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Abstract

Background The two middle contacts of directional leads (d-leads) for deep brain stimulation are split into three segments,
allowing current steering toward desired axial directions. To facilitate programming, their final orientation needs to be reliably
determined. However, it is currently unclear whether d-leads rotate after implantation. Our objective was to assess the degree of
d-lead rotation after implantation.

Methods We retrospectively analyzed d-lead orientation on intraoperative X-rays, postoperative CT scans (latencies to surgery: 108—
189 min postoperatively), and rotational fluoroscopies (4—9 days postoperatively) for a consecutive series of 32 implanted d-leads. For
five d-leads, a CT scan with a mean follow-up of 57 days (range 28—182) was available. All d-leads were implanted with the marker
facing anterior and the intention to hit an “iron sight” (ISi) on the X-ray, indicating anterior orientation (i.e., 0° + 6°).

Results In nine d-leads, an ISi was visible on the final X-ray; median orientation was 1.5° (range 0.5-6.0°) at the first follow-up
CT, confirming anterior orientation. In d-leads without ISi or where ISi was not evaluable, the median rotation was 15.5° (9.5—
35.0°) and 26.5° (5.5-62.0°), respectively. The orientation of the initial CT was comparable with the orientation determined by
the postoperative rotational fluoroscopy and second CT in all d-lead groups.

Conclusion D-lead orientation does not change within the first week after implantation. We provide first indications that d-lead
orientation remains stable for several weeks after surgery. Determination of lead orientation using marker-based X-ray alone
seems too imprecise; adding the ISi method can increase determination of intraoperative orientation.
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Introduction are split into three segments, which allow steering of the elec-
trical current into desired axial directions [6]. Recent studies
indicate favorable therapeutic effects along with reduced de-

livery of electrical power to the tissue and lower side-effect

Directional leads (d-leads) are a recent advance in deep brain
stimulation (DBS). The two middle contact rows of d-leads
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thresholds compared with standard ring electrodes [1, 2, 9,
10], but long-term clinical benefit of directional leads will
need to be investigated in future studies. The additional
steering options available, however, are associated with in-
creased programming complexity and thus higher expenditure
of time spent in clinical routine [11]. To facilitate and improve
programming, knowledge of the final orientation of the d-
leads is essential, especially when steering options are used
in patients with a narrow therapeutic window or when image-
guided programming software that integrates d-lead orienta-
tion is used.

To determine d-lead orientation, several intra- and postop-
erative methods have been described, including stereotactic
X-ray, flat-panel computed tomography (CT), standard CT,
or rotational fluoroscopy (RF) [4, 5, 7, §8]. However, it is
currently unclear whether d-leads rotate after implantation.
The first clinical study to address this issue showed large
deviations from the time point of the intraoperatively intended
anterior lead orientation to the first postoperative CT scan.
More than one-third of their d-leads had rotated by > 30°, with
maximal rotation angles seen up to 90° [3]. Ongoing lead
rotation due to internal torsion and difficulties in manually
adjusting d-lead orientation were considered as possible ex-
planations for their observations [3].

It is of paramount importance to establish if and for how
long d-leads continue to rotate. This information supports cli-
nicians in the decision when to determine the d-lead orienta-
tion and when it is feasible to establish steering programs with
long-term sustainability. If d-leads were found to rotate within
the first hours or days after surgery, an additional imaging-
based assessment of the final lead orientation would be re-
quired at a later time point. If there was no further rotation,
images at any time point after implantation could be used to
determine d-lead orientation. To date, evidence-based recom-
mendations in this regard are lacking.

The aim of our study was to ascertain whether there is
ongoing rotation of d-leads within the first week after implan-
tation by comparing images at different time points.

Materials and methods
Study cohort and study design

This was a retrospective data analysis. All patients who
underwent DBS surgery with d-leads between September 2019
and February 2020 at our institution with available radiological
data were included. All available intraoperative X-rays, postop-
erative CT scans, and postoperative RFs were analyzed.

The d-lead orientation was determined at four different
time points: intraoperatively by the means of X-ray, at the first
postoperative CT scan (latencies after X-ray, 108—189 min)
and at the RF (median latency after surgery, 4 days (range 4—
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9)). In a subgroup of d-leads (n = 5), a CT scan was acquired
several weeks after d-lead implantation (median latency after
surgery, 57 days (range 28—182)), and their orientation values
were also included in the analysis. D-lead orientation results
were compared as described in the statistical methods section.

Surgical procedure

Pre-planning was performed on the day before surgery using
Brainlab® Elements (Brainlab). On the day of surgery, a ste-
reotactic CT scan was performed (0.7 mm, 2 x 192 slice de-
tector, Somatom Force, Siemens) after placing a Leksell frame
(Leksell G-frame, Elekta) and fusing to the preoperatively
acquired MRI scan (3 Tesla Magnetom Skyra, Siemens).
Lead placement was carried out under local anesthesia
while patients were awake (13 patients) or under general an-
esthesia (two patients). A 14-mm burr hole was drilled, and
the ring of the burr hole cover (Boston Scientific) was fixated
with screws. A mobile flat detector C-arm (Philips Zenition
70, Philips) was used for intraoperative lateral X-rays, aligned
perpendicular to the frame to determine the depth of the d-lead
(Vercise Cartesia™ Model DB-2202-30 or DB-2202-45;
Boston Scientific) as well as its orientation. The d-lead was
inserted into the brain with the marker facing anterior. Single
X-rays were performed while adjusting the depth. The lead
was then rotated, trying to visualize an “iron sight” (ISi). This
is a bright line that appears between the gaps of the split
contacts on an X-ray, indicating an anterior orientation (Fig.
1). If the ISi was not visible (e.g., due to overlap with the
contralateral lead), only the marker was used to determine
the orientation. When the desired depth was reached, the lead
was locked (even when the ISi was not visible) using the inner
part of the burr hole cover (Boston Scientific) (Supplementary
Fig. 1A), the stylet was removed, and an X-ray was performed
(pre-final image). Finally, the end of the lead was fixated at the
ring of the burr hole cover, the lid was placed on top
(Supplementary Fig. 1D), and another X-ray was performed
(final X-ray). The same surgeon (MTK) performed all surger-
ies using the same methodology. All patients received a post-
operative CT scan directly after surgery for postoperative fu-
sion (0.7 mm, 2 x 192 slice detector, Somatom Force,
Siemens) and to rule out any surgical complications.

Determination of lead orientation
Visualization of the ISi (frame coordinate system)

The two last X-rays, one after locking the lead (i.e., “pre-final
X-ray”; Supplementary Fig. 1A) and one after fixating the
lead (i.e., “final X-ray”; Supplementary Fig. 1D), were ana-
lyzed. D-lead orientation was determined by the ISi method as
previously described [7]. In brief, when a radiation beam tra-
verses a d-lead from the side at a 90° angle, an ISi becomes
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Fig. 1 Explanation of “iron sight”
in X-ray in reference to the frame
and ACPC line. A Schematic
drawing of a directional lead in
reference to the ACPC line
(green) and X-ray beam (yellow),
which is perpendicular to the
frame anterior-posterior axis
(red). B Appearance of an “iron
sight” every 60° on a schematic
drawing of a directional lead. C
“Iron sight” on intraoperative X-
ray when the radiation beam
traverses the frame laterally at a
90° angle. Abbreviations: ACPC,
anterior commissure—posterior
commissure. Figure was created
using Procreate® on an iPad Pro
(Apple®) and power point
(Microsoft®)

visible every 60° (360°/6) (Fig. 1). When the marker is facing
strictly anterior and the ISi is perfectly visible, the rotation of
the lead can be regarded as 0°. To be precise, due to the d-lead
dimensions, oblique lead angles, and conventional X-ray res-
olution, we observed the gap to be visible over a range of
approximately 12° (i.e., — 6 to + 6°) (Fig. 2).

< @i b

Determination of lead orientation on CT scans (ACPC
coordinate system)

Images of the postoperative CT scan were loaded in Brainlab
Elements and fused to the preoperative MRI images. The tip
and axis of the implanted leads were detected in Elements
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Fig. 2 Schematic drawing to explain groups A—E. Upper row shows a
directional lead with orientations from — 12° to + 12°. A An ISi is visible
on both the pre-final and final X-rays. B An ISi is not visible on the pre-
final but is in the final X-ray. C An ISi is visible on the pre-final but not

e

the final X-ray. D An ISi is not visible on either the pre-final or final X-
rays. E An ISi is not evaluable, only the marker is used for evaluation.
Abbreviations: ISi, iron sight
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Lead Localization using the automatic DBS lead position de-
tection tool and visually verified. After assigning the Boston
Scientific Vercise Cartesia Directional Lead model in the soft-
ware, the orientation of each d-lead was automatically deter-
mined by Elements Lead Localization, based on the same
characteristic CT artifact patterns described by Hellerbach
and colleagues in 2018 [4] and using the intended implanta-
tion orientation (in this case anterior) as input. The same ap-
proach was used to determine lead orientation in those d-leads
that were analyzed several weeks after implantation. The d-
lead orientation relative to the patient anterior could be deter-
mined from postoperative CT in all cases.

Determination of lead orientation on postoperative CT (frame
coordinate system)

In a DBS setup, the X-ray is aligned perpendicular to the frame
when the target rods are perfectly aligned (Fig. 1C). However, in
postoperative images (RF and CT), the orientation of the lead is
defined in relation to the patients’ midline (ACPC line) [7].
Therefore, if the frame is not fixed perfectly straight on the pa-
tient’s head, and since the leads are not inserted perpendicular to
the x- and y-axis, the difference of these angles (frame to ACPC)
has to be adjusted accordingly. Therefore, the preoperatively
performed stereotactic CT scan with the frame was uploaded into
Brainlab Elements planning software. Images were fused to the
preoperative MRI scan and postoperative CT scan with detected
d-leads. The ACPC line was changed to the frame line in all three
axes to determine the lead rotation in reference to the frame

Fig. 3 Study design. Comparison
of X-rays with ISi to the
postoperative CT in reference to
the frame (step 1). Comparison of
postoperative CT to RF (step 2)
and to the second postoperative
CT in reference to the ACPC (step
3). Abbreviations: ACPC,
anterior commissure—posterior
commissure; CT, computed
tomography; ISi, iron sight; RF,
rotational fluoroscopy

(Supplementary Fig. 2). Because the X-ray is acquired perpen-
dicular to the frame, this approach was necessary to compare the
rotation determined on the postoperative scan with the results
from the ISi visualization.

Rotational fluoroscopy

As part of our clinical routine, all patients received an RF after
surgery using a flat-panel detector C-arm system (Artis Q,
Siemens Healthcare). Lead rotation in RF was determined
using the ISi method in Philips DICOM Viewer (Philips
DICOM Viewer, Version R3.0 SP3; Philips Healthcare) and
evaluated by an experienced neurosurgeon (MTK) and neuro-
radiologist (JW) [7].

Statistical analysis

D-lead orientation was analyzed in a stepwise approach (Fig. 3).
In analysis step 1, we evaluated whether the ISi was visible on
the pre-final and final intraoperative X-ray and allocated d-leads
to five groups according to their ISi visibility: group A, ISi visible
on the pre-final and final X-rays (Fig. 2A); group B, ISi not
visible on the pre-final but in the final X-ray (Fig. 2B); group
C, ISi visible on the pre-final but not final X-ray (Fig. 2C); group
D, ISi not visible on either the pre-final or final X-rays (Fig. 2D);
and group E, ISi not evaluable, determination of orientation only
by marker (Fig. 2E). For leads with a visible ISi in the final X-ray
(group A/B), the intraoperative lead orientation (0° to frame an-
terior) was compared with the orientation determined on the first
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postoperative CT which was adjusted to the frame coordinates as
described above. In analysis step 2, we determined the orienta-
tion of the d-leads in each group on both the first postoperative
CT and RF in reference to the ACPC line and compared the
orientation values at the two different time points when the im-
ages were acquired. In analysis step 3, d-lead orientation deter-
mined on the first postoperative CT scan was compared with that
determined on the CT scan obtained several weeks after implan-
tation (Fig. 3).

Methods of descriptive statistics were used. The data are
presented as median values (range). The Mann-Whitney U
test and Kruskal-Wallis test were used for group comparisons.
Significance level was set to p < 0.05. Statistical analysis was
performed using SPSS 20 (IBM).

Results
Patients

Seventeen eligible patients with a total of 32 d-leads were iden-
tified and included into the study (eight males, nine females;
mean age 62 years (range 23-82)). Two patients were im-
planted unilaterally and 15 bilaterally. Ten patients suffered
from Parkinson’s disease, five from essential or dystonic trem-
or, one from generalized idiopathic dystonia, and one from
spasmodic dysphonia. The targets were the subthalamic nucle-
us in 22 leads (69%), the ventral intermediate nucleus in eight
leads (25%), and the internal globus pallidus in two leads (6%)
(Supplementary Table).

Lead orientation on intraoperative X-rays vs. first
postoperative CT (analysis step 1)

The rotation values of each group are shown in Table 1. The
rotation angles were comparable in both groups in which the
ISi was seen on the final X-ray (i.e., groups A and B; p =
0.41). Likewise, the rotation angles in both groups in which
no ISi was seen on the final X-ray (i.e., groups C and D) were
comparable (p = 0.09) (Table 1). Therefore, groups A and B as
well as C and D were merged for further analysis. The median
deviation of those leads in which an ISi was visible on the
final X-ray (group A/B) was 1.5° (range 0.5-6.0°) on the first
postoperative CT scan with the frame as reference. The medi-
an deviation of those leads in which an ISi was not visible
(group C/D) on the final X-ray was 15.5° (range 9.5-35.0°).
Leads in group E, where only the marker orientation could be
used, showed a median deviation of 26.5° (5.5-62.0°). The
deviation angles were significantly smaller in group A/B than
in groups C/D and E (p < 0.001), while the values were com-
parable in the groups C/D and E (p = 0.52) (Table 1 and
Supplementary Table).

Lead orientation on postoperative CT vs. RF (analysis
step 2)

Median time latencies between lead implantation (X-ray) and
the postoperative CT were widely comparable across the three
groups (p = 0.074) (Table 1). Latencies between postoperative
CT and RF were also comparable in all three groups (p =
0.69). The orientation did not change (from left to right) in

Table 1 Orientation of the d-

leads in different imaging Group  No.  CT(frame) (°), ~ CT(ACPC)(°), RF(ACPC)(°),  Latency Latency
modalities of median rotation ~ median rotation ~ median rotation ~ between X-ray = between CT
leads  (range) (range) (range) and CT (min) and RF
(days)
A 5 1.0 (0.5-6.0) 5.0 (1.0-9.0) 1.5 (1-6.0) 176.0 4 (4-5)
B 4 3.3 (1.0-6.0) 5.5 (2.0-20) 5.8 (1.5-17.0) (111.0-189.-
0)
C 5 14.0 (11.0-15.5)  15.0(11.0-24.0)  14.0 (9.0-21.0) 165.0 4 (4-9)
D 8 21.0 (9.5-35.0)  20.5(3.0-35.0)0  24.5(3.0-30.0) (108.0-185.-
0)
E 10 26.5(5.5-62.0) 283 (4.0-56.00  29.3 (3.0-48.0) 125.5 4 (4-9)
(108.0-139.-
0)

Orientation of the d-leads in different imaging modalities and reference systems, as well as the time between
different image acquisitions. All data are provided as medians (range)

Groups: (A) An ISi is visible in both the pre-final and final X-rays. (B) An ISiis not visible in pre-final but is in the
final X-ray. (C) An ISi is visible in the pre-final but not the final X-ray. (D) An ISi is not visible in either the pre-
final or final X-rays. (E) An ISi is not evaluable, only the marker is used for evaluation. Abbreviations: ACPC
anterior commissure posterior commissure, C7 computational tomography, D-lead directional lead, RF rotational

fluoroscopy.
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relation to the ACPC line in any lead in the time period be-
tween the postoperative CT and RF. The median deviation
between the postoperative CT and RF was 1.5° (0-8.0°) in
the whole cohort. Stratified according to the ISi visibility, the
median deviation was 2.5° (0.5-5.0°) in group A/B, 2.0° (0—
4.0°) in group C/D, and 1.0° (0-8.0°) in group E. The degree
of rotation was comparable in all three groups (p = 0.71)
(Table 1).

Lead orientation on first postoperative CT vs. second
postoperative CT (analysis step 3)

In those d-leads with a mean longer follow-up time of 57 days
(range 28—182), there was no change in lead orientation (me-
dian deviation 0° (range 0—1°)), when compared with the first
postoperative CT.

Discussion

We did not find any deviation in the d-lead orientation after
their implantation. First, there was no further rotation within
the first 2-3 h after surgery in d-leads with a visible ISi on the
final intraoperative X-ray. A visible ISi reliably indicates an
anterior orientation of the d-leads (0 & 6°) in reference to the
frame at the time of their implantation [7]. A comparable
degree of rotation was seen on the first postoperative CT scan
in these patients when adjusting the reference to the frame. On
the other hand, the rotation angles were significantly larger in
d-leads in which no ISi was seen on the final X-ray, and none
of those leads were within the ISi window range of + 6°. This
observation indicates that there is a larger deviation from an-
terior direction in d-leads without a visible ISi from the time
point when the electrodes are intraoperatively fixated. Second,
when we compared the orientation of the d-leads on the first
postoperative CT scan with that on the RF 4-9 days later, we
found a median deviation of 1.5° in all d-leads regardless of
the intraoperative visibility of the ISi. More importantly, the
deviation did not exceed 8.0° in any lead. Third, in patients
with available CT scans acquired more than 4 weeks after
surgery, we still found a stable d-lead orientation compared
with the first postoperative CT scan.

Our observations are partially contrary to the findings by
Dembek and colleagues. They demonstrated that d-leads im-
planted with an intended anterior orientation showed large
deviations of up to 90° from the intraoperative orientation
detection to the first postoperative CT scan, whereas we only
found a median deviation of 1.5° within a comparable time
period. There are two reasons for the incongruence of obser-
vations. In their study, the orientation of the d-leads was de-
termined using the marker alone. However, we observed that
d-leads for which only the marker could be used to determine
orientation showed the largest deviation from 0.0°, with a
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median deviation of 26.9°. Our observation suggests that the
marker alone cannot be used to reliably determine the orien-
tation of the d-leads on intraoperative X-ray. Furthermore,
Dembek and colleagues used bone cement and a microplate
to fix the leads, whereas we used a burr hole cover. It should
be noted, however, that in a subgroup of d-leads, we observed
some rotation between the time when the lead was locked (i.e.,
at the pre-final X-ray) and after the lead was fixated (i.e., at the
final X-ray). This rotation was indicated by the disappearance
or appearance of the ISi between the two X-rays and depended
on the amount of twist given to the lead during the process of
locking. We therefore suggest that different surgical tech-
niques and locking mechanisms need to be considered in fu-
ture studies when the question of perioperative lead rotation is
addressed.

Our study results have several implications for the care of
DBS patients. We provide evidence that there is only minimal
rotation of d-leads upon implantation. Since we found a me-
dian rotation of only 1.5° in our cohort, we suggest that one
scan within the first week may be sufficient to reliably deter-
mine the d-lead orientation. For those centers that perform a
postoperative CT scan, this would be the imaging modality of
choice. If an ISi is visible on the final intraoperative X-ray,
theoretically this information can be used to sufficiently deter-
mine the d-lead orientation and can be particularly valuable
for centers that routinely perform a postoperative MRI scan,
which cannot determine the orientation. On the other hand, we
propose that use of marker-based techniques alone to deter-
mine the d-lead orientation is not precise enough. Knowledge
regarding the orientation of the d-lead is important for clini-
cians who program the DBS system, since stable d-lead ori-
entation is an essential prerequisite for sustained efficacy of
DBS settings when steering options are used. Furthermore,
patients may be prevented from repeating scans to determine
d-lead orientation, e.g., when therapeutic effects are lost.

There are some limitations to our study. First, we included
only five d-leads with a follow-up time of more than 4 weeks.
To the best of our knowledge, there is no long-term stability
data on d-lead orientation published to date. Thus, studies with
a larger number of patients and followed up for a longer period
of time are warranted to confirm our results. Second, we de-
termined the orientation of the d-leads using imaging tech-
niques, but did not validate our results by including clinical
data on thresholds for therapeutic effects and side effects for
each electrode segment. It should be noted that there is no
published consensus defining a threshold above which d-
lead rotation can be regarded as clinically significant. A clin-
ical assessment would have provided information regarding
the degree of d-lead rotation that may be regarded as clinically
relevant and may need to be addressed in future studies. Third,
our results refer to leads that were only moderately turned
(usually not more than 120°), and we cannot exclude that
greater intraoperative torsion may result in delayed rotation.
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Conclusion

We have demonstrated that d-lead orientation does not deviate
within the first week after implantation. Our study also pro-
vides first indications that d-lead orientation remains stable for
more than 4 weeks after surgery. Postoperative images per-
formed within this time frame can be used to reliably deter-
mine d-lead orientation. The first postoperative CT scan
should be reliable enough to determine d-lead orientation
and, since it is often routinely performed to rule out surgical
complications, would be the imaging modality of choice.
Marker-based determination of lead orientation alone may
be too imprecise; adding the ISi method can improve determi-
nation of intraoperative orientation. These findings have clin-
ical implications for clinical routine because stable d-lead ori-
entation is an essential prerequisite for a sustained clinical
benefit when steering programs are established.
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