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Objective: We sought to apply a previously developed transimpedance (TIM) heatmap pattern classification scheme in patients
with no known risk factors for cochlear anomalies, in addition to patients implanted in the revision setting, to better understand the
incidence of pattern variants, and potential clinical implications.
Study design: Single-center retrospective review.
Setting: Tertiary referral centre.
Patients: Patients older than 6 months of age who underwent cochlear implantation between June 2020 and June 2024 with
normal gross cochlear anatomy and no concern for fibrosis that had intraoperative TIM testing completed. Patients undergoing
revision implantation were also included as a separate cohort.
Intervention: None.
Main outcome measures: The number of patients with normal and variant TIM patterns was evaluated for each cohort. TIM
patterns were subsequently compared with the electrode position found on intraoperative x-ray.
Results: There were 321 ears that underwent implantation and subsequent intraoperative TIM assessment meeting inclusion
criteria. Of these, 310 (96.6%) were in the primary surgery setting, and 11 (3.4%) were in the revision surgical setting. In the primary
surgical setting, 86.4% (n=268) of the implants demonstrated a normal TIM heatmap. Compared with the primary surgical setting,
where only 45.5% (n=5) of revision surgery TIM heatmaps were interpreted as normal. One patient in the revision setting had a newly
identified “double X” pattern corresponding to a normal electrode position on x-ray.
Conclusions: There is a decreased incidence of previously developed TIM heatmap pattern variants in CI recipients with normal
gross cochlear anatomy.
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Introduction

Correct placement of the cochlear implant (CI) electrode array plays an
important technical role in optimizing ultimate performance for the
implant recipient.[1] Image analysis provides helpful information
pertaining to tip foldovers, and electrode position details
including scala location, modiolar distance, and insertion
depth.[2,3] Recent advancements and subsequent study of the use
of trans-impedance matrix (TIM) technology, which is Cochlear
Americas commercial platform for performing stimulation-

current-induced non-stimulating electrode voltage recordings
(SCINSEVs), to confirm a high-quality electrode insertion has
facilitated a reduction in the need for postoperative imaging.[4–6]

A “normal” TIM heatmap has been described as a homo-
genous monotonic intracochlear electric potential decrease which
occurs as the distance between stimulation and recording con-
tacts decrease.[5,7,8] In practice, slight variations of this classic
heatmap pattern can arise, even in the setting of an appropriately
placed electrode on imaging. The implications of these slight
variations are not well understood. In the exploration of TIM
technology in patients with cochlear malformation, or risk of
cochlear anomalies, a classification scheme of ten heatmap pat-
tern variants was developed.[5] Of the 77 patients studied, 25%
had a TIM pattern variant, of which 74% were found to have a
normal x-ray (XR).[5] Whether inherent anatomic anomalies,
subtle electrode position changes, and/or other factors drive these
TIM pattern variants is unclear. As such, we sought to apply the
previously developed TIM heatmap pattern classification scheme in
patientswith no known risk factors for cochlear anomalies, in addition
to patients implanted in the revision setting, to better understand the
incidence of pattern variants, and potential clinical sequelae.

Materials and methods

NYU Langone Health Institutional Review Board granted IRB
exemption for this retrospective single-center study (IRB#S23-
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00953). Patients older than 6 months of age that were implanted
with normal gross cochlear anatomy on preoperative imaging
and no concern for fibrosis were included. Patients that had prior
normal anatomy, and were undergoing revision implantation
were also included as a separate cohort. The routine use of TIM
testing of Cochlear Americas devices began in June 2020 at the
study center and was therefore used as the starting date for
patient inclusion. All subsequent patients implanted until June
2024 with intraoperative TIM analysis completed utilizing
Custom Sound 6.0 EP (Cochlear Ltd., Sydney, Australia) were
included. If a patient had bilateral implantation, each ear was
counted separately. Demographic and perioperative data were
extracted from the medical chart for analysis.

The TIM heatmaps were interpreted by a board-certified
Otolaryngologist, and categorized into previously developed
TIM heatmap patterns, which include: normal, apical heat, basal
cooling, basal heat, central heat, electrode streaks, insufficient,
ocean, red sea, skip heat, and X patterns.[5] The Appendix,
Supplemental Digital Content 1, http://links.lww.com/MAO/
C329 provides further details around TIM heatmap pattern
definitions as described in the original paper evaluating CI
patients with risk of abnormal labyrinthine anatomy.[5]

Heatmap patterns that were deemed outside of normal, and not
fitting clearly into a previously described pattern, were identified
for further review. The intraoperative modified Stenver’s view
XR for each patient was also extracted to evaluate for electrode
malposition.[3] A single electrode fold involving ≤ 5 electrodes
was defined as a tip foldover, a single electrode fold involving >5
electrodes was defined as a complete foldover, and if an electrode
had more than a single fold it was defined as a coiled electrode
malposition.[8] The number of patients with a variant TIM
pattern and normal XR, and number of patients with a normal
TIM and electrode malposition on XR were calculated. The
incidence of TIM pattern variants based on electrode type was
also examined. Continuous data were analyzed through median
or mean and SD calculations, and categorical data were analyzed
with percentages.

Results

There were 321 ears that underwent implantation and sub-
sequent intraoperative TIM assessment meeting inclusion cri-
teria. Of these, 310 (96.6%) were in the primary surgery setting,
and 11 (3.4%) were in the revision surgical setting. The age range
of implanted patients was 6 months to 85.9 years. In the primary
surgical setting, the cochlear 632 electrode was used most
(n=296, 95.5%), followed by the cochlear 622 electrode (n= 14,
4.5%). In the revision surgical setting, the cochlear 622 electrode
was used most (n= 6, 54.5%), followed by the Cochlear 612
electrode (n= 5, 45.4%). A summary of collected demographic
information and electrode choices is summarized in Table 1.

In the primary surgical setting, 86.4% (n= 268) of the
implants demonstrated a normal TIM heatmap (Table 2). Less
common TIM pattern variants included apical heat (n= 12,
3.9%), basal cooling (n=3, 1.0%), basal heat (n= 3, 1.0%),
central heat (n= 2, 0.6%), and electrode streaks (n=2, 0.6%).
Three patients (1.0%) had a combination of basal and central
heat patterns, and 8 implants (2.6%) had open electrodes at the
time of TIM measurements that precluded TIM interpretation.
There were 9 patients (2.9%) that had a pattern corresponding

with a tip foldover or complete foldover. All patients had their
electrode position corrected at the time of surgery after TIM
interpretation (n= 2), or TIM and XR interpretation (n= 7)
(Table 3).

Because of the growing evidence of TIM sensitivity to electrode
tip foldover, the study center began to forego confirmatory XR
when a normal TIM heatmap, or apical heat pattern was present
nearing the end of the study period. Eighty-two percent of
implants in the primary setting with a normal TIM pattern had an
available corresponding XR to interpret (Table 3). Of those,
100% were found to be in normal intracochlear position. A
normal electrode position was found on XR for all cases of apical
heat, basal heat, central heat, combined basal and central heat,
and electrode streak patterns. There was one surgery that was
found to have an electrode underinsertion that was identified out
of the 3 surgeries demonstrating a basal cooling pattern. An X
pattern was 100% associated with electrode malposition based
on XR (n=7), with 6 cases demonstrating a tip foldover, and 1
case demonstrating a complete foldover (Table 3).

Compared with the primary surgical setting, only 45.4%
(n=5) of revision surgery TIM heatmaps were interpreted as
normal (Table 2). The one surgery with a basal cooling pattern

Table 1
Patient demographics and implant details

Demographics
Patient number (N) 321
Median age, y (mean; range) 0.9 (12.5; 0.5-85.9)
Male sex, N (%) 178 (53.4)
Female sex, N (%) 155 (46.5)

Surgical setting
Primary surgeries, N (%) 310 (96.6)
Revision surgeries, N (%) 11 (3.4)

Primary surgery electrodes (N= 310)
CA 632, N (%) 296 (95.5)
CA 612, N (%) —

CA 622, N (%) 14 (4.5)
Revision surgery electrodes (N= 11)
CA 632, N (%) —

CA 612, N (%) 5 (45.4)
CA 622, N (%) 6 (54.5)

Table 2
Incidence of TIM patterns with primary and revision surgery

N (%)

TIM Pattern Primary Surgery Revision Surgery

Normal 268 (86.4) 5 (45.4)
Apical heat 12 (3.9) 1 (9.1)
Basal cooling 3 (1.0) 1 (9.1)
Basal heat 3 (1.0) 1 (9.1)
Central heat 2 (0.6) —

Electrode streaks 2 (0.6) 1 (9.1)
Ocean — —

Red sea — —

Skip heat — —

X pattern 9 (2.9) —

Insufficient 8 (2.6) 1 (9.1)
Combined: basal and central heat 3 (1.0) —

New: double X pattern - 1 (9.1)
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was found to have an underinserted electrode (Table 4). One
patient had a newly identified “double X” pattern. Although it
was suspected that this pattern may be associated with a tip
foldover, the confirmatory XR demonstrated normal electrode
position (Fig. 1).

When evaluating TIM patterns based on electrode type in the
primary surgical setting, 88.2% (n=261) of implants performed
with a cochlear 632 electrode were deemed normal compared
with 50.0% (n=7) of implanted cochlear 622 electrodes
(Table 5). The cochlear 622 electrode was found to have a higher
rate of apical heat patterns (21.4%, n= 3) compared with the
cochlear 632 electrode (3.0%, n= 9). In the revision surgical
setting, 33.3% (n= 2) of implants performed with a cochlear 622
electrode were deemed normal, whereas 60.0% (n= 3) of
implants performed with a cochlear 612 electrode were deemed
normal (Table 5).

Discussion

Multiple studies have shown stimulation-current-induced non-
stimulating electrode voltage recordings (SCINSEVs) to be highly
sensitive to cochlear implant electrode array malposition, parti-
cularly tip foldovers.[4–7,9–11] SCINSEVs technology is feasible
utilizing devices across all 3 FDA-approved cochlear implant
manufacturers in North America. The output of Cochlear
Americas’ SCINSEVs is the visualized TIM heatmap, which is the
system utilized for this study.[5] Measurements are completed by
sending a fixed current pulse from each stimulating electrode,
with voltage measures obtained through the remaining intraco-
chlear electrodes.[7] A reduction in voltage is typically measured
at electrodes further from the stimulating electrode. The absolute
voltage reduction may not be linearly related to the inter-

electrode distance, however, due to heterogeneity of intervening
material properties and complex cochlear geometry.[8,12]

TIM heatmaps are now an accepted means of electrode pla-
cement confirmation. Subtle variations of the classic “normal”
heatmap, however, can occur, with their etiology and clinical
relevance poorly understood. The historical study that defined
TIM heatmap pattern variants was in patients with congenital
labyrinthine malformations, or cases where there is risk of a
labyrinthine abnormality.[5] Seventy-six percent of TIM heat-
maps in that primary surgery patient cohort were categorized as
normal, whereas the remainder fell into variant pattern cate-
gories. Although anX pattern was found to be 100% sensitive for
detecting tip foldovers, many TIM variants were associated with
a normal XR. Whether subtle changes represented a variant of
normal, differences in intracochlear electrode position, and/or a
reflection of the unique morphology of the cochlear malforma-
tion/abnormality is of interest.

Comparing the incidence of TIM pattern variants in implant
recipients with normal gross anatomy or in the revision setting
from this current study provides insight. In the primary surgical
setting, 86.4% of heatmaps in this study were classified as nor-
mal, which is higher than the prior publication of patients with
risk of cochlear abnormality, even when controlling for the
increased incidence of malposition and different electrode choices
in that cohort. In the revision setting of this current study, only
45.4% of TIM heatmaps were interpreted as normal, which
could represent variety of factors, including differences in elec-
trode type, and potential changes in the electrode microenviron-
ment resulting from prior electrode insertion. When evaluating
the incidence of TIM patterns by electrode type in the primary
surgical setting, the cochlear 622 electrode had a higher incidence
(n=3, 21.4%) of apical heat patterns than the perimodiolar

Table 4
Revision surgery TIM correlation to XR electrode position

TIM Pattern N (% With XR), N (%) N (% Normal XR), N (%)a N (% Malpositioned XR), N (%)a Malposition Details (N)

Normal (N= 5) 5 (100) 5 (100) 0
Apical heat (N= 1) 1 (100) 1 (100) 0
Basal cooling (N= 1) 1 (100) 0 1 (100) Underinsertion (1)
Basal heat (N= 1) 1 (100) 1 (100) 0
Electrode streaks (N= 1) 1 (100) 1 (100) 0
Insufficient (N= 1) 1 (100) 1 (100) 0
Double X pattern (N= 1) 1 (100) 1 (100) 0

aOf available XRs for review.

Table 3
Primary surgery TIM correlation to XR electrode position

TIM Pattern N (% With XR), N (%) N (% Normal XR), N (%)a N (% Malpositioned XR), N (%)a Malposition Details (N)

Normal (N= 268) 222 (82.8) 222 (100) 0
Apical heat (N= 12) 9 (75.0) 9 (100) 0
Basal cooling (N= 3) 3 (100) 2 (66.6) 1 (33.3) Underinsertion (1)
Basal heat (N= 3) 3 (100) 3 (100) 0
Central heat (N= 2) 2 (100) 2 (100) 0
Basal and central heat (N= 3) 3 (100) 3 (100) 0
Electrode streaks (N= 2) 2 (100) 2 (100) 0
X pattern (N= 9) 7 (77.8) 0 7 (100) Tip foldover (6), complete foldover (1)

aOf available XRs for review.

Cottrell et al. Otology & Neurotology (2025) 00:e4792 www.otology-neurotology.com

r 2025, Otology & Neurotology, Inc.. Unauthorized reproduction of this article is prohibited.

3



cochlear 632 electrode (n= 9, 3.0%). What drives this change is
not clear, although the different paths taken within the cochlea
between the cochlear 632 and 622 electrodes could contribute,
and should be a target of subsequent cadaveric study. The revi-
sion surgical group is relatively small (n=11), limiting the ability
to perform statistical comparisons and generalize findings. It is
worth noting that electrode type may also contribute to the dif-
ferences seen between the primary and revision surgical groups.
In the revision setting, the pre-curved cochlear 612 electrode had
a high percentage of TIM patterns interpreted as normal (60.0%;
n=3), compared with the straight cochlear 622 electrode
(33.3%; n=2).

In the primary setting, the X pattern was 100% sensitive to the
tip foldovers and complete foldover that occurred. The ocean, red
sea, and skip heat patterns represented an underinserted elec-

trode, coiled electrode, and deficient interscalar septum of the
pars ascendens in prior research studying patients with at risk
cochlear anatomy.[5] These patterns were not found in this cur-
rent study in patients with normal anatomy. There were 3 basal
cooling patterns identified in the primary surgical setting, with
one patient (33.3%) demonstrating a notable underinsertion. In
the revision setting, the single basal cooling pattern was also
associated with electrode underinsertion. On the basis of the
findings of this study, it may be prudent to check for migration of
the array when a basal cooling pattern is seen. The remaining
TIM pattern variants were associated with a normal appearing
XR in our series. Because of their rarity, however, confirmatory
XR may still be prudent until their etiology is determined.

There was a new pattern identified in the revision setting
termed “Double X.” This was initially suspected to reveal a tip
foldover; however, intraoperative XR showed normal electrode
position (Fig. 1). A possible explanation could be the revision
electrode passed through an area of fibrosis and/or neo-ossifica-
tion created from the original implant that impacted voltage
behavior.[13] Postoperatively, the patient functioned well with the
device and utilized all electrodes involved.

Limitations of this research include its retrospective nature,
single reviewermethodology, which could bias howTIMpatterns
were classified, and the potential for inaccurate XR electrode
location confirmation.[14] The single-center nature of the study
also means that the incidents of patterns may not scale to other
centers where surgical technique and electrode choice may differ.
Evaluating the TIM heatmap pattern, and interpretation is
pragmatic for the surgeon compared with the raw absolute
values, and subsequently helps to target future study of absolute
voltage changes. Although questions remain about what subtle
TIM pattern variants represent, the notable difference in pattern
incidence in the implant setting of normal anatomy, cochlear
abnormality, revision surgical setting, and by electrode type is of

Table 5
Incidence of TIM patterns by electrode type during primary and
revision surgery

Primary Surgery Revision Surgery

N (%)a N (%)a

TIM pattern 632 622 612 622
Normal 261 (88.2) 7 (50.0) 3 (60.0) 2 (33.3)
Apical heat 9 (3.0) 3 (21.4) — 1 (16.7)
Basal cooling 2 (0.7) 1 (7.1) — 1 (16.7)
Basal heat 3 (1.0) — 1 (20.0) —

Central heat 2 (0.7) — — —

Electrode streaks 1 (0.3) 1 (7.1) — 1 (16.7)
X pattern 8 (2.7) 1 (7.1) — —

Insufficient 7 (2.4) 1 (7.1) 1 (20.0) —

Combined: basal and central heat 3 (1.0) — — —

New: double X pattern — — — 1 (16.7)

aShows the percentage of insertions demonstrating the pattern in each setting with a given electrode.

Figure 1. New TIM pattern variant named “double X” corresponding with a normal intraoperative x-ray during revision cochlear implantation.
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interest. There may be a variety of contributors worth exploring,
including variations in perilymph loss, cochleostomy packing,
granulation tissue, variations in apical cochlear volume (and
subsequent resistivity), geometric differences, electrode position,
current sinks from the cochlear aqueduct, facial nerve, and
middle ear, among others.[8,9,12,15–21] Focused efforts to under-
stand the impact of these factors will be important for extra-
polating the clinical relevance of TIM heatmap patterns in the
future, and whether adding heatmap visualization to Cochlear
Americas more widely adopted commercial SmartNav placement
check would be helpful. Cadaveric recreation of these patterns in
a controlled setting would be insightful, and compliment the data
presented in this body of research that more accurately captures
the in vivo surgical environment.

In conclusion, there is a decreased incidence of previously
developed TIM heatmap pattern variants in CI recipients with
normal gross cochlear anatomy. Further focused research to
understand the drivers of heatmap pattern variants, and clinical
ramifications will be high-yield moving forward.
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