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Abstract

Flow charts can be used in human, animal and in vitro studies, as well as systematic reviews, to illustrate attrition or loss
of observation. Flow charts provide a visual overview of the study design, and detailed information about the number of
included and excluded observations at each stage of the experiment or study, as well as reasons for exclusion. This
information is essential to evaluate the risk of bias, and also helps other investigators to estimate the resources that
would be needed to perform similar studies. Despite these advantages, few studies have flow charts. Some templates for
designing flow charts are available (e.g. CONSORT template for clinical trials, PRISMA template for systematic
reviews), however these templates are designed for specific study designs.

Output: This protocol allows readers to efficiently design a flow chart for their study. The protocol is designed to work for
many different study designs.

Expertise: Scientists using this protocol will need software for making flow charts, detailed knowledge of their study
design and detailed study documentation (see last sentence of materials, below).

Materials: Scientists will need a software program that they are comfortable with, which allows them to design flow
charts (e.g. Power Point, LucidChart). A calculator is helpful to confirm that the numbers in the flow chart add up. If the
study is in progress or has been completed, scientists will need data on the number of included and excluded
observations at each complete stage of the study to include in the flow chart. This information can be added later for
studies that are in progress. Other specific expertise is not required.

Image Attribution

The thumbnail flowchart was created by Natascha Drude

Guidelines

This is designed to be a general protocol that will work for many types of study designs. Outlining your flow chart on paper
to establish the structure before adding details in the software program can save you time.

Users who are conducting clinical trials may wish to consult the template in the CONSORT guidelines. Users who are
conducting systematic reviews or meta-analyses may wish to use the template in the PRIMSA guidelines instead.

Materials

Software for designing flow charts (e.g. power point, LucidChart, etc.)
= Tip: Outline your flowchart on paper first to set the structure, then fill in details using the software. This saves time.

Calculator (to confirm that numbers add up)
Detailed knowledge of study design

If the study is in progress or completed, users will need data for the number of included and excluded observations at
each completed stage of the experiment, and the reasons for exclusion.
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Safety warnings

©® None
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Choose the scenario that best fits your study design

1 Which scenario describes your study?

Scenario 1: Many steps (screening/selection, preparation, experimental) and one group.
Common examples of this scenario include systematic reviews or meta-analyses and
epidemiological cohort studies.

Go to Step 2 and follow the instructions for Scenario 1 (steps 2-11)

Step 1

\’ > Exclude

Step 2

$ >  Exclude

Step 3

OR

Scenario 2: Many groups. Many study types use this scenario. Common examples include
randomized controlled trials and animal studies.

Skip to Step 12 and follow the instructions for Scenario 2 (steps 12 - 20)
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Stage 1 Cohort > Exclide

/ \
Stage 2 | Group 1 Group 2

v > Exclude 7 > Exclude
Stage 3 | Group 1 Group 2

OR

Stage1 | Group 1 Group 2

] ”| Exclude v > Exclude
Stage 2 | Group 1 Group 2

Scenario 1: Design a flow chart for a study with many steps and one group

2 Define the stages of your study: On the left side of the page, label the stages in your study (e.g.
screening, randomization, etc.)

Tips

= The stage name should be specific — clearly specify what happened. You may want to add a
short description below the stage name.

= Remember to include the screening phase, where participants, samples, or animals are
evaluated for eligibility

= If you are doing in vitro work with samples derived from human participants or animals, your
flow chart should start with the donors

= [f the timing or duration of the “Stage” is important, state this below the stage label.
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Example 1 - clinical study

Flow chart was modified from
DOI: 10.1053/j.ajkd.2016.07.034

Example 2: Literature survey

Journal Screening — Original Research

Journal Screening — Time Period

Article Screening

Included Articles

3 Draw a box around each phase. Use the stage name as the box title. Below each stage name,
briefly specify the inclusion criteria.
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Tips
= One box per stage
= Boxes should appear in one column, so that readers can easily track participant, sample or
animal flow by scanning down the page.

= Leave extra space to the right of each group for exclusions boxes - you'll add these in Step
3.

Advanced skills: Boxes in flow charts typically represent groups. If you have a box that
represents a step (e.g. randomization) that all groups complete, try using a diamond shaped
box to denote the step, instead of the rectangular boxes used to denote groups.

Example 1 — clinical study

Flow chart was modified from
DOI: 10.1053/j.ajkd.2016.07.034
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Example 2: Literature survey

Journal Screening — Original Research
Top journals that publish original research according to
2019 impact factor

Journal Screening — Time Period
Journal published a March 2020 issue

Article Screening
All articles published in a March 2020 issue of the 20
selected journals per field

Included Articles
Original research articles published in a March 2020 issue

4 State the number of included observations in each box (n = x)

Tips
» Clearly describe what x represents. Be specific. Replace vague terms like “animals” or
“participants” with more specific terms like “Sprague Dawley rats”, “brain slices from Bl6
mice”, or “healthy men and women”.
» Don't use the term “patients”. This term can refer to humans in clinical studies, or animals
in veterinary studies.
= Don't forget to include a sample size in the first box.
» Specify sex or gender: After showing the total sample size, consider presenting a
breakdown by sex or gender. Example: n = 12 Sprague Dawley rats (6 M, 6 F).
= If your experimental unit differs from the number of participants, samples, or animals
assessed, specify this. Instead of “(n = x)", write (N = x experimental units, n = x individuals).
Replace the words “experimental unit” and “individual” with specific terms for your
study.
Example 1: Cages of mice were randomized to a treatment or placebo. Describe your
sample size as “(N = 5 cages, n = 10 mice).”
Example 2: Doctor’s offices were randomized to treatment or placebo. All patients within
the practice were assigned to the same group. Describe your sample size as “(N = 10 practices,
n = 5,623 patients).”
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Example 3: 3-5 brain slices were selected from each mouse. Describe your sample size
as “(N = 10 mice, n = 43 brain slices).”
« [f your observational or experimental unit changes at different phases of your study, clearly
note this.
Example: You start by harvesting cells from human participants. You then conduct
studies on cultured cells. At the sample collection phase, your units may be “n = 5 patients”. At
later phases, your units may be “n = 5 6-well plates.”

Example 1 - clinical study

Women with live or stillbirth from 1976 to 2010
sent fo US Renal Data System

‘ Potential end-stage renal disease cases ‘

‘ End-stage renal disease cases ‘

Flow chart was modified from
DOI: 10.1053/j.ajkd.2016.07.034

9/29



€3} protocols.io Partof SPRINGERNATURE

Example 2: Literature survey

Journal Screening — Original Research
Top journals that publish original research according to
2019 impact factor

Neuroscience: n = 30 journals
Biology: n = 26 journals
Psychiatry: n = 20 journals

Journal Screening — Time Period
Journal published a March 2020 issue

Neuroscience: n = 20 journals
Biology: n = 20 journals
Psychiatry: n = 20 journals

Article Screening
All articles published in a March 2020 issue of the 20
selected journals per field

Neuroscience: n = 357 articles from 17 journals *
Biology: n = 613 articles from 13 journals
Psychiatry: n = 348 articles from 18 journals *

All articles from 1 journal were excluded
* Four journals were listed in both neuroscience and
psychiatry

Included Articles
Original research articles published in a March 2020 issue

Neuroscience: n = 224 articles **

Biology: n =431 articles

Psychiatry: n = 160 articles **

** 53 articles were included in both neuroscience and
biology, as they were published in journals listed in both
fields

5 Add and label exclusion boxes

Tips

Exclusion boxes go to the right of each group. Place all exclusions boxes in one column.
Make exclusion boxes visually distinct from included boxes (e.g. different color or boxes
with dashed line borders)

Exclusions often happen during a phase, rather than at the start, so the exclusions boxes
are often placed below the main box for the group at that phase.

You can used dashed lines or a different color box outline to distinguish “excluded” boxes
from “included” boxes.

Add a title to each exclusion box: Write “Excluded (n = x)" at the top of each exclusions box.
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Example 1 - clinical study

Women with live or stillbirth from 1976to 2010
sent to US Renal Data System
(n=34,581)

Patential end-stage renal disease cases
(n=48)

End-stage renal disease cases
(n=43)

Flow chart was modified from
DOI: 10.1053/j.ajkd.2016.07.034

Example 2: Literature survey

Journal Screening — Original Research
Top journals that publish original research according to
2019 impact factor

Neuroscience: n = 30 journals
Biology: n = 26 journals
Psychiatry: n = 20 journals

Excluded - Journal does not publish original
research

Journal Screening — Time Period
Journal published a March 2020 issue

Neuroscience: n = 20 journals

Blologyeinis 20 jouinals Excluded - Journal did not publish a March 2020
Psychiatry: n = 20 journals i

Article Screening
Al articles published in a March 2020 issue of the 20
selected journals per field

Excluded - Feasibility
Neuroscience: n = 357 articles from 17 journals *
Biology: n = 613 articles from 13 journals
Psychiatry: n = 348 articles from 18 journals *

All articles from 1 journal were excluded
* Four journals were listed in both neuroscience and

psychiatry

Excluded - Not full length original research

Included Articles
Original research articles published in a March 2020 issue

Neuroscience: n = 224 articles **

Biology: n = 431 articles

Psychiatry: n = 160 articles **

** 53 articles were included in both neuroscience and
biology, as they were published in journals listed in both
fields
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6

Add numbers and reasons for exclusions: Below the “Excluded” title, list all reasons for
exclusion. Next to each reason, list the number of excluded observations during that phase.
Example: “Lost to follow-up: n = 2", “Not enough sample collected: n = 1”. This information will
help readers to determine which exclusions may be a source of bias, and which are unlikely to
contribute to bias.

» Be specific about your reasons for exclusion. Replace vague terms like “technical failure”
with specific explanations like “FACS machine not working: n = 2 plasma samples”.

» Avoid grouping participants into broad categories when more specific information is
available. For example, instead of stating “Withdrew: n = 10", specify “Withdrew due to side
effects: n = 3”, “Withdrew due to time commitment: n = 5", “Withdrew for unknown reasons:
n = 2.” Caution: This may not be possible for large studies, however you should avoid
grouping reasons for exclusion that are a potential source of bias with those that are not.

» Specify sex or gender: After showing the total sample size, consider presenting a

breakdown by sex or gender. Example: n = 12 Sprague Dawley rats (6 M, 6 F).

Example 1 - clinical study

Women with live or stillbirth from 1976 to 2010
sent to US Renal Data System
(n=34,581)

Patential end-stage renal disease cases
(n=48)

Excluded (n=5)

End-stage renal disease cases
(n=43)

Flow chart was modified from
DOI: 10.1053/j.ajkd.2016.07.034
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Journal Screening — Original Research
Top journals that publish original research according to
2019 impact factor

Neuroscience: n = 30 journals
Biology: n = 26 journals
Psychiatry: n = 20 journals

Example 2: Literature survey

Journal Screening — Time Period
Journal published a March 2020 issue

Neuroscience: n = 20 journals
Biology: n = 20 journals
Psychiatry: n = 20 journals

Excluded - Journal does not publish original
research

Neuroscience: n =10
Biology: n=6
Psychiatry: n=0

Article Screening
All articles published in a March 2020 issue of the 20
selected journals per field

Neuroscience: n = 357 articles from 17 journals *
Biology: n = 613 articles from 13 journals
Psychiatry: n = 348 articles from 18 journals *

All articles from 1 journal were excluded
* Four journals were listed in both neuroscience and
psychiatry

Excluded - Journal did not publish a March 2020
issue

Neuroscience: n =3
Biology: n=2
Psychiatry: n=1

Excluded - Feasibility

Biology: n=5

Biology journals published many more articles than
neuroscience and psychiatry journals. The 5 biology journals
with the lowest impact factors were excluded to ensure that it
was feasible to abstract data from the remaining journals.

Included Articles
Original research articles published in a March 2020 issue

Excluded - Not full length original research

Neuroscience: n= 133
Biology: n = 182

Psychiatry: n= 188

Neuroscience: n = 224 articles **

Biology: n = 431 articles

Psychiatry: n = 160 articles **

** 53 articles were included in both neuroscience and
biology, as they were published in journals listed in both
fields

7 Draw arrows
» Connect boxes showing included observations with arrows pointing down. This shows
readers how participants, samples or animals flow through the stages of the experiment.
« Draw arrows for each exclusion box. Exclusion arrows should start on the “Inclusion” line,
and point towards the excluded box to show that these observations are leaving the study.
These arrows may be dashed or a different color to distinguish them from arrows tracking
the flow of included observations (chose a format that matches the exclusion boxes).
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8

Example 1 - clinical study

Women with live or stillbirth from 1976to 2010
sent to US Renal Data System
(n=34,581)

Patential end-stage renal disease cases
‘ (n=48) ‘ Excluded (n=5)
| End-stage renal disease prior to
5 any pregnancy (n=3)
l- End-stage renal disease during any
‘ pregnancy (n=2)

‘ End-stage renal disease cases

(n=43
Flow chart was modified from
DOI: 10.1053/j.ajkd.2016.07.034
Journal Screening — Original Research Example 2: Literature survey
Top journals that publish original research according to
2019 impact factor
Neuroscience: n = 30 journals
Biology: n = 26 journals
Bsychiateysn's 20 jourals Excluded - Journal does not publish original
= research
_V = = Neurosci n=10
Journal Screening — Time Period Biology: n =6
Journal published a March 2020 issue Psychiatry: n =0

Neuroscience: n = 20 journals

Blology- s 20 /o ials Excluded - Journal did not publish a March 2020
Psychiatry: n = 20 journals iaste

v

Neuroscience: n =3
A4 Biology: n =2
Article Screening Bsychistniiad
All articles published in a March 2020 issue of the 20
selected journals per field

Excluded - Feasibility
Neuroscience: n = 357 articles from 17 journals *

Biology: n = 613 articles from 13 journals == B.[°|°9Y‘: n=>5 . ;
Psychiatry: n = 348 articles from 18 journals * Biology journals published many more articles than

Al articles from 1 journal were excluded neuroscience and psychiatry journals. The 5 biology journals
* Four journals were listed in both neuroscience and with the lowest impact factors were excluded to ensure that it
psychiatry was feasible to abstract data from the remaining journals.

A > Excluded - Not full length original research
Included Articles Neuroscience: n = 133
Original research articles published in a March 2020 issue Biology: n = 182
Psychiatry: n =188

Neuroscience: n = 224 articles **

Biology: n = 431 articles

Psychiatry: n = 160 articles **

** 53 articles were included in both neuroscience and
biology, as they were published in journals listed in both
fields

Make sure all the numbers add up: Check the data in each box to make sure that you've
accounted for all observations.
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Example 1 - clinical study

Women with live or stillbirth from 1976 to 2010
sent to US Renal Data System
(n=34,581)

Patential end-stage renal disease cases
‘ (n=48) ‘ Excluded (n=5)
| End-stage renal disease prior to
any pregnancy (n=3)
.J, End-stage renal disease during any
pregnancy (n=2)

‘ End-stage renal disease cases ‘

(n=43
Flow chart was modified from
DOI: 10.1053/j.ajkd.2016.07.034
Journal Screening — Original Research Example 2: Literature Sur"e.‘l
Top journals that publish original research according to
2019 impact factor
Neuroscience: n = 30 journals
Biology: n = 26 journals
Psychiatry: n = 20 journals Excluded - Journal does not publish original
> research
_V 5 = Neurosci n=10
Journal Screening — Time Period Biology: n =6
Journal published a March 2020 issue Psychiatry: n =0

Neuroscience: n = 20 journals

Blology:ni= 20 [o fnals Excluded - Journal did not publish a March 2020
Psychiatry: n = 20 journals iala

v

Neuroscience: n =3
v Biology: n =2
Psychiatry: n=1

Article Screening
All articles published in a March 2020 issue of the 20
selected journals per field

Excluded - Feasibility
Neuroscience: n = 357 articles from 17 journals *

Biology: n = 613 articles from 13 journals = B_IOIOQVF n=5 ) .
Psychiatry: n = 348 articles from 18 journals * Biology journals published many more articles than

All articles from 1 journal were excluded neuroscience and psychiatry journals. The 5 biology journals
* Four journals were listed in both neuroscience and with the lowest impact factors were excluded to ensure that it
psychiatry was feasible to abstract data from the remaining journals.

v > Excluded - Not full length original research
Included Articles Neuroscience: n = 133
Original research articles published in a March 2020 issue Biology: n = 182
Psychiatry: n =188

Neuroscience: n = 224 articles **

Biology: n = 431 articles

Psychiatry: n = 160 articles **

** 53 articles were included in both neuroscience and
biology, as they were published in journals listed in both
fields.

9 Prepare a legend
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9.1

9.2

Write a title (e.g. Study flow chart). If your paper includes more than one study and flow chart,
you may need a more specific title.

Write a legend

1. Start with a general explanation
Examples:

i.This flow chart illustrates the selection of papers for this cohort study.

ii. This flow chart illustrates the selection of samples for this in vitro study.
2. If needed, provide detailed explanation for things that wouldn't fit on the flow chart.
3. Define all abbreviations. Note: There are tradeoffs to using abbreviations. Abbreviations
shorten the text inside boxes, but make it challenging for readers to interpret the flow chart.
The same abbreviation can mean very different things in different fields. Eye movements back
and forth between the figure and legend are time consuming and frustrate readers, especially
for large figures with many abbreviations or figures where the legend is placed on a different
page. Consider these tradeoffs when deciding whether to use abbreviations and how many
abbreviations to use. Abbreviations should generally be used sparingly for small flow charts,
but may be necessary for large, complex flow charts.

Example 1 - clinical study

Women with live or stillbirth from 1976 to 2010
sent to US Renal Data System
(n=34,581)

Patential end-stage renal disease cases
‘ (n=48) ‘ Excluded (n=5)
| End-stage renal disease prior to
any pregnancy (n=3)
i, End-stage renal disease during any
pregnancy (n=2)

End-stage renal disease cases
(n=43)

Flow chart was modified from
DOI: 10.1053/j.ajkd.2016.07.034

Figure 1: Identification of women with end stage renal disease through records linkage
Medical records from the Rochester Epidemiology Project were linked with records from
the United States Renal Data System to identify women who had end stage renal disease.
Pregnancy records from the Rochester Epidemiology Project were then reviewed to
determine whether women developed end stage renal disease prior to, during or after
pregnancy.

Abbreviations: US, United States
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10

11

1.1

Journal Screening — Original Research
Top journals that publish original research according to
2019 impact factor

Neuroscience: n = 30 journals
Biology: n = 26 journals
Psychiatry: n = 20 journals

v

Example 2: Literature survey

4

Excluded - Journal does not publish original
research

Journal Screening — Time Period
Journal published a March 2020 issue

Neuroscience: n = 20 journals
Biology: n = 20 journals
Psychiatry: n = 20 journals

Neurosci n=10
Biology: n=6
Psychiatry: n =0

v

Article Screening
All articles published in a March 2020 issue of the 20
selected journals per field

Neuroscience: n = 357 articles from 17 journals *

v

Excluded - Journal did not publish a March 2020
issue

Neuroscience: n =3
Biology: n=2
Psychiatry: n=1

Biology: n = 613 articles from 13 journals
Psychiatry: n = 348 articles from 18 journals *

All articles from 1 journal were excluded
* Four journals were listed in both neuroscience and
psychiatry

A 4

v

Excluded - Feasibility

Biology: n=5

Biology journals published many more articles than
neuroscience and psychiatry journals. The 5 biology journals
with the lowest impact factors were excluded to ensure that it
was feasible to abstract data from the remaining journals.

v

Included Articles
Original research articles published in a March 2020 issue

Neuroscience: n = 224 articles **

Biology: n = 431 articles

Psychiatry: n = 160 articles **

** 53 articles were included in both neuroscience and
biology, as they were published in journals listed in both
fields

Figure X: Study flow chart

This flow chart illustrates the screening and selection process for journals and paper
included in this meta-research study. Three different fields were examined to increase
generalizability (neuroscience, biology, and psychiatry). Four journals were listed in both
neuroscience and psychiatry, resulting in 53 articles being included in both samples.

Review your work

= Can someone who doesn't know about your study easily follow what you did?

Excluded - Not full length original research

Neuroscience: n = 133
Biology: n = 182
Psychiatry: n =188

= Does anything require additional explanation?
= |s the structure clear and easy to follow?

Ask others for feedback

Advanced techniques: These techniques may be required depending on your study design.

Scenario 1: Add new observations after the first stage of the study

1. Add boxes to the left of the group to indicate places where observations were added.
2. Use rightward pointing arrows to connect the “Additional observations” box to the
downward arrows illustrating the flow of participants through study stages.

3. Title the box “Additional observations (n = x units)”

4. Specify the source of these new observations, or why they were added, below the title. If
different observations were added for different reasons, specify each reason and the
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11.2

11.3

number of observations added for that reason.

Scenario 2: You planned to make some measurements in a subset of participants, samples, or
animals
1. In the stages where these measurements are performed, list each measurement as a bullet
point and specify the number of participants, samples or animals in which that
measurement was completed. Place an asterisk next to each measurement that you
planned to perform in a subgroup.
2. In the figure legend:
= Note that you planned to perform this measurement in a subgroup of participants, samples
or animals.
= Explain why you planned to do this
= Explain how you selected participants, samples or animals in which to perform the
measurement.

Example: When designing the study, we planned to perform measurement 30 out of 60
randomly selected samples. This measurement is expensive and we did not have sufficient
funding to analyze all samples.

Rationale: When assessing the risk of bias, it is important to differentiate between situations
were you planned to perform measurements in a subset of participants, animals or samples,
and situations where this decision was made after the study began or due to excluded
samples.

Scenario 3: In vitro or other studies where...
» The unit of observation changes at almost every stage of the study
= Samples are evaluated at the end of each phase to identify those the meet the criteria to
progress to the next phase

The flowchart below shows an example for this type of study.

Tips

= For in vitro studies that use donor material (e.g. samples from animals or mice), the flow
chart should start with screening and selection of the donors; then proceed through sample
processing

= Show your timeline

= Specify what n represents at different stages. Distinguish between experimental and
observational units.

» State essential details (cell passage, etc.)

= If your study includes multiple experiments, you may need separate flow charts for each
experiments
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Example 2 —in vitro study

Stimulate with extracellular matrix molecules

ﬁauniu = X)
D‘” 96»«-;:1 l—MnDho\ng
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v
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3’;’5 Mangst (0 =x _gypansion
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e i =
& o agitation

embryoids) Flow chart created by Natascha Drude

Scenario 2: Design a flow chart for a study with many groups

12  Define the stages of your study: On the left side of the page, label the stages in your study (e.g.
screening, randomization, drug application etc.)

Tips
= The stage name should be specific — clearly specify what happened.
= Remember to include the screening phase, where participants, samples, or animals are
evaluated for eligibility
= If you are doing in vitro work with samples derived from human participants or animals, your
flow chart should start with the donors If the timing or duration of the “Stage” is important,

state this below the stage label.
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Example1-
Animal study

13 Draw boxes to illustrate the group structure at each phase of the experiment

Tips
= One box per group per stage
= Boxes for a single group should appear in one column, so that readers can easily track
participant, sample or animal flow in that group by scanning down the page. The first four
rows of the example flow chart below illustrate how to align your boxes if a group is divided
into multiple groups in later phases of the study.
= Leave extra space to the right of each group for exclusions boxes - you'll add these in Step
3.
» The number of boxes (groups) may change across stages.
Example: If you screen patients, enroll them in the study, and then randomize them to two
groups, you may have one box (group) for screening and enrollment, but two boxes (groups) for
randomization and subsequent phases.

Advanced skills: Boxes in flow charts typically represent groups. If you have a box that

represents a step (e.g. randomization) that all groups pass through, try using a diamond
shaped box to denote the step, instead of the rectangular boxes used to denote groups.
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14

Example1- Receive animals from

housing and care facility

Animal study

Acclimatization Phase
a:7days

Experimental Phase
Tdays

s
intraperitoneal injections

sdas

Sacrifice

Sample Processing

Data Acquisition
& Analysis

g
R
i

Label group boxes: Title each box with the group name, followed by “(n = x)”. Replace x with the
number of patients, samples or animals included in that group at that phase of the study. If
your group name doesn't clearly describe your unit of observation, describe your unit of
observation after “(n = x)” (example: n = x Sprague Dawley rats).

Tips

Don't forget to label the first box and include the sample size. If your first stage is about
screening and observations haven't been assigned to groups yet, the group name should
specify the population studied (e.g. “Bl6 mice (n = 50)", “healthy pregnant women, <12
weeks gestation (n = 79)".

Group names should clearly specify what was done to the group, or inclusion criteria for
the group. Avoid vague names like “Group 1", “Control group”, “Case group” or “Treatment
group.”

The “units” should clearly specify what was observed. Replace vague terms like “animals”
or “participants” with more specific terms like “Sprague Dawley rats”, “brain slices from BI6
mice”, or “healthy men and women”.

Don't use the term “patients”. This term can refer to humans in clinical studies, or animals in
veterinary studies.

Specify sex or gender: After showing the total sample size, consider presenting a
breakdown by sex or gender. Example: n = 12 Sprague Dawley rats (6 M, 6 F).

Avoid abbreviations when possible. They make the flow chart hard to read and different
abbreviations mean different things in different fields.

If your experimental unit differs from the number of participants, samples, or animals

assessed, specify this. Instead of “(n = x)”, write (N = x experimental units, n = x individuals).
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Replace the words “experimental unit” and “individual” with specific terms for your
study.
Example: Cages of mice were randomized to a treatment or placebo. Describe your

sample size as “(N = 5 cages, n = 10 mice).”

Example: Doctor’s offices were randomized to treatment or placebo. All patients within the
practice were assigned to the same group. Describe your sample size as “(N = 10 practices, n =

5,623 patients).”

» If your observational unit changes at different phases of your study, clearly note this in your

flow chart.

Example: You start by harvesting cells from human participants. You then conduct studies

on cultured cells. At the sample collection phase, your units may be “n = 5 patients”. At later
phases, your units may be “n = 5 6-well plates.”

Example1 -
Animal study

= | | | |
Resting Phase

3days

| [ |

| | = | |
Frui e | | [ I |
& Analysis :

Add and label exclusion boxes

2.
3.

. Place your exclusion boxes

Exclusion boxes go to the right of each group.

Place all exclusions boxes for a group in one column.

Make your exclusion boxes visually distinct from group boxes (e.qg. different color or boxes
with dashed line borders)

Exclusions often happen during a phase, rather than at the start, so the exclusions boxes
are often placed below the main box for the group at that phase.

Add a title to each exclusion box: Write “Excluded (n = x)” at the top of each exclusions box.

Add reasons for exclusions: Below the title, list all reasons for exclusion. Be specific. Next

to each reason, list the number of excluded observations during that phase.
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Example: “Lost to follow-up: n = 2", “Not enough sample collected: n = 1".

Tips
» Be specific about your reasons for exclusion.
Example: Replace vague terms like “technical failure” with specific explanations like “FACS
machine not working: n = x".
= Avoid grouping participants into broad categories when more specific information is
available. For example, instead of stating “Withdrew: n = 10", specify “Withdrew due to side
effects: n = 3", “Withdrew due to time commitment: n = 5", “Withdrew for unknown reasons:
n=2"
» Specify sex or gender: After showing the total sample size, consider presenting a
breakdown by sex or gender. Example: n = 12 Sprague Dawley rats (6 M, 6 F).

Example1 - Receive animals from | — ‘
- housing and care facility n =120 (totai], Female, § weeks oid
Animal study

Acclimatization Phase

Experimental grous
a-Tmmps N=iscgss n=s0csTEVS

Experimental Phase

7days
intraperitonesl injections

Treatment Phase ‘Contral + L.DOPA group
N=i5cazes n =58 CSTELS

MPTP + Vitamin 86 group
N=dcages =16 animai

MPTP + Vitamin 512 group
N=Seages n=17 amimax

‘control +L-DOPA growp roup MPTP + vitsmin

MPTP +Vitamin 812 growp
=iScages n=57CTELS =acs cs7 N=soges n 7 animas

N=Scages n=i

MPTP +L-DOPA group

Sample Processing MPTP + Vitamin B6 group
N=dcages n=14 0578 n=15 anmais

N=dcages

Data Acquisition Control + LDO7A grow
& Analysis N=licages n=54CSTBUS

MPTP + Vitamin BI2group
N=arages n=15zmmat

MPTP +LDOPA group
N=dczge n=13CSTE/S

WFTP + Vitamin B5 grovp
N=dcsges n=15 animas

16  Draw arrows
1. Connect boxes showing included observations with arrows pointing down. This shows
readers how participants, samples or animals flow through the stages of the experiment.
2. Draw rightward arrows for each exclusion box. Exclusion arrows should start on the
“Inclusion” line, and point towards the excluded box to show that these observations are
leaving the study.

Tips

= Arrows should be straight whenever possible

= Avoid crossing arrows if you can

» You can differentiate excluded arrows and boxes from included arrows or boxes by using
color or dashed outlines
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Examplel -
Animal study

Make sure all the numbers add up: Check the data in each box to make sure that you've

Receive animals from
housing and care facility

Acclimatization Phase

Experimental Phase
7days
ntraperitonesi injectons

Treatment Phase

0azys

Treatment L-DOPA + Vitamin]
or control subst
ony] orslly sdminstere

L

Resting Phase
sdays

Sacrifice

Sample Processing.

Data Acquisition
& Analysis

%
= 120 o), Femzie,

78S

¥

Cantrol group
zes n=80 CSTBUS

control +1-00PA group
N=iSgages n-sec:

Control + L-DOPA group
N=15c

P R
e i et i |

‘contrad + L-DOPA group
N =t5cages 7 C57ELS

‘control + LDOPA grown
N=1dcages s7ELE

—= % | Wrong reagent used

‘Cantrol +LDOPA group
n=tacy s4Cs7BLS

accounted for all observations.

Examplel-
Animal study

Write a legend

Receive animals from
housing and care facility

Acclimatization Phase

a-7days

Experimental Phase
Tdays
ntrsperitones! injectons

Treatment Phase

ent (L-DOPA + Vitamin]
or control subst Pe
ony] orslly sdminstere

L

Resting Phase
seays

Sacrifice

Sample Processing.

Data Acquisition
& Analysis

Experimental group
MPTP [newroroien] injecton
N-i5cazs n-50CS7ES

cciuted {n=1}
. |Presiisting heatth congiton
-1

. | Crical W foss [ =2]
|Reagent uravaiabie [n

U7 exduded o3l

4

+

MPTP +L.DOPA group

=5

n=1s cs7Us

Scages n=17 Cs7BUS

‘ MPTP +Vitamin 86 group

MPTP +Vitamin B2 group

| Exduded [n=1}
ritcal weight ko

N=Sczges n=15CSTEUS

v

MPTP +L.DOPA group

17 esTBLE

MFTP + Vitamin B5 grovp
=S CS7ES

MPTP +Vitarmin B12 group
es7B/e

MPTP +LDOPA group
Acages n-13c57EYE

MIFTF + Vitamin B6 group
N=dcage =18 C7EUE

MPTP + Vitamin BI2 group.
ses =17 CSTBLE

N=se

Exduded (1)
- |Damaged sample

7 exduded foet)
> |incompiste fsaton

MPTP +LDOPA group

cges n=13C57EUS

MPTP + Vitamin 812 group
N=fczes n=17CE7EUS

cuded {n=1)
ieagent uravaiabi

MPTP +L-DOPA group

dGEs n=14C7RUE

MPTP + Vitamin
N=a. n

MPTP + Vitamin B2 group
N=dczes n=15CETEUS

20

BU6

cs7e
13021, Female, swesks o

|Eimw rndenizarar

Experimental group
N=oiScaze n=50CSTEUS

| exduded [n=1) !
== presesting heath conaton |

‘contrad + L-DOPA group
N =t5cages 7 C57BL/6

Exdoded {n2)
== Demaged sampie

Control + LDOPA group
N=ticazes n=55ESTEUS

‘Control + L-DOPA group
N=tdcages n=34csTBUS

Expe sroup
M4PTF fneuroton] infecton
N cages =60 C5TBLE

Exchuded
= |Freexisting heafth conditon

MPTR +L.DOPA group
Scages n =12 CETRY

MPTR + Vitamin B5 group

MPTP +Vitamin B2 group
N=Sczges n=15CSTEUS

Scazes =17 CETELE

MPTP +L-DOPA group

MPTP + Vitamin B8 group
N=4cages

MPTP +Vitamin B12 group
= s =17 C578L/8

n=17 257808

Endudad [n=3)
g hesth condren

MPTP + LDOPA Zre

oup
n=15 G5761/5

MPTP + Vitamin B2 group
N=Sezzes n=17CSTEUS

MPTP +L-DOPA group
1

57818

MPTP + Vitamin B& group
N=a. n 78L/S

MPTP +Vitamin 812 group
N=Scazes =17 CS7EUS

Exciuted {n=1)
ieagent unavaiabie

MPTP +LDOPA group

n=11257808

MFTP + Vitamin B5 grovp
W=dcages n=iscsTeUS
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18.2

Write a title (e.g. Study flow chart). If your paper includes more than one study and/or flow
chart, you may need a more specific title.

Write the legend

1. Start with a general explanation
Examples:

i.This flow chart provides an overview of the study design and attrition in this cohort
study.

ii. This flow chart provides an overview of the study design and attrition in this animal
study.
2. If needed, provide detailed explanation for things that wouldn't fit on the flow chart.
3. Define all abbreviations. Note: There are tradeoffs to using abbreviations. Abbreviations
shorten the text inside boxes, but make it challenging for readers to interpret the flow chart.
The same abbreviation can mean very different things in different fields (Google your
abbreviations to make sure that they are commonly known). Eye movements back and forth
between the figure and legend are time consuming and frustrate readers, especially for large
figures with many abbreviations or figures where the legend is placed on a different page.
Consider these tradeoffs when deciding whether to use abbreviations and how many
abbreviations to use. Abbreviations should generally be used sparingly for small flow charts,
but may be necessary for large, complex flow charts.
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20.1

Example1- Receive animals from | e ‘
E housing and care facility n = 120 ftocz), Femaie,
Animal study

Acclimatization Phase

Experimental Phase
s

2y
ntraperitoneal injections

Treatment Phase
10

Resting Phase
sdays

Sacrifice

MPTP + Vitamin B2 group
N=Sezzes n=17CSTEUS

Sample Processing

Data Acquisition ‘control +1-00PA grouw
N=iicges =54 CSTBUE

MPTE + LDOPA group
& Analysis =4a 1 esTas

N-dcages n=

MPTP + Vitamin B2 group
N=lcsges n=15CSTEUS

Figure x: Study flow chart

This flow chart illustrates the flow of mice trough this preclinical study. In the
experimental phase control animals were injected intraperitoneal with NaCl. Experimental
animals were injected with a MPTP, a neurotoxin acting selectively on dopaminergic
neurons. In the treatment phase, L-DOPA, a standard symptomatic treatment substance
for Parkinson's disease, was administered orally to all animals. Two experimental groups
received Vitamin B6 or Vitamin B12 in addition to L-DOPA.

Abbreviations: C57BL/6 = Black 6 inbred mouse strain; L-DOPA = Levodopa; MPTP = 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine NaCl = sodium chloride.

Review your work

= Can someone who doesn't know about your study easily follow what you did?
» Does anything require additional explanation?

» Is the structure clear and easy to follow?

= Ask others for feedback

Advanced techniques: The techniques in this section may be required depending on your study
design.

Scenario 1: Add new observations after the first stage of the study
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Example 1 - clinical study

Women with live or stillbirth from 1976 to 2010
sent to USRDS
(n=34,581)

Potential ESRD cases

(n=48)

Excluded

ESRD prior to any pregnancy (n=3)
ESRD during any pregnancy (n=2)

ESRD cases
(n=43)

ESRD cases
(n=43)

Figure 1. Identification of women with end-stage renal disease (ESRD) via linkage. *One case was not identified by US Renal Data
System (USRDS) linkage, but was identified by the Rochester Epidemiology Project (REP). This women received a kidney transplant

after the linkage with USRDS was performed.

1. Add boxes to the left of the group to indicate places where observations were added.

Flow chart was previously published
DOI: 10.1053/j.ajkd.2016.07.034

2. Use rightward pointing arrows to connect the “Additional observations” box to the
downward arrows illustrating the flow of participants through study stages.

3. Title the box “Additional observations (n = x units)”

4. Specify the source of these new observations, or why they were added, below the title. If

different observations were added for different reasons, specify each reason and the

number of observations added for that reason.

Scenario 2: You planned to make some measurements in a subset of participants, samples, or

animals

In the stages where these measurements are performed, list each measurement as a bullet
point and specify the number of participants, samples or animals in which that measurement
was completed. Place an asterisk next to each measurement that you planned to performin a

subgroup.
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Timeline Flow Chart Exclusions
Prior to conception Sprague Dawley
rats
=45
Mati - n Excluded
ating Slmple Did not become pregnant
randomization n=3
Gestational day 14 Sham surgery RUPP surgery
Surgery ) n=21 n=21
BP measurements begin . Excluded
Simple Simple |5 Surgical complications
randomization randomization n=2
Gestational day_15 Sham + L-arginine Sham + Placebo RUP_P_+ L- RUPP + Placebo
Treatment begins _ = arginine =
n=11 n=10 %, n=9
n=10
Excluded
Al fetuses absorbed
Gestational day 19 Sham + L-arginine Sham + Placebo RUPP + L- RUPP + Placebo * RUPP + L-arginine: n = 1
Sacrifice, «Dams: n =11 «Dams: n =10 arginine «Dams:n=7 * RUPP + Placebo: n = 2
measurements « Fetuses: « Fetuses: +Dams:n=9 « Fetuses:
N = 11 litters, N = 10 litters, « Fetuses: N = 7 litters,
n = 115 fetuses n = 97 fetuses N = 9 litters, n = 34 fetuses
« Placentas: « Placentas: n = 65 fetuses « Placenta:
N = 11 litters, N = 10 litters, « Placentas: N = 7 litters,
n = 22 placentas n = 20 placentas N =9 litters, n = 14 placentas
(21 litter*) (2 / litter*) n = 18 placentas (2 / litter*)

(2 /litter*)

*Placental analyses were performed in two randomly selected placentas from each litter,
in accordance with our pre-planned study protocol, to limit study costs.

1. In the figure legend:

= Note that you planned to perform this measurement in a subgroup of participants, samples

or animals.

= Explain why you planned to do this

= Explain how you selected participants, samples or animals in which to perform the
measurement.

Example: When designing the study, we planned to perform measurement 30 out of 60
randomly selected samples. This measurement is expensive and we did not have sufficient
funding to analyze all samples.

Rationale: When assessing the risk of bias, it is important to differentiate between situations
were you planned to perform measurements in a subset of participants, animals or samples,
and situations where this decision was made after the study began or due to excluded
samples.

Scenario 3: Your study includes many different time points and you remove some animals,
tissues or samples from each group at each time point

The removed animals, samples or tissues are excluded from further phases of the study, but
they don't fit in the exclusions boxes because they were analyzed.

In the stages where these removals occur, create a separate row of "Measurements" or
"Analysis" boxes above the exclusion boxes. Use a different color or shading to distinguish
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measurement or analysis boxes from inclusion and exclusion boxes. Follow the same
procedures as you would for an exclusion box (e.g. labelling, placement, arrows).

Scenario 4: You have too many groups to show in a flow chart

Use a table instead, showing groups in columns and study stages in rows. Use sub-columns for
each group to enter the number of included and excluded observations and reasons for
exclusion. Consider color coding cells for excluded observations. The colors won't be machine
readable, but they will allow human readers to quickly visually identify groups and stages with
higher exclusion rates.
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