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Abstract
Background: Bipolar disorder is one of the most severe mental disorders. Its chronic course is associated
with high rates of morbidity and mortality, a high risk of suicide and poor social and occupational
outcomes. Despite the great advances over the last decades in understanding mental disorders, the
mechanisms underlying bipolar disorder at the neural network level still remain elusive. This has severe
consequences for clinical practice, for instance by inadequate diagnoses or delayed treatments. The
German research consortium BipoLife aims to shed light on the mechanisms underlying bipolar
disorders. It was established in 2015 and incorporates ten university hospitals across Germany. Its
research projects focus in particular on individuals at high risk of bipolar disorder, young patients in the
early stages of the disease and patients with an unstable highly relapsing course and/or with acute
suicidal ideation.

Methods: Functional and structural magnetic resonance imaging (MRI) data was acquired across nine
sites within three different studies. Obtaining neuroimaging data in a multicenter setting requires among
others the harmonization of the acquisition protocol, the standardization of paradigms and the
implementation of regular quality control procedures. The present article outlines the MRI imaging
protocols, the acquisition parameters, the imaging paradigms, the neuroimaging quality assessment
procedures and the number of recruited subjects.

Discussion: The careful implementation of a MRI study protocol as well as the adherence to well-de�ned
quality assessment procedures is one key benchmark in the evaluation of the overall quality of large-
scale multicenter imaging studies. This article contributes to the BipoLife project by outlining the
rationale and the design of the MRI study protocol. It helps to set the necessary standards for follow-up
analyses and provides the technical details for an in-depth understanding of follow-up publications.

1. Background
Bipolar disorder (BD) is a severe, recurrent and heterogeneous mental disorder that affects more than 1%
of the population worldwide. It usually has its onset during youth. Its chronic course is associated with
high rates of morbidity and mortality, a high risk of suicide, and poor social and occupational outcomes,
making it one of the main causes of disability among young and working-age people worldwide (Murray
1996). BD is one of the most heritable mental illnesses (McGu�n et al. 2003). Bipolar offspring are at a
higher risk of developing BD than the general population (Axelson et al. 2015). There is strong evidence
that the index (hypo)manic episode in both bipolar offspring and community cohorts is frequently
preceded by prodromal affective or non-affective symptoms (Duffy et al. 2014). Besides the genetic
predisposition, a subgroup of patients suffering from Attention De�cit Hyperactivity Disorder (ADHD), as
well as patients diagnosed with a single or recurrent depression are more likely to develop BD (Duffy



Page 4/25

2012; Pfennig et al. 2016). A �rst-episode BD is then followed by an unpredictable and relapsing course
throughout the lifespan.

Despite the great advances over the last decades in understanding mental disorders, the mechanisms
underlying BD at the cellular, transmitter and neural network level still remain elusive. This has severe
consequences for clinical practice. For instance, only a subpopulation of patients, shows good responses
to lithium monotherapy. Clinical characteristics alone are often not su�cient to guide an effective choice
of different treatment options. Therefore, more research is, necessary for the development of
individualized treatment plans. In particular individuals at high risk of BD, young patients in the early
stages of the disease, and patients with an unstable highly relapsing course and/or with acute suicidal
ideation have been identi�ed as those in need (Pfennig et al. 2020; Ritter et al. 2016).

The German research consortium BipoLife aims to shed light on the elusive basis and causes of BD. It
was established in 2015 and incorporates ten university hospitals across Germany (Berlin, Bochum,
Dresden, Frankfurt, Göttingen, Hamburg, Heidelberg, Marburg, Munich and Tübingen) as well as the
medical informatics section of the University of Göttingen. Its integrated multi-center approach focuses
on the one hand on the prevention, diagnosis and treatment of BD, on the other hand on the identi�cation
of genomic, transcriptomic and proteomic disease markers. The major goals are the development of new
diagnostic approaches and innovative therapeutic interventions as well as the translation of scienti�c
knowledge into clinical practice. The BipoLife network comprises two multicenter clinical studies, a
naturalistic-epidemiological study, two neuroscienti�c research projects and two translational platforms
for the application of innovative genetic and imaging methods. The scienti�c knowledge gained through
the projects of this consortium shall be used in the long term to improve early detection and targeted
early intervention, thereby reducing the individual and socio-economical burden of BD. A detailed
description of the consortium and the projects can be found in (Ritter et al. 2016).

Within the research network, magnetic resonance imaging (MRI) data were acquired in three clinical
subprojects (termed “project A1”, “project A2” and “project B2” in the BipoLife nomenclature). The same
neuroimaging protocol was used in all projects. Prior to describing the imaging protocol, however, the
clinical subprojects in which, among others, collect neuroimaging data will be shortly summarized (see
Ritter et al. (2016) for an extensive overview).

The aim of project A1 (“Improving early recognition and intervention in people at-risk of developing
bipolar disorder”) was to evaluate and improve early recognition and intervention strategies in individuals
at increased risk for developing BDs using a naturalistic, longitudinal design. The baseline assessment
was followed by biannual follow-ups for a minimum of 24 months. Three groups of individuals were
studied: (1) Help-seeking adolescents and young adults aged 15-35 years without a diagnosis of BD
consulting early detection centers and specialized services with ≥1 proposed risk factor for BD; (2)
In-/outpatients with a depressive episode aged 15-35 years; (3) in-/outpatients with ADHD aged 15-35
years. Over the study period, the natural course of risk and resilience factors, early symptoms of BD, and
changes in symptom severity (including the transition to BD) were observed using recently developed
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psychometric testing. Participation in the neuroimaging assessments was optional for the participants,
i.e., they could also participate in the clinical part of project A1 without being measured by MRI.
Neuroimaging data were acquired only during the baseline assessment, not during the follow-up
appointments. The imaging data will be used, for instance, to develop biomarkers to improve the
prediction of transition or remission in distinct at-risk subgroups of BD. The clinical study protocol of
project A1 is described in detail in (Pfennig et al. 2020).

Project A2 (“Adjuvant psychotherapy in early stage bipolar disorder”) focuses on the effects of different
forms of adjuvant psychotherapies for relapse prevention in BD. This randomized controlled clinical trial
aims to test the hypothesis that the addition of a speci�c short-term emotional-cognitive psychotherapy
(“Spezi�sche Emotional-Kognitive Psychotherapie“, SEKT) to standard psychiatric care (treatment as
usual, TAU) in comparison to a supportive, self-directed therapy (“Fördernde, Emotionsfokussierte,
Supportive Psychotherapie”, FEST) will lead to positive outcomes in younger patients with BD (age 18-35
years), for instance, reduced relapse rates, missed days at work/school or days spent in hospitals. As in
project A1, participation in the neuroimaging assessments was optional. Neuroimaging data were
acquired at two time points, i.e. prior to and after the completion of the psychotherapeutic interventions.
The imaging data will be used, for instance, to test the hypothesis that speci�c psychotherapy (SEKT) will
have a stronger effect on neural networks associated with emotion regulation and social cognition
compared to FEST (Stamm et al. 2020).

Project B2 is an add-on project for an ongoing separate multicenter, double-blind, randomized controlled
trial investigating the effect of lithium in addition to TAU in affectively ill patients with acute suicidality
over 5 weeks (see Lewitzka et al. (2015) for a description of the study protocol). It aims to identify
neuroimaging markers that are associated with lithium treatment. Neuroimaging data were acquired at
two time points, i.e. prior to and following the �ve-week intervention. The imaging data will be used, for
instance, to develop biomarkers to predict successful anti-suicidal treatment with lithium.

Acquiring neuroimaging data from up to nine different sites (all centers except Munich) required the
harmonization of the acquisition protocol, the standardization of paradigms and the implementation of
regular quality control procedures to detect signal aberrations and potential MR scanner malfunctions.
BipoLife, therefore, included a dedicated translational imaging platform (termed “TPP2” in the BipoLife
nomenclature) to coordinate the acquisition and analysis of all neuroimaging data. In this article, the
imaging protocol, the acquisition parameters, the imaging paradigms and the neuroimaging quality
assessment procedures will be described in detail. This article thus summarizes the methodological
background necessary to fully understand follow-up publications from the BipoLife consortium.

2. Methods
In the methods section, we present details on the acquired cohorts (2.1), describe the imaging paradigms
and the process of data acquisition (2.2), summarize the technical imaging infrastructure and MRI data
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acquisition parameters (2.3), and describe the quality assessment protocol for neuroimaging data (2.4)
and data storage (2.5).

2.1 Subjects

Neuroimaging data were acquired in seven study centers in projects A1 and A2, in project B2 in four
centers. Table 1 lists the study centers that were involved in each project. In project A1, participants were
measured only once, i.e., during the baseline assessment. In projects A2 and B2, participants were
measured twice, i.e., before and after the project-speci�c therapy (psychotherapy in project A2, lithium
therapy in project B2). Data acquisition started in October 2015 and ended for all projects in December
2020.

Table 1: Involvement of BipoLife study centers in the neuroimaging projects A1, A2 and B2

In the following, we will describe inclusion and exclusion criteria for all subprojects. We will then present
the general characteristics of the study samples.

Project A1 was a naturalistic, prospective-longitudinal observational cohort study of participants aged
15–35 years. From July 2015 until September 2018, help-seeking adolescents and young adults
consulting early recognition centers presenting with at least one of the proposed risk factors for BD
(group 1) and in- and outpatients with depressive syndrome (group 2) or ADHD (group 3), respectively,
were recruited at the different sites. Overall, N = 2279 persons were screened for inclusion and exclusion
criteria. N = 1419 participants were included in the study. Due to their baseline diagnostic status,
N = 1229 risk participants were assigned to one of the three risk groups (see Pfennig et al. (2020) for a
detailed description of the study cohort). All participants received the option to participate in the MRI
assessments. Overall, N = 310 participants were measured with MRI (group1: n = 123; group 2: n = 146;
group 3: n = 44) (Table 2).

Table 2: Project A1: Subjects’ characteristics (sex, age).

310 participants were assessed with fMRI in project A1. They were assigned to one of three risk groups.
The present table shows how many subjects were measured in each center (BE – Berlin, BO – Bochum,
DR – Dresden, FR – Frankfurt, HA- Hamburg MA – Marburg, TÜ – Tübingen).
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  BE BO DR FR HA MA TÜ Total Sex (male/female) Mean age

(+/- SD)

Group 1 39 6 32 10 4 26 6 123 63/60 24.8 (+/- 5.1)

Group 2 27 3 6 22 42 39 7 143 68/78 25.4(+/- 5.4)

Group 3 0 0 0 17 0 15 12 44 26/18 27.1 (+/- 3.9)

Project A2 was a randomized controlled clinical trial. From August 2015 until December 2019, young
patients (age between 18 and 35 years) suffering from BD with at least one episode during the preceding
two years were recruited different. All participants had to be in stable remission and regular medical care
(including mood-stabilizing medication). Patients were randomized to one of the two psychotherapies, i.e.
either SEKT or FEST (see Stamm et al. (2020) for a detailed description of the study design). All
participants received the option to additionally participate in the MRI assessment before and after
therapy about �ve months later. Overall, 66 patients were measured with MRI before the start of the
therapeutic intervention and 38 patients after completion of the therapeutic intervention (Table 3).
Additionally, a cohort of 35 healthy control subjects matched for age, sex, education status (as assessed
by the highest graduation certi�cate) and handedness (as assessed by the Edinburgh handedness
inventory, (Old�eld 1971)) was recruited (Table 3).

Table 3: Project A2: Subjects’ characteristics (sex, age).

65 patients were assessed with MRI in project A2 before therapy (T1), 38 were assessed a second time
after therapy (T2). They were randomly assigned to one of two treatment groups (i.e., either SEKT or
FEST). The present table shows how many subjects were measured in each center (BE – Berlin, BO –
Bochum, DR – Dresden, GÖ – Göttingen, HA – Hamburg, MA – Marburg, TÜ – Tübingen). Additionally, a
group of healthy control subjects was measured.

  BE BO DR GÖ HA MA TÜ Total Sex
(male/female)

Mean age (+/-
SD)

Patients,
T1

22 2 9 6 12 5 9 65 36/29 32.7 (+/- 9.3)

Patients,
T2

15 0 7 2 5 3 6 38 21/17 32.9 (+/- 8.8)

Controls,
T1

21 0 0 0 2 2 10 35 15/20 30.2 (+/- 8.6)

Controls,
T2t

19 0 0 0 0 2 3 25 14/11 32.0 (+/- 9.3)



Page 8/25

Project B2 was an add-on project for an ongoing separate multicenter, double-blind, randomized
controlled trial investigating the effect of lithium (see Lewitzka et al. (2015) for a description of the study
protocol). The participants received the option to participate in the MRI assessments before and after
therapy �ve weeks later. Until the end of the project, 21 patients were included before therapy, 16 after
therapy (Table 4).

Table 4: Project B2: Subjects’ characteristics (sex, age).

21 patients were assessed with MRI in project B2 before therapy (T1), 16 were assessed a second time
after therapy (T2). The present table shows how many subjects were measured in each center (DR –
Dresden, FR – Frankfurt, GÖ – Göttingen, HE – Heidelberg).

  DR FR GÖ HE Total Sex (male/female) Mean age (+/- SD)

Patients, T1 19 0 1 1 21 14/7 34.0(+/- 12.1)

Patients, T2 15 0 1 0 16 11/5 35.6 (+/- 12.7)

2.2 Experimental design

After inclusion in the clinical projects A1, A2 and B2, respectively, subjects received the option to
additionally participate in the MRI assessments. They were included in the MRI study if they consented
and if they met typical MRI safety regulations (e.g. no pacemaker). The MRI scanning protocol consisted
of a structural localizer, a T1-weighted high-resolution anatomical image, a resting-state functional MRI
(fMRI) sequence, three task-based fMRI paradigms, a �eld map and a gel-phantom measurement for
quality assessment. The resting-state took 8:24 min. Participants were asked to relax, keep their eyes
open and �xate a �xation cross. The task-based paradigms assessed reward functions (“desire-reason
dilemma (DRD) task”, (Diekhof et al. 2012)), emotion processing (“Hariri task”, (Dannlowski et al. 2012),
and Theory-of-Mind (ToM) functions (Walter et al. 2011)). All MRI sequences were performed in the same
�xed order. The MRI battery took 52 min scanning time per session (about 43 min for the measurement of
the participants, 9 min for the phantom measurement). Prior to the MRI measurement, participants were
introduced to each task outside the MR scanner. An overview of the study course is presented in Figure 1.

Figure 1: Study overview. Left: After inclusion in the clinical studies A1, A2 and B2, respectively, subjects
received the option to additionally participate in the MRI assessments (“MRI information”). If they were
eligible and consented, they were introduced to each task outside the MR scanner (“MRI training”). Right:
The MRI measurement consisted of a localizer scan, a structural T1-weighted image, a resting state fMRI
sequence, three task-based fMRI paradigms (DRD task, “Hariri” task and ToM task) and a �eld map. The
DRD task was divided into two sessions.

Desire-reason dilemma (DRD) task: The DRD task used conditioned reward stimuli in different
experimental situations, thereby allowing the investigation of subcortical structures of the dopaminergic
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reward system and their speci�c functional interactions with prefrontal cortices. The paradigm has been
described in detail elsewhere (Diekhof et al. 2012; Diekhof and Gruber 2010).

The DRD task consisted of two parts. The �rst part was an operant conditioning task that was performed
outside of the MR scanner. The goal of the task was the establishment of stimulus-response-reward
contingencies relevant for the second part of the experiment. Subjects learned to associate speci�c colors
and responses with either an immediate reward or a neutral outcome. The choice between a left and a
right button was free. The participants were encouraged to explore the stimulus-response-reward
contingencies to maximize their overall outcome. In total, squares of eight different colors were presented
twenty times each in a randomized sequence. Each square was shown until the subject pressed the
response button. Two of these colors led to an immediate reward (i.e., reward of 10 points) when
collected with a left button press. Four colors always led to a neutral outcome regardless of button
choice. The selection of the remaining two colors with a left button press led to an immediate loss (i.e.,
loss of 10 points). These latter two colors were included in the conditioning task to prevent a behavioral
preference for the left response button also in response to the neutral colors.

After the participant was familiarized with the colors and su�cient conditioning with reward stimuli the
second part (the regular task) was performed outside the scanner to train the short reaction time. The
stimulus material (i.e., rewarded and neutral colors) was the same as in the �rst part except for the
‘potential punishment’ stimuli that were not presented. In contrast to the �rst part, however, participants
had to pursue a superordinate long-term goal during task blocks of 4 or 8 trials. They were required to
acquire 50 points for a successful completion of each task block. The superordinate goal of an individual
task block was to collect the two target colors that were de�ned at the beginning of each block. Target
colors could occur more than once within a block and had to be collected upon each appearance to reach
the goal. Apart from this, subjects also had to incorporate one of two context rules into their decisions,
which determined how to treat the remaining non-target colors to successfully �nish a block (i.e., to gain
50 points for achievement of the superordinate long-term goal). In the “reason context”, all non-target
colors had to be rejected regardless of their immediate reward association to achieve the superordinate
goal. In the “desire context”, subjects were free to also collect the two conditioned (rewarding) non-target
colors for an immediate bonus, whereas all remaining unrewarded non-target colors had to be rejected.
Bonuses acquired in the “desire context” were added to the 50 points at the end of a block, if the long-
term goal was successfully reached. Although subjects were free to decide whether to collect or to reject
conditioned (rewarding) non-targets in the “desire context”, the optimal strategy for reward maximization
was – apart from collecting the targets and rejecting the unrewarded non-targets – to give into the
“desire” to acquire the immediately rewarded non-target colors. Conversely, during the “reason context”,
subjects were forced to overcome the behavioral tendency to respond to these conditioned (rewarding)
stimuli, which contradicted the superordinate long-term goal. This means that in the latter case,
participants had to exert self-control to resolve this “desire-reason dilemma”.

In both the “desire” and the “reason context”, the conditioned (rewarding) non-targets, as well as the
unrewarded non-targets, could occur up to 30 times each. Goal-relevant target stimuli could appear up to



Page 10/25

60 times each in a pseudorandomized sequence with a counterbalanced trial order. Goal failures reduced
these numbers because a failure to implement the long-term goal terminated a block immediately before
its actual end with the feedback “goal failure”. The consequence of such a goal failure was a loss of the
points already acquired within that respective task block.

In the scanner, subjects completed 40 task blocks over the course of two fMRI runs. Half of the task
blocks were performed in the “desire context”, the other half in the “reason context” (Figure 2). The
context always changed after two consecutive task blocks, which was indicated by a context cue. Context
cues indicating a change in decision context always appeared for 1800 ms (followed by a 200 ms blank
screen delay). Subsequently, the two relevant target colors for the upcoming task block were shown for
1500 ms (preceded by a 200 ms blank screen delay and followed by another 200 ms, in which a blank
screen was presented). The relevant target colors changed every task block. The display of the two
relevant target colors was followed by individual trials, in which subjects had to collect relevant targets
and also bonuses in the “desire context” or only had to collect targets in the “reason context”. An
individual trial had a duration of 1900 ms. It started with a grey blank screen (duration = 200 ms) before a
colored square was shown for 900 ms, which was followed by immediate feedback for the current choice
the subject had made. This feedback had a duration of 700 ms. A trial ended with a blank screen, which
was shown for 100 ms. The total feedback, which indicated the overall outcome of a task block
(including bonuses), was always presented at the end of the respective task block (for 1800 ms) and was
followed by a grey blank screen of 100 ms before the next task block began or a change in context was
indicated. Failure to implement the superordinate task goal or failure to answer within 900 ms led to the
termination of the current task block and zero outcomes (goal failure; see also above). Points acquired in
the experiment were cashed into real money. Subjects could receive up to 30 €, which were added to the
general reimbursement for participation.

Figure 2: Graphical depiction of the DRD task. Subjects got �rst presented the cue (either the desire
contest (left) or the reason contest (right)) and then had to react on the shown colors as priory trained.

Emotional face-matching task (“Hariri”): The face-matching task aimed at activating face processing
regions (e.g., fusiform face area), limbic regions (e.g., amygdala) and prefrontal regions (Hariri et al.
2002). In the active condition, subjects viewed gray-scale images of fearful or angry faces (Ekman 1992),
in the control condition they viewed geometric shapes (circles and ellipsoids). In each trial, three items
were presented. A target image was located at the top, two further images on the left and right side at the
bottom, whereby one of these images was identical to the target image. Every subject was �rst instructed
outside the scanner to this task. Inside the MR scanner, the participant had to indicate which of these two
images was identical to the target image by pressing a corresponding button on an MRI-compatible
response pad. The task was set up as block design, with six face and shape trials, respectively, per block.
Blocks had a duration of 44 s (faces) and 32 s (shapes), respectively. Five shapes blocks and four faces
blocks were presented in alternating order, starting with a shapes block (Figure 3). Blocks were separated
by short inter-block-intervals (1.5–5.5 s). The paradigm lasted 6 min 14 s.
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Figure 3: Graphical depiction of the emotional face-matching task. Subjects viewed in blocks either gray-
scale images of fearful or angry faces (block length 44 s) or geometric shapes (block length 32 sec).
Each block started with a short introductory screen (“Geometrische Formen” = geometrical shapes;
“Gesichter” = faces).

Theory of Mind (ToM )task: The ToM task showed cartoons in which different social situations were
depicted (see Figure 3). It aimed to activate the ToM network relevant for social cognition since a
dysfunction of the ToM network activated by this task is associated with a genetic risk variant for BD and
in relatives of patients with BD (Walter et al. 2011). The paradigm has been described in detail elsewhere
(Walter et al. 2011).

The ToM task consisted of two alternately presented conditions: a ToM condition and a control condition.
Both conditions were presented eight times each. They started with an introduction (6.5 s) followed by a
cartoon story consisting of three consecutive pictures (7.5 s per picture) (Figure 4). All pictures were free
of direct signs of the characters’ emotions (e.g., facial expressions). The subject was instructed to either
evaluate in each picture the affective state of the protagonist (ToM condition) or to count the number of
living beings (control condition). In the second and third picture, the subject had to indicate by a button
press whether the affective state was better, equal. or worse compared to the previous picture (ToM
condition) or whether the number of living beings was higher, equal or lower compared to the previous
picture (ToM condition) (button press was carried out with the right hand; index �nger = worse affective
state / less living beings, middle �nger = equal state / living beings, ring �nger = better affective state,
more living beings).

Figure 4: Graphical depiction of the ToM task. Each trial consisted of an introduction describing the
respective task and a cartoon story consisting of three consecutive pictures. In the ToM condition, the
subjects had to judge how the affective state is changed in pictures 2 and 3 compared to the previous
picture. In the control condition, the subject has to judge whether the number of living beings is
changed.

2.3 MRI data acquisition parameters

All MRI data sets were acquired at 3T MR scanners with different hardware and software con�gurations.
An overview of the different scanner types and the receive coils is given in Table 5. Pulse sequences were
�rst implemented and tested at the University of Marburg (which was the coordinating center).
Parameters were subsequently standardized across all sites to the extent permitted by each platform.
Before the study started, scientists from the coordinating center Marburg performed site visits at all
participating centers to check the adherence to the study protocol and to train the measurement
procedure. Additionally, a “traveling subject” was also measured during these site-visits.

The MRI scanning protocol consisted of a T1-weighted high-resolution anatomical image, four echo-
planar imaging (EPI) sequences sensitive to blood oxygen level dependent (BOLD) contrast for fMRI
measurements, a �eld map and an EPI measurement for quality assessment (see 2.2). The MRI
sequences were always performed in the same �xed order. The T1-weighted image was used to align the
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measurement volumes of all the following EPI sequences. Slices were positioned transaxially parallel to
the anterior-posterior commissural line (AC-PC), based on the smallest measurement volume of the
sequences. This alignment was then copied to all the other sequences. Special care was taken that both
temporal lobes were always included inside the measured volume. A complete list of all MRI parameters
is presented for each MR scanner in Appendix 1.

Site Manufacturer MRI scanner type Field Receive coil

Berlin Siemens Tim Trio 3 Tesla 20 channels

Bochum Philips Achieva 3 Tesla 32 channels

Dresden Siemens Tim Trio 3 Tesla 12 channels

Frankfurt Siemens Trio 3 Tesla 8 channels

Göttingen Siemens Tim Trio 3 Tesla 12 channels

Hamburg Siemens Skyra 3 Tesla 32 channels

Heidelberg Siemens Tim Trio 3 Tesla 12 channels

Marburg Siemens Tim Trio 3 Tesla 12 channels

Tübingen Siemens Prisma 3 Tesla 20 channels

Table 5: List of MR scanners (manufacturer, scanner types, �eld strength) and receive coils at each
study site.

2.4 MRI Quality assessment: Phantom data

Large, longitudinal, multi-center MRI studies require comprehensive quality assurance (QA) protocols to
assess the general quality of the acquired data, to indicate potential malfunctions in the scanning
equipment and to evaluate inter-site differences that need to be accounted for in subsequent analyses.
Several examples of QA protocols for MRI data are described in the literature, mostly in the context of
large-scale multicenter studies (for an overview, see Glover et al. (2012), Van Horn and Toga (2009)). In
the BipoLife study, MR scanner characteristics were assessed by the regular measurement of a MRI
phantom. The phantom was a 23.5 cm long and 11.1 cm-diameter cylindrical plastic vessel (Rotilabo,
Carl Roth GmbH + Co. KG, Karlsruhe, Germany) �lled with a mixture of 62.5 g agar and 2000 ml distilled
water. Phantoms were built at the University of Marburg and sent to each participating center. All study
sites, therefore, used the same type of phantom.

Phantom data were acquired after the measurement of each subject. The alignment of the phantom was
lengthwise, i.e., parallel to the main scanner axis, and at the center of the head coil. The measurement
volume was manually centered at the phantom with a slice direction perpendicular to the phantom body
(see Vogelbacher et al. (2018) for a graphical depiction). We developed a QA program that focused on the
temporal stability of the MRI data. Temporal stability is in particular important for fMRI measurements in
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which MR scanners are typically highly stressed. Therefore, the MRI phantom was measured with an EPI
sequence. The same sequence parameters were chosen for the resting-state measurement. Also, the
same scanner-speci�c reconstruction methods were employed.

A variety of QA parameters can be calculated from phantom data, for instance, geometric accuracy,
contrast resolution, ghosting level, spatial uniformity and signal-to-noise ratio (see Figure 5 for an
example). The QA protocol used statistics that are described in detail in previous publications of our
research groups (Vogelbacher et al. 2018). The phantom data were analyzed using the LAB-QA2GO
software package (Vogelbacher et al. 2019). A detailed analysis of the QA phantom data, in particular
concerning the effect of different MR scanners and the impact of hardware and software changes, is
described elsewhere (Vogelbacher et al., in preparation; but also see Vogelbacher et al. (2018) for a
similar analysis on data from a bi-center MRI study performed by our research groups).

Figure 5: Signal-to-Noise Ratio (SNR) values of phantom measurements of three different BipoLife sites
across time. The MR scanner of Marburg (blue) shows stable values but a lower SNR value compared to
Hamburg (black) or Tübingen (purple). The SNR values of Tübingen and Hamburg are in general higher
but have higher variations over time.

2.5 Data storage

After an initial quality check by staff from the local study sites, all MRI data (except for project B2) was
transferred via the Internet in raw Digital Imaging and Communications in Medicine (DICOM) format to
the coordinating center Marburg. Project B2 was an add-on project to an ongoing separate multicenter,
double-blind, randomized controlled trial. The project-speci�c data policy did not allow data collection in
Marburg. MRI data for this project was therefore stored on DVDs and sent to the University of Heidelberg.
According to the study protocol of B2, the University of Heidelberg is responsible for the data storage and
data analysis.

At the University of Marburg, the data was transformed from the DICOM format to Brain Imaging Data
Structure (BIDS) format using heudiconv (Gorgolewski et al. 2016). Heudiconv is a �exible DICOM
converter for organizing brain imaging data into structured directory layouts (Halchenko et al. 2020). The
BIDS format has been developed to standardize data storage for neuroimaging experiments. This format
enables the usage of different BIDS-Apps to analyze the imaging data with standardized software
packages. It also enables other scientists to access the data for different analysis approaches.

Each data set was checked for completeness, both with regard to the MRI data and the corresponding log
�les. A frequent error source was the wrong alignment of the measurement volume in the functional
measurements. Therefore, all MRI data was checked promptly to be able to give early feedback to the
respective study sites. A �rst quality control was performed using the BIDS-App MRIQC (Magnetic
Resonance Imaging Quality Control, (Esteban et al. 2017)). MRIQC assesses both structural T1-weighted
MR images and BOLD-images of the brain by calculating a set of quality measures from each image.
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MRIQC uses 14 Image Quality Metrics that characterize each image in 56 features. The tool also includes
a visual reporting system to manually investigate potential quality issues in single subjects.

3. Discussion
The research consortium BipoLife is a German-wide network of university centers that aims to investigate
bipolar disorder, in particular concerning its early recognition, reliable diagnosis, rational treatment and
prognosis (Ritter et al. 2016). The network comprised several clinical and neuroscienti�c studies. MRI
data were acquired in three projects. Data acquisition started in 2015 and ended in December 2020. The
same neuroimaging protocol was used in all projects.

One strength of the present study is the careful implementation of a comprehensive multicenter study
protocol including a QA protocol for assessing the general quality of the compiled MRI data. Acquiring
neuroimaging data over several years from up to nine different sites requires, among others, the
harmonization of the acquisition protocol, the standardization of paradigms and the implementation of
regular quality control procedures. Modern MR scanners have in general good technical quality, for
instance high SNR, su�cient image homogeneity and good image contrast. Image characteristics,
however, will inevitably change over the course of a study. This is in particular a challenge for fMRI data
because functional signal changes are typically just in the order of about 1–5 % of the raw signal
intensity. The temporal stability of MRI acquisitions is therefore important to differentiate between MR
signal changes associated with an altered disease status (e.g. by the effect of a psychotherapeutic
intervention) and signal changes caused by alterations of the MR scanner system (Friedman and Glover
2006). It has been previously argued that the implementation of QA methods has become one key
benchmark in the evaluation of the overall quality of large-scale imaging studies (Van Horn and Toga
2009). The documented adherence to the QA protocol will help to guide both clinicians and researchers to
evaluate the quality, impact, and relevance of the study to the patient-level.

In previous large-scale multicenter studies, malfunctions of the MR scanners were, if at all, often only
detected after the study was �nished, for instance during a retrospective analysis of phantom data (see
Friedman and Glover (2006) for an example). In the BipoLife consortium, the implemented QA procedures
monitored MR scanner performance promptly, de�ned benchmark characteristics and were able to assess
the impact of hard- and software changes in scanner settings. This information can also be implemented
in subsequent MRI data analyses, for instance by excluding data from speci�c subjects or imaging sites
or by implementing corrections for site-speci�c effects.

In the present description of the study protocol, we deliberately refrained from specifying more detailed
data analysis pipelines. On the one hand, these analyses have been already described in previous
publications of the participating research groups (e.g., (Dannlowski et al. 2012; Diekhof and Gruber 2010;
Kessler et al. 2020; Meller et al. 2020; Nenadic et al. 2015; Trost et al. 2014; Walter et al. 2011) ). On the
other hand, they will be most likely adapted to the speci�c research questions. All MRI data (except for
project B2 due to issues of protection of data privacy) was stored centrally in the recently developed BIDS
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format and had been checked for completeness and overall quality. It can therefore be analyzed without
extensive preparatory work.

Another strength of the overall study results from the combination of well-planned clinical projects with
the extensive deep-phenotyping MRI approach. Project A1 is the �rst investigation of a help-seeking
cohort of at-risk persons for BD. Its major strengths are the large sample size and the high number of
assessment points during the particularly vulnerable phase of disease development and potential
conversion to BD (at least �ve assessments over a period of at least two years; see Pfennig et al. (2020)
for an in-depth description of the study design of A1). Clinical and MRI data can be combined for
instance to test whether neuroimaging data will improve the prediction of whether or not an individual will
develop BD. The MRI data can be ultimately used to improve evidence-based guidelines for early
detection and interventions for people at high risk for BD. Project A2 is to our knowledge the biggest
multicenter randomized controlled trial (RCT) in the �eld of psychotherapy in bipolar disorders to date
(see Stamm et al. (2020) for a detailed study description). By comparing two different treatment
approaches in the early stage of bipolar disorder, it is possible to assess to what extent a speci�c,
cognitive behavioral therapy could be superior to a supportive, experience- and emotion-focused
intervention. Clinical and MRI data can now be combined to identify potential neurobiological predictors
for (successful) response to psychotherapeutic interventions in bipolar disorder. Project B2 is an add-on
imaging project for an already ongoing multicenter, double-blind RCT. It investigates the additional effect
of lithium in affectively ill patients with acute suicidality, in addition to “treatment as usual” (see Lewitzka
et al. (2015) or a description of the study protocol). The MRI data can be used to identify neuroimaging
markers that predict successful anti-suicidal treatment with lithium. A potential limitation of this project is
the relatively low number of recruited subjects.

In summary, the present article described the MRI study protocol of the BipoLife project. On the one hand,
it provided the technical background necessary for an in-depth understanding of the subsequent data
analyses. On the other hand, it outlined how clinical and neuroimaging data can be combined to further
understand the mechanisms underlying BD.

4. Abbreviations
AC-PC             - anterior-posterior commissure

ADHD              - Attention De�cit Hyperactivity Disorder

BD                   - Bipolar disorder (BD)

BIDS                -Brain Imaging Data Structure

BOLD              - blood oxygen level dependent

DICOM            - Digital Imaging and Communications in Medicine
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DRD                - desire-reason dilemma

EPI                  - echo-planar imaging

FEST               - “Fördernde, Emotionsfokussierte, Supportive Psychotherapie”, supportive, self-directed
therapy

fMRI                - functional magnetic resonance imaging

MR                  - magnetic resonance

MRI                 - magnetic resonance imaging

MRIQC            - Magnetic Resonance Imaging Quality Control

QA                   - quality assurance

RCT                - randomized controlled trial

SEKT               - “Spezi�sche Emotional-Kognitive Psychotherapie“, short-term emotional-cognitive
psychotherapy

SNR                - Signal-to-Noise ratio

TAU                 - Treatment as usual

ToM                 - Theory-of-Mind

TPP2               - translational imaging platform
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Figures

Figure 1

Study overview. Left: After inclusion in the clinical studies A1, A2 and B2, respectively, subjects received
the option to additionally participate in the MRI assessments (“MRI information”). If they were eligible and
consented, they were introduced to each task outside the MR scanner (“MRI training”). Right: The MRI
measurement consisted of a localizer scan, a structural T1-weighted image, a resting state fMRI
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sequence, three task-based fMRI paradigms (DRD task, “Hariri” task and ToM task) and a �eld map. The
DRD task was divided into two sessions.

Figure 2

Graphical depiction of the DRD task. Subjects got �rst presented the cue (either the desire contest (left) or
the reason contest (right)) and then had to react on the shown colors as priory trained.
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Figure 3

Graphical depiction of the emotional face-matching task. Subjects viewed in blocks either gray-scale
images of fearful or angry faces (block length 44 s) or geometric shapes (block length 32 sec). Each
block started with a short introductory screen (“Geometrische Formen” = geometrical shapes; “Gesichter”
= faces).
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Figure 4

Graphical depiction of the ToM task. Each trial consisted of an introduction describing the respective task
and a cartoon story consisting of three consecutive pictures. In the ToM condition, the subjects had to
judge how the affective state is changed in pictures 2 and 3 compared to the previous picture. In the
control condition, the subject has to judge whether the number of living beings is changed.
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Figure 5

Signal-to-Noise Ratio (SNR) values of phantom measurements of three different BipoLife sites across
time. The MR scanner of Marburg (blue) shows stable values but a lower SNR value compared to
Hamburg (black) or Tübingen (purple). The SNR values of Tübingen and Hamburg are in general higher
but have higher variations over time.
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