Organizing the Biomedical Paper
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The preparation of a scientific paper has less to
do with literary skill than with organization (Lang,
1987). Authors of biomedical manuscripts want to or-
ganize each manuscript so that readers will be able
to follow a sequence of events and understand the
message. The editor (or the peer reviewer) of a bio-
medical manuscript reads it to discern (among other
things) whether the author has organized the manu-
script successfully and, if not, whether a specific
rearrangement might make the manuscript more
understandable to readers. Readers of a biomedical
paper are usually physicians or scientists; they read
a paper because they are interested in the message. If
a paper is difficult to follow, such readers probably
will not be interested in trying to understand it. In
some cases, they will read the abstract, but seldom
will that be enough to present the author’s conclu-
sions effectively. For the manuscript to be effective, it
must be written with a specific plan in mind.

The organization of a medical or scientific paper
mirrors the sequence of events detailed and discussed
in the paper. The author-researcher begins by asking
a question (in the Introduction), then undertakes the
activities required to find an answer (described in the
Materials and Methods), obtains and compiles the
data (described in the Results), and answers the ques-
tion (in the Discussion). Other important elements of
the biomedical paper that require specific organiza-
tion include the title and references. This chapter will
briefly discuss each of these elements. Writing the
abstract is covered in this book (see “Writing Ab-
stracts,” p. 92), and determining authorship is dis-
cussed in a chapter in Essays for Biomedical Communi-
cators: Volume 2 of Selected AMWA Workshops (Witte,
1997).

Update of lles RL. Organizing the scientific journal paper. In
Minick P, ed. Biomedical Communication: Selected AMWA Work-
shops. Bethesda, Md: American Medical Writers Association;
1994:133-138.

Begin at the Beginning

Do not overlook the obvious. Begin by thinking
about the journal to which the paper will be submit-
ted. Get a copy of the journal, read it, and familiarize
yourself with its style and format. Make sure that your
article is suitable for the intended journal. In the
journal’s “Instructions to Authors,” the editor should
describe acceptable types of manuscripts and give
guidelines for submitting manuscripts, including the
format for references. For example, some journals no
longer accept case reports, and most journals have
space limitations. Knowing the desired format before
you start will make your paper easier to write and
keep you from having to reformat it later. When you
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Factors Influencing HLA Sensitization in Implantable
LVAD Recipients [Massad et al, 1997, 1120]

Running Title

The journal will usually ask for a shorter version
of the title, to be used as a “running title” or “run-
ning head” on subsequent pages of the manuscript.
The running title is typed on the manuscript’s title
page and is generally limited to 40 character spaces.
Remember to include all of the main words from the
title, specifying the independent and dependent vari-
ables whenever possible. For the running title, you
can omit the species. For example, shorten

Dexamethasone Alone or in Combination with Ondan-
setron for the Prevention of Delayed Nausea and Vom-
iting Induced by Chemotherapy

to

Prevention of Delayed Nausea and Vomiting Induced
by Chemotherapy [The Italian Group for Antiemetic Re-
search, 2000, p. 1555]

Or shorten

Association Between Method of Delivery and Maternal
Rehospitalization

to

Delivery Method and Postpartum Rehospitalization
[Lydon-Rochelle et al, 2000, p. 1574]

T

IMRAD stands for Introduction, Methods (and
Materials), Results, and Discussion. Together, these
sections constitute a scientific manuscript. The
IMRAD system for writing a scientific paper origi-
nated with Pasteur, although he did not use the now-
standard headings (Day, 1988). In 1972, the Ameri-
can Standards Institute decided to standardize all the
headings used in investigative scientific papers. Thus,
the IMRAD system was born. Although IMRAD is a

Biomedical Communication: Selected AMWA Workshops 103



tense for the question and for what is known and in
past tense for previous findings. And remember to
use transitions.

The following brief Introduction follows the for-
mat nicely. | have italicized repeated key words and
transitions, all of which make the paragraph flow
well.

General Area

Restenosis after an initially successful percutane-
ous transluminal coronary angioplasty remains an im-
portant unsolved problem with this promising revas-
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Patients with angiographic evidence of clinically sig-
nificant coronary artery disease necessitating PTCR
were eligible for the study. Patients at high risk for is-
chemic events were sought in order to maximize the
event rate and thus increase the opportunity to demon-
strate a therapeutic effect. Patients who had received
abciximab before PTCR were not eligible for enroliment
[O'Neill et al, 2000, pp. 1316-1317].
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complicated Methods section, like a surgical paper,
always include an illustration that shows exactly how
the procedure was done (Figure 2).

Explain anything that would make your reader
ask Owhy?ONincluding dead-end methods and study
limitations. Explain the limitations of the study meth-
ods in a matter-of-fact way. The limitations need to
be addressed, but keep the statements short and
simple. You do not want to overwhelm the reader
with possibly negative implications.

Y H
1) <) < <
9 )9 )9
) 9 ) 9
) 2 C !
2 ("1 < -
+ - ) )9)
"4
< ) - +
! , 19 9
) 9 9 E I" #E>HE"

E ) < #$<) )

! - )<

)

- < 9 $$!
? | I #$5 - 0!
9l - ) 9 )9<
- " #>3$$8&"

The last paragraph(s) of Methods should state the
analytical procedures that you used to determine the
significance of your Conclusions. State the procedures
used to analyze each set of data and the software used
for analysis. Include your rationale, detailing the main
comparative analyses used. Explain whether the
analyses were completed on an intention-to-treat ba-
sis. The following excerpt is a small portion of a three-
paragraph description of statistical analyses for a ran-
domized trial.
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In the Methods section, subheadings should be
used whenever possible, especially when the section
is long and complicated, and always for clinical tri-
als. Sample subheadings include OStudy Design,O
OEnroliment of Patients,O OStudy Protocol,O OStudy
End Points,O and OStatistical Analyses.O

Because the Methods section describes work al-
ready completed, write it in past tense, in either
passive or active voice. Although the active voice is
more interesting to read, frequent use of OlO may seem



egotistical, so passive is often used in this section.
Remember, however, that you can mix the voice and
tense in scientific manuscripts, so you can change
from active to passive, using active when you want
more emphasis.
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What were the findings? The answer is in the Results
section.

The Results section, which logically answers the
research question, should correlate directly with the
Methods section. For every method, there should be
a result. When possible, use the same order and sub-
headings that you used in Methods so that the corre-
lations will be easy for the reader to follow. For ex-
ample, in a manuscript called “Administration of
Wine and Grape Juice Inhibits In Vivo Platelet Activ-
ity and Thrombosis in Stenosed Canine Coronary
Arteries” (Demrow et al, 1995), the subheadings used
by the authors in the Methods section are

e Group 1: Red Wine

« Group 2: White Wine

« Group 3: Grape Juice

< High-Performance Liquid Chromatography
Analysis

Likewise, the Results section has the same head-
ers.

Although not all headers from the two sections
must mirror each other, try to keep them as closely
related as possible. Another example comes from
“Hemodynamic Effects of Sildenafil in Men with Se-
vere Coronary Artery Disease” (Herrmann et al,
2000). Headers used in Methods are

Study Subijects
Study Protocol
Calculations
Statistical Analysis

whereas headers in Results are

= Clinical Characteristics

= Systemic and Pulmonary Hemodynamic Effects
= Coronary Hemodynamic Effects

= Adverse Effects

Begin each paragraph by stating a result. Do not
begin by restating your methods. Cite data that es-
tablish the similarities between the treatment groups
first, and then present the results of the treatment.
State the effect of the intervention on the primary and
secondary outcome measures in the trial and include
the confidence level. Remember to use data from only

Figure 2. A step-by-step procedure is best shown in it
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the study being reported. If necessary, describe a pre-
vious study in the Introduction and discuss its rel-
evance in the Discussion, but do not include any pre-
vious work in Results. Only in certain scientific fields
(eg, biochemistry) would the methods and results be
reported together. In some scientific studies, in which
multiple experiments lead to a final result, each ex-
periment may be reported with its result, the paper
being organized chronologically by experiment.
Also remember that the Results section is another
appropriate place for tables and figures, which
are perfect for presenting detailed data (Table 2
[Moynihan et al, 2000, p. 1648], Figure 3). No one
wants to read strings of data written into sentences.
By using illustrations, you can keep written datato a
minimum. Charts make protocol results easier to un-
derstand (Figures 4 and 5). A response to treatment
can be shown graphically with a line drawing (Fig-
ure 6). Bar graphs show changes better than tables
(Figure 7) and can be used for more complex data to
show comparisons (Figures 8 and 9). Diagrammatic
illustrations can also be used to enhance figures that
show the results of diagnostic tests and surgical pro-
cedures (Figure 10) and to simplify complex
scientific concepts (Figure 11). Never repeat textual
information in the tables or graphs. The text should
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In addition to reporting percentages, include ab-
solute numbers in parentheses when feasible:

There was no significant difference in the incidence
of hospitalization for congestive heart failure between
the two groups; the annual rates were 3.5 percent among
the patients with a ventricular pacemaker and 3.1 per-
cent among those with a physiologic pacemaker (re-
duction in relative risk, 7.9 percent; 95 percent confi-
dence interval, -18.5 to 28.3 percent; P = 0.52) [Connolly
et al, 2000, p. 1389].

2613 Patients Screened
2113 Excluded

383 Unable to Treat 3 h After Stroke Onset
294 Mild Stroke or TIA
‘ 236 Hemorrhage on Pretreatment Computed Tomography

67 TIA Within 3 h Prior to Stroke Onset
60 Coagulopathy (Including Anticoagulants)
1gydlnn oot lnnbla 10 Dz —_—

Figure 4. Trial profile (Sherman et al, 2000, p. 2398) that shows
patient assignment to the different arms of the study.

Option 1: AFTER 2 WEEKS OF
EPO> 100 mU/mi and rHUEPO TREATMENT
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Figure 5. Algorithm to predict response or unresponsiveness to
rHUEPO therapy in chronic anemia of cancer (Ludwig et al,
1994, p. 1059).
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Figure 6. Kaplan-Meier estimates of the time to relapse in
patients given methotrexate and placebo (Feagan et al, 2000, p.
1630), shown in a line drawing.
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Figure 7. Adjusted births by season, as a percentage of adjusted
total births in all seasons (Levine et al, 1990, p. 15), shown by a
bar graph.
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Remember that good writing keeps the reader
from having to guess the author’s meaning. When-
ever you use the word significant, report confidence
intervals, standard deviations, and P values. Many
journals now require exact P values, even for studied
data sets for which the results are not significant.

Always state your data clearly and simply, and
write in the past tense because you are describing
what you have already done. If there were any de-
viations from the study as stated in the protocol, de-
scribe them, along with the reasons for the deviations.

D Sce SS O’

What do your findings mean? The answer is provided
by the Discussion.

The purpose of the Discussion is to explain the
principles, relationships, and generalizations implied
by the Results. You should discuss—not recapitu-
late—the results, and you need to be persuasive. Write
in the present tense, except when describing results;
then write in the past tense.

Every Discussion should have a beginning,
middle, and end. The first sentence of the Discussion
should clearly answer the research question by us-
ing the same key terms that were used in the state-
ment of the question at the end of the Introduction.
Readers should not have to guess at your answetr. In
the following example, note the repetition of key
words and phrases.
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Ending of the Introduction

... to test whether abnormal cofjasoconstriction
detected by hyperventilation testing before angioplasty
increases the likelihood of restenosis.

Beginning of the Discussion

... The presence of
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Figure 10. Aortic arch reconstruction with endovascular branched stent graft (Inoue et al, 1999, p. 11-317). The side-by-side photo
and illustration allow the reader to see the device as well as the technique used to insert it.
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Figure 11. Mechanisms important in the resolution of acute lung injury and acute respiratory distress syndrome (Ware and Matthay,
2000, p. 1342). Use of a drawing makes this scientific concept easier to understand.
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Never begin the Discussion with background in-
formation, and never repeat information stated in the
Introduction. Background material should be found
only in the Introduction.

In the middle of the Discussion, interpret your
results and show how they support your answer.
Topics should be discussed in descending order of
their importance to the answer. Use comparisons to
other studies to explain how the results fit in with
existing knowledge. You can do this in several ways:

Introduce Points with Your Own
Findings

Our data show that oral sildenafil does not adversely
affect coronary blood flow, coronary vascular resistance,
or coronary flow reserve. On the basis of the decrease
in the heart rate—systolic blood pressure double prod-
uct (a surrogate measure of myocardial oxygen de-
mand), we might have expected a parallel decrease in
coronary blood flow due to autoregulation. The absence
of such a finding in our study may reflect the inaccuracy
of the double product as a true measure of myocardial
demand, variations in the calculated values for coro-
nary blood flow and resistance, or a vasodilatory effect
of sildenafil that blunts the expected reduction in coro-
nary blood flow [Herrmann et al, 2000, p. 1625].

Our study did not address the mechanism for the pre-
viously reported adverse cardiovascular events after the
use of sildenafil, but our results do suggest that this
mechanism is not the result of an adverse effect on coro-
nary hemodynamics. Others have speculated that car-
diac events may be due to interactions with other drugs
... [Herrmann et al, 2000, p. 1625].

Comparison with Earlier Work (Use Your
Work to Support Previous Studies)

The fact that our study was prospective lends sup-
port to the evidence of a causal role of sleep-disordered
breathing in hypertension. We found that the presence
of sleep-disordered breathing was predictive of hyper-
tension four years later [Peppard et al, 2000, p. 1382].

It is noteworthy that high percentages of the patients

at low risk who were given placebo did not have de-
layed vomiting (87.2 percent) or moderate-to-severe

112 Biomedical Communication: Selected AMWA Workshops



P
eE g

Make d!e ending of your Conclusion section
strong. The concluding paragraph should restate the
answer to the research question. Begin with a signal,
such as “In conclusion” or “In summary,” so your
readers will know that this is the answer. After stat-
ing the Conclusion, you can briefly mention possible
applications, implications, or speculations.

Application

Our findings support the statement of the American
College of Cardiology and the American Heart Associa-
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