice thickness. Both imaging methods pro-
duced comparable postoperative orientation measure-
ments under the conditions studied.

© 2026 S. Karger AG, Basel

Introduction

Directional deep brain stimulation (DBS) leads to
feature-segmented electrodes that allow clinicians to
steer the electrical field, improve therapeutic precision,
expand the therapeutic window, and reduce stimulation-
induced side effects [1, 2]. This steering is particularly
beneficial in targeting areas such as the subthalamic
nucleus (STN), where directional stimulation can avoid
spreading to the internal capsule (IC) while enhancing
the coverage of functionally relevant regions.

Accurate knowledge of the final orientation of the
segmented contacts is crucial for individualized stimu-
lation planning [3-6]. Although electrodes are inserted
with the intended orientation (typically anterior), intra-
operative lead rotation and torsion can alter the final
position. Despite the directional markers in existing
commercial models, accurately determining the lead’s
orientation remains difficult [7]. Consequently, postop-
erative imaging is essential to confirm lead orientation.

During our evaluation of the Brainlab Elements™
software for determining the orientation of directional leads,
we were intrigued by the scarcity of robust in vivo validation
data, except for a few evaluating open-source software like
DiODe and Lead-DBS [8, 9]. Despite its widespread clinical
use, the literature has largely relied on phantom-based or
theoretical assessments, leaving its reliability in postopera-
tive clinical settings uncertain. Lasica et al. [10] compared
postoperative reconstructions generated by several com-
monly used software platforms — including Brainlab Ele-
ments™, SureTune™, and Lead-DBS - and reported that
the Euclidean distance between estimated active contact
positions varied by up to 2.99 mm across systems, raising
important questions regarding the consistency and precision
of these tools. If software packages diverge by several mil-
limeters in estimating contact locations, the reliability of
angle measurements derived from Brainlab in clinical
decision-making becomes equally uncertain. At the same
time, several studies have highlighted that DBS leads may
undergo substantial rotational deviation during or after
implantation, potentially influencing programming and
clinical outcomes [11, 12].

Given these concerns, we sought to assess agreement
between Brainlab Elements™ and “Iron Sights” method
(ISM) estimates in an in vivo clinical setting. ISM, which
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exploits the radiographic appearance of segmented con-
tacts to infer orientation, has demonstrated high accuracy
in phantom models [7]. Reinacher et al. [7] reported a limit
of agreement (LoA) of +2.44° and an intraclass correlation
coefficient (ICC) of 0.9998 using this method [7].

To further enhance the robustness of our analysis, we
also examined interobserver reliability in determining
the fluoroscopic orientation. By including two inde-
pendent raters — a neurosurgeon and a radiologist — we
aimed to quantify this potential variability and ensure
that our comparative assessment between methods ac-
counted for human measurement error.

Commercial image-guided orientation platforms are
vendor- and lead-specific, with proprietary algorithms
that differ across manufacturers. We therefore focused on
Brainlab Elements™ in combination with Boston Sci-
entific Vercise Cartesia™ leads, which represented our
routine clinical workflow. Accordingly, our findings apply
to this specific pipeline rather than all software-led
combinations. Brainlab Elements™ Lead Localization
has undergone phantom-based validation using Boston
Scientific Vercise Cartesia™ leads embedded in rigid
acrylic phantoms, with ground-truth orientation estab-
lished via high-resolution microCT and transferred to
clinical CT datasets acquired across multiple scanners and
protocols (personal email communication with James
Paul Ridgwell, Marketing Manager, Brainlab, on January
19, 2026) [13]. Similarly, the ISM has demonstrated sub-
3° precision in controlled phantom experiments. How-
ever, systematic in vivo comparison between these in-
dependently validated approaches remains limited [7].

Aim and Objectives

Aim

The aim of the study was to evaluate in vivo agreement
between Brainlab Elements™ software and rotational
fluoroscopy for postoperative orientation assessment of
directional DBS leads.

Objectives
Objectives of the study were the following:

e To assess the inter-observer agreement of the ISM
observations by estimating the inter-observer agree-
ment between a neurosurgeon and a neuroradiologist.

e To compare orientation measurements obtained via
the ISM with those derived from the Brainlab Ele-
ments™ software using postoperative CT.

o To assess the association of lead trajectory angles with
measurement errors by the above methods
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Methods

Reporting in the article follows the Guidelines for
Reporting Reliability and Agreement Studies (GRRAS)
to ensure the full disclosure of design and statistical
decisions. This prospective exploratory study was con-
ducted at a high-volume tertiary care center between
May 2022 and December 2024.

Participants

All consecutive patients who underwent DBS surgery
with directional leads (Vercise Cartesia™, Boston Sci-
entific) during the study period were screened for in-
clusion. The inclusion criteria were as follows:
e Implantation of directional DBS leads (Vercise

Cartesia™, Boston Scientific) for movement disorders
e The participant (or legally authorized representative)

must have given consent

Patients with incomplete imaging, significant motion
artifacts, or postoperative complications affecting the
lead visualization were excluded. This study was per-
formed in accordance with the Declaration of Helsinki.
This human study was approved by the Ethics Com-
mittee affiliated with Jaslok Hospital, Mumbai (ap-
proval: EC/1114/2022, dated April 29, 2022). All adult
participants provided written informed consent to
participate in this study. Written informed consent was
obtained from the individual(s) for publication of the
details of their medical case and any accompanying
images. Participants were recruited from among pa-
tients who underwent DBS surgery with directional
leads (Vercise Cartesia™, Boston Scientific). Both CT
and fluoroscopy were performed during the postop-
erative period after admission. All surgeries were
conducted under the stereotactic and functional neu-
rosurgery department at our center by a single neu-
rosurgeon (P.D.) according to the standard protocol
[14]. CT scans were performed in the radiology de-
partment, and rotational fluoroscopy was performed in
the Cath lab (for the acquisition of parameters, see
online suppl. Table S1 in “supplementary Tables.docx™;
for all online suppl. material, see https://doi.org/10.
1159/000551821).

Sample Size

Sample size estimation for comparing rater reliability
or agreement has not been thoroughly explored. Fleiss
proposed a rule of thumb that recommends 15-20
samples for reliability studies [15]. For a continuous
outcome, increasing the sample size beyond 12 per group
did not significantly affect the confidence interval. Re-
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inacher et al. [7] reported a 95% confidence interval
of +2.44° in their study of phantom models. Using Zou’s
formula for ICC precision with 95% CI width <0.1, a =
0.05, ICC = 0.85, and 80% assurance, the required sample
size was 57 leads for two raters [16]. We chose an ex-
pected ICC of 0.85 and a 95% CI width of <0.1 because
ICC >0.75 suggests good reliability. Our study included
70 leads that met this threshold [17]. However, we in-
cluded 70 leads to account for real-world variability in
human data and to ensure robustness in statistical
comparisons.

Postoperative Imaging and Orientation Measurement

Rotational Fluoroscopy (ISM)

Within 72 h postoperatively, all patients were brought
to the Cathlab for 3D rotational fluoroscopy. The ac-
quisition parameters are listed in the online supple-
mentary materials (online suppl. Table S1 of the “Sup-
plementary Tables.docx”). Images were reconstructed
using multiple projections and independently reviewed
by two raters:

e A neurosurgeon (R.A.) experienced in DBS surgery
and programming
¢ A radiologist (C.K.) trained in neuroimaging

The observers performed measurements indepen-
dently on anonymized files and had no access to each
other’s results. Using the ISM, each observer indepen-
dently estimated the rotational orientation of each lead
relative to the anterior direction, expressed in degrees
(—180° to +180°) (online suppl. Fig. S1-S5 of the “Lead
Orientation using ISM.pdf’ in the online suppl.
materials).

CT-Based Orientation (Brainlab Elements™)

Postoperative CT scans were uploaded into Brainlab
Elements™ (Lead Localization module). The acquisition
parameters are listed in the online supplementary ma-
terials (online suppl. Table S1 of the “Supplementary
Tables.docx”). The system automatically detected the
lead axis and segmented the contact positions based on
CT artifact patterns (as described by Hellerbach et al.
[18]), which were then visually confirmed. The lead
model was set to Boston Scientific Vercise Cartesia™.
The output orientation was recorded as the reference
value for each lead. While no physical ground-truth
reference was available in vivo, Brainlab Elements™
orientation estimation has previously undergone
phantom-based validation wusing microCT-defined
ground truth. Accordingly, this analysis should be in-
terpreted as an assessment of in vivo agreement rather
than absolute accuracy.
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Statistical Analysis

All statistical analyses were performed using MAT-
LAB (MathWorks, Natick, MA, USA) and the Circular
Statistics Toolbox [19]. Statistical significance was set at
p value <0.05.

Interobserver Agreement

To assess interobserver agreement using the ISM,
orientation angles were treated as circular variables
ranging from —180° to +180°. The circular difference, or
shortest angular distance, was calculated for each lead
between the two raters’ measurements. Circular variance
was computed to quantify the dispersion of ratings, and
the circular correlation coefficient [20] was used to assess
the strength of association between the neurosurgeon’s
and neuroradiologist’s estimates. Because angular dis-
persion was low, we used ICC (2, 1), as defined by Shrout
and Fleiss [21], which is appropriate for two-way
random-effects models assessing absolute agreement
between two observers. This ICC formulation accounts
for subject variability, rater variability, and residual
errors.

A Bland-Altman analysis [22, 23] adapted for cir-
cular data (“Circular BA plot analysis.pdf” in the online
suppl. materials) was conducted to further explore the
agreement, including calculation of the mean angular
difference (i.e., circular bias) and standard deviation of
the differences. The 95% LoAs were computed as the
bias £1.96 times the standard deviation. To express the
uncertainty in these estimates, 95% confidence intervals
for both the bias and LoAs were calculated. Finally, the
Preiss-Fisher procedure was applied to test whether the
observed agreement could have occurred by
chance [24].

Method Comparison (ISM vs. Brainlab™)

For method comparison between the ISM and
Brainlab Elements™, the Watson-Williams test was used
to compare the circular means derived from the ob-
servers’ average ratings with the angles obtained from the
Elements™ software [25]. The intraclass correlation
coefficient (ICC [3, 1]) was calculated to quantify con-
sistency between the two methods using a two-way
mixed-effects model. Agreement between the ISM and
Brainlab™-derived orientation angles was also visual-
ized using a Bland-Altman plot. The Preiss-Fisher test
was again applied to confirm whether the observed
concordance between the methods exceeded chance
expectations. Before the parametric circular tests, as-
sumptions were assessed and found to met, including
angular homogeneity and concentration.
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Regression Analysis

We performed two univariate linear regression ana-
lyses to investigate whether anatomical trajectory angles
influenced the angular measurement differences. Linear
regression of the axial, coronal, sagittal, and polar angles
(see online suppl. Fig. S1 of the “Trajectory calcu-
lation.pdf” in online suppl. materials) as explained by
Matias et al. [26] against the angular difference between
the two observers’ measurements on rotational fluo-
roscopy (i.e., interobserver error). A separate regression
of these angles was performed against the angular dif-
ferences between rotational fluoroscopy and Brainlab
Elements™ (i.e., method discrepancy).

For each regression model, beta coefficients and the
corresponding p values were calculated to assess the
strength and significance of the association between the
variables. Owing to multiple comparisons, we adjusted
the p values (p,g;) for the false discovery rate using the
Benjamini-Hochberg method [27]. Statistical signifi-
cance was set at p < 0.05.

Results

Study Sample

Thirty-five patients were included in the final analysis,
yielding 70 directional DBS leads for inter-observer
agreement analysis. For the method-comparison anal-
ysis, three leads were excluded because the Brainlab
Elements™ software failed to compute their orienta-
tions, leaving 67 leads for analysis. An overview of the
data, including circular means, ranges, and standard
deviations for all measurements, is presented in Table 1.

Interobserver Agreement: ISM on Rotational

Fluoroscopy

The orientations estimated by the two observers were
visualized using polar histograms (Fig. la-d). The
Rayleigh test for uniformity demonstrated significant
data clustering (p < 0.05), indicating that the angles were
not randomly distributed around the circle, but were
concentrated around a common direction.

The mean resultant length of the circular distance
between the two observers was 0.9985 with a circular
variance of 0.0015, indicating highly consistent mea-
surements. The circular correlation coefficient was
0.9822, confirming a strong directional agreement. A
circular Bland-Altman analysis (Fig. 2a) revealed a mean
bias of 0.68° (95% CI: —0.0678° to 1.4335°). The upper
LoA was 6.85° (95% CI: 5.55° to 8.15°), and the lower
LoA was —5.49° (95% CI: —6.79° to 4.19°). There was no
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Table 1. Descriptive statistics of directional DBS lead orientations estimated by observers and brainlab Elements™

Measurements

Circular standard
deviation, degrees

Circular mean (angular
range), degrees

Angles measured by observer 1 (neurosurgeon) (n = 70) 5.55° (—64° to 42°) 16.89°
Angles measured by observer 2 (radiologist) (n = 70) 4.89° (—67° to 39°) 16.36°
Angles measured by Brainlab Element™ (n = 67) 8.27° (-29° to 46°) 13.51°
Trajectories coronal angle (n = 70) 24.24° (15.64° to 36.45°) 4.33°
Trajectories sagittal angle (n = 70) 25.84° (11.31° to 41.15°) 6.38°
Trajectories axial angle (n = 70) 43.38° (21.21° to 70.45°) 10.09°
Trajectories polar angle (n = 70) 33.95° (24.48° to 46.74°) 4.57°

Descriptive summary of lead orientation measurements from postoperative rotational fluoroscopy and CT in 70 directional
leads implanted at our center (2022-2024). Circular means, ranges, and standard deviations are provided for observer estimates

using the ISM and Brainlab Elements™ software.

evidence of proportional bias (p > 0.05), suggesting that
the measurement errors did not change with angle. The
Preiss-Fisher test showed that the standard deviation of
differences between two observer measurements yielded
a Z value of —15.40 (Fig. 2b), indicating that the observed
agreement was significantly greater than would be ex-
pected by chance. The intraclass correlation coefficient
(ICC [2, 1]) was 0.983 (95% CI: 0.973-0.989), indicating
excellent inter-observer reliability (Fig. 2c and online
suppl. Table S2 of the “supplementary Tables.docx” in
the online suppl. materials for calculation parameters).
Repeat ISM measurements demonstrated excellent intra-
rater agreement (online suppl. Fig. S1 of the “Intra-rater
Reliability.docx” in the online suppl. materials).

Figure le shows that the histogram of the circular
distances between observers exhibited a symmetric
distribution, approximating a Gaussian shape. Similarly,
the polar histogram of angular differences was visually
compared with the von Mises distribution (Fig. 1f) and
showed good conformity.

Univariate linear regression analysis revealed that
the coronal angle (f = 0.1803, p value = 0.0367; paqj =
0.073) and polar angle (p = 0.0792, p value = 0.0320;
Pagj = 0.073) were associated with greater interob-
server differences. Note that after controlling for the
false discovery rate using the Benjamini-Hochberg
procedure, these associations did not remain statis-
tically significant at the threshold of 0.05. The sagittal
angle (f = —0.0588, p value = 0.3212; p,4; = 0.428) and
polar angle (B = 0.0364, p value = 0.6618; p,q; = 0.662)
showed no significant association with interobserver
variation.

Evaluating Lead Orientation

Method Comparison: ISM versus Brainlab

Elements™

Of the 70 leads, 67 were eligible for method com-
parison as the software failed to estimate the orientation in
the three leads. In 3 of 70 implanted leads, Brainlab El-
ements™ did not return an orientation estimate. Failure
analysis revealed that in 1 case, the polar angle of the lead
relative to the CT acquisition plane exceeded the rec-
ommended angular limits, likely related to head posi-
tioning during scanning. In the other two leads, CT re-
construction was performed at a slice thickness of 1.5 mm
due to a technical acquisition error, exceeding the <1 mm
thickness recommended for reliable artifact-based ori-
entation analysis. These findings are consistent with
known technical prerequisites for CT-based orientation
estimation. Orientation estimates from both methods are
displayed using polar histograms (Fig. 3a-d), including
circular means. The Rayleigh test again showed significant
nonuniformity (p < 0.05), indicating that the data points
were directionally concentrated.

The mean resultant length of the circular distance
between the ISM and the Brainlab™ -derived orientation
was 0.9922, with a circular variance of 0.0078. The
circular correlation coefficient between the two methods
was 0.8635. Bland-Altman analysis (Fig. 4a) revealed a
mean bias of —0.69° (95% CI: —2.4839° to 1.0993°), with
an upper LoA of 13.48° (95% CI: 10.37° to 16.58°) and a
lower LoA of —14.86° (95% CI: —17.97° to —11.76°). No
significant proportional bias was observed (p > 0.05),
and the Preiss-Fisher Z value was —10.83 (Fig. 4b), again
indicating that agreement between methods was not
attributable to chance. The intraclass correlation
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Fig. 1. Polar histograms of directional DBS lead orientations
measured with the ISM from postoperative rotational fluoroscopy
at Jaslok Hospital, Mumbai (2022-2024). Orientation estimates
from each observer (n = 70 leads): observer 1 (RA) (a, b) and
observer 2 (CK) (¢, d). e Distribution of angular differences

coefficient (ICC [3, 1]) for the agreement between the
ISM and Brainlab Elements™ was 0.864 (95% CI:
0.786-0.915) (Fig. 4c; online suppl. Table S3 of the
“Supplementary Tables.docx” for calculation parame-
ters), suggesting good consistency between the two
approaches.

Figure 3e shows that the histogram of the
circular distances between the methods approxi-

6 Stereotact Funct Neurosurg
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between observers, showing a symmetric pattern consistent with a
Gaussian distribution. f Polar histogram of observer differences
compared with the von Mises distribution. Clinically, differences
between observers were minimal, with 95% of measurements
within —5.49° to +6.85° (approximately +7°).

mates a Gaussian distribution. Similarly, the polar
histogram of angular differences showed com-
parable clustering and was visually comparable to the
von Mises distribution (Fig. 3f). The Watson-
Williams test yielded a p value of 0.7905 (>0.05),
indicating no statistically significant difference in
the circular mean orientations between the two
methods.
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Fig. 2. Agreement analysis between neu-
rosurgeon and radiologist estimates of DBS
lead orientation using the ISM on post-
operative  fluoroscopy  (2022-2024).
a Bland-Altman plot showing a mean
difference of 0.68° with 95% LoAs
from —5.49° to +6.85°. b Preiss-Fisher test
confirming agreement was highly unlikely
due to chance. ¢ Intraclass correlation
coefficient (ICC [2, 1] = 0.983, 95% CI:
0.973-0.989) demonstrating excellent in-
terobserver reliability. In practice, this
means two trained observers almost always
agreed within ~7° when using rotational
fluoroscopy.
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Fig. 3. Comparison of the ISM and Brainlab Elements™ CT-based software in patients (Jaslok Hospital,
2022-2024). Orientation estimates from both methods for 67 leads: ISM (a, b) and Brainlab Elements™
(c, d) e Distribution of angular differences approximating a Gaussian shape. f Polar histogram of differences
compared with the von Mises distribution. On average, the two methods differed by less than 1°, with 95% of
measurements within —14.86° to +13.48° (about +15°).

None of the lead trajectory angles demonstrated
a statistically significant relationship with the angular
difference between the fluoroscopy-derived and Brainlab-
derived orientations. The beta coefficients for the axial,
coronal, sagittal, and polar angles were 0.2546 (p value =
0.2374, pag; = 0.7046), 0.0315 (p value = 0.8073, pog; =
0.8073), 0.0217 (p value = 0.7976, p,g; = 0.8073), and
0.1688 (p value = 0.3523, p,q; = 0.7046), respectively.

8 Stereotact Funct Neurosurg
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Discussion

In this study, we conducted a comprehensive eval-
uation of the Brainlab Elements™ software for the
postoperative determination of directional DBS lead
orientation by systematically comparing its perfor-
mance to that of 3D rotational fluoroscopy analyzed
using the ISM. To strengthen the reliability of this
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comparison, two independent observers — a neuro-
surgeon and a radiologist - measured the fluoroscopic
orientations to quantify interobserver variability. This
dual-assessment design allowed us to evaluate both the
internal consistency of the ISM and its agreement with a
widely used commercial software. To our knowledge,
this is one of the first in vivo clinical studies to sys-
tematically compare these two approaches using cir-
cular statistics.

Evaluating Lead Orientation

(Figure continued on next page.)

Reliability of the ISM

Our findings demonstrate that the ISM yields highly
consistent results when applied to postoperative 3D rota-
tional fluoroscopy. Two independent observers — a neuro-
surgeon and a radiologist — achieved near-perfect agreement,
with an intraclass correlation coefficient (ICC [2, 1]) of 0.983
and a mean difference of less than 1°. Ninety-five percent of
measurements fell within +7°, corresponding to a circum-
ferential displacement of <0.7 mm at a 6-mm radial distance

Stereotact Funct Neurosurg 9
DOI: 10.1159/000551821

9Z0Z 8unC 9T U0 JBSN dU 1D IPaN JO |00YdS reu s wunaN Ag ypd "TZ8TSS000 /00LEZSY /TZ8TSS000 /6STT "0T / 10P /4pd -2 |2 1314 Ju 4s wod “uab tes //:d 13y woJy papeo jumog



Fig. 4. Agreement between rotational
fluoroscopy (ISM) and Brainlab Ele- 0.6
ments™ software in determining orien-
tation of directional DBS leads (67 leads,
Jaslok Hospital, Mumbai, 2022-2024).
a Bland-Altman plot showing a mean bias
of —0.69° and 95% LoAs from —14.86° to
+13.48°. b Preiss-Fisher test confirming

o
S
T

Brainlab Element™
o
N
T

1 1

concordance was not due to chance. or

¢ Intraclass correlation coefficient (ICC [3,

1] =0.864, 95% CI: 0.786-0.915) indicating -0.21

good agreement between the two ap-

proaches. For clinicians, this means that -0.4F
both fluoroscopy and CT-based methods %

are broadly consistent, with most mea- 06

surements agreeing within ~15° - a margin 0.6 -0.4

corresponding to less than 1.5 mm around
the electrode circumference.

1
-0.2 0 0.2 0.4 0.6 0.8
Rotational Fluoroscopy

from the lead. Intra-rater analysis further confirmed the
reproducibility of ISM measurements, with negligible bias
and near-perfect ICC, supporting the robustness of observer-
dependent interpretation. These results are consistent with
the high precision reported by Reinacher et al. [7] in
phantom models and demonstrate that the ISM remains
highly reproducible under in vivo clinical conditions.

The extremely low angular dispersion observed in our
data (circular variance = 0.0015) indicates that, when
adequate image quality and observer training are en-
sured, the ISM provides a highly reproducible tool for
confirming directional lead orientation. The associations
observed between interobserver differences and the
trajectory angles are not statistically significant after
correction for multiple testing, which suggests that
measurement precision is maintained even for moder-
ately oblique trajectories — an encouraging finding for
routine postoperative assessment.

Comparison between ISM and Brainlab Elements™

When compared with the Brainlab Elements™ soft-
ware, the ISM showed good overall agreement (ICC (3,
1] = 0.864). The two methods differed on average by less
than 1°, with 95% of measurements within +15°
equivalent to ~1.5 mm at 6-mm radial distance from the
lead. The Watson-Williams test indicated no significant
difference in mean orientation values, and no systematic
bias was detected in the Bland-Altman analysis.

Whereas the ISM provides direct visualization of
segmented contacts, the Brainlab algorithm infers lead

10 Stereotact Funct Neurosurg
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orientation based on CT artifact geometry. This method is
sensitive to variations in lead tilt relative to the scanner’s
axial plane. Previous phantom studies have demonstrated
reduced accuracy for trajectories exceeding approximately
40° [28, 29], which accounts for the slightly wider LoAs
observed between the two methods in this study. In
clinical practice, the voltage parameter for subthalamic
stimulation rarely exceeds approximately 7 volts, which,
according to computational studies, produces a volume of
tissue activation with a radius of about 5 mm [30]. The
observed LoAs (approximately +15°) correspond to a
circumferential displacement of 1-1.5 mm at 6 mm
distance from the DBS lead. The clinical significance is
that if the correct direction and the position of the contact
are known, based on computational modeling, the mass of
axonal activation can be shifted by 1-1.3 mm [31]. How
this difference of 1.5 mm would affect clinical practice
would still need to be evaluated, but it is close to the
tolerable margin of displacement of the directional lead.

Orientation estimation failure occurred in three leads
and was attributable to identifiable technical factors.
Excessive lead angulation relative to the CT acquisition
plane in 1 case excpeeded the software’s angular toler-
ance, while suboptimal reconstruction thickness (1.5
mm) in the other two leads degraded artifact resolution.
These findings highlight the importance of adherence to
acquisition protocols and reinforce the role of comple-
mentary modalities, such as rotational fluoroscopy,
when CT-based estimation is inconclusive, or repeat a
CT scan with an optimal protocol.
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Importantly, none of the lead trajectory parameters
(axial, coronal, sagittal, or polar) were significantly as-
sociated with discrepancies between the two methods,
which indicates that both ISM and Brainlab Elements™
maintain consistent performance across a wide range of
surgical trajectories typical of functional targets such as
the STN and globus pallidus internus.

Clinical and Practical Implications

Image-guided programming is widely used in clinical
settings. The outcome of directional lead-based stimu-
lation depends on the direction of the stimulated seg-
ment. In the absence of any clinical papers validating
image-guided programming software, we end up de-
pending on the industry-made claims. This study,
conducted using a prospective design with independent
observers and appropriate circular statistics provide
in vivo agreement data between rotational fluoroscopy
and a widely used CT-based software under defined
imaging and hardware conditions. This information may
help clinicians interpret orientation estimates and
identify scenarios in which corroborative methods are
warranted.

Relation to Previous Studies

Previous studies have established the feasibility and
high precision of the ISM in phantom models [7] and
have introduced several CT-based algorithms — such as
DiODe [18] - for estimating lead orientation. However,
we could not find any in vivo studies evaluating com-
mercial software, despite its widespread use in clinical
practice. Our study adds to this literature by providing
one of the first clinical evaluations that directly compares
a fluoroscopy-based orientation method with a com-
mercially available CT-based software, while also
quantifying observer reliability in real surgical data.

Limitations

This study had several limitations. First, these findings
arise from a single center, single surgeon, single CT sys-
tem, and a single directional lead platform (Boston Sci-
entific Cartesia™). They should not be generalized to
Medtronic or Abbott directional leads, or to other CT-
based orientation software, without additional study.
Second, this study does not establish absolute accuracy due
to the absence of a ground truth reference. No phantom or
intraoperative reference standard was available, so our
results reflect method agreement. Third, the ISM relies on
image quality and rater experience; variations in fluoro-
scopic acquisition or reconstruction algorithms could
influence reproducibility in other settings.

Evaluating Lead Orientation

Future work should focus on multicenter validation
across different DBS systems and imaging platforms, as
well as on correlating orientation accuracy with clinical
programming parameters and patient outcomes.

In conclusion, in this in vivo comparative study, the ISM
demonstrated excellent interobserver reliability and strong
agreement with Brainlab Elements™ CT-based analysis for
determining directional DBS lead orientation. These find-
ings indicate that rotational fluoroscopy provides a repro-
ducible approach for postoperative orientation assessment
and may serve as a useful corroborative method when
software-based estimates are unavailable or inconclusive.
Together, these results help bridge the current evidence gap
regarding the in vivo performance of orientation-detection
software and support the integration of fluoroscopic veri-
fication into postoperative DBS workflows.
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