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Abstract
The aim of this thesis was to predict the outcome of patients based on time series CT
scans using Deep Learning techniques. Previous studies that have attempted to predict
patient outcomes using only CT or MRI scans have largely been unsuccessful. In contrast,
this study presented a novel approach by incorporating the temporal dimension of CT
scans, thereby potentially capturing dynamic changes that may be critical to predicting
outcomes.

Over the first two years of this study, acquiring and hosting the dataset from Copen-
hagen University Hospital in Denmark presented considerable hurdles. Complying with
GDPR rules, ethical guidelines, and data management clearances alone required nearly
eight months. After obtaining approval, we initially intended to store the data on the
DTU server, which adhered to GDPR standards. However, we were only informed after
several months that GPU support for sensitive data had been discontinued on that server.
This prompted us to revise our data management strategy and migrate the dataset to the
High-Performance Computing (HPC) server of the Clinically Applied Artificial Intelli-
gence (CAAI) Center. This process ultimately occupied the PhD’s first two years. In the
interim, multiple methodological approaches were explored and developed in anticipation
of receiving the dataset, ensuring that we were fully prepared once it became available.

To address the initial unavailability of data, we divided the PhD timeline into two
phases: Pre-Deep Consciousness and Deep Consciousness. The Pre-Deep Consciousness
phase included a series of scientific experiments aimed at developing a robust deep learning
segmentation approach. Our strategy involved extracting latent space representations
from the images and training time series models (LSTM model and transformer model)
on these features to predict outcomes for coma patients.

The first step of our Pre-Deep Consciousness plan was to validate our hypothesis by
developing a synthetic dataset that mimics the time series nature of CT scans. This
synthetic dataset included both images and corresponding masks. We trained a U-Net
model on these synthetic images and masks, which allowed us to explore two different
approaches. In the first approach, we extracted the latent space from the encoder of the
U-Net and fed it into a Long Short-Term Memory (LSTM) network to predict patient
outcomes. In the second approach, we extracted radiomics features from the images and
used them as input for an LSTM model. Using the synthetic dataset, we achieved promis-
ing results with an AUC of approximately 0.92; however, this was based on thousands of
generated images. To evaluate the performance of our methods on a smaller, real-world
dataset, we also applied these approaches to the Brats-18 dataset. Unlike our synthetic
dataset, Brats-18 contains only a single 3D MRI image per patient, rather than a series
of scans. On this dataset, survival prediction yielded an AUC of about 0.55, highlighting
the challenges of applying our methods to limited data.
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After concluding experiments on the synthetic and BraTS-18 datasets, our data ac-
quisition process was still ongoing. We began investigating robust segmentation methods
using a small dataset. Because we anticipated that, due to time constraints, we would
only be able to create masks for fewer than 50 head CT images, we planned to use la-
tent representations for further analysis. Building on their promising performance, we
experimented with various versions of Multi-Planar UNet, the Segment Anything Model
(SAM), and You Only Look Once (YOLO).

For simplicity, we began with 2D images, focusing on segmenting the short-axis ab-
dominal aorta in POCUS (Point-of-Care Ultrasound) images. With only 500 training
samples, YOLOv8 segmented nearly every image, including noisy POCUS scans sourced
online. We further experimented by training YOLO on just 100 samples (images and
masks) and passing the resulting bounding boxes to SAM as prompts, leading to masks
noticeably superior to those produced by YOLO alone—suggesting that SAM’s encoder
might provide a useful latent space for our project. After concluding this phase, we
searched for a place to host the Deep Consciousness dataset and explored another seg-
mentation method: Multi-Planar UNet (MPU). This model excels at handling small,
complex datasets (fewer than 100 samples), such as knee MRI scans, and when we added
an attention mechanism, MPU’s Dice Score improved by about 2%. Meanwhile, during
our YOLO experiments, we uncovered two major obstacles to its application in medical
imaging: a complex training data structure and a lack of medical-specific pre-trained
weights. In response, we open-sourced three critical resources—a Python package that
simplifies training 2D and 3D images with YOLO, “Med-YOLO” pre-trained weights,
and a COCO-style medical dataset containing roughly 200,000 2D CT scans and around
4.5 million bounding boxes—to help make medical imaging research more accessible and
efficient.

In the midst of the MED-YOLO project, we acquired our dataset and launched the
Deep Consciousness project, which was divided into two stages. The preliminary assess-
ment stage involved only 33% of patients for whom survival labels were available, focusing
on those with more than three CT scans to capture temporal effects. In the final assess-
ment stage, after we obtained all labels for all patients, we included individuals with even a
single CT scan, building on the preliminary findings. The first step of this project was bias
analysis and preprocessing. We checked for correlations between the number of CT scans
per patient and, finding none, proceeded to generate brain masks using TotalSegmenta-
tor. Next, we calculated mask volumes to exclude cases lacking head CT information,
ensuring that remaining scans were within 1,000 to 2,000 cc in size. Once these scans
were identified, they were registered to the Montreal Neurological Institute (MNI) head
CT, and SAM MED-3D was employed to extract latent space representations. Two deep
learning models: Transformer based model and a Conv-LSTM model were trained on
the time-series latent representations, achieving AUROCs of 0.7 and 0.65, respectively, in
5-fold cross-validation on the validation dataset.
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In summary, this research aimed to predict patient outcomes from time-series CT
scans, overcoming significant data-acquisition hurdles at Copenhagen University Hospital
due to GDPR and technical limitations. While a synthetic dataset initially produced a
high AUC of 0.92 using U-Net–based latent features and LSTM, the performance dropped
(AUC 0.55) on a smaller real-world dataset (BraTS-18). Parallel efforts focused on im-
proving segmentation techniques (YOLO, SAM, MPU) and open-sourcing Med-YOLO
resources for medical imaging. This preliminary analysis was conducted on the 33% of
patients with time series CT scans. We performed bias analysis, registered the scans to the
MNI template, and extracted latent features using SAM MED-3D. These steps paved the
way for training and validating two deep learning models—the Transformer and Conv-
LSTM—on the time-series latent representations, achieving 5-fold cross-validation AU-
ROCs of 0.70 and 0.65, respectively, on the validation dataset. The preliminary analysis
supports our hypothesis: whereas a single CT provides only a static snapshot of intracra-
nial pathology with limited prognostic utility, leveraging time-series CT data captures the
temporal evolution of brain recovery, leading to more accurate outcome predictions. In
future work, we will include the full dataset for model training and validation.
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Resumé
Målet med forskningen i afhandlingen er at forudse koma-patienters mulighed for at vågne,
ved at analysere CT hjerne-skanninger. Dette er før forsøgt uden held, men vores hypotese
er, at det kan gøres ved at se på en serie at skanninger, der kan fange en eventuel udvikling
over flere dage under indlæggelsen.

Vores hoved-data-samling kommer fra Rigshospitalet, som analyseres i afhandlingens
sidste kapitler. Inden da analyserede vi andre andre typer skanninger og undersøger
hvilke typer modeller, der bedst egner sig til at udtrække latente variabler, der kan
udtrække den relevante, tidslige udvikling. Dette blev gjort med syntetiske data, med
MRI-skanninger til at forudse tumorer, knæ-skanninger, samt ultralyds-skanninger af
hjerter. Metode-mæssigt sammenlignede vi metoder, hvor skanningen først blev seg-
menteret før udtrækning af relevante variabler med metoder, hvor en segmenterings-
metode blot bruges til at udtrække latente variabler. Disse latente variabler indgik derefter
som input til prediktions-modeller, der blev trænet til at forudse det relevante kliniske
mål. Disse modeller tilhørte alle familien af metoder, der ofte betegnes som kunstig
intelligens.

Til slut benyttede vi den mest lovende model på data fra koma-patienterne fra Rigshos-
pitalet. Resultaterne bekræftede vores hypotese om at analyse af en tids-serie at CT
skanninger kan bidrage til at forudse patienternes mulighed for overlevelse.
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���M�/ �Q�m�i�+�Q�K�2 �T�`�2�/�B�+�i�B�Q�M�X �"�2�+���m�b�2 �r�2 �+�Q�m�H�/ �M�Q�i ���+�+�2�b�b �i�?�2 �`�2���H �/���i���b�2�i �`�B�;�?�i ���r���v�- �r�2
�+�`�2���i�2�/ �� �b�v�M�i�?�2�i�B�+ �/���i���b�2�i �i�Q �K�B�K�B�+ �i�?�2 �i�B�K�2�@�b�2�`�B�2�b �M���i�m�`�2 �Q�7 �*�h �b�+���M�b�X �h�?�B�b �b�v�M�i�?�2�i�B�+
�/���i���b�2�i �B�M�+�H�m�/�2�/ �#�Q�i�? �B�K���;�2�b ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �K���b�F�b�X

�R�X�d�X�R�X�R�l�@�L�2�i ���M�/ �G�a�h�J �A�M�i�2�;�`���i�B�Q�M

�q�2 �i�`���B�M�2�/ �� �l�@�L�2�i �K�Q�/�2�H �Q�M �i�?�2 �b�v�M�i�?�2�i�B�+ �B�K���;�2�b ���M�/ �K���b�F�b�- �2�t�T�H�Q�`�B�M�; �i�r�Q ���T�T�`�Q���+�?�2�b�,

�R�X���T�T�`�Q���+�? �R�, �1�t�i�`���+�i�B�M�; �i�?�2 �H���i�2�M�i �b�T���+�2 �7�`�Q�K �i�?�2 �2�M�+�Q�/�2�` �Q�7 �i�?�2 �l�@�L�2�i ���M�/ �7�2�2�/�B�M�;
�B�i �B�M�i�Q �� �G�Q�M�; �a�?�Q�`�i�@�h�2�`�K �J�2�K�Q�`�v �U�G�a�h�J�V �M�2�i�r�Q�`�F �7�Q�` �b�m�`�p�B�p���H �T�`�2�/�B�+�i�B�Q�M�X

�k�X���T�T�`�Q���+�? �k�, �1�t�i�`���+�i�B�M�; �`���/�B�Q�K�B�+�b �7�2���i�m�`�2�b �7�`�Q�K �i�?�2 �b�v�M�i�?�2�i�B�+ �B�K���;�2�b ���M�/ �m�b�B�M�;
�i�?�Q�b�2 �7�2���i�m�`�2�b ���b �B�M�T�m�i �i�Q ���M �G�a�h�J �K�Q�/�2�H�X

�P�M �i�?�2 �b�v�M�i�?�2�i�B�+ �/���i���b�2�i �U�r�B�i�? �i�?�Q�m�b���M�/�b �Q�7 �;�2�M�2�`���i�2�/ �B�K���;�2�b�V�- �r�2 ���+�?�B�2�p�2�/ �� �T�`�Q�K�B�b�@
�B�M�; ���l�* �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v �y�X�N�k�X �>�Q�r�2�p�2�`�- �#�2�+���m�b�2 �`�2���H�@�r�Q�`�H�/ �/���i���b�2�i�b ���`�2 �Q�7�i�2�M �7���` �b�K���H�H�2�`
���M�/ �K�Q�`�2 �?�2�i�2�`�Q�;�2�M�2�Q�m�b�- �r�2 ���H�b�Q �i�2�b�i�2�/ �i�?�2�b�2 �K�2�i�?�Q�/�b �Q�M �i�?�2 �"�`���i�b�@�R�3 �/���i���b�2�i�- �r�?�B�+�?
�+�Q�M�i���B�M�b �Q�M�H�v �� �b�B�M�;�H�2 �j�. �J�_�A �b�+���M �T�2�` �T���i�B�2�M�i �`���i�?�2�` �i�?���M �� �i�B�K�2 �b�2�`�B�2�b�X �P�M �"�`���i�b�@�R�3�-
�b�m�`�p�B�p���H �T�`�2�/�B�+�i�B�Q�M �v�B�2�H�/�2�/ ���M ���l�* �Q�7 ���#�Q�m�i �y�X�8�8�- �B�H�H�m�b�i�`���i�B�M�; �i�?�2 �/�B�{�+�m�H�i�v �Q�7 ���T�T�H�v�B�M�;
�Q�m�` �i�B�K�2�@�b�2�`�B�2�b ���T�T�`�Q���+�? �i�Q �� �b�B�M�;�H�2�@�b�+���M �/���i���b�2�i�X
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�R�X�d�X�R�X�k�q�?�v �a�2�;�K�2�M�i���i�B�Q�M �_�2�b�2���`�+�? �J���i�i�2�`�b

���H�i�?�Q�m�;�? �b�2�;�K�2�M�i���i�B�Q�M �2�t�T�2�`�B�K�2�M�i�b �K���v �b�2�2�K �H�B�F�2 �� �/�2�i�Q�m�`�- �i�?�2�v ���`�2 ���+�i�m���H�H�v �F�2�v �i�Q
�i�?�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �H�2���`�M�B�M�; �+�?���H�H�2�M�;�2 �m�M�/�2�`�H�v�B�M�; �i�?�B�b �T�`�Q�D�2�+�i�X �h�?�2 �+�`�B�i�B�+���H �[�m�2�b�i�B�Q�M �B�b
�?�Q�r �#�2�b�i �i�Q �2�t�i�`���+�i �K�2���M�B�M�;�7�m�H �B�M�7�Q�`�K���i�B�Q�M �U�i�?�2 �H���i�2�M�i �b�T���+�2�V �7�`�Q�K �j�. �b�+���M�b �b�Q �i�?���i
�i�?�2�b�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M�b �+���M �/�`�B�p�2 �Q�m�i�+�Q�K�2 �T�`�2�/�B�+�i�B�Q�M�b�X �a�2�;�K�2�M�i���i�B�Q�M �K�2�i�?�Q�/�b�- �r�?�2�i�?�2�`
�l�@�L�2�i�- �a���J�- �Q�` �u�P�G�P�@�#���b�2�/ ���T�T�`�Q���+�?�2�b�- �?�2�H�T �B�b�Q�H���i�2 �K�2�/�B�+���H�H�v �`�2�H�2�p���M�i �b�i�`�m�+�i�m�`�2�b ���M�/
�T�`�Q�/�m�+�2 �+�Q�M�+�B�b�2�- �B�M�7�Q�`�K���i�B�Q�M�@�`�B�+�? �7�2���i�m�`�2�b�X �h�?�2�b�2 �H���i�2�M�i �`�2�T�`�2�b�2�M�i���i�B�Q�M�b �+���M �i�?�2�M �#�2 �7�2�/
�B�M�i�Q ���M �G�a�h�J �Q�` �h�`���M�b�7�Q�`�K�2�`�@�#���b�2�/ �K�Q�/�2�H �i�Q �K���F�2 �b�m�`�p�B�p���H �T�`�2�/�B�+�i�B�Q�M�b�X �6���` �7�`�Q�K �#�2�B�M�;
�2�t�i�`���M�2�Q�m�b�- �`�Q�#�m�b�i �b�2�;�K�2�M�i���i�B�Q�M �2�t�T�2�`�B�K�2�M�i�b �T���p�2 �i�?�2 �r���v �i�Q�r���`�/ �K�Q�`�2 �2�z�2�+�i�B�p�2 ���M�/
�b�i���#�H�2 �7�2���i�m�`�2 �2�t�i�`���+�i�B�Q�M�- �m�H�i�B�K���i�2�H�v �B�K�T�`�Q�p�B�M�; �T�`�2�/�B�+�i�B�p�2 �T�2�`�7�Q�`�K���M�+�2�X

�R�X�d�X�k�h�`���M�b�B�i�B�Q�M �i�Q �a�K���H�H �_�2���H�@�q�Q�`�H�/ �.���i���b�2�i�b

�q�?�B�H�2 ���r���B�i�B�M�; �i�?�2 �K���B�M �/���i���b�2�i�- �r�2 �+�Q�M�i�B�M�m�2�/ �i�Q �`�2�}�M�2 �b�2�;�K�2�M�i���i�B�Q�M �K�2�i�?�Q�/�b �Q�M �b�K���H�H�2�`�-
�`�2���H�@�r�Q�`�H�/ �/���i���b�2�i�b�X �q�2 ���M�i�B�+�B�T���i�2�/ �i�?���i �/�m�2 �i�Q �i�B�K�2 �+�Q�M�b�i�`���B�M�i�b�- �r�2 �r�Q�m�H�/ �#�2 ���#�H�2 �i�Q
�+�`�2���i�2 �K���b�F�b �7�Q�` �7�2�r�2�` �i�?���M �8�y �?�2���/ �*�h �B�K���;�2�b�X �h�?�m�b�- �B�i �#�2�+���K�2 �B�M�+�`�2���b�B�M�;�H�v �B�K�T�Q�`�i���M�i
�i�Q �b�2�H�2�+�i �i�?�2 �`�Q�#�m�b�i �b�2�;�K�2�M�i���i�B�Q�M �K�2�i�?�Q�/�- �b�Q �i�?���i �r�2 �+�Q�m�H�/ �i�`���B�M �Q�m�` �b�2�;�K�2�M�i���i�B�Q�M �K�Q�/�2�H
�Q�M �� �b�K���H�H �/���i���b�2�i ���M�/ �2�t�i�`���+�i �i�?�2 �H���i�2�M�i �`�2�T�`�2�b�2�M�i���i�B�Q�M�b �m�b�B�M�; �i�?�2 �K�Q�/�2�H�ö�b �2�M�+�Q�/�2�`�X

�R�X�d�X�k�X�R�1�t�T�H�Q�`�B�M�; �J�m�H�i�B�@�S�H���M���` �l�@�L�2�i ���M�/ �u�P�G�P

�Ç �J�m�H�i�B�@�S�H���M���` �l�L�2�i �U�J�S�l�V�, �q�2 �2�t�T�2�`�B�K�2�M�i�2�/ �r�B�i�? �J�S�l�- �r�?�B�+�? �2�t�+�2�H�b ���i �?���M�@
�/�H�B�M�; �b�K���H�H�- �+�Q�K�T�H�2�t �/���i���b�2�i�b�X ���/�/�B�M�; ���M ���i�i�2�M�i�B�Q�M �K�2�+�?���M�B�b�K �B�K�T�`�Q�p�2�/ �i�?�2 �.�B�+�2
�a�+�Q�`�2 �#�v ���#�Q�m�i �k�W�X

�Ç �u�P�G�P �1�t�T�2�`�B�K�2�M�i�b�, �q�2 ���H�b�Q �i�`�B�2�/ �u�P�G�P�@�#���b�2�/ �b�2�;�K�2�M�i���i�B�Q�M �Q�M �k�. �B�K���;�2�b�-
�B�M�B�i�B���H�H�v �7�Q�+�m�b�B�M�; �Q�M �i�?�2 �b�?�Q�`�i�@���t�B�b ���#�/�Q�K�B�M���H ���Q�`�i�� �B�M �S�P�*�l�a �U�S�Q�B�M�i�@�Q�7�@�*���`�2 �l�H�@
�i�`���b�Q�m�M�/�V �B�K���;�2�b�X �q�B�i�? �D�m�b�i �8�y�y �i�`���B�M�B�M�; �b���K�T�H�2�b�- �u�P�G�P�p�3 �r���b �b�m�`�T�`�B�b�B�M�;�H�v �`�Q�#�m�b�i�X
�1�p�2�M �r�?�2�M �i�`���B�M�2�/ �Q�M �Q�M�H�v �R�y�y �b���K�T�H�2�b�- �u�P�G�P �#�Q�m�M�/�B�M�; �#�Q�t�2�b�- �m�b�2�/ ���b �T�`�Q�K�T�i�b
�7�Q�` �i�?�2 �a�2�;�K�2�M�i ���M�v�i�?�B�M�; �J�Q�/�2�H �U�a���J�V�- �T�`�Q�/�m�+�2�/ �2�t�+�2�H�H�2�M�i �K���b�F�b���m�M�/�2�`�b�+�Q�`�B�M�;
�a���J�ö�b �b�i�`�Q�M�; �2�M�+�Q�/�2�` ���M�/ �B�i�b �T�Q�i�2�M�i�B���H ���b �� �p���H�m���#�H�2 �b�Q�m�`�+�2 �Q�7 �H���i�2�M�i �7�2���i�m�`�2�b �7�Q�`
�b�m�#�b�2�[�m�2�M�i �i���b�F�b�X

�R�X�d�X�k�X�k�P�T�2�M�@�a�Q�m�`�+�2 �J�2�/�B�+���H �A�K���;�B�M�; �h�Q�Q�H�b

�A�M �i�?�2 �T�`�Q�+�2�b�b �Q�7 �#�m�B�H�/�B�M�; �i�?�2�b�2 �b�2�;�K�2�M�i���i�B�Q�M �T�B�T�2�H�B�M�2�b�- �r�2 �2�M�+�Q�m�M�i�2�`�2�/ �i�r�Q �K���D�Q�` �Q�#�b�i���@
�+�H�2�b �7�Q�` �u�P�G�P �B�M �K�2�/�B�+���H �B�K���;�B�M�;�, �U�R�V �� �+�Q�K�T�H�2�t �i�`���B�M�B�M�; �/���i�� �b�i�`�m�+�i�m�`�2 ���M�/ �U�k�V �i�?�2 �H���+�F
�Q�7 �K�2�/�B�+���H�@�b�T�2�+�B�}�+ �T�`�2�i�`���B�M�2�/ �r�2�B�;�?�i�b�X �h�Q ���/�/�`�2�b�b �i�?�2�b�2�- �r�2 �Q�T�2�M�@�b�Q�m�`�+�2�/�,

�Ç �� �S�v�i�?�Q�M �T���+�F���;�2 �i�Q �b�B�K�T�H�B�7�v �i�`���B�M�B�M�; �k�. ���M�/ �j�. �K�2�/�B�+���H �B�K���;�2�b �m�b�B�M�; �u�P�G�P�X
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�Ç �ó�J�2�/�@�u�P�G�P�ô �T�`�2�i�`���B�M�2�/ �r�2�B�;�?�i�b�X

�Ç �� �*�P�*�P�@�b�i�v�H�2 �K�2�/�B�+���H �/���i���b�2�i �r�B�i�?� �k�y�y�-�y�y�y �k�. �*�h �b�+���M�b ���M�/� �9�X�8 �K�B�H�H�B�Q�M �b�2�;�@
�K�2�M�i���i�B�Q�M �K���b�F�b�X

�R�X�d�X�j�.�2�2�T �*�Q�M�b�+�B�Q�m�b�M�2�b�b �S�?���b�2

�P�M�+�2 �i�?�2 �K���B�M �+�Q�K�� �T���i�B�2�M�i �/���i���b�2�i ���`�`�B�p�2�/�- ���7�i�2�` �}�M���H�B�x�B�M�; ���H�H �:�.�S�_ ���M�/ �?�Q�b�i�B�M�; �`�2�@
�[�m�B�`�2�K�2�M�i�b�- �r�2 �H���m�M�+�?�2�/ �i�?�2�.�2�2�T �*�Q�M�b�+�B�Q�m�b�M�2�b�b�T�`�Q�D�2�+�i�- �b�T�H�B�i �B�M�i�Q �i�r�Q �b�i���;�2�b�,

�R�X�d�X�j�X�R�S�`�2�H�B�K�B�M���`�v ���b�b�2�b�b�K�2�M�i

�Ç �q�2 �m�b�2�/ �j�j�W �Q�7 �i�?�2 �T���i�B�2�M�i�b �r�?�Q ���H�`�2���/�v �?���/ �b�m�`�p�B�p���H �H���#�2�H�b ���p���B�H���#�H�2�X

�Ç �h�Q �+���T�i�m�`�2 �i�2�K�T�Q�`���H �2�z�2�+�i�b�- �r�2 �7�Q�+�m�b�2�/ �Q�M�H�v �Q�M �T���i�B�2�M�i�b �r�B�i�? �K�Q�`�2 �i�?���M �i�?�`�2�2 �*�h
�b�+���M�b�X

�Ç �q�2 �T�2�`�7�Q�`�K�2�/ �#�B���b ���M���H�v�b�B�b�- �p�2�`�B�7�v�B�M�; �i�?�2�`�2 �r���b �M�Q �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �b�m�`�p�B�p���H ���M�/
�i�?�2 �M�m�K�#�2�` �Q�7 �*�h �b�+���M�b�- ���M�/ �i�?�2�M �;�2�M�2�`���i�2�/ �#�`���B�M �K���b�F�b �m�b�B�M�;�h�Q�i���H�a�2�;�K�2�M�i���i�Q�`�X
�P�M�H�v �b�+���M�b �r�B�i�? �?�2���/ �p�Q�H�m�K�2�b �#�2�i�r�2�2�M �R�-�y�y�y ���M�/ �k�-�y�y�y �+�+ �r�2�`�2 �`�2�i���B�M�2�/�X

�Ç �h�?�2�b�2 �b�+���M�b �r�2�`�2 �`�2�;�B�b�i�2�`�2�/ �i�Q �i�?�2 �J�Q�M�i�`�2���H �L�2�m�`�Q�H�Q�;�B�+���H �A�M�b�i�B�i�m�i�2 �U�J�L�A�V �?�2���/ �*�h
�i�2�K�T�H���i�2�X �q�2 �i�?�2�M �2�K�T�H�Q�v�2�/ �a���J �J�1�.�@�j�. �i�Q �2�t�i�`���+�i �H���i�2�M�i �b�T���+�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M�b�X
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