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1. General Principles
The text of articles reporting original
research is usually divided into Introduction,
Methods, Results, and Discussion sections.
This so-called “IMRAD” structure is not an
arbitrary publication format but a reflection
of the process of scientific discovery.
Articles often need subheadings within
these sections to further organize their
content. Other types of articles, such as
meta-analyses, may require different
formats, while case reports, narrative
reviews, and editorials may have less
structured or unstructured formats.
Electronic formats have created
opportunities for adding details or sections,
layering information, cross-linking, or
extracting portions of articles in electronic
versions. Supplementary electronic-only
material should be submitted and sent for
peer review simultaneously with the primary
manuscript.

3. Manuscript Sections
The following are general requirements for
reporting within sections of all study
designs and manuscript formats.
a. Title Page
General information about an article and its
authors is presented on a manuscript title
page and usually includes the article title,
author information, any disclaimers, sources
of support, word count, and sometimes the
number of tables and figures.
Article title. The title provides a
distilled description of the complete article
and should include information that, along
with the Abstract, will make electronic
retrieval of the article sensitive and specific.
Reporting guidelines recommend and
some journals require that information
about the study design be a part of the title
(particularly important for randomized trials
and systematic reviews and meta-analyses).
Some journals require a short title, usually
no more than 40 characters (including
letters and spaces) on the title page or as a
separate entry in an electronic submission
system. Electronic submission systems may
restrict the number of characters in the title.
Author information: Each author's highest
academic degrees should be listed,
although some journals do not publish
these. The name of the department(s) and
institution(s) or organizations where the
work should be attributed should be
specified. Most electronic submission
systems require that authors provide full
contact information, including land mail and
e-mail addresses, but the title page should
list the corresponding authors' telephone
and fax numbers and e-mail address. ICMJE
encourages the listing of authors’ Open
Researcher and Contributor Identification
(ORCID).

2. Reporting Guidelines
Reporting guidelines have been developed
for different study designs; examples
include CONSORT for randomized trials,
STROBE for observational studies, PRISMA
for systematic reviews and meta-analyses,
and STARD for studies of diagnostic
accuracy. Journals are encouraged to ask
authors to follow these guidelines because
they help authors describe the study in
enough detail for it to be evaluated by
editors, reviewers, readers, and other
researchers evaluating the medical
literature. Authors of review manuscripts are
encouraged to describe the methods used
for locating, select¬ing, extracting, and
synthesizing data; this is mandatory for
systematic reviews. Good sources for
reporting guidelines are the EQUATOR
Network and the NLM's Research Reporting
Guidelines and Initiatives.
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Disclaimers. An example of a
disclaimer is an author's statement that the
views expressed in the submitted article are
his or her own and not an official position of
the institution or funder.
Source(s) of support. These include
grants, equipment, drugs, and/or other
support that facilitated conduct of the work
described in the article or the writing of the
article itself.
Word count. A word count for the
paper's text, excluding its abstract,
acknowledgments, tables, figure legends,
and references, allows editors and reviewers
to assess whether the information
contained in the paper warrants the paper's
length, and whether the submitted
manuscript fits within the journal's formats
and word limits. A separate word count for
the Abstract is useful for the same reason.
Number of figures and tables. Some
submission systems require specification of
the number of Figures and Tables before
uploading the relevant files. These numbers
allow editorial staff and reviewers to confirm
that all figures and tables were actually
included with the manuscript and, because
Tables and Figures occupy space, to assess
if the information provided by the figures
and tables warrants the paper's length and
if the manuscript fits within the journal's
space limits.
Conflict of Interest declaration.
Conflict of interest information for each
author needs to be part of the manuscript;
each journal should develop standards with
regard to the form the information should
take and where it will be posted. The ICMJE
has developed a uniform conflict of interest
disclosure form for use by ICMJE member
journals and the ICMJE encourages other
journals to adopt it. Despite availability of
the form, editors may require conflict of
interest declarations on the manuscript title
page to save the work of collecting forms

from each author prior to making an
editorial decision or to save reviewers and
readers the work of reading each author's
form.
b. Abstract
Original research, systematic reviews, and
meta-analyses require structured abstracts.
The abstract should provide the context or
background for the study and should state
the study's purpose, basic procedures
(selection of study participants, settings,
measurements, analytical methods), main
findings (giving specific effect sizes and
their statistical and clinical significance, if
possible), and principal conclusions. It
should emphasize new and important
aspects of the study or observations, note
important limitations, and not overinterpret
findings. Clinical trial abstracts should
include items that the CONSORT group has
identified as essential. Funding sources
should be listed separately after the
Abstract to facilitate proper display and
indexing for search retrieval by MEDLINE.
Because abstracts are the only
substantive portion of the article indexed in
many electronic databases, and the only
portion many readers read, authors need to
ensure that they accurately reflect the
content of the article. Unfortunately,
information in abstracts often differs from
that in the text. Authors and editors should
work in the process of revision and review
to ensure that information is consistent in
both places. The format required for
structured abstracts differs from journal to
journal, and some journals use more than
one format; authors need to prepare their
abstracts in the format specified by the
journal they have chosen.
The ICMJE recommends that
journals publish the clinical trial registration
number at the end of the abstract. The
ICMJE also recommends that, when a
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registration number is available, authors list
that number the first time they use a trial
acronym to refer to the trial they are
reporting or to other trials that they
mention in the manuscript. If the data have
been deposited in a public repository,
authors should state at the end of the
abstract the data set name, repository
name and number.

according to the principles of the
Declaration of Helsinki should be included.
i. Selection and Description of
Participants
Clearly describe the selection of
observational or experimental participants
(healthy individuals or patients, including
controls), including eligibility and exclusion
criteria and a description of the source
population. Because the relevance of such
variables as age, sex, or ethnicity is not
always known at the time of study design,
researchers should aim for inclusion of
representative populations into all study
types and at a minimum provide descriptive
d a t a f o r t h e s e a n d o t h e r re l e v a n t
demographic variables. If the study was
done involving an exclusive population, for
example in only one sex, authors should
justify why, except in obvious cases (e.g.,
prostate cancer).” Authors should define
how they measured race or ethnicity and
justify their relevance.

c. Introduction
Provide a context or background for the
study (that is, the nature of the problem and
its significance). State the specific purpose
or research objective of, or hypothesis
tested by, the study or observation. Cite
only directly pertinent references, and do
not include data or conclusions from the
work being reported.
d. Methods
The guiding principle of the Methods
section should be clarity about how and
why a study was done in a particular way.
Methods section should aim to be
sufficiently detailed such that others with
access to the data would be able to
reproduce the results. In general, the
section should include only information that
was available at the time the plan or
protocol for the study was being written; all
information obtained during the study
belongs in the Results section. If an
organization was paid or otherwise
contracted to help conduct the research
(examples include data collection and
management), then this should be detailed
in the methods.
The Methods section should include
a statement indicating that the research was
approved or exempted from the need for
review by the responsible review committee
(institutional or national). If no formal ethics
committee is available, a statement
indicating that the research was conducted

ii. Technical Information
Specify the study's main and secondary
objectives–usually identified as primary and
secondary outcomes. Identify methods,
equipment (give the manufacturer's name
a n d a d d re s s i n p a re n t h e s e s ) , a n d
procedures in sufficient detail to allow
others to reproduce the results. Give
references to established methods,
including statistical methods (see below);
provide references and brief descriptions
for methods that have been published but
are not well-known; describe new or
substantially modified methods, give the
reasons for using them, and evaluate their
limitations. Identify precisely all drugs and
chemicals used, including generic name(s),
dose(s), and route(s) of administration.
Identify appropriate scientific names and
gene names.
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iii. Statistics
Describe statistical methods with enough
detail to enable a knowledgeable reader
with access to the original data to judge its
appropriateness for the study and to verify
the reported results. When possible,
quantify findings and present them with
appropriate indicators of measurement
error or uncertainty (such as confidence
intervals). Avoid relying solely on statistical
hypothesis testing, such as P values, which
fail to convey important information about
effect size and precision of estimates.
References for the design of the study and
statistical methods should be to standard
works when possible (with pages stated).
Define statistical terms, abbreviations, and
most symbols. Specify the statistical
software package(s) and versions used.
Distinguish prespecified from exploratory
analyses, including subgroup analyses.

if any. Restrict tables and figures to those
needed to explain the argument of the
paper and to assess supporting data. Use
graphs as an alternative to tables with many
entries; do not duplicate data in graphs and
tables. Avoid nontechnical uses of technical
terms in statistics, such as “random” (which
implies a randomizing device), “normal,”
“significant,” “correlations,” and “sample.”
Separate reporting of data by
demographic variables, such as age and
sex, facilitate pooling of data for subgroups
across studies and should be routine, unless
there are compelling reasons not to stratify
reporting, which should be explained.
f. Discussion
It is useful to begin the discussion by briefly
summarizing the main findings, and explore
possible mechanisms or explanations for
these findings. Emphasize the new and
important aspects of your study and put
your finings in the context of the totality of
the relevant evidence. State the limitations
of your study, and explore the implications
of your findings for future research and for
clinical practice or policy. Do not repeat in
detail data or other information given in
other parts of the manuscript, such as in the
Introduction or the Results section.
Link the conclusions with the goals
of the study but avoid unqualified
statements and conclusions not adequately
supported by the data. In particular,
distinguish between clinical and statistical
significance, and avoid making statements
on economic benefits and costs unless the
manuscript includes the appropriate
economic data and analyses. Avoid
claiming priority or alluding to work that has
not been completed. State new hypotheses
when warranted, but label them clearly.

e. Results
Present your results in logical sequence in
the text, tables, and figures, giving the main
or most important findings first. Do not
repeat all the data in the tables or figures in
the text; emphasize or summarize only the
most important observations. Provide data
on all primary and secondary outcomes
identified in the Methods Section. Extra or
supplementary materials and technical
details can be placed in an appendix where
they will be accessible but will not interrupt
the flow of the text, or they can be
published solely in the electronic version of
the journal.
Give numeric results not only as
derivatives (for example, percentages) but
also as the absolute numbers from which
the derivatives were calculated, and specify
the statistical significance attached to them,
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g. References

using either an electronic bibliographic
source, such as PubMed, or print copies
from original sources. Authors are
responsible for checking that none of the
references cite retracted articles except in
the context of referring to the retraction.
For articles published in journals indexed in
MEDLINE, the ICMJE considers PubMed
the authoritative source for information
about retractions. Authors can identify
retracted articles in MEDLINE by searching
PubMed for "Retracted publication [pt]",
where the term "pt" in square brackets
stands for publication type, or by going
directly to the PubMed's list of retracted
publications.
References should be numbered
consecutively in the order in which they are
first mentioned in the text. Identify
references in text, tables, and legends by
Arabic numerals in parentheses.
References cited only in tables or
figure legends should be numbered in
accordance with the sequence established
by the first identification in the text of the
particular table or figure. The titles of
journals should be abbreviated according
to the style used for MEDLINE
( w w w. n c b i . n l m . n i h . g o v / n l m c a t a l o g /
journals). Journals vary on whether they ask
authors to cite electronic references within
parentheses in the text or in numbered
references following the text. Authors
should consult with the journal to which
they plan to submit their work.

i. General Considerations Related
to References
Authors should provide direct references to
original research sources whenever
possible. References should not be used by
authors, editors, or peer reviewers to
promote self-interests.Although references
to review articles can be an efficient way to
guide readers to a body of literature, review
articles do not always reflect original work
accurately. On the other hand, extensive
lists of references to original work on a
topic can use excessive space. Fewer
references to key original papers often
serve as well as more exhaustive lists,
particularly since references can now be
added to the electronic version of
published papers, and since electronic
literature searching allows readers to
retrieve published literature efficiently.
Do not use conference abstracts as
references: they can be cited in the text, in
parentheses, but not as page footnotes.
References to papers accepted but not yet
published should be designated as “in
press” or “forthcoming.” Information from
manuscripts submitted but not accepted
should be cited in the text as “unpublished
observations” with written permission from
the source.
Avoid citing a “personal
communication” unless it provides essential
information not available from a public
source, in which case the name of the
person and date of communication should
be cited in parentheses in the text. For
scientific articles, obtain written permission
and confirmation of accuracy from the
source of a personal communication.
Some but not all journals check the
accuracy of all reference citations; thus,
citation errors sometimes appear in the
published version of articles. To minimize
such errors, references should be verified

ii. Reference Style and Format
References should follow the standards
summarized in the NLM's International
Committee of Medical Journal Editors
(ICMJE) Recommendations for the
Conduct, Reporting, Editing and
Publication of Scholarly Work in Medical
Journals: Sample References webpage and
detailed in the
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NLM's Citing Medicine, 2nd edition. These
resources are regularly updated as new
media develop, and currently include
guidance for print documents; unpublished
material; audio and visual media; material
on CD-ROM, DVD, or disk; and material on
the Internet.

Additional tables containing backup data
too extensive to publish in print may be
appropriate for publication in the electronic
version of the journal, deposited with an
archival service, or made available to
readers directly by the authors. An
appropriate statement should be added to
the text to inform readers that this
additional information is available and
where it is located. Submit such tables for
consideration with the paper so that they
will be available to the peer reviewers.

h. Tables
Tables capture information concisely and
display it efficiently; they also provide
information at any desired level of detail
and precision. Including data in tables
rather than text frequently makes it possible
to reduce the length of the text.
Prepare tables according to the
specific journal's requirements; to avoid
errors it is best if tables can be directly
imported into the journal's publication
software. Number tables consecutively in
the order of their first citation in the text
and supply a title for each. Titles in tables
should be short but self-explanatory,
containing information that allows readers
to understand the table's content without
having to go back to the text. Be sure that
each table is cited in the text.
Give each column a short or an
abbreviated heading. Authors should place
explanatory matter in footnotes, not in the
heading. Explain all nonstandard
abbreviations in footnotes, and use symbols
to explain information if needed. Symbols
may vary from journal to journal (alphabet
letter or such symbols as *, †, ‡, §), so check
each journal's instructions for authors for
required practice. Identify statistical
measures of variations, such as standard
deviation and standard error of the mean.
If you use data from another
published or unpublished source, obtain
permission and acknowledge that source
fully.

i. Illustrations (Figures)
Digital images of manuscript illustrations
should be submitted in a suitable format for
print publication. Most submission systems
have detailed instructions on the quality of
images and check them after manuscript
upload. For print submissions, figures
should be either professionally drawn and
photographed, or submitted as
photographic-quality digital prints.
For X-ray films, scans, and other
diagnostic images, as well as pictures of
pathology specimens or photomicrographs,
send high-resolution photographic image
files. Since blots are used as primary
evidence in many scientific articles, editors
may require deposition of the original
photographs of blots on the journal's
website.
Although some journals redraw
figures, many do not. Letters, numbers, and
symbols on figures should therefore be
clear and consistent throughout, and large
enough to remain legible when the figure is
reduced for publication. Figures should be
made as self-explanatory as possible, since
many will be used directly in slide
p re s e n t a t i o n s . T i t l e s a n d d e t a i l e d
explanations belong in the legends—not on
the illustrations themselves.
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Photomicrographs should have internal
scale markers. Symbols, arrows, or letters
used in photomicrographs should contrast
with the background. Explain the internal
scale and identify the method of staining in
photomicrographs.
Figures should be numbered
consecutively according to the order in
which they have been cited in the text. If a
figure has been published previously,
acknowledge the original source and
submit written permission from the
c o p y r i g h t h o l d e r t o re p ro d u c e i t .
Permission is required irrespective of
authorship or publisher except for
documents in the public domain.
In the manuscript, legends for
illustrations should be on a separate page,
with Arabic numerals corresponding to the
illustrations. When symbols, arrows,
numbers, or letters are used to identify
parts of the illustrations, identify and
explain each one clearly in the legend.

Temperatures should be in degrees
Celsius. Blood pressures should be in
millimeters of mercury, unless other units
are specifically required by the journal.
Journals vary in the units they use
f o r re p o r t i n g h e m a t o l o g i c , c l i n i c a l
chemistry, and other measurements.
Authors must consult the Information for
Authors of the particular journal and should
report laboratory information in both local
and International System of Units (SI).
Editors may request that authors
add alternative or non-SI units, since SI
units are not universally used. Drug
concentrations may be reported in either SI
or mass units, but the alternative should be
provided in parentheses where appropriate.
k. Abbreviations and Symbols
Use only standard abbreviations; use of
n o n s t a n d a rd a b b re v i a t i o n s c a n b e
confusing to readers. Avoid abbreviations in
the title of the manuscript. The spelled-out
abbreviation followed by the abbreviation
in parenthesis should be used on first
mention unless the abbreviation is a
standard unit of measurement.

j. Units of Measurement
Measurements of length, height, weight,
and volume should be reported in metric
units (meter, kilogram, or liter) or their
decimal multiples.
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Original Article

Nakornping uterine compression suture and
intravenous sulprostone to prevent primary post partum
hemorrhage in women with uterine atony after
caesarean delivery
ORIGINAL ARTICLE BY

Jittra Witthayanukool, M.D.

Nakornping Hospital, Chiang Mai, Thailand

ABSTRACT
OBJECTIVE
To compare the effectiveness, safety and cost of applying Nakornping uterine compression suture with the
intravenous sulprostone for management of primary postpartum hemorrhage (PPPH) secondary to uterine atony
which failed to respond to uterotonic drugs in patients delivering by caesarean section at Nakornping Hospital.
METHODS
Retrospective cohort study of medical records of patients underwent caesarean delivery at Nakornping Hospital,
Chiang Mai, Thailand between October 2011 and September 2014 was performed. The analysis was done regarding
types of intervention used to manage PPH in patients with atonic uterus after caesarean delivery; Nakornping
compression sutures and intravenous sulprostone. Effectiveness and safety of PPH treatment between the two study
groups were compared.
RESULTS
Medical record of 3,949 were reviewed; 137 patients had atonic uterus; 61 received Nakornping sutures and 76
were treated with intravenous sulprostone. All patients receiving Nakornping suture, treatment had no intra- or
post-operative complications observed. Higher incidence of complications found in patients who received
sulprostone; 6 (7.9%) had relaparotomy, 2 (2.6%) underwent total hysterectomy, 2 (2.63%) received subtotal
hysterectomy, and 2 (2.6%) had suture to repair uterine laceration. Blood loss and requirement for blood
transfusion in patients receiving Nakornping suture was lower than ones treating with sulprostone (375.4±92.1 ml
vs. 519.7 ± 216.7 ml, P<0.001; 29.5±105.4 ml vs. 151.9±361.6 ml, P<0.001, respectively). Operation time was
shorter among patients treating with Nakornping suture compared with the sulprostone group (39.0±9.8 minutes
vs. 69.3± 29.0 minutes, P<0.001). Length of hospital stay in the suture group was shorter than in the sulprostone
group (4.4±0.7 days vs. 5.1 ±1.8 days, P=0.016).
CONCLUSION
Comparing with the intravenous sulprostone, Nakornping uterine compression suture was more effective and had
lower rate of complication.
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uterine compression suture intervention was
effective in controlling postpartum hemorrhage.8
Since then several modifications of B-Lynch method
as well as new techniques of applying sutures have
been introduced for the treatment of PPPH.3,8 The
examples of these suture techniques are Cho’s
Square suture9, Hayman suture technique10 and
Pereira’s technique.¹¹
Being used since 2011, Nakornping suture
has been initially reported to be a highly effective,
safe, easy to use, practical for training and
inexpensive procedure. Comparing the effectiveness
of sulprostone, the last drug of choice used in
medical management of PPH at Nakornping
Hospital and the Nakornping suture method can
help determine whether Nakornping suture should
be considered as a front line therapy for PPH. The
quest for effective and safety of the interventions in
the prevention and treatment of PPH between the
use of Nakornping uterine compression suture and
intravenous sulprostone and are the focus of this
study.

INTRODUCTION
Postpartum hemorrhage (PPH) is an emergency
obstetric situation.1 In Thailand, the incidence of PPH
is approximately 4-6% of all deliveries.1 Although
not frequently found, when occurred, PPH is a
leading cause of maternal mortality and morbidity.
It is responsible for 19.7% of maternal deaths.2
More than 125,000 women worldwide die every year
because of PPH.3 Over seventy percent of PPH is
caused by uterine atony.4
Postpartum hemorrhage that occurs in the
first 24 hours following delivery of the baby is known
as primary postpartum hemorrhage (PPPH). PPH is
defined as a loss of blood of 500 ml or more within
24 hours post vaginal deliveries or more than 1,000
ml blood loss in patients delivering by caesarean
delivery, a decrease in the patient’s hematocrit level
of more than 10%, or patients’ hemodynamic
instability that requires blood transfusion.5,6 PPH is
a life-threatening obstetric situation that can lead to
many serious health conditions including acute renal
failure, the necrosis of anterior pituitary gland or
maternal death.7
Numerous options, both medical and
surgical treatments, have been applied to prevent
and manage PPH after caesarean section.1,4 These
therapies involve the use of bimanual compression
or mechanical compression, uterine massage,
uterotonic drugs, intrauterine balloon catheter,
uterine artery embolization uterine vessels ligation,
hypogastric arterial ligation, and hysterectomy in
patients who no longer want to have more children.
6,7 In patients who want to preserve their fertility,
surgical conservative management like uterine
compression sutures is the alternative approach.3,5 In
1997 Balogun Lynch Cristopher reported that the

METHODS
Study design
After the Nakornping Ethics Committee approved the
grant for this study, this retrospective cohort study
were commenced. Medical records of all patients
who had caesarean deliveries between October 2011
and September 2014 at Nakornping Hospital were
reviewed retrospectively.
Patients and treatment procedure
As per the standard protocol for prevention of PPH,
the patient was first administered 10 units of
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A

B

C

Figure I: Nakornping uterine compression suture method

oxytocin intramuscularly along with the infusion of
10 units of oxytocin in 1,000 mL of 0.9% normal
saline at the rate of 20-40 milliunits per minute for a
few minutes. If the uterus remains atonic,
methylergotamine 0.2 mg intravenous injection is
given in combination with intravenous drip of
oxytocin 20 units diluted in 1,000 mL of 0.9%
normal saline at the rate of 20-100 milliunits per
minute. After ten more minutes if the uterine atony
persists, it is conderated as failure to respond to
hospital standard protocol.
If this medical approach fails to control the
bleeding, surgical option of hysterectomy will be
performed. Striving to find alternative measures not
only can manage PPH but also can preserve the
uterus, Nakornping uterine compression suture was
developed. This technique was modified from the BLynch’s uterine compression suture. 3,8,9 The
Nakornping suture was placed intraoperatively after
fetal extraction and hysterotomy repair. A 70 mm.
straight needle with chromic catgut no.1 was used

for suturing (Figure 1 and 2). The method of applying
the Nakornping suture begins with inserting the
needle at 2-3 cm below uterine incision closure site
and 2-3 cm from the left lateral border of the uterus,
starting in the anterior aspect of the uterus and
passing through the uterine cavity to the posterior
aspect of the uterus. Next, pull the suture crossing
over the uterine fundus from the posterior to the
anterior aspect of the uterus followed by inserting
the needle at the same level as the first suture point
but at 2-3 cm from right lateral border of the uterus,
penetrating from the anterior to posterior aspect of
the uterus. Then bring together both tails of the
suture, one in the anterior and one in the posterior
aspect of the uterus, and tie them tightly at the
middle of the fundus of the uterus. While tying the
suture, uterine massage was applied to the uterus to
stimulate contraction and to achieve maximum
reduction of the uterine volume. Application of
Nakornping uterine compression suture is similar to
the Hayman technique, but easier to achieve. This is
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Figure 2: Method of applying the Nakornping uterine compression suture
The uterus was exteriorized; Panel A: identify the first suture point 2-3 cm. below the uterine incision closure site and 2-3 cm. from
the left lateral border of the uterus. Insert a 70 mm. straight needle with chromic catgut No 1 at the first suture point from anterior
aspect of the uterus through the posterior aspect; Panel B, pull the suture crossing over the uterine fundus from posterior to anterior
aspect of the uterus, then insert the needle through the second suture point at the same level as the first suture point but 2-3 cm.
from the right lateral border of the uterus from anterior to posterior aspect of the uterus; Panel C, bring both tails of the suture
together, one in the anterior and one in the posterior aspect of the uterus; Panel D, tie both tails tightly at the middle of the uterine
fundus. Uterine massage was applied to the uterus to stimulate contraction and to achieve maximum reduction of uterine volume
during the suture tying time.

because the surgical notch of the Nakornping suture
is to be done only one time. The Nakornping suture
technique is simple and quick to apply. The average
time required to complete this procedure was
approximately 2 minutes.
Alternatively to Nakornping uterine
compression suture, the patients might be
prescribed with a prostaglandin E2 analogue
sulprostone (Nalador®) 500 μg in 250 ml of 0.9%
normal saline solution with the rate of 500 μg/hr
intravenously and a maximum total dose of 1,500
μg/24hr.

blood transfusion, length of hospital stay and total
cost of both treatment strategies were collected.
Statistical analysis
Comparison analysis of the efficacy and safety of PPH
treatments between the two groups was determined
using the SPSS Version 13. Results were reported in
means, standard deviation (SD) for normally
distributed continuous variable as well as range.
Number and percentage were use for interpretation
of categorical variables. Student t-test, test, relative
risk with 95% confidence interval (CI) was used to
compare the outcome variables between the two
groups.

Medical Record Review and Data Collection
Patients with uterine atony who did not respond to
our hospital standard treatment protocol for
prevention and treatment of PPH were identified.
Demographic and clinical information pertinent to
measuring the comparability of PPH outcomes which
included maternal age, gestational age, number of
parity, fetal birth weight, apgar score, complications,

RESULTS
Between October 2011 and September 2014, the
total number of caesarean deliveries at Nakornping
Hospital was 3,949 cases. There were 137 caesarean
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Table I: Characteristics of the patients.
Characteristics

Nakornping Suture Group
(N=61)

Sulprostone Group
(N=76)

P Value

28.3±6.4

29.4±6.8

0.435

16-43

18-43

2.8±1.7

2.7±1.9

1-6

1-7

38.3±1.9

37.8 ± 2.7

31-41

29-42

Age -years
Mean±SD
Range
Parity
Mean±SD
Range

0.174

Gestational age -weeks
Mean±SD
Range
Indication of caesarean section-no. (%)

0.114

<0.001

Previous cesarean delivery

11 (18.0)

15 (19.7)

Cephalopelvic disproportion

23 (37.7)

32 (42.1)

Fetal distress

8 (13.1)

9 (11.8)

Breech presentation

10 (16.4)

10 (13.2)

Placenta previa

4 (6.6)

5 (6.6)

Twin

5 (8.2)

5 (6.6)

At 1 minute

8.8±0.8

8.9±1.1

0.194

At 5 minute

9.8±0.6

9.7±0.6

0.172

At 10 minute

9.9±0.3

9.9±0.3

0.489

3,069.9±628.0

3,022.7±666.1

0.673

1,703-4,230

1,032-4,200

Fetal apgar score , Mean±SD

Fetal body weight -grams
Mean±SD
Range
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deliveries complicated by uterine atony which did
not respond to the hospital standard treatment
protocol for prevention and treatment of PPH. Of
these, 61 (44.5%) patients received Nakornping
uterine compression suture and 76 (55.5%) patients
received intravenous sulprostone to control
bleeding.
There were no statistically significant
differences in demographic data and neonatal
outcomes between the groups (Table 1). All patients
receiving uterine compression with Nakornping
sutures, the hemorrhage was controlled and the uteri
were all preserved (Table 2). Pelvis ultrasound
performed during the follow up examination of two
patients on day 3 and day 7 after the operation to
examine the uterus reviewed normal contour of
uterus with no fluid retention in the uterine cavity
(Figure 3). Follow up examination using
hysterosalpingography on week 6 after operation on
two patients to evaluate their fertility showed normal
findings (Figure 4). Four patients who received
Nakornping uterine compression suture reported
having conceptions with successful pregnancies and
caesarean deliveries.
On the contrary, an increased incidence of
complications was reported in patients who received
intravenous sulprostone. (Table II) Six patients
needed to have relaparotomy, two patients
underwent total hysterectomy, two patients received
subtotal hysterectomy, and the other two needed
suture to repair the lacerated uterus and to evacuate
the hematoma. The complication of patients in
Nakornping suture group was significantly lower
than that of sulprostone group (RR, 0.66; 95% CI
0.50 to 0.89; P=0.02). Total blood loss and the
requirement for blood transfusion in pregnant
women receiving Nakornping uterine compression

suture was lower than ones treating with intravenous
sulprostone (375.4±92.1 ml vs. 519.7±216.7 ml;
P<0.001; 29.5±105.4 ml vs. 151.9±361.6 ml;
P<0.001), respectively (Table 3). Treatment time was
shorter among patients who treated with Nakornping
uterine compression suture compared with the
intravenous sulprostone group (39.0±9.8 minutes
vs. 69.3±29.0 minutes; P<0.001). The length of
hospital stay in the suture group was shorter than in
the sulprostone group (4.4±0.7 days vs. 5.1±1.8
days; P=0.016). From logistic regression, the only
factor that was associated with positive treatment
outcome was the application of Nakornping suture.
Thus, the author would present the outcome using
the RR rather than odds ratio.

DISCUSSION
In patients with PPH, comparing Nakornping uterine
compression suture and intravenous sulprostone in
this study, the findings showed that the Nakornping
compression suture approach was more superior to
the use of sulprosterone; treatment in all patients
receiving Nakornping uterine compression suture
was successful. Bleeding was stopped almost
immediately following the completion of the
procedure. The blood loss and requirement for blood
transfusion was lower in the Nakornping suture
group than that of sulprostone group. No intra or
post operation complications were reported. None of
the patients receiving Nakornping suture treatment
require intensive care or readmit from complications
related to the procedure, whereas, the incidences of
total hysterectomy, subtotal hysterectomy and
hematoma evacuation and suture to repair the
lacerated uterus were reported in the sulprostone
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Table 2: Categorical treatment outcomes.
Nakornping Suture
Group (N=61)

Sulprostone Group
(N=76)

Relative risk
(95% confidence
interval)

P Value

61 (100.0)

70 (90.8)

0.92 (0.86-0.98)

<0.001

0

6

0.54 (0.44-0.68)

0.001

Total hysterectomy

0

2 (2.6)

Subtotal hysterectomy

0

2 (2.6)

Suture uterine laceration

0

2 (2.6)

Required blood transfusion -no. (%)

5 (8.2)

17 (22.3)

0.66 (0.50-0.89)

0.02

Outcomes
Complete control of bleeding-no. (%)
Relaparotomy-no. (%)

Table 3: Continuous treatment outcomes.
Outcomes

Nakornping Suture Group
(N=61)

Sulprostone Group
(N=76)

P Value*

357.4±92.1

519.74 ± 216.65

<0.001

300-600

200-1,200

29.5±105.4

151.9 ± 361.6

0-600

0 - 2400

4.4±0.7

5.1 ± 1.8

4-7

4-12

39.0±9.8

69.3±29.0

20-80

30 -170

Blood loss-milliliter
Mean+SD
Range
Blood transfusion-milliliter
Mean+SD
Range

<0.001

Length of stay in hospital-days
Mean+SD
Range

0.016

Operational time-minutes
Mean+SD
Range

* P Value for relative risk was computed for categorical outcomes and for student t-test for continuous outcomes.
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Figure 3: Pelvis ultrasound findings on two patients on day 3 and day 7 after post operation

group. The present study also revealed the shorter
time regarding treatment time and length of hospital

stay in the Nakornping suture group than that of
sulprostone group.

Figure 4: Hysterosalpingography findings on two patients on week 6 after operation to evaluate patients fertility
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Comparison with other studies
Previous studies reveal that the B-Lynch and other
modification uterine compression suture techniques
have more than 90% success rate for PPH
management.13,14 In this study, Nakornping suture, a
modified B-Lynch technique yields equal
effectiveness (100%) but is simpler and faster to
perform.15 On the other hand, the effectiveness of the
intravenous sulprostone for managing PPH in this
study is 90% which is similar to the results reported
on studies done in the past decades.16,17 There are
variety of factors that can be an obstacle for the
success of PPH prevention and treatment. One of
which is the delay in receiving treatment.1,2 As our
hospital is a referral center institution, we receive
patients who reside in Chiang-Mai as well as the ones
referred from other hospitals; some located in the
remote areas of surrounding cities such as
Meahongsorn and Lampoon. The referral processing
time, therefore, differs. The referral time can be as
short as one hour or less or as long as four hours
depending on how far away the sub-district hospitals
are and how difficult and dangerous the
transportation access is from those hospitals to ours.
The longer the referral time, the higher the maternal
morbidity and mortality. The other important factor
that can cause delay in receiving treatment is the
unavailability for the use of sulprostone in small
hospitals. As sulprostone is an expensive uterotonic
drug, only available in large referral centre hospitals.
The delay in receiving sulprostone can result in
increased risk of severe postpartum hemorrhage,
failure to control the bleeding, inevitable
hysterectomy, higher complications or even life of the
patient. Another crucial factor is the shortage of
highly trained and skilled surgical specialists to

perform hysterectomy, a complex and high risk
surgical procedure used after uterotonic drugs fail to
control bleeding. These emphasize the need for safe,
effective, fast and simple measures to arrest the
bleeding and Nakornping uterine compression
suture can be the solution.
Strengths and limitations
As mentioned that Nakornping hospital is a referral
center institution, therefore, we are not able to follow
up all of the patients beyond their being discharged
from our hospital. During the follow up
appointments, 39 of 61 patients in the Nakornping
suture group and 51 of 76 patients in sulprostone
group attended the appointment. However, upon the
follow up examinations, it is found that Nakornping
uterine compression suture method had no negative
impact on the change of the uterine cavity, the
contour of uterus or on the fertility of the patient.
Four patients in the suture group had conceptions
and successful pregnancies two years later and had
caesarean deliveries with no complications. Although
this was an evidence of the patient’s normal uterine
and fertility function, it cannot be totally conclusive.
The author acknowledged the weakness of
this study concerning small population size, small
number of patients attending the follow up
examinations and narrow length of follow up time.
Also, the author realized that only a larger and longer
study would confirm whether there truly is no change
in uterine contour and maternal fertility. A further
study on larger sample size with long-term follow up
window was suggested.
Conclusion and implications
In conclusion, the present study demonstrated that
application of the Nakornping uterine compression

25

The Clinical Academia

suture to manage PPH secondary to uterine atony
during caesarean delivery was more effective and
safer compared with the use of the intravenous
sulprostone. Therefore, the Nakornping suture should
be considered as an alternative option in the
prevention and treatment of postpartum
hemorrhage. Despite the limitation, compared with
other methods we have in place at the Nakornping
Hospital at the present time, the findings of this
study found Nakornping uterine compression suture

a promising method for PPH prevention and
treatment over sulprosterone. The quickness of the
suturing which takes merely a few minutes to
complete makes an intervention a method to
consider for an emergency management of PPH. The
simplicity of the technique makes it not only easy for
use but also feasible in term of training. Therefore, it
is applicable to consider Nakornping uterine
compression suture technique as one of the frontline
therapy for PPH.
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ABSTRACT
OBJECTIVE
To measure the technical efficiency of public hospitals under the Office of the Permanent Secretary, the Ministry of
Public Health and to assess the adequacy and efficiency of budget allocation of the Universal Health Coverage
Scheme (UCS) to those hospitals using Data Envelopment Analysis (DEA)
METHODS
This was a cross-sectional study. Input-orientated DEA was used to measure the technical efficiency of 822 public
hospitals under the Office of the Permanent Secretary, the Ministry of Public Health, Thailand. The efficient
minimum operating cost of each hospital was its efficiency score multiplied by its minimum operating cost and
compared with the budget allocation.
RESULTS
There were 131 efficient decision making units (DMUs) from 822 DMUs for overall technical efficiency scores, and
the minimum score was 0.406. The hospital management of regional hospitals was more efficient than that of
general hospitals and community hospitals, respectively. The study revealed the revenue from the UCS was less than
the efficient minimum operating cost from the UCS; there were 618 hospitals, representing 75.2%, or calculating
20.9 billion THB. While the revenue from the UCS was more than the efficient minimum operating cost from the
UCS; there were only 204 hospitals, representing 24.8%, or calculating only 1.8 billion THB. The results showed the
problems of inappropriate allocation of the UCS budget to each hospital; too low and too high in some facilities. In
addition, the total budget from the UCS was less than the total efficient minimum operating cost from the UCS to all
hospitals. The difference was 19.0 billion THB.
CONCLUSION
In the usual hospital groups excluding two hardship groups, the hospital management of regional hospitals was
more efficient than that of general hospitals and community hospitals, respectively. Moreover, DEA was used to
assess the adequacy and efficiency of budget allocation using the efficiency score multiplied by the minimum
operating cost of each hospital for funding requirement
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INTRODUCTION
The Universal Health Coverage has been designed
for all people to receive quality health services that
they need without suffering from financial hardship.
Because medical technology and the demand for
health services are constantly increasing, so the trend
of healthcare budget will increase gradually.1 A
global budget defines the volume of service that is to
be delivered, its total price and a defined time
period. The most important objective of a global
budget is to place a limit on the total amount of
money spent on healthcare.2 The hospital global
budget is a total expenditure or operating expenses
of the hospital must be contained.2 In Thailand, the
gradual increases in the rates of healthcare
utilization indicated improving access to care; the
overall outpatient and inpatient services among the
Universal Health Coverage Scheme (UCS) members
rose continuously from 2003 to 2011, with
outpatient visits per person increasing from 2.45 to
3.23, and inpatient admission per person increasing
from 9.42 to 11.40 percent.3-4 The outpatient and
inpatient utilization rates of the poorest group were
significantly higher than those of the richest group.5
The establishment of an autonomous National
Health Security Office (NHSO) as a purchasing
agency, was to ensure the use of the primary care
facility as the gatekeeper and contracting unit, the
use of closed-end provider payment methods and
competition between public and private health
providers.6
Hospitals as the most expensive and
important component of healthcare systems require
special consideration, and more than 70% of health

29

resources are allocated to hospital services in
developing countries.7 Their productivity and
efficiency of resource utilization should be reviewed
and analyzed.7 An efficient unit utilizes all of its
available inputs and produces the maximum
number of outputs, given present technological
knowledge.8 In area of health economy, two tools
used in evaluating hospital performance including
(i) Data Envelopment Analysis (DEA), a nonparametric mathematical programming approach to
frontier estimation9 and (ii) Stochastic Frontier
Analysis (SFA).9-11 However, DEA can be an
appropriate model for the operational budgeting of
governmental departments, such as schools, banks,
and hospitals for which information on prices rarely
exists or is incomplete.7 The technically inefficient
health facility uses more weighted inputs per
weighted output, or produces less weighted output
per weighted input than those health facilities on the
"best practice frontier."12-13 This study aimed to
measure the technical efficiency of public hospitals
under the Office of the Permanent Secretary, the
Ministry of Public Health and to assess the adequacy
and efficiency of budget allocation of the UCS to
those hospitals using DEA

METHODS
Study design
This was a cross-sectional study. to measure the
technical efficiency of 822 public hospitals under the
Office of the Permanent Secretary, the Ministry of
Public Health, Thailand between 2012 and 2013. The
study was divided into two parts as described below.
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Part I: Evaluation of the efficient hospital
management or hospital performance using DEA

Table 1: Groups of hospitals.
Groups of hospitals

Analysis with input-oriented DEA and the VRS
approach by DEAP software. The efficiency score is
between 0-1. The efficiency score of 1 means the
hospitals in the study groups use the lowest
resources or inputs to produce the highest outputs,
or refers to the most effective performance hospitals
or “the best-practice frontier.”14 The efficiency score
between 0 and 1 means inefficient hospital
management.14 The degree of inefficiency depends
on the efficiency score near zero. The efficiency score
of 0 means the hospitals in the study groups use the
highest resources or inputs to produce the lowest
outputs, or refers to the least effective performance
hospitals.
In this part the target was 822 public
hospitals under the Office of the Permanent
Secretary, the Ministry of Public Health.
Environmental factors can be taken into account in
efficiency analyses: within a similarly constrained
environment, analogous to ‘factors’ in the production
process, and undertake risk adjustment.10 Thus,
proper hospital grouping is actually important in
assessing performance. To fairly compare the
hospital management, the hospitals were grouped
as subgroups of similar sizes and similar context in 8
hospital groups (Table 1). Hardship 1 (HS 1) and
hardship 2 (HS 2) are in the hospital groups which
have specific characteristics as the unusual groups,
including the hospitals in remote areas, islands and
border areas with political situations. There are 2
hardship groups; the hardship 2 has more suffering
than the hardship 1 due to the classification by the
Bureau of Policy and Strategy, Ministry of Public
Health.

Number

Regional hospital (>500 beds)

35

General hospital (150-<500 beds)

60

Community hospital with 90-<150 beds

73

Community hospital with 60-<90 beds

140

Community hospital with 30-<60 beds

350

Community hospital with <30 beds

42

Hardship 1

72

Hardship 2

50

Data regarding health services in 2012 were from
reports from the Bureau of Health Administration,
the Ministry of Public Health while data in relation to
finance were from accounting data of the fiscal year
2013 from the Health Insurance Group Office, the
Office of the Permanent Secretary, the Ministry of
Public Health. This study focuses on labour cost and
material cost of each hospital for inputs of hospital
management, the outpatient visits for outpatient
services, and the number of inpatient admission
number multiplied by case mixed index (CMI) for
inpatient services.11
Part 2: Using DEA to assess the efficiency of budget
allocation of the UCS to the public hospitals in
Thailand
The DEA efficiency score is used as the performance
indicator to develop funding requirements for each
unit or DMU for enhancement of performance-based
budgeting.15 The efficient minimum operating cost
of each hospital is its efficiency score multiplied by
its minimum operating cost. Later, comparing the
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Table 2: Efficiency score regarding groups of hospitals.
Groups of hospitals

Efficiency score
Mean (SD)

Range

No. (%) of hospitals with hospital efficiency score
1
0.8-<1.0
0.6-<0.8
0.4-<0.6

Regional hospital (>500 beds)

0.912 (0.090)

0.682-1.000

10 (28.6)

20 (57.1)

5 (14.3)

0

General hospital (150-<500 beds)

0.865 (0.109)

0.668-1.000

16 (25.4)

26 (44.1)

18 (30.5)

0

Community hospital with 90-<150 beds

0.834 (0.125)

0.553-1.000

13 (17.8)

34 (46.6)

25 (32.9)

2 (2.7)

Community hospital with 60-<90 beds

0.834 (0.115)

0.516-1.000

19 (13.6)

64 (45.7)

53 (37.9)

4 (2.9)

Community hospital with 30-<60 beds

0.762 (0.156)

0.426-1.000

45 (12.9)

96 (27.4)

148 (42.3)

61 (17.4)

Community hospital with <30 beds

0.776 (0.141)

0.545-1.000

6 (14.6)

11 (26.8)

20 (48.8)

4 (9.8)

Hardship 1

0.826 (0.128)

0.494-1.000

11 (15.3)

31 (43.1)

26 (36.1)

4 (5.6)

Hardship 2

0.826 (0.149)

0.406-1.000

11 (22.0)

20 (40.0)

14 (28.0)

5 (10.0)

revenue and the efficient minimum operating cost
from the UCS in each hospital was conducted.

hospital groups (excluded two hardship groups), the
hospital management of regional hospitals was
more efficient than that of general hospitals and
community hospitals respectively as the mean of
efficiency scores.
In the usual hospital groups, the percentage
of hospitals with the efficiency score of 1.0
descended according to hospital types; regional
hospitals, general hospitals, community hospitals
with 90 to <150 beds, community hospitals with 60
to <90 beds, community hospitals with <30 beds)
and community hospitals with 30 to <60 beds,
respectively.
In the low performance groups, their
efficiency scores were between 0.4 to <0.6. This
study found the largest hospital group was 61
community hospitals with 30 to <60 beds,

RESULTS
Out of 835 hospitals, there were 822 hospitals
(98.4%) with complete data for the study. The largest
group was 350 community hospitals with 30 to <60
beds, representing 42.6%. The second largest group
was 140 community hospitals with 60 to <90 beds,
representing 17.0%.
Part 1: Evaluation of the efficient hospital
management or hospital performance using DEA
The results of efficiency analysis of the hospitals
under the Office of the Permanent Secretary, Ministry
of Public Health are showed in Table 2. In the usual
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Table 3: Estimated income and efficient minimum operating cost of the UCS regarding groups of hospitals.
Groups of hospitals

Estimated USC income in 2014
(million THB)
Mean (SD)
Range

Efficient minimum operating cost of UCS
(million THB)
Mean (SD)
Range

Regional hospital (>500 beds)

571.5 (28.3)

196.4-1,447.6

757.4 (359.4)

392.4-2,245.2

General hospital (150-<500 beds)

180.4 (97.9)

39.0-416.1

293.2 (131.2)

93.1-719.1

Community hospital with 90-<150 beds

100.3 (49.2)

0.7-289.2

121.0 (51.3)

45.0-286.2

Community hospital with 60-<90 beds

63.0 (29.4)

20.9-167.9

73.9 (29.3)

30.9-237.5

Community hospital with 30-<60 beds

36.4 (16.5)

2.4-108.9

41.0 (17.3)

8.6 -119.7

Community hospital with <30 beds

23.3 (9.7)

6.3-48.8

27.0 (13.1)

11.3-88.6

Hardship 1

33.7 (17.9)

5.1-93.7

40.6 (21.4)

14.2-121.0

Hardship 2

39.2 (19.5)

9.3-86.8

47.7 (24.2)

8.2-104.4

representing 17.4%, while there were two groups
with no hospitals in this interval score such as the
group of regional hospitals and general hospitals.

UCS cost were not available. The efficient minimum
operating cost in the part of the UCS was the
minimum operating cost of the UCS multiplied by
the efficiency score of each hospital. When
considering the mean of efficient minimum
operating cost of UCS of the hospitals in the normal
groups, the efficient minimum operating cost of the
UCS descended according to the level of the hospital
and the number of beds from regional hospitals,
general hospitals to community hospitals.
The fair budget distribution to each hospital
should not allocate less than the minimum
operating cost of each hospital and hospital
performance should be monitored to improve
efficiency. The total minimum operating cost (UCS
and non UCS) for all hospitals under the Office of the
Permanent Secretary, Ministry of Public Health was
152.0 billion THB, while the total efficient minimum
operating cost (UCS and non UCS) was 125.8 billion

Part 2: Using DEA to assess the efficiency of
budget allocation of the UCS to the public hospitals
in Thailand
In this study, only the income from Thailand's USC
forecasting for 2014 was taken into consideration,
Table 3 shows the estimated UCS income decreased
respectively from high to low, from the regional
hospitals, general hospitals to community hospitals
The minimum operating cost (MOC) meant
only the essential labour cost and the essential
material cost of each hospital. The minimum
operating cost of the UCS was calculated from total
operating cost multiplied by the proportion of the
UCS income and total income for one year in each
hospital because the data of the proportion of the
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Table 4: Estimated income and efficient minimum operating cost of the UCS regarding groups of hospitals.
Groups of hospitals

Revenue from the UCS
No.
Million THB

Deficit of revenue from the UCS
No.
Million THB

Regional hospital (>500 beds)

35

20,003.0

32

-6,623.1

General hospital (150-<500 beds)

60

10,824.7

59

-6,770.4

Community hospital with 90-<150 beds

74

7,424.2

62

-1,715.8

Community hospital with 60-<90 beds

140

8,823.0

114

-1,827.2

Community hospital with 30-<60 beds

350

12,732.2

231

-2,665.3

Community hospital with <30 beds

41

956.8

27

-212.0

Hardship 1

72

2,425.5

59

-558.9

Hardship 2

50

1,962.0

34

-502.2

Total

822

65,151.4

618

-20,875.0

THB. The total inadequate budget for all hospitals
was 26.1 billion THB.
Considering the difference of the revenue
from the UCS and the efficient minimum operating
cost from the UCS of each hospital, the hospitals with
the positive result meant they had more income than
expenses while negative result meant they had less
income than expenses. The study showed the
revenue from the UCS was less than the efficient
minimum operating cost from the UCS in 618
hospitals, representing 75.2%, or calculating 20.9
billion THB. The revenue from the UCS was more
than the efficient minimum operating cost from the
UCS, in only 204 hospitals, representing 24.8%, or
calculating only 1.9 billion THB. The results showed
the problems of inappropriate allocation or
distribution of the UCS budget to each hospital;
some hospitals received too much, but some

hospitals received too low. The total budget from the
UCS was 19.0 billion THB less than the total efficient
minimum operating cost from the UCS to all
hospitals under the Office of the Permanent
Secretary, The Ministry of Public Health. The
inadequate allocation and inappropriate distribution
of the UCS budget to the hospitals affected the low
quality of healthcare services. The causes of
inadeqaute budget allocation were that the received
budget from the government was lower than the
estimated purchasing budget, and that the purchase
of healthcare services from the hospitals was lower
than the benefit packages setting.
When considering the details of the revenue
from the UCS which was less than the efficient
minimum operating cost from the UCS, there were
618 hospitals in that situation, representing 75.2%;
the calculating 20.9 billion THB was found that it was
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scattered in all levels of hospitals. Considering the
value of money, most of the hospitals were in the
groups of regional hospitals and general hospitals;
however, considering the number of hospitals, it was
in the groups of community hospitals, especially the
ones with 30 to <60 beds and those with 60 to <90
beds.

hospital to reduce according to the possibility of each
hospital. The slack score of hospital computed from
DEA is the score gap that is different from the
maximum efficiency score at 1.0 (the slack score is
equal to 1.0 minus its efficiency score). The slack
score can transfer to the excess cost which equals the
slack score multiplied by the cost that the efficiency
score at 1.0, or it means the excess cost that the
hospital should reduce to the efficient cost in each
item.

DISCUSSION

Comparison with other studies
Hospital performance or hospital management was
evaluated by DEA and reported for benchmarking
and ranking in each group of hospitals.13,15,17-21 For
fairness, budget allocation to the public hospitals
was not less than the minimum operating cost of
each hospital, and the amount of budget was
allocated to each hospital depending on its hospital
performance using the efficiency score multiplied by
the minimum operating cost of each hospital. The
DEA performance indicator was used to derive the
funding requirement at the level of individual
hospital, group of hospitals or overall funding
requirement for all hospitals.15 DEA scores helped
hospital performance monitoring to maximize the
government budget utilization, fairly allocate the
budget, and reduce unnecessary costs.

Principal findings
When the hospital grouping was appropriately set,
multiple input data and multiple output data were
selected to measure hospital efficiency through
input-oriented DEA for cost-minimizing efficiency
analysis.14 The efficiency score of each hospital
identified the efficient performance itself. The
maximum efficiency score was 1.0 or 100%, while
the lowest efficiency score was 0 or 0%.9,12 In the
present study we found that in the usual hospital
groups excluding two hardship groups, the hospital
management of regional hospitals was more
efficient than that of general hospitals and
community hospitals, respectively.
There were inefficient performance of
hospitals using the DEA in all groups at all levels of
hospitals. The revenue of public hospitals were
limited, therefore the performance should be
improved by cost reduction. The inefficiency was
caused by the non-effective use of the inputs and/or
the non-effective outputs production. Therefore, an
evaluation of the slack for inputs and outputs was
serious for efficiency improvement.9-10,13,16 The
reduction of cost can apply the slack score of hospital
in each item; operating cost, labour cost, or material
cost, from DEA as the target of cost reduction in each

Limitations of the present study
In this study, financial data used (fiscal year 2013)
were those of a different year with the service data
(fiscal year 2012) due to the need to allocate the
budget to the hospitals in the fiscal year 2014. It is
essential to use the most current financial data as
available. While the service data cannot support the
performance of the same year, they do not reflect the
actual hospital performance. The financial data and
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service data should be the data of the same year to
assess the hospital performance. In fact, most
hospitals under the Office of the Permanent
Secretary, the Ministry of Public Health usually do
not change much each year, so it is assumed that the
output of service does not change, except in some
hospitals with changes in some important factors
such as the hospital director, specialist doctors,
specialist nurses, new technology and new medical
equipment.
In this study, the service data of health
promotion and disease prevention were not used
because of the lack of the good proxy data set of
health promotion and disease prevention
representing their output or outcome in one year.
Health promotion and disease prevention are core
business like healthcare processes in the small
community hospitals, thus, their productivity was
counted below the usual level, but it did not affect
much because the hospital performance was
compared in the same level of hospitals and the
similar context group.

structure and service portfolios. So, the hospitals with
high UCS population will take more revenue and
more advantages than the hospitals with low UCS
population. Thus, the next study should categorize
the group of UCS population in similar groups for
fair assessment. In the further study, the financial
data and service data should be assessed in the
same year, and try to find out the proxy data set of
health promotion and disease prevention to
represent the more accurate hospital productivity.
The assessment of hospital performance should be
assessed every year in order to utilize and improve
the quality of financial data and service data
regularly. The continuous hospital performance
assessment will evolve administrators to seriously
focus on the effective and efficient management,
develop a sustainable system of efficient financial
management, and create a good organizational
culture in the future.
We can also use it for budget adequacy
assessment and fair budget allocation using the
efficiency score multiplied by the minimum
operating cost of each hospital for funding
requirement. The healthcare service sector should
have total revenue not less than total minimum
operating cost for quality services so the
governmental health budget should be allocated
adequately to public hospitals in each year. In cases
of very low efficiency scores, the reduction of
operating cost below 15% to improve the hospital
efficiency is very difficult; especially for nonprofessional administrators, because there was the
problem of inadequate budgets for the operation of
the hospital with quality services. The budget
allocation should be applied depend on the intervals
of hospital efficiency scores such as the hospital
efficiency scores with 1.0 or the most efficient

Conclusions and implications
In the usual hospital groups excluding two hardship
groups, the hospital management of regional
hospitals was more efficient than that of general
hospitals and community hospitals, respectively.
Benefits of performance evaluation of hospitals
using DEA includes evaluation of hospital
performance or hospital management using
efficiency score.
Hospital grouping with similar context is
very important in assessing hospital performance.
The budget allocation of Thai UCS was allocated by
per capita to hospitals according to the number of
the UCS population basis adjusting with age
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hospitals should receive budget 100% of the
minimum operating cost of each hospital, the
hospital with efficiency scores with 0.8 to <1.0
should receive budget 95% of the minimum
operating cost of each hospital, the hospital with
efficiency scores with 0.6 to <0.8 should receive

budget 90% of the minimum operating cost of each
hospital, and the hospital with efficiency scores with
0.4 to <0.6 should receive budget 85% of the
minimum operating cost of each hospital. All
inefficient hospitals must make the letter of intent to
improve the hospital performance.

A C K N O W L E D G E M E N T
The author would like to recognize the
contribution made by several agencies and
many individuals in particular Mr. Kanit

Sangsubhan, Dr. Watchai Charunwatthana, Dr.
Buncha Klakong, and Mrs. Benjaporn Silaruks
who helped and supported the author for the

service and financial data, joined discussions,
and assisted in the formation of the ideas
presented in this article.

R E F E R E N C E S
1.World Health Organization. Arguing for
u n i v e r s a l h ea l t h c o v e ra g e . G e n e v a ,
Switzerland, WHO Document Production
Services 2013;1-38.
2.Dredge R. Hospital global budgeting.
Health, Nutrition and Population (HNP)
Discussion Paper. The International Bank for
Reconstruction and Development,
Washington. September 2004;1-53.
3.Hanvoravongchai P. Health financing reform
in Thailand: toward Universal Coverage under
fiscal constraints. UNICO Study Series 20. The
World Bank. Washington DC. January
2013;1-25.
4.Sakunphanit T, Suwanrada W. (2008).
Thailand the Universal Coverage Scheme.
Successful Social Protection Floor Experience.
Vol 17:385-99
5.Limwattananon S, Tangcharoensathien V,
Tisayaticom K, Boonyapaisarncharoen T,
Prakongsai P. Why has the Universal Coverage
Scheme in Thailand achieved a pro-poor public
subsidy for health care? BMC Public Health.
2012;12 Suppl 1:S1-11.
6.Bates C, Annear P. Lessons learned from
Thailand's universal health care scheme:
institutional and organisational arrangements.
University of Melbourne. The Norsal Institute
for Global Health. Health policy & health
finance knowledge hub. Issues brief number
11, May 2013;1-2.
7.Yusefzadeh H, Ghaderi H, Bagherzade R,
Barouni M. The efficiency and budgeting of
public hospitals: case study of Iran. Iran Red
Crescent Med J. 2013;15(5):393-9
8.Puenpatom RA, & Rosenman R. Efficiency of
Thai provincial public hospitals after the
introduction of National Health Insurance

Program. Washington State University. School
of Economic Sciences. February 2006;1-55.
9.Coelli TJ. A guide to DEAP 2.1: a Data
Envelopment Analysis (Computer) Program,
CEPA working paper No. 8/96, University of
New England. Department of Econometrics
1996;1-50.
10.Jacobs R, Smith PC, Street A. Measuring
efficiency in health care: analytic techniques
and health policy. Cambridge: Cambridge
university press; 2006;1-243.
11.Mathiyazhgan MK. (2006). Cost efficiency of
the public and private hospitals: evidence from
Karnataka state in India. ISAS Working Paper.
No. 8; 27 January 2006:1-32.
12.Osei D, d'Almeida S, George MO, Kirigia
JM, Mensah AO, Kainyu LH. Technical efficiency
of public district hospitals and health centres in
Ghana: a pilot study. Cost Eff Resour Alloc.
2005
Sep
27;3:9.
doi:
10.1186/1478-7547-3-9. [cite 2016 Jan 29].
Available from: http://www.resourceallocation.com/content/3/1/9
13.Oberholzer M. A model to estimate firms’
accounting-based performance: a data
envelopment approach. International Business
& Economics Research Journal 2014; 13(6):
1301-14.
14.Puig-Junoy J. Partitioning input cost
efficiency into its allocative and technical
components: an empirical DEA application to
hospitals. Socioeconomic Planning Sciences 34
(2000);199-218.
15.Yaisawarng S, Puthucheary N. Performance
measurement and resource allocation.
Prepared for International Conference on
Public Sector Efficiency 27-28 November 1997.
The University of New South Wales, Sydney

36

2052, Australia. TRP 97-9. November 1997.
[cite 2016 Mar 20]. Available from: http://
www.treasury.nsw.gov.au/
16.Gok MS, Sezen B. (2011). Analyzing the
efficiencies of hospitals: an application of data
envelopment analysis. Journal of Global
Strategic Management. 2011;10:137-46.
17.Park JS, Fowler KL, Giebel SA. Measuring
hospital operating efficiencies for strategic
decisions. International Journal of Business
and Social Science 2011;2(13);56-60.
18.Ngoie KJ. Koch S, Improving policy
implementation by the use of efficiency
models: an application of DEA on public
hospitals 1-25.
19.Li H, Dong S. Measuring and benchmarking
technical efficiency of public hospitals in
Tianjin, China: a bootstrap-Data Envelopment
Analysis approach. Inquiry: The Journal of
Health Care Organization, Provision, and
Fi n a n c i n g . J a n u a r y 2 0 1 6 ; 1 - 5 . d o i :
10.1177/0046958015605487. [cite 2016 Mar
20]. Available from: https://us.sagepub.com/
en-us/nam/open-access-at-sage January 28,
2016.
20.Tehrani R, Mehragan MR, Golkani MR. A
model for evaluating financial performance of
companies by data envelopment analysis: a
case study of 36 corporations affiliated with a
private organization. International Business
Research 2012;5(8):8-16. doi:10.5539/
ibr.v5n8p8. [cite 2016 Mar 20]. Available from:
http://dx.doi.org/10.5539/ibr.v5n8p8.
21.Lilongwe. Technical efficiency of district
hospitals in Malawi: an exploratory assessment
using data envelopment analysis. MOH/WHO
for comment. May 2008:1-28.

Differentiation of benign and malignant breast mass by
using flow pattern from color Doppler ultrasonography
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ABSTRACT
OBJECTIVE
To identify certain vascular features of breast masses observed by color Doppler ultrasonography (CDUS).
METHODS
This was a cross-sectional study conducted at Out-Patient Department, Khon Kaen Hospital, Khon Kaen, Thailand
between February 2014 and February 2015. The study involved ambulatory patients having ultrasonographic breast
examination. CDUS was used to diagnose and classify benign and malignant breast tumor in addition to
echogenicity findings by comparing the echogenicity, textural feature and flow or vascularity comparing with the
pathology or tissue diagnosis after the masses have been excised.
RESULTS
There were 1,438 walk-in-OPD patient having ultrasound breast examination; 233 case of solid breast masses have
no vascular flow and all of them are fibroadenoma; 192 cases with abnormal echogenicity and vascular flow breast
masses went to follow up at surgical department after mammogram and ultrasound breasts have been reported
hypervascular lesion with tortuous vessels central and peripherally had sensitivity of 47.7%, specificity of 100% and
and positive predictive value 100%.
CONCLUSION
The combination of gray-scale ultrasound with data of vascular flow pattern from CDUS can enhance the accuracy of
the diagnosis of malignant breast tumor with specify 100% and positive predictive value 100%.
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INTRODUCTION

METHODS

Breast cancer is one of the majority of carcinoma
among women except from cervical carcinoma and it
seems to be raising up in the recently decades.1 Early
detection is an effective way to control the disease.2
Practically harmless, ultrasound is one of the most
effective and popular approaches for early detection
of breast cancer.3
Flow data is usually recorded for tumor
vascularity particularly has played an important role
in promoting cancer growth, invasion and metastasis
malignant tumor has copious blood apply.4-7 Color
Doppler ultrasonography (CDUS) has a value in
diagnosis and classifying benign and malignant
breast lesion.4 It has been proved that CDUS
imaging can improve the diagnostic accuracy of gray
scale imaging of abnormality of blood flow or tumor
vascularity.4
Using high resolution of β-mode
ultrasound can detect non-palpable breast tumor
and in combination with flow detection is highly
desirable.8 However the CDUS in an operator
dependent this make the comparison of each study
difficult.9 Various flow parameters have been
evaluated in different studies. Most of the
radiologists use echogenicity of the lesion in
combination with blood supply of the tumor.10 In the
present study with a big sample size group aimed to
provide or ensure the diagnostic malignant breast
mass with pattern of blood flow by using gray scale
and CDUS comparing with the excised breast mass or
pathologically.

Study design
This was a cross-sectional diagnostic study conducted
between February 2014 and February 2015 at Khon
Kaen Hospital.
Patients
All patients with palpable breast masses coming to
Department of Surgery, Khon Kaen Hospital were
sent for investigation using mammography and gray
scale ultrasonography of the breasts. Patients with
cystic breast masses from the ultrasonography were
sent back to Department of Surgery for aspiration.
CDUS was used in case of solid breast mass which
latter all solid masses were undergone biopsy and
excision.
Diagnostic tools
Gray scale ultrasonography was done with either
Toshiba Xario 660 model or Toshiba Apilo 400
model. However, CDUS was performed using only
Toshiba Apilo 400 model. All investigations were
done by six radiologists with experience in the field
more than five years. Findings from gray scale
ultrasonography and CDUS were compared against
pathological reports.
Statistical analysis
Findings from ultrasonography were reported
regarding (i) echogenicity from gray scale alone and
(ii) echogenicity in the addition with vascular flow
from CDUS. The findings were latter compared with
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A

B

Figure 1: Findings
from gray scale
ultrasonography with
color flow applied in
benign breast mass.
Panel A, an irregular,
microlobulated mass
(BI-RADS 4). Color
Doppler image showing
no color flow of the
lesion; Panel B and C,
an invasive ductal
carcinoma recurrence;
Panel B, a gray-scale
image showing an
irregular, speculated
mass, architectural
distortion, acoustic
shadowing, and
straightening of
Cooper’s ligament (BIRADS 5); Panel C, A
color Doppler image
showing and avascular
lesion.

C
the pathological report of those with malignancy. The
diagnostic properties of the tool were interpreted
into sensitivity, specificity and positive predictive
value. The chance of having malignancy was also
interpreted using Breast Imaging Reporting Data
System (BI-RADSTM) a quality assurance reporting
tool used for mammography reading. The system is a
collaborative task of many health professions and it
is published and trademarked by the American
College of Radiology (ACR).1,2
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RESULTS
There were 1,438 cases including in the present
study. All of them were female with the mean age of
51.4 years old. Of these included 408 case of normal
findings from ultrasonography. From pathological
reports, 420 were focal cortical dysplasia, 117 were
lymph node or lipoma, 68 were complex or
complicated cysts.
Findings from the CDUS found 233 solid
masses with no vascular flow and all of them were
fibroadenoma pathologically. Thirty five cases were
suspected of benign solid mass with no flow applied.
There were 192 patients that went following up at
surgical department after the mammogram and
ultrasonography of the breast with suspected
malignant breast mass as they showed abnormal
echogenicity from gray scale ultrasonography and
abnormal vascular flow from CDUS.
Table 1 shows the diagnostic properties
regarding sensitivity, specificity and positive
predictive value of findings from gray scale
ultrasonography and CDUS. high specificities was
observed in when using gray scale ultrasonography
only. All of them were more than 80% which went in
the opposite direction with sensitivities. It also found
that if they vascular flow were exhibited at central
together with peripheral of the mass, 100% of the
masses would be malignancy. Figure 1 shows
findings from gray scale ultrasonography with color
flow applied in benign breast mass. No vascular flow
is observed in most of the benign lesion. Figure 2 , in
contrary, shows findings from gray scale
ultrasonography with color flow applied in
malignant breast mass. Vascular flow patterns were
observed in both at peripheral and central of the
mass.
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Table 1: Ultrasonographic findings comparing with pathological report of 192 patients with malignancy from
pathological reports.
Findings from ultrasonography

Sensitivity (%)

Specificity (%) Positive predictive value (%)

Gray scale findings
Speculation

36.6

94.4

91.8

Taller man wick

41.6

98.1

81.2

Angulation

83.2

92.0

67.5

Heteroechogenicity

68.8

90.1

60.1

Calcification

27.2

96.3

84.8

Microbulation

79.2

83.8

48.2

Flow was exhibited centrally

39.9

80.3

50

Flow was exhibited peripherally

32.8

82.8

97.7

Flow was exhibited centrally and peripherally

47.7

100

100

Color flow findings

Figure 2: Findings from gray scale
ultrasonography with color flow
applied in malignant breast mass.

A

B

C

D

Panel A&B, a fibroadnocarcinoma : A gray-scale
image showing an oval, circumscribed mass (BIRADS 3). After applying color Doppler image
showing a hypervascular lesion with peripheral
arteries; Panel C, the intralesional tortuous
neovessels variable caliber due to irregular
branching strongly increased the suspicious of
malignant breast mass; Panel D&E The
identification of an indeterminate mass and
hypervascular centrally and peripherally
(invasive ductal carcinoma).

E
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In conclusion, the results of the present
study suggested that if we used only gray scale or βmode ultrasound in examining breast masses and we
apply color flow to the lesion for detecting
vascularity. In the combination of both echogenic
pattern and CDUS, they both can increase or enhance
diagnostically important in distinguishing benign
from malignant breast masses at breast
ultrasonographic examination.
Our results were not against from prior
11
study which stated that hyper vascularity of breast
mass observed from the CUDS was the most reliable
sign in Doppler ultrasound to predict its possibility of
malignancy of the breast mass and in another study12
the authors also suggested that CDUS had been used
more in the recent years to differentiate between
benign and malignant breast masses which
malignant breast masses would have increased
vascular or copious blood supply from the CUDS. It
can enhance the specificity in telling malignant
breast masses up to 100%, if the flow increased
centrally and peripherally.

DISCUSSION
The results showed that if the radiologists use only
characteristic of echogenicity of the masses, natures
of masses can be identified in most the cases with
high specificity. Additionally, with color flow to those
breast masses, the radiologists can give the diagnosis
or telling more accurate in the nature of those breast
masses. As the result, we found that not only the
echogenic pattern of the masses, the color flow or
vascularity of the lesion was also helped in
differentiating the masses. The malignant breast
masses usually show abnormal color flow or
vascularity of the lesion. If the flow increased only at
central area, the sensitivity would not be high while
specificity was found to be a bit more than 80%. If the
similar pattern was found in the peripheral area,
sensitivity was even lower, with a bit higher
specificity, and if the flow increased at both regions
which is centrally and peripherally the sensitivity
would go up to 50% while specificity reached 100%
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“Quote”

“Just do what must be done. This may not be
happiness, but it is greatness.”
-George Bernard Shaw

Duis autem vel eum iriure dolor in hendrerit in vulputate velit esse molestie
consequat, vel illum dolore eu feugiat nulla facilisis at vero eros et accumsan et iusto
odio dignissim qui blandit praesent luptatum zzril delenit augue duis dolore te
feugait nulla eum iriure molestie consequat, vel illum dolore eu feugiat nulla facilisis
at vero eros et accumsan et iusto odio luptatum zzril luptatum zzril delenit augue duis
dolore te feugait nulla facilisi.
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