Accessing critical care big data: a step by step approach
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Introduction

Since the publication of an introductory article in the
Fournal of Thoracic Disease and the Chinese version in
Fournal of Clinical and Pathological Research (1,2), I received
many letters inquiring about detailed steps in accessing
the multiparameter intelligent monitoring in intensive
care-2 (MIMIC-2) database. When I told them there were
very good instructions on the website that can guide you
accessing the whole database in a step-by-step approach,
most of them were still confusing on some technical details.
Probably, most of these readers are critical care clinicians
who are interested in researches by using this database but
they are lack of some basic knowledge of computer science.
Therefore, I write this step-by-step guidance on how to
access the MIMIC-2 clinical database, assuming that the
readers have no knowledge on virtual machine and database
management. In the manuscript, I used many figures to
illustrate the detailed steps in establishing virtual machine.
I hope that interested investigators can access this database
freely without cumbering by technical difficulties.

Getting access to MIMIC-2 clinical database

(I) Go to the website by clicking on “https://physionet.
org/pnw/login”. Create an account on this page, or
login if you have already registered and had an account.

(II) Scroll down to select “MIMIC II Clinical Database”.
Then you will see two items. If you are authorized users
you may enter directly. Otherwise you have to apply
for access. You will be directed to complete an on-
line training program. After completion of the on-line
training course, you will receive a certificate and access
to the clinical database. Many clinicians will have no

difficulty in this step because there is detailed step-by-
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step instruction on the website.

(II) Authorized users can enter a web page where you can
download the whole database to your own disc. On the
top of the webpage, there is a general introduction to
the database and two references are provided to cite for
authors whose work is based on the database (Figure I).

Obtaining database to your own computer

Q) There are several means to get the clinical database to your
computer disc. I would like to use the virtual machine
to download it. I have succeeded in obtaining the whole
database in both OS X and Windows hosts. I use the
software Oracle VM Virtualbox which can be downloaded
from https://www.virtualbox.org/wiki/Downloads.
Download the appropriate version of Virtualbox
(select from OS X, Windows, Linux and Solaris hosts
according to your computer operating system).

(II)  There is a link to download the file “MIMIC2_
VM_vl-diskl.vindk”. This is the MIMIC II Virtual
Machine Encrypted Hard Disk file that is compressed
to 4 GiB, and can be expanded to 80 GiB. It takes
hours to days to download this file, depending on the
transmission rate of your internet.

(III) Launch the VM Virtualbox manager and start a
new machine. The name of the new machine can
be anything you like and here I name it “MIMIC2”.
Choose the type to be Linux and leave the version to
be Ubuntu (64 bit may be mandatory since when I used
32 bit in Windows system, the virtual machine cannot
be opened) as default. Then click the “next” button.

(IV)  Set the size of the memory and the default is 512 M.
Then click the “next” button.

(V)  Choose the disc file “MIMIC2_VM_v1-diskl.vindk”
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MIMIC II CLINICAL DATABASE

The current version of the MIMIC 1l Clinical Database is 2.6 (April 2011; 32,536 subjects). The subjects are identified by 5-digit numbers (00001

through 32,809; a few numbers within this range are currently unassigned).

This database is described in

M. Saeed, M. Villarroel, A.T. Reisner, G. Clifford, L. Lehman, G.B. Moody, T. Heldt, T.H. Kyaw, B.E. Moody, R.G. Mark. Multiparameter
intelligent monitoring in intensive care 1l (MIMIC-1I). A public-access ICU database . Critical Care Medicine 39(5):952-960 (2011 May); doi:

10.1097/CCM.0b013e31820a92c6

Please cite this ication when

ing this material, and also include the standard citation for PhysioNet:

Goldberger AL, Amaral LAN, Glass L, Hausdorff JM, Ivanov PCh, Mark RG, Mietus JE, Moody GB, Peng C-K, Stanley HE. PhysioBank,
PhysioToolkit, and PhysioNet: Components of a New Research Resource for Complex Physiologic Signals. Circuiation 101(23):6215-220
[Circulation Electronic Pages; http://circ.ahajournals. org/cgi/content/full/101/23/e215 ], 2000 (June 13).

‘You may download the database from this page, or you may explore it online (see MIMIC |l Explorer below). The flat files should be compatible with PostgreSQL

version 8.4.8 or later.

Figure 1 A general introduction to the multiparameter intelligent monitoring in intensive care-2 (MIMIC-2) clinical database.

from directory where you have saved it. Then click the
“create” button. The virtual machine is then created.
The instruction from the website states the use of
MIMIC2_VM_vl.ovf file to start the virtual machine.
However, I found the MIMIC2_VM_vl.ovf file was
not downloadable and it could not be opened with
Oracle VM Virtualbox. By clicking on the downloading
link to MIMIC2_VM_vl.ovf, the internet explorer
opened a new page with overwhelming computer code.
It doesn’t matter. We choose to use the MIMIC2_VM_
v1-diskl.vimdk file.

(VI) By returning to the starting interface of Oracle VM
Virtualbox, you will see on the leftmost column where
there appears to be a new icon named “MIMIC2”. It is
the virtual machine that we have just created (Figure 2).
Enter it by double click this icon.

(VII) When prompted for the encryption password,
enter the password: 2CIMIM_2v6. The password is
case-sensitive (Figure 3).

(VIII) Login and change the mimic2 user password
(please note that the encryption password will not
be changed). Use the following credentials for the
mimic2 user login:

(i) Username: mimic2;

(ii) Password: 2CIMIM_2v6.

Downloading and unpacking the data

The whole process can be found in the website at https://
physionet.org/works/MIMICIIClinicalDatabase/files/
virtual_machines/ MIMIC2 _VM_README.txt. I
repeated them here to keep the whole process complete.
Furthermore, I illustrate each key step with figures to help

© Journal of Thoracic Disease. All rights reserved.

better understanding for clinicians.

Login into the virtual machine with above username and
password. You will see the desktop of the Ubuntu operating
system. Open a terminal (click black screen icon on top left
of the VM desktop, Figure 4). Type the following command
(Figure 5):

/get_mimic_data.sh —c

Note: this command enables you to connect to
PhysioNetWorks using your user name (your registered
PhysioNetWorks email address) and password. The entire
download process should take a few minutes on a 100 MBps
network connection. After completion, the MIMIC II User’s
Guide and additional documentation will be automatically
installed and you can find them on the desktop.

Installing the database

After the flat files have been downloaded and unpacked in
previous steps, you can then proceed to import them into the
PostgreSQL database. The downloaded file was stored in the
temporary folder. You’d better not to shut down VM between
last step and this one. Open a terminal and go to where the
flat-file is saved by using cd:

cd /tmp/MIMIC2-Importer-2.6/

Run the importer by entering the following two
commands:

sudo./prep.sh

J/import.sh

Note: the process takes a long time due to the large
file size. Depending on the memory (and disk, and CPU)
available in your virtual machine, unpacking and loading
each batch of ~1,000 subjects may require between
20 minutes and several hours. This process should not be
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Please choose a descriptive name for the new virtual machine
and select the type of operating system you intend to install
on it. The name you choose will be used throughout
VirtualBox to identify this machine.

Name: MIMIC

Type: | Linux

VersionAf Ubuntu (64 bit)

The|type and version should be correctly designated

Hide Description Go Back Continue Cancel

| Hard drive

If you wish you can add a virtual hard drive to the new
machine. You can either create a new hard drive file or select
one from the list or from another location using the folder
icon.

If you need a more complex storage set-up you can skip this
step and make the changes to the machine settings once the
machine is created.

The recommended size of the hard drive is 8.00 GB.

Do not add a virtual hard drive
Create a virtual hard drive now
(e) Use an existing virtual hard drive file

©2MIMIC2_VM_v1-disk1.vmdk (Normal, Inacces 3

Mount the 4 Gib file you have just downloaded

Go Back Create Cancel
©06 Oracle VM VirtualBox Manager H
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MIMIC2
Operating System: Ubuntu (64 bit)
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Base Memory: 512 MB MIMIC2
Boot Order:  Floppy, CD/DVD, Hard Disk
Acceleration:  VT-x/AMD-V, Nested Paging
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Video Memory: 12 M8

Remote Desktop Server: Disabled

Video Capture: Disabled
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Controller: IDE
IDE Secondary Master: [CD/DVD] 53}
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Figure 2 Setup of a virtual machine. MIMIC-2, multiparameter

intelligent monitoring in intensive care-2.

ubuntu®

Figure 3 Launching the Ubuntu operating system with password.

interrupted until it is finished. Take a cup of coffee during
the process, but do not close or shut down the virtual
machine until the process is completed.

After confirming the completion of installation, delete
the /tmp/MIMIC2-Importer-2.6/ directory by typing:

cd

rm -rf /tmp/MIMIC2-Importer-2.6/
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43 Applications Places System ‘@ ]

' Open the terminal here

sgl_examples

Figure 4 The black screen icon on top left of the VM desktop.

sql_examples
2060 mimic2@mimic2: ~
File Edit View Terminal Help
mimic2@mimic2:~s [

Figure 5 After opening the terminal, this window will pop up

where we can type command.

@& Finder Xff i & HifE WO BB

Places System ‘B)@ [~]
1.',, Accessories -
£ Games .
,: Graphics
’ Internet
m Office
™. sound & Video >

’5'] Ubuntu Software Center

UserGuide.pdf

abg_oxygenation.

Figure 6 Open the pgAdmin III as illustrated in this figure.

Logging into the database using pgadmin

The PostgreSQL database in the VM doesn’t use password
authentication, it uses identity authentication. To open
the pgAdmin III, use the following path (Figure 6):
applications- > programming- > pgAdmin III. When
you open pgAdmin III, click the plug icon on the left
most of the toolbar and open the window for new server

www.jthoracdis.com
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Figure 7 New server registration. The Host should be blank. The
Username should be “mimic2”. The “Maintenance DB” should be
“MIMIC2”. MIMIC-2, multiparameter intelligent monitoring in

intensive care-2.

2060 pgAdmin il

Properties statistics Dependencies Dependents

‘mimic (local: s.P , Value
S © Databases (2) Description mimic
= O mmMic2 Hostname Click here to st4#¢8QL data extraction
% ® Catalogs (2) port
P Maintenance database MIMIC2
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- e;“"“u“s Store password? Yes
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&> FTS Configura|
lll FTs Dictionar{
@ FTS Parsers ((
FTS Templatef
® Functions (0)
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Views (0)
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Retrieving Schema details... Done. [0.05 secs

Figure 8 Structure of the MIMIC local server. Expand the schema
and you will find there are 38 relational tables in the database, which
exactly matches what we can see in the query builder explorer.

MIMIC-2, multiparameter intelligent monitoring in intensive care-2.

registration. The Host should be blank. The Username
should be “mimic2”. The “Maintenance DB” should be
“MIMIC2” (Figure 7).

After registration, you can find the server in the object
browser on the left. Expand the schema and you will find
there are 38 relational tables in the database (Figure §).
That exactly matches what we can see in the query builder
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® © ® Query - MIMIC2 on local socket *

F tC rites Macros View

HHFSH A AR @ " A ® R, Ba o L7

SQL Editor | Graphical Query Builder

select * from mimic2v26.d ioitems
where itemid=123

The SQL used to extract data. Note that there is a prefix
“mimic2v26” before table name. This is an important different

from that in Query builder explorer.

Data Output = Explain Messages History

123 OR Colloid OR Intake
If the language is correct, the result will be shown here.

otherwise, error message will appear in the output pane.

[ Query - MIMIC2 on loca...

Figure 9 The query language is input at the upper panel and the
lower panel displays the result of the query. Make sure that the

SQL is exactly correct.

© Export data to file

Row separator Encoding
@®LF Local charset
CRILF @ Unicode UTF-8
Quoting
Column separator :
[j no quoting

@ only strings

Quote char |j
o

Column names all columns

Filename |/home/mimic2/my trial \ i

.

Figure 10 Export data to file. Specify the directory you want to

save your data.

explorer. By clicking on the SQL icon in the toolbar at the
top of the window, the interface where you can extract data
with SQL is opened. The query language is input at the
upper panel and the lower panel displays the result of the
query (Figure 9). When you are satisfied with what you have
extracted, you can export the file to the virtual machine.
Select a pathway to save your data (Figure 10). The exported
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file can be sent by email and then saved to your computer
for further statistical analysis.
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