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A.1: COSECSA Research Methodology Course 
(RMC): Online course Syllabus 2020 & Contents 

Introduction 

The following sections consist of PowerPoint slides of mini-lectures on topics explained in 
the detailed curriculum (section A.2), followed by step-by step practical sessions to help 
participants develop their own research ideas into a viable research question and proposal 
for a project. 

The lectures should be viewed in the PowerPoint presentations that are available online; the 
slides in the handbook are really only there as quick reminder of lecture contents for those 
who have already worked through the presentations slide-by-slide. Presentations can be 
viewed individually so that each participant can learn at their own pace, or in small groups 
with discussion of each slide so that contentious points are clarified through discussion. 

Practical sessions work best if done in small groups. The topics follow the just-delivered 
lectures in content and planning. The idea is that peers plan a study and develop a proposal 
together that they can present to their departmental head and/or the research committee at 
their institution, and therefore create their own viable project based on the principles learned 
during the course. 

Quizzes and a final course test will be developed and made available after the Covid-19 
pandemic has settled. If possible, the plan is then to have all presentations and quizzes 
written into an interactive online portal. Final course assessment will be through an online 
test for which participants will have to register at a fee decided by COSECSA, and 
completion will generate an automatic course certificate. Unfortunately it takes time to create 
the interactive online portal and the team members who are doing this are now all occupied 
due to the Covid-19 epidemic in UK. 
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A.2: Introduction to the COSECSA online
Research Methodology Course (RMC)

Background 

Sub-Saharan Africa is rich in surgical research material. Health care in the region 
deals with the interface between the effects of infectious diseases and extreme 
poverty, and the rise of non-communicable diseases. The WHO projection is that 
80% of future cancer deaths will occur in low- and middle-income countries. At the 
same time the epidemics of serious and neglected injuries due to road-traffic crashes 
and burns need to be addressed, as well as the burden of congenital birth defects 
such as cleft lip and palate, club foot and reversible gastro-intestinal defects. In 
areas such as pre-hospital care, where simple advances can have major impact on 
survival from surgical emergencies, research based evidence can drive such 
advances. 

After acceptance of resolution 68.15 by the World Health Assembly emergency and 
essential surgery has slowly become part of the global health agenda. Providing 
surgical care to everyone worldwide at acceptable levels is an almost impossible 
task unless evidence is produced to show where government expenditure will bring 
most benefit. 

Quality improvement in clinical care and in patient safety in surgery happen more 
readily when surgeons produce their own evidence of improvements in care 
pathways, rather than being told by outsiders how they should change practice. 

Surgeons in the COSECSA region demand to own more of their own intellectual 
property. A simple internet search for "funding opportunities for surgical research in 
Africa" showed that funding is easily available for students or trainees from rich 
countries to go to Africa on a short visit, collect some data for an audit study or 
clinical series and write it up as "research" that promote their own career, rather than 
helping care in the host country. Such studies usually produce no more than Level 3 
evidence, and local collaborators are almost never first authors of such publications 
and then have to pay exorbitant fees to access their own research online.  

A request therefore came in 2015 from COSECSA's Chair of the Education and 
Research Committee to the International Federation of Surgical Colleges (IFSC) to 
help develop a basic course in surgical research methodology for COSECSA 
trainees as no such course was then offered through COSECSA, although some 
trainees in the region attend such courses if they are also in an MMed programme. 
In 2015-16 the framework for such a course was written and pilot courses delivered 
in Ethiopia (twice), Rwanda and Zambia, with training of research methodology 
tutors. Unfortunately it is almost impossible to sustain another residential course due 
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to the costs of travel, accommodation and time out of work for trainees and tutors. In 
2019 Dr Laston Chikoya therefore approached me directly to ask if we could develop 
an online research methodology course for COSECSA. I wrongly thought it would be 
easy to change our existing course into an online course and agreed. 

Aim of the Course 

1. To develop a basic research methodology course for year 1-2 surgical residents in 
COSECSA countries who have had limited previous exposure to research concepts 
but who have had basic teaching in epidemiology at undergraduate level. 

2. To build on the contents and outcomes of the 2015-16 pilot courses to keep the 
strong points of the original course but to modify the contents so that a trainee could 
work through the presentations on their own without the presence of a tutor. 

3. To guide course participants to develop their own research ideas into viable 
projects that will deliver robust clinical evidence. 

4. To deliver the course through a viable user-friendly and affordable online platform 
for interactive learning and chat groups with other participants and online tutors. 

5. To deliver a secure online final course test that produces a certificate of 
successful completion that trainees can include in their training portfolio. 

6. To demonstrate educational success to the COSECSA Education and Research 
Committee and COSECSA Council. 

Methods 

(a) Course Principles 

We reviewed a number of research skills courses available to trainees in different 
centres, e.g. University of Zambia, South Africa College of Medicine, West Africa 
College of Surgeons from the USA, United Kingdom surgical colleges. In my opinion 
some of these courses were too basic and some were too complex or too heavily 
focused on statistics. We therefore decided to base the course on the following 
principles: 

1. It must explain basic clinical research principles. 
2. Use young surgeons/trainees with strong research portfolios as tutors. 
3. Use the stepwise approach developed during pilot courses (Introduction, 

Planning, Reading literature, Methods, Results, Analysis, Presentation, 
Sustainability). 

4. Participants must understand how to use internet search engines and how to 
read scientific papers critically. 
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5. Statistics: include enough on statistics that participants understand how 
statistical analysis and methods work, that they can choose the correct 
analysis method for their particular data and use online statistics programmes, 
but not expect them to do complicated statistics themselves. 

6. Participants should understand the process of developing a research idea into 
a functioning study, and do that in practice. 

7. Give opportunity for practical sessions/workshops in parallel within the course 
so that participants can develop their own ideas in to research questions and 
viable studies. 

8. Learn to critically discuss their own and colleagues' research ideas and 
proposed projects in a constructive and non-confrontational manner. 

9. To develop enthusiasm to take research further and to create local clinical 
research support groups amongst surgical trainees, with mentoring from 
senior clinicians if possible. 

(b) Teaching Methods 

The course is set up to progress through a series of progressive steps, as set out in 
the detailed curriculum. This will take participants from understanding research, 
through critical reading of the literature, to understanding how to design a study, 
collect and process data, and finally to present their collected evidence in a 
meaningful way, with suggestions to maintain enthusiasm. The focus is on clinical 
research that improves outcomes of care for patients and communities. 

In each section there is a PowerPoint lecture or two, followed by suggestions for 
practical work. The lectures have been modified from the usual to include 
explanatory notes that a lecturer would usually deliver; all the lectures are therefore 
such that a course participant can work through these independently. Practical 
sessions work best if they are done by a few participants together or through online 
group meetings such as in chat rooms. 

For critical evaluation of the literature a number of open access surgical papers are 
provided in Appendix 1; this gives all participants equal opportunity whether they 
have easy internet access or not. 

In each section there will be a Quiz to help focus learning points. Questions in the 
Final Course Test will be very similar to the quiz questions. 

In Summary 

We trust that this online research methodology course (RMC) will help surgical 
trainees from early in their careers to understand clinical research principles, enable 
them to read surgical literature widely with a critical mind, enthuse them to develop 
and complete their own projects with success, and empower them to deliver the 
evidence that will change local, regional and international clinical practice. 
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A.3: COSECSA Research Methodology Course 
(RMC): Detailed course curriculum (2020) 

Introduction to the Course 

Please read this introduction. It explains the background to the course, its aims, 
teaching methods and stepwise learning goals, results from previous pilot courses 
and how this course can help you to take your own research ideas and develop 
these into a well conducted study and scientific presentation that will add to clinical 
evidence in surgery. 

B: Background: Understanding Clinical Research 

B.1: Lecture: Introduction to research principles (JSD): 

This lecture will address 
1. The difference between research and audit. 
2. Different types of research, with focus on clinical research 
3. The process of designing a study. 
4. Examples of RCTs in Surgery. 
5. Data Analysis. 
6. Qualitative research, with an example. 
7. Surgical Audit 
8. Clinical value of research (Why should a surgeon know about this?) 
9. Ethics of clinical research 

B2: Quiz on principles of research 

Quizzes help to imbed essential knowledge and are for personal information only; 
scores are not collated and do not contribute to you passing or failing the course.  

B.3: Practical 1 (share ideas either directly in a discussion group 
that meet regularly or with your peers in an online group): 

Write your own answers to the following questions and then discuss in your newly 
created study group:  

• What do I want to investigate?  
• Is it audit or research?  
• Is it clinical, laboratory or community based?  
• Is it ethical? 
• Can I write a research idea in 1-2 sentences? 
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C: Planning your research  

C.1: Lecture: Study design (ST) 

This will cover how to select a research topic and title, and how to ask a research 
question. 

C.2: Quiz on study design and formulating the research question 

C.2: Practical 2 (individual and in group): 

1. Can I write my research idea into a single sentence research question? It is 
important to move from loose ideas to a structured question in writing that 
makes sense to anyone else who would read it. 

2. Share research ideas and questions in the chat room. Are there others with 
the same ideas as mine? Can we plan a project together? What are the 
immediate obstacles and how do we think we can overcome these?  

3. Is our local research group strong enough to discuss individual or shared 
research plans regularly? 

D: Collecting Background Information  

D.1: Lecture: How to do a literature review (BD, ABe) 

Short lecture on internet search engines and demonstration of PubMed and Google 
Scholar, with additional reference to Hinari (WHO site). 

D2. Practical 3 (using PubMed, Google Scholar and Hinari) 

Online practical: Go to different search engines and use your own search terms to 
search for articles in PubMed, Google Scholar and Hinari on topics that interest you. 
If you already have a good research idea or a potential research question, use this 
exercise to collect a list of papers you might want to read. (The next lecture will 
explain to you how to analyse these papers critically and to decide if they are really 
adding value to your background information and your own research project). 

D.3: Lecture: How to read research papers critically: understanding 
the principles of analysing a paper (JH) 

D.4: Practical 4 (critical paper analysis) 

A number of scientific papers are made available for reading; these look good at first 
glance, but might have serious deficiencies. Work through a few papers, review and 
summarise a few; the summary must address (1) Strong points, (2) Deficiencies, (3) 
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Will this paper change your clinical practice, and how? It works best if you discuss 
your ideas either in your local group or in an online chat room (one person 
summarises one paper but everyone reads all papers under discussion); then try to 
form a group opinion and test it against other groups. You will find there are no fixed 
rules; different readers interpret and value the same paper differently but you can 
come to shared  conclusions by consensus. The next step is to find papers in the 
literature according to your own speciality or current knowledge, and analyse these 
critically, but always write down your opinion on points (1), (2) and (3) as above. 

Please see Appendix 1:  

Appendix 1 contains a number of journal papers for critical reading and analysis. 
These papers are all available for free download through e.g. Google Scholar and 
copies are available in the course handbook. It works best if 1-2 persons read and 
summarise one paper and then present their findings to colleagues within a study 
group. If you give 10 minutes for each presentation and 5 minutes for discussion you 
can go through 5 papers in under 90 minutes. That should give you sufficient 
confidence to be a critical future reader. 

D.5: Quiz on planning and preparation. 

E: Methods 

E.1: Collecting and managing your project data (lecture) (ABr) 

E.2: Quiz on methods and study design 

E.3: Practical (individual and in small groups) 

Aim is that you and/or your group will now be able to write down a study proposal 
with appropriate research title, research question, study design, planned methods. 
Also discuss specific practical problems in research methods that you have 
encountered or envisage.  

Start to ask yourself: 
• What is your research question? Is it robust and unambiguous? 
• How to select the correct study design for your research question 
• What research method(s) will work best for your question? 
• End points, variables, feasibility? 
• How will data be collected and who will do it? 
• What is the desired and/or available time frame to complete data collection? 
• How will data be analysed and by whom? 
• How to prepare for ethical approval for your study. 
• Time management. 
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• Recruiting other team members.
• Reviewing end-points regularly.

F: Results: Analysing your data 

F.1: Lecture: Statistics for Medicine (Understanding basic
principles of statistics) (NT,VF)

This lecture starts by explaining the basic principles of statistics to help understand 
the principles of chance, how that is used to calculate statistical chances and use 
these to interpret the spread of data, and to predict transferability of study results to 
wider populations. It explains different techniques and tools of statistical analysis , 
summarise more advanced statistical methods and explain how statistical 
calculations can make practical/clinical interpretation and implications of research 
results more understandable and transferable, but also how excessive statistical 
tests can overcomplicate result interpretation.  

F.2: Practical 6 (using online statistics programmes)

Find and select a statistics programme that is available for free online use (open 
access) through an internet search engine (e.g. Google). There are many 
programmes (e.g. JASP, SOFA, GNU PSPP, Jamovi, IBM SPSS, MacAnova, 
Invivostat, etc etc) but they all have different strong and weaker points. Sites like 
GoodFirms (goodfirms.co) try to summarise these (e.g. IBM SPSS is very powerful, 
MacAnova also works with Linux, Invivostat identifies and removes inaccurate data). 
Try different programmes with your own experimental data and see which gives you 
the best understanding of the data and the best visual representation to share your 
findings (do not try to find a programme to compensate for a poorly conducted 
study). 

Take either data from your own provisional results, or from a pilot study, or take the 
data from a robust paper you have read, and enter the data. Best is if 2-3 people use 
the same data in more than one online programme and compare outcomes, then 
make sure you understand the way the programme does the statistics (you only 
need to understand the principles of how the quantitative data becomes readable 
statistics), then discuss which programme would be best suited to your own project. 

F.3: Quiz on statistics
F.4: Lecture: Qualitative data analysis (JSD)
F.5: Extra dimensions of data analysis (JSD)

a. Quality of Life indicators
b. Patient satisfaction outcomes
c. Quality control/Patient Safety factors
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F.6: Quiz on data analysis

F.7: Practical (how to analyse data from your own study)

Discuss potential analysis methods for study proposals in your group e.g. what type 
of data (quantitative, qualitative) do we expect to get?, therefore what tests to use?; 
can we find a statistician to help?; which internet available statistics programme can 
we use? do we need to quantify any qualitative data? Let the principal investigator 
for each study present their ideas for 5-10 minutes, and then have a 10-15 minute 
discussion; end by writing down 3 key points on data analysis for each study 
proposal. 

G: Reporting your Findings 

G.1: Lecture: Presenting my data (FED)

How to plan and complete Podium (oral) and/or Poster presentations of your project 
results in your local department/hospital, at scientific meetings/conferences or to 
specific interest groups (e.g. Dept of Health, Health care managers). 

G.2: Lecture: Principles of scientific writing (SD)

How to plan, construct and write the detail of a scientific paper, how to choose a 
journal for publication and how to give yourself the best chance of getting your paper 
accepted for publication. How to deal with paper rejection and try again. 

G.3: Quiz on presentations and writing principles

G.4: Practical 8 (presenting and writing)

You can practice presentation and writing before you have completed your own 
research project as long as you have a small group of research enthusiasts that 
support each other. Things you can do include: 

a. Prepare an oral presentation on a paper you have read as if it were your own
study and you have to share the results with your peers.

b. Prepare an electronic poster on a paper and present at your meeting (you can
do the poster in PowerPoint and project from your laptop, so no expenses
necessary).

c. When you have read 5-10 good articles as background for your study
proposal, summarise these into an oral presentation to your study group or
your own hospital department. You can summarise these under the IMRD
headings you will use to write your own paper.

d. Write a summary abstract for yourself on these background papers, as if you
are going to submit this as an abstract for a conference.
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e. Use (c) and (d) as the core information to write up the literature review for 
when you want to publish your own study. 

f. Write up a summary of the methods you want to use for your own study and 
present to your peer study group. Welcome any positive criticism to improve 
your project. 

H: How do I keep going?  

H.1: Lecture: Research with limited resources; research 
collaborations; how can I make research work in my own 
institution? (ACC)  

H.2: Practical 9 (the value of a local research support group)  

Try to find likeminded colleagues who are your peers, e.g. other surgical residents 
that you work with in the same hospital, or with residents from other departments, or 
other health care practitioners that are interested in clinical research (laboratory staff, 
nutritionists, public health doctors [who often know more about statistics and 
epidemiology than surgeons] etc). The trick is to think widely. Invite 1-3 supportive 
consultants to attend, even if they might be very senior academics. Most professors 
love young researchers to come up with new ideas and would like to know about 
these early. Find a time and place to meet regularly when it would suit everybody to 
meet most of the time. Do not overdo the meetings; monthly meetings will be more 
sustainable than starting with weekly meetings because you are enthusiastic. Keep 
very short minutes of you meetings so you can remind people what you discussed 
previously and have an agenda for every meeting, so people can prepare to discuss 
their specific project successes or problems. Invite speakers to come and talk about 
difficult issues e.g. a statistician from the local university (irrespective whether 
medical or not), somebody who has achieved research success in a different field, 
someone who can advise on publication (e.g. an editorial board member of a 
medical journal). Most important is to be open, supportive, non-threatening and non-
defensive. Criticism must always be positive and aimed at the contents the group 
discusses; never be critical of researchers in person, even if they do not attend the 
meeting. Make every meeting a learning experience and end the meeting with a 
short list of 3-5 learning points from that specific meeting. Then share a meal or a 
few drinks or go home if you have a family and don't talk about research when you 
have left the meeting. 

J: Final Course TEST 

This is a final Pass or Fail course consisting of 25 questions worth 4 points each. 
Each question has a choice of 5 potential answers: if you get it right at first attempt 
you get 4 points, if wrong and you try again, you will get 3, then 2, 1 and 0. You have 
to score 80% to get a pass mark. You can take the test ONCE only, so make sure 
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you have mastered the course content and done the practical exercises. If you do 
not pass you will have to reregister to repeat the course. 

The TEST will be developed after we have come through the Covid-19 
pandemic. 

K: Collecting your Certificate 

This will be an electronic certificate issued through the COSECSA School for 
Surgeons. You can save the pdf copy to your electronic portfolio or print a paper 
copy.



19

Understanding	the	Principles	
of	

Surgical	Research	and	Audit	
(including	Ethics	of	clinical	research)	

J	S	(Fanus)	Dreyer	

This	lecture	will	address:	

1.  The	difference	between	research	and	audit.	
2.  Different	types	of	clinical	research.	
3.  The	process	of	designing	a	study.	
4.  Examples	of	RCTs	in	Surgery.	
5.  Data	Analysis.	
6.  Qualitative	research,	with	an	example.	

7.  Surgical	Audit	
8.  Something	about	Ethics	in	research	

What	is	Research	and	what	is	Audit?	

• Audit	=	ask	“what	happens”?	

• Research	=	ask	“why”	or	“how”	does	it	happen	
SURGICAL	RESEARCH	

B.1: Lecture

1 2

3 4
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Research	
A:	Different	types	of	Research:	
•  Case	study	(=one	case	that	brings	new	learning)	
•  Clinical	series	(=a	number	of	similar	cases	that	describe	something	new)	

•  Observational	Study	(=observing	a	large	group	over	time	
[=longitudinal]	e.g.	the	Framingham	study)	

•  Cohort	studies	(=comparing	two	groups	of	people,	usually	quite	similar	
except	for	the	research	intervention)	

•  Uncontrolled	trials	
–  Retrospective	trials	(=looking	back	at	treatment	effect	afterwards)	

–  Historical	controls	(=comparing	current	results	with	how	things	used	to	be)	

–  Non-Randomised	studies	(=two	study	groups	that	might	look	similar	but	
patients	in	each	group	selected	with	inherent	bias)	

		•  Controlled	Trials:	
–  Prospective	(=	recruit	patients	only	after	study	design	has	been	completed)	

–  Randomised	Controlled	Trial	(RCT)	[=patients	allocated	without	
choice	e.g.	patients	draw	numbers	and	all	equal	numbers	go	into	treatment	arm	
A	and	all	unequal	numbers	go	into	treatment	arm	B]	

–  Blinded	studies	(Double	blinded)	[=the	clinical	researcher	(patient	
doctor)	and	the	data	analyser	(e.g.	statistician)	do	not	know	which	group	
received	which	treatment	until	after	the	reults	are	reported]	

•  Meta-analysis	(=combining	the	results	of	different	similar	studies	to	
get	a	stronger	combined	result	–	see	later)	

•  Qualitative		Research	(see	later)	

•  Surgical/Clinical	Audit		(see	later)	

Definition	of	Clinical	Research:	

Clinical	research	intends	to	produce	knowledge	
valuable	for	understanding	human	disease,	
preventing	and	treating	illness,	and	promoting	
health.	It	involves	interaction	with	patients,	
diagnostic	clinical	data	or	populations.	

	
Penson	DF	&	Wei	JT	

Clinical	Research	Methods	for	Surgeons	
2006	Humana	Press	

How	do	we	use	Evidence	from	research?	

•  Level	1:	 	High	quality	meta-analyses	(1a);			

	 	 	Review	of	RCTs;		
	 	 	Well	designed	RCTs	(1c).	

•  Level	2:	High	quality	cohort	studies	or	case	control	studies;	
	 	 	or	Review	of	such	studies.	

	

•  Level	3:	Non-analytic	studies,	e.g.	Case	studies	or	series.	

•  Level	4:	Expert	opinion	

5 6
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To	do	a	RCT	in	Surgery	is	very	difficult	
(often	almost	impossible):	

An	example	of	a	RCT	in	Colorectal	Surgery	that	
greatly	influenced	my	practice:	

	

Dutch	TME	trial	
	

(Look	up	the	technical	aspects	and	oncological	benefit	of		Total	
Mesorectal	Excision	(TME)	for	rectal	cancer	if	you	are	

unfamiliar	with	the	procedure)	

	

Total	Mesorectal	Excision	(TME)	

Dutch	TME	trial	

Ellen	Kapiteijn,		Corrie	A	M	Marijnen,		Iris	D	Nagtegaal,		
Hein	Putter,		et	al.		

Preoperative	radiotherapy	combined	with	total	
mesorectal	excision	for	resectable	rectal	cancer	

NEJM	Aug	30,	2001;		345	(9):		p.	638-646		

Dutch	TME	trial	
This	study	looked	at	the	outcomes	for	general	
colorectal	surgeons	who	learn	to	do	TME	correctly,	
with	and	without	pre-operative	radiotherapy;	the	
surgeons	were	not	rectal	cancer	experts	in	academic	
centres	but	general	hospital	colorectal	surgeons	who	
do	rectal	cancer	surgery	as	part	of	wide	colorectal	
practice.	Because	the	benefit	of	radiotherapy	in	this	
cohort	was	not	yet	established	it	was	ethically	
acceptable	to	do	a	trial	of	with	or	without	pre-op	
radiotherapy.	

9 10
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The	study	showed	that	for	Stage	3	cancer	the	local	recurrence	rate	with	
pre-op	radiotherapy	was	a	third	of	those	who	did	not	have	radiotherapy	

(and	for	stage	2	cancer	it	was	1%	vs	5.7%),	so	in	daily	rectal	cancer	
surgery	the	radiotherapy	brought	significant	benefit.	

	

Meta-analysis	

In this meta-analysis the data of the Dutch TME trial was combined with 
the UK CR07 trial that also looked at pre-op radiotherapy with TME and 
with older studies from Sweden that looked at pre-op radiotherapy with 
classic rectal cancer surgery (before TME). All studies showed benefit for 
pre-op radiotherapy. 

How	do	we	plan	a	study?	

PRINCIPLES:	

	
1.  Inductive	method	(from	Newton):	

		“Let	the	data	speak	for	itself”	

	
(cf.	Deductive	method:	used	in	mathematics,	
astronomy	&	physics,	where	a	theory	is	tested	
against	observations)	

13 14
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2.	Structure	of	the	research	plan:	

“IMRD”	format	(from	Pasteur)	
	

=	Introduction,	

	Methods,	

	Results,	

	Discussion.	

How	to	Write	a	Research	Proposal:	

1.  Title:	-Must		have	focus	(“What	are	you	working	on?”)	

		-Will	evolve		
		-Not	the	same	as	manuscript	title	

	

2.	Contributors:		-Surgeons	
	 	 	 	-Scientists	

	 	 	 	-Data	management	experts	

3.	Research	Question:	

•  This	is	the	most	important	part	of	the	research	plan.	
•  Ask:	“What	do	I	want	to	find	out?”	
	

(a)  Types	of	Research	Questions:	
-Is	it	true?	

-What	is	the	truth?	
-Is	it	better?	

-What	do	we	not	know?	
	

(b) What	is	the	significance?	
-Must	have	clinical	relevance,	i.e.	Make	patient	care	better.	

4.	Background	knowledge:	

•  Study	both	successful	and	unsuccessful	research	in	
your	field	of	interest.	

•  Read	relevant	textbooks	and	journal	papers.	

•  Discuss	with	colleagues.	

•  End	with	small	group	(about	10)	of	key	references.	

17 18
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5.	Define	a	Study	Group:	
	
Consider	future	patient	characteristics	when	designing	
your	study.	

	
-Inclusion	criteria	

-Exclusion	criteria	
-Comparison	groups	
-Time	frame	for	recruitment	

6.	End	Points:	

(a)	What	outcome(s)	do	you	want	to	measure?	
E.g: 	-Mortality	

	 	-Morbidity:		
	 						e.g. 	-Short	term:	Post-operative	Complications	

	 	 	-Medium	term:	Cancer	recurrence	

	 	 	-Long	term:	Disability	

	 	-Health	related	QoL	
	 	-Patient	Satisfaction	

	 	-Quality	of	Care	(e.g.	Patient	safety)	
	

(b)	Each	end	point	must	contribute	to	answering	the	
research	question.	

7.	Variables:	

•  =	different	factors	that	might	influence	results.	
•  Can	be	confusing	and	distracting	
•  Solve	this	by	organising	these	medically,	e.g:	

–  Demographics	
–  Classify	clinical	conditions	(e.g.	ASA	grade)	
–  Morphology	(variations	of	anatomy	or	pathology)	
–  Co-morbidity	

–  Surgical	details	
–  Support	mechanisms	

8.	Data	analysis:	Who?	How?	
	
9.	Feasibility:	(Potential	Obstacles)	
•  Sample	size	&	Comparison	group	
•  Timetable	

•  Limitations		&	Problems	
•  Ethics	
•  Budget	
	

10.	Review	of	the	Proposal:	
•  Academic	head/Educational	supervisor	

•  Ethics	committee	
•  Institution’s	review	board/Ethics	committee	

21 22

23 24



25

BASIC	STATISTICS	
•  Statistics	=	a	method	to	extrapolate	data	from	
samples	to	populations.	

•  Statistics	is	NOT	an	exact	science.	
	
(a)  Descriptors	of	the	Centre:	

	 	 	-Mean	
	 	 	-Median	

	 	 	-Mode	

		
(b)	Descriptors	of	the	Spread:	

	 	 	-Variance	

	 	 	-Standard	Deviation	
	 	 	-Percentiles	

Distribution	and	Symmetry:	
	
Normal	distribution	=		

Quantifying	Uncertainty:	THE	p	VALUE	

• What	is	a	statistically	significant	p	value?	

• What	does	a	p	value	of	<	0.05	mean?	

•  A	statistically	significant		p	value	does	not	mean	
there	is	a	clinical	significance	between	groups.	
*Why?	(Answer	on	next	slide)	

•  The	effect	of	sample	size	on	p	value.	
	**Type	II	error.	

Some	explanation	

*If	you	test	two	drugs	in	thousands	of	people	
one	might	be	marginally	better	than	the	other;	
this	will	be	statistically	significant	but	does	not	
make	any	clinical	difference	if	patients	don’t	
like	the	taste	of	the	better	drug.	

	

**Try	to	work	out	how	very	small	sample	sizes	
can	give	you	false	results.	Type	1	and	2	errors	
are	explained	in	detail	in	Statistics	lectures.	

25 26
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Statistical	Tests	to	compare	samples:	

•  Parametric	test	(for	data	with	a	normal	distribution)		
	 	=	t-test	

•  Non-parametric	data	(for	asymmetrical	distribution)	

	 	=	Wilcoxon-Mann-Whitney	test	
•  To	compare	outcomes:	Chi-squared		test	
•  For	multiple	complex	variables:	Linear	and	Logistic	
Regression	analysis	

Qualitative	Research	

Definition:		What	is	Qualitative	Research?	
	

	=	methods	to	understand	human	experience	of	
illness,	health	and	treatments.	

	
	=How	do	patients	or	health	care	workers	find	
meaning	in	illness	and	health,	and	how	it	affects	
their	work,	life,	relationships	etc.	

Qualitative	Methods:	

1.  Interviews	
2.  Group	opinions	
3.  Questionnaires	
4.  Case	Studies	

Data	analysis:	
1.	Test	the	Validity	and	Reliability	of	the	data,	e.g.	

through	Triangulation.	
2.	Cronbach	alpha	is	used	to	try	and	quantify	

qualitative	results.	

SURGICAL	AUDIT	

What	is	Audit?	

29 30
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What	is	Clinical	Audit?	

“A	process	that	improves	the	quality	of	patient	care	
through	systematic	review	of	care	against	explicit	
criteria	and	supports	changes	in	practice	to	meet	
those	criteria.”	

	

What	is	Audit	as	a	Research	technique?	
“Assessing	practice	honestly	enough	to	notice	
differences	in	outcome	and	report	such	data.”	

Examples	of	Surgical	Audit:	QiS	Surgical	Profiles	

Explanation	of	previous	slide	

The	graph	looks	at	120	day	mortality	after	all	surgery	in	
Scottish	hospitals.	Low	volume	hospitals	are	on	the	
left	with	more	variation	of	results	allowed	(because	
one	extra	death	in	a	small	number	of	patients	will	
increase	your	mortality	rate	a	lot	more).	The	yellow	
and	red	lines	are	for	1	and	2	standard	deviation	lines,	
so	68%	of	results	are	within	the	yellow	line	and	95%	
inside	the	red	line;	above	the	red	line	means	that	a	
hospital’s	mortality	is	worse	than	95%	of	others,	so	
that	then	needs	to	be	investigated.	

This	was	a	simple	audit	of	asking	
whether	patients	with	mild	iron	
deficiency	anaemia	can	have	
bowel	cancer,	and	the	answer	
was	that	sufficient	numbers	of	

women	in	a	rural	Scotland	setting	
can	have	bowel	cancer	when	they	
present	with	mild	anaemia	and	
no	other	symptoms.	The	study	
simply	asked	What	is	happening	
and	did	not	try	to	explain	Why.	
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Again a simple study that 
looked at how many in-
patients in surgical wards in 
one hospital were diagnosed 
with DVTs a year before and 
after bedside TVs were 
introduced. It does not try to 
explain why and, because the 
numbers are low, it does not 
try to present this as 
statistically significant. It is 
presented just to make 
hospital users aware of a 
higher DVT incidence. In 
depth research can then find 
out the Why and How.

I	encourage	surgical	trainees	to	do	Clinical	Audit:	

1.  It	is	cheap.	
2.  It	does	not	need	ethics	approval		(you	still	need	to	write	a	

proposal).	

3.  It	is	based	on	clinical	work.	
4.  It	improves	practice	and	patient	care.	

5.  It	makes	you	used	to	analysing	clinical	outcomes	and	
reporting	these	honestly.	

6.  It	takes	you	away	from	a	“blame	culture”	for	mistakes	and	
teaches	you	to	analyse	the	cause	of	errors.	

7.  It	can	improve	patient	safety.	

Audit	in	Safe	Surgery:	
(a)  Audit	the	process	of	using	a	Safe	Surgery	Checklist	

(SSC),	like	the	WHO	checklist:	
e.g:	-how	the	SSC	is	implemented	and/or	accepted	

	-practical	problems	in	using	different	parts	of	the	SSC	
	-developing	a	protocol	for	swab	and	sharps	counts.	

(b)	The	effects	of	the	SSC	on	Specific	Outcomes	
(through	quantitative/statistical	research)	

e.g:	-wound	infection	or	DVT	incidence	

	-drug	allergic	reaction	incidence	

	-delay	in	getting	blood	to	theatre	

(c)	Qualitative	research	on	how	the	SSC	affects	practice:	
e.g:	-how	did	introducing	the	SSC	affect	theatre	teamwork	or	communication.	

	-how	difficult	was	it	to	change	theatre	practice.	

Clinical	Audit	is	thus	a	Simple	Link	between	
Surgical	Research	and	Safe	Surgery.	
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Ethics	in	Surgical	Research	

History	of	non-ethical	research:	
1.  1946	Nuremberg	doctors	trial	

2.  1960s	Thalidomide	tragedy	

3.  1932-1973	Tuskegee	syphilis	study	

“The	slightest	hint	of	financial	or	material	
conflict	of	interest	will	jeopardize	your	
credibility	as	a	researcher”	

1.	Nuremberg	Code	
2.	Declaration	of	Helsinki	1964	

•  Human	subjects	in	research	must	give	informed	consent	
•  The	expected	benefits	should	justify	the	research	and	risks	
•  Human	studies	should	be	based	on	animal	studies	and	

knowledge	of	the	natural	history	of	the	condition	

•  Physical	and	mental	suffering	and	injury	must	be	avoided	

•  Subjects	should	be	able	to	withdraw	from	the	study	at	any	
point	

•  Studies	should	be	conducted	by	qualified	scientific	personnel	
who	will	be	prepared	to	terminate	the	study	at	any	point	if	
they	think	subjects	could	be	at	significant	risk	

Informed	Consent	in	Research	
Must	have	three	qualities:	
1.  Information	

–  What	are	you	going	to	do?	

–  What	are	you	not	going	to	do?	

2.  Understanding	
–  Must	have	somebody	outside	the	study	team	to	talk	to	

3.  Voluntary	agreement	
–  Patients	who	are	very	ill	or	injured	or	going	for	major	

surgery	are	traumatised.	It	is	not	a	good	time	to	make	
decisions.	They	must	NOT	be	put	under	more	stress.	

Required	elements	of	informed	
consent	in	research	[1]	

1.  State	that	the	intervention	is	research.	
2.  Purpose	of	the	research	
3.  Describe	study	procedures	
4.  Potential	risks	
5.  Potential	benefits	of	participation	
6.  Alternative	treatments	

7.  Methods	to	maintain	confidentiality	
8.  Number	of	subjects	in	the	study	
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Required	elements	of	informed	
consent	in	research	[2]	

9.	Compensation	for	harm	
10.	Investigator	contact	information	
11.	Statement	that	participation	is	voluntary	

12.	Statement	that	there	may	be	unforeseen	risks	
13.	Reasons	why	a	participant	may	have	to	be	removed	

from	the	study	

14.	Any	extra	costs	for	participation	
15.	Adverse	effects	for	early	withdrawal	

16.	Explain	how	results	will	be	reported	

Summary	of	Ethics	in	Clinical	Research	

1.  Non-maleficence		
	�	First	do	no	harm.	

	

2.  Beneficence	
•  Excellence	

•  Accountability	
•  Humanism	
•  Altruism	

	 	 		

		

Questions?	

Write	your	questions	down	so	that	you	can	
discuss	with	colleagues	or	ask	your	tutor.	

45 46
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27 
 

B2: Practical 1: Finding a research idea 

Ask yourself the following questions 
 

• What do I want to investigate?  

• Is it audit or research?  

• Is it clinical, laboratory or community based?  

• Is it ethical? 

• Can I write a research idea in 1-2 sentences? 

Now meet with your colleagues and then ask help from a mentor  

Each participant presents a research idea that they should have written down in advance (2 min) and the 

group discusses, e.g. is it research or audit? what would the research question be? how easy or difficult 

will it be to do? The mentor gives guidance and then you decide either as an individual or as a group 

which idea you are going to develop further into a research project in parallel to completing the research 

methodology online course. 

  



32

Planning	your	research:	
Study	Design	

Suzanne	E	Thomson	
	

This	presentation	will	address:	

• A	brief	overview	of	study	designs	
•  Selecting	a	research	topic	and	title	
• Asking	the	right	question	
• Worked	examples	

•  Further	resources	

Notes:	

High	quality	research	requires	a	reliable	and	robust	study	design	to	
answer	a	well	formulated	question	in	the	most	efficient	and	accurate	
way	possible.	Good	information	available	at	
	
http://research.library.gsu.edu/c.php?g=115595&p=755213	

Hierarchy	of	Research	Design	

Different	designs	for	different	questions.	

C.1: Lecture

1 2

3 4
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Notes	

High-quality	evidence	begins	with	a	suitable	research	design.	The	figure	shows	
the	basic	hierarchy	of	clinical	study	designs.	The	“weakest”	form	of	evidence	
comes	from	single	case	reports.	These	are	the	anecdotal	reports	of	the	
outcomes	seen	in	1	or	2	patients	but	may	still	be	very	useful	in	describing	a	
rare	condition	or	pitfall.	The	strongest	type	of	evidence	comes	from	meta-
analyses	and	randomized	controlled	trials	(RCT)	that	enrolled	enough	subjects	
so	that	the	results	have	meaning.	
Keep	in	mind	that	we	don’t	always	need	an	RCT	to	determine	with	reasonable	
confidence	whether	a	health	technology	works	and	is	safe.	Sometimes	other	
types	of	studies	provide	high-quality	evidence	as	long	as	they	are	well	
designed,	well	executed,	and	applicable	to	the	patient	population	in	which	
we’re	interested.		Moreover,	even	the	best	study	can	be	fatally	flawed	if	it’s	
poorly	executed.	Designing	your	research	to	succeed	takes	into	account	many	
factors	.	.	.	

Research	Design	Definitions	

• Meta-analysis	–	statistical	analysis	that	combines	
data	from	several	studies	

	
•  Systematic	review	–	critical	evaluation	of	
available	literature,	may	include	meta-analysis	

	
• Randomised	control	trial	–	assigns	participants	
to	one	or	more	treatment	arms	through	a	defined	
method	of	randomisation	to	reduce	bias	

• Cross-over	study	
• Cohort	study	(prospective	observational	
study)	–	participants	are	in	predefined	groups	
and	are	observed	for	specific	outcome	
measurements	over	a	defined	study	period	

• Cross-sectional	study	and	surveys	
• Case	series	or	report	
•  Ideas,	Editorials,	Opinions	

Research	Design	Definitions	
Notes	

Cross	over	study	is	when	a	treatment	is	give	for	a	set	time,	followed	by	a	washout	period	in	
the	case	of	drug	trials	and	then	a	different	treatment	to	the	same	group	–	in	this	way	
individuals	act	as	their	own	control.	
Cohort	studies	observe	groups	of	individuals	before	they	develop	a	disease	or	a	particular	
outcome.	
Cohort	studies	have	the	power	to	detect	many	different	outcomes	of	an	exposure	and	allow	
researchers	to	calculate	a	relative	risk	of	developing	a	disease	based	on	different	exposures.	
It	may	take	many	years	to	detect	changes	in	the	groups.	
Because	of	the	time	involved	and	number	of	participants	needed,	cohort	studies	may	be	
very	costly.	
Surveys	gather	data	to	describe	the	demographics	of	a	group;	the	health	status	of	a	group	
of	people	at	a	particular	time;	the	utilization	of	medical	services;	or	the	knowledge,	beliefs,	
and	attitudes	of	people	regarding	health	practices.	
Surveys	are	a	major	data	collection	method	in	health	services	research.	
Survey	research	is	extremely	complex.	
Survey	results	often	are	difficult	to	interpret	and	generalize	to	other	groups	and	time	
periods	but	provide	wonderful	insights	into	the	practices	and	health	conditions	of	large	
groups	of	people	as	well	as	clues	for	future	investigation.	
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Your	Research	Design	Depends	on	Your	
Question		

• Work	backwards	
• What	do	you	want	to	study	-	-	->	how	will	you	
most	accurately	assess	this	

•  Select	representative	outcome	measures	
• Adequately	power	your	study	
• Appropriate	statistics	
• Eliminate	bias	
• Pragmatism	

Selecting	a	research	topic	

•  Something	you	are	interested	in	
•  Something	important	to	your	patient	group	

• Consider	local	expertise	
• Review	the	available	literature	

• Generate	the	correct	Research	Question	

Asking	the	correct	question	

• Vital	to	the	rest	of	your	research	process	
•  Irrespective	of	type	of	research	
• Adequately	define	and	refine	

• The	right	question	helps	focus	your	efforts	
during	the	research	process	

Notes	

Getting	the	question	right	is	absolutely	crucial	to	the	rest	of	the	
research	process.	This	is	obvious	as	getting	the	right	answer	to	
the	wrong	question	is	going	to	waste	an	awful	lot	of	time	and	
resources.	However,	the	main	problem	is	not	asking	the	wrong	
question,	but	not	properly	defining	the	right	question.	The	key	
to	defining	an	RQ	is	focus.	The	end	product	needs	to	be	a	
specific	query	that	is	explicit	in	what	it	is	looking	for.	The	process	
of	defining	the	question	is	therefore	essentially	one	of	taking	a	
broad	topic	area	and	narrowing	it	down	until	you	have	a	
question	that	can	be	answered	fully.		

9 10
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Refining	your	research	question	

•  What	do	you	want	to	find	out?	
•  Can	you	answer	the	question	within	the	time	and	

resources	available	to	you?	
•  What	outcome	measures	will	you	use?	
•  What	participants	will	you	use?	How	will	you	access	

them?	
•  Are	there	any	ethical	issues?	
•  What	will	make	your	research	stand	out/interesting/

useful?	
•  What	impact	will	it	have	and	how	will	it	effect	change?	

Notes	

Often	you	can	find	many	interesting	topics	during	a	days	work.	Given	all	the	
resources	and	time	in	the	world	you	could	plan	a	detailed	study	to	compare	
the	sensitivities	of	every	test	available	to	investigate	non	specific	abdominal	
pain	in	all	patient	groups,	however,	you	and	I	have	neither	the	resources	or	
time	even	if	we	have	the	inclination!		You	need	to	add	some	pragmatism	
and	decide	where	to	focus	your	energies	and	this	will	take	into	account	
several	factors.		Firstly	it	is	important	to	you	and	your	patients.		Then	once	
your	practice	throws	up	a	topic	decide	what	exactly	is	the	problem	and	the	
potential	solutions	–	e.g.	too	many	skin	grafts	failing,	and	you	think	it	has	to	
do	with	the	dressing.		Then	you	think	that	you	would	like	to	used	different	
dressings.	Then	you	need	to	define	which	ones.		How	will	you	know	if	your	
intervention	has	worked?		Which	participants	will	you	use?	How	will	you	
access	them?		What	controls	will	you	use	and	how	will	your	findings	impact	
and	effect	change	locally/globally?	

ReFINER		

Is	it…	
•  F:	Feasible	--	adequate	caseload,	time,	money.	

•  I:	Interesting	
• N:	Novel	--	thorough	understanding	of	available	literature	

–	and	where	your	work	fits	in	

• E:	Ethical	
• R:	Relevant	--	to	your	patients,	to	general	scientific	

community		

PICO	–	a	tool	for	refinement	

13 14

15 16
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Notes	

Once	you	have	refined	your	area	of	focus,	you	need	to	put	the	meat	on	
the	bones	of	your	research	topic	and	generate	a	precise	question.		
Begin	by	defining	your	population	–	is	it	all	patients	presenting	with	a	
particular	condition	or	only	those	at	high	risk	due	to	another	definable	
feature	e.g.	age,.		This	will	allow	you	to	start	defining	your	inclusion	
and	exclusion	criteria.	What	is	the	intervention	or	exposure	of	interest	
–	this	may	be	something	you	observe	in	a	case	series	or	something	you	
purposefully	control	in	a	controlled	cohort	study.		Will	you	look	to	
compare	to	another	group,	and	what	outcomes	will	you	use	to	
compare	–	will	these	be	qualitative	(e.g.	in	patient	reported	measures	
or	surveys	of	opinion)	or	will	they	be	quantitative	and	which	scale	of	
measurement	will	be	used?	This	process	will	occur	without	thinking.		
	
T	may	be	added	on	the	end	for	TIMING.	

Hypothesis	driven	research	

•  What	do	you	think	will	happen	(alternative	hypothesis)	
	
•  Null	hypothesis		

–  2	sided	–	“no	relationship	or	no	difference”	
–  1	sided	–	predict	x	better	than	y	
	

•  Statistical	testing	
–  Sample	
–  Selected	statistic	
–  Can	you	reject	null	hypothesis	

Notes	

The	primary	research	question	should	be	driven	by	the	hypothesis	rather	than	
the	data.1,2	That	is,	the	research	question	and	hypothesis	should	be	developed	
before	the	start	of	the	study.	This	sounds	intuitive;	however,	if	we	take,	for	
example,	a	database	of	information,	it	is	potentially	possible	to	perform	
multiple	statistical	comparisons	of	groups	within	the	database	to	find	a	
statistically	significant	association.	This	could	then	lead	one	to	work	backward	
from	the	data	and	develop	the	“question.”	This	is	counterintuitive	to	the	
process	because	the	question	is	asked	specifically	to	then	find	the	answer,	thus	
collecting	data	along	the	way	(i.e.,	in	a	prospective	manner).	Multiple	statistical	
testing	of	associations	from	data	previously	collected	could	potentially	lead	to	
spuriously	positive	findings	of	association	through	chance	alone.2	Therefore,	a	
good	hypothesis	must	be	based	on	a	good	research	question	at	the	start	of	a	
trial	and,	indeed,	drive	data	collection	for	the	study…	

…more	Notes	
The	research	or	clinical	hypothesis	is	developed	from	the	research	question	and	
then	the	main	elements	of	the	study	—	sampling	strategy,	intervention	(if	
applicable),	comparison	and	outcome	variables	—	are	summarized	in	a	form	that	
establishes	the	basis	for	testing,	statistical	and	ultimately	clinical	significance.	For	
example	–	I	think	that	using	Inadine	dressings	will	improve	split	thickness	skin	graft	
take	compared	to	simple	gelonet	dressing.	However,	when	formally	testing	
statistical	significance,	the	hypothesis	should	be	stated	as	a	“null”	hypothesis.		The	
null	hypothesis	would	be	that	there	is	no	difference	in	skin	graft	take	between	the	
Inadine	and	Gelonet	dressing	groups.	Statistics	can	then	be	used	to	assess	if	there	
is	a	significant	difference.		If	the	findings	of	the	study	are	not	statistically	
significant	(i.e.,	there	is	no	difference	in	functional	outcome	between	the	groups	in	
a	statistical	sense),	we	cannot	reject	the	null	hypothesis,	whereas	if	the	findings	
were	significant,	we	can	reject	the	null	hypothesis	and	accept	the	alternate	
hypothesis	(i.e.,	there	is	a	difference	in	mean	functional	outcome	between	the	
study	groups),	errors	in	testing	notwithstanding.	In	other	words,	hypothesis	testing	
confirms	or	refutes	the	statement	that	the	observed	findings	did	not	occur	by	
chance	alone	but	rather	occurred	because	there	was	a	true	difference	in	outcomes	
between	these	surgical	procedures.	The	concept	of	statistical	hypothesis	testing	is	
complex,	and	the	details	are	beyond	the	scope	of	this	article.	

17 18

19 20
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Type	I	and	II	Errors	

NULL	HYPOTHESIS	is	valid:	
Innocent	

NULL	HYPOTHESIS	in	
invalid:	Guilty	

Reject	H0	
I	think	he	is	guilty	

Type	I	error	
FALSE	POSITIVE	
Innocent	man	convicted!	

Correct	outcome	
TRUE	POSITIVE	
Convicted,	justice!	

Don’t	reject	H0	
I	think	he	is	not	guilty	

Correct	Outcome	
TRUE	NEGATIVE	
Good	man	gone	free!	

Type	II	error	
FALSE	NEGATIVE	
Criminal	wrongly	freed	

Scenario:	Man	on	trial	for	stealing	Haile	Gebrselassie’s	extensive	medal	collection	
	
Hypothesis:	"The	evidence	produced	before	the	court	proves	that	this	man	is	guilty."	
	
Null	hypothesis	(H0):	"This	man	is	innocent."	
	
Four	potential	outcomes	.	.	.		

Notes:	an	Example	from	elsewhere	in	life…	

Hypothesis:	"The	evidence	produced	before	the	court	proves	
that	this	man	is	guilty."	
Null	hypothesis	(H0):	"This	man	is	innocent."	
A	type	I	error	occurs	when	convicting	an	innocent	person	(a	
miscarriage	of	justice).	
A	type	II	errors	occurs	when	letting	a	guilty	person	go	free	(an	
error	of	impunity)	
A	positive	correct	outcome	occurs	when	convicting	a	guilty	
person.		
A	negative	correct	outcome	occurs	when	letting	an	innocent	
person	go	free.	

P-value	

NULL	HYPOTHESIS	is	valid	 NULL	HYPOTHESIS	in	
invalid	

Reject	H0	 Type	I	error	
FALSE	POSITIVE	

Correct	outcome	
TRUE	POSITIVE	

Don’t	reject	H0	 Correct	Outcome	
TRUE	NEGATIVE	

Type	II	error	
FALSE	NEGATIVE	

The	probability	of	rejecting	the	null	hypothesis	when	it	is	actually	true	–	i.e.	a	type	I	
error	i.e.	detecting	a	difference	when	there	is	none.	NT	will	discuss	more.	
	
P	<	0.05	–	means	less	than	5%	chance	of	rejecting	the	null	hypothesis	when	it	is	
actually	true	

Refine	then	Revisit	your	Question	

• Write	down	your	question	
• Read	more	

• Discuss	with	peers	

• Make	sure	you	are	still	happy	with	your	
hypothesis	and	question	

• Don’t	be	afraid	to	change	it		

21 22

23 24
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Notes	

Once	you	have	defined	your	question	you	can	use	this	to	
focus	your	research.	Write	it	down,	read	more	around	the	
topic,	ensure	this	has	not	been	addressed	already	in	the	
literature	or	if	it	has	consider	how	you	will	conduct	this	to	
make	it	relevant	to	your	patient	population.		Discuss	the	
question	with	peers	and	revisit	the	question	in	a	few	days	to	
ensure	it	is	the	correct	one.	A	solid	research	question	is	the	
basis	for	non-bias	and	fruitful	research.	

Clinical	equipoise	

• A	clinical	or	surgical	trial	is	only	ethical	if	the	
expert	community	is	uncertain	about	the	
relative	therapeutic	merits	of	the	
experimental	and	control	groups	being	
evaluated.	

We	really	don’t	
know	

Notes	
The	research	hypothesis	should	be	stated	at	the	beginning	of	the	study	to	guide	the	
objectives	for	research.	Whereas	the	investigators	may	state	the	hypothesis	as	being	1-sided	
(there	is	an	improvement	with	treatment),	the	study	and	investigators	must	adhere	to	the	
concept	of	clinical	equipoise.	According	to	this	principle,	a	clinical	(or	surgical)	trial	is	ethical	
only	if	the	expert	community	is	uncertain	about	the	relative	therapeutic	merits	of	the	
experimental	and	control	groups	being	evaluated.	It	means	there	must	exist	an	honest	and	
professional	disagreement	among	expert	clinicians	about	the	preferred	treatment.	An	
ethical	dilemma	arises	in	a	clinical	trial	when	the	investigator(s)	begin	to	believe	that	the	
treatment	or	intervention	administered	in	one	arm	of	the	trial	is	significantly	outperforming	
the	other	arms.	A	trial	should	begin	with	a	null	hypothesis,	and	there	should	exist	no	
decisive	evidence	that	the	intervention	or	drug	being	tested	will	be	superior	to	existing	
treatments	or	effective	at	all.	As	the	trial	progresses,	the	findings	may	provide	sufficient	
evidence	to	convince	the	investigator	of	the	intervention	or	drug’s	efficacy.	Once	a	certain	
threshold	of	evidence	is	passed,	there	is	no	longer	genuine	uncertainty	about	the	most	
beneficial	treatment,	so	there	is	an	ethical	imperative	for	the	investigator	to	provide	the	
superior	intervention	to	all	participants.	Ethicists	contest	the	location	of	this	evidentiary	
threshold,	with	some	suggesting	that	investigators	should	only	continue	the	study	until	they	
are	convinced	that	one	of	the	treatments	is	better,	and	with	others	arguing	that	the	study	
should	continue	until	the	evidence	convinces	the	entire	expert	medical	community.	

Research	title		

• Brief	
• Accurate	
• Reflect	content	of	work	
• Enticing	

25 26
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Summary	

• Decide	a	topic	
•  Literature	review/expert	advice	

•  FINER	
• PICO	
• Hypothesis	led	research	
• Clinical	equipoise	
• Refine	question	–	focused,	unbiased	research	

Notes	

				A	poorly	devised	research	question	may	affect	the	choice	
of	study	design,	potentially	lead	to	futile	situations	and,	
thus,	hamper	the	chance	of	determining	anything	of	
clinical	significance,	which	will	then	affect	the	potential	
for	publication.	Without	devoting	appropriate	resources	
to	developing	the	research	question,	the	quality	of	the	
study	and	subsequent	results	may	be	compromised.	
During	the	initial	stages	of	any	research	study,	it	is	
therefore	imperative	to	formulate	a	research	question	
that	is	both	clinically	relevant	and	answerable.	

Remember	the	6	P’s		

Proper	planning	and	preparation	prevents	poor	
performance!	

Resources	

• http://www.nlm.nih.gov/nichsr/ihcm	
•  Farrugia	P	et.	al	Research	questions,	
hypotheses	and	objectives.	Can	J	Surg.	2010	
Aug;	53(4):	278–281.	

	

29 30
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34 
 

C2: Practical 2: Asking the research question 

1. Can I write my research idea into a single sentence research question? It is important to move 

from loose ideas to a structured question in writing that makes sense to anyone else who would 

read it. 

2. Share research ideas and questions in the chat room. Are there others with the same ideas as 

mine? Can we plan a project together? What are the immediate obstacles and how do we think we 

can overcome these?  

3. Can we form a local or research group that discuss a shared or each other's research plans 

regularly. 

Each group write their research idea into a research question. They must decide what is the null 

hypothesis and the alternative hypothesis for their question. One member of each group functions 

as a scribe and he/she must record all important conversation points and final decisions. All 

differences of opinion within groups must be settled by consensus and/or voting within the group. 
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1 

How to do a Literature search 

Barend Dreyer 
 

Abebe Bekele 
 

Focus on 

• Pubmed  
– www.ncbi.nlm.nih.gov/pubmed/  

 
• Google scholar 
–  scholar.google.com  

2 

3 

Pubmed 
•  Pubmed is a search engine for life science and medical 

papers/abstracts from a variety of sources 

•  Main source is MEDLINE  

•  Over 5,400 biomedical journals are covered  

•  Good: comprehensive search technology, access pre-
publication abstracts/papers, can track authors and 
specific topics for developments 

•  Bad: many papers require paid/institutional access, 
validity and quality of certain papers may be questioned 

4 

D.1: Lecture

1 2

3 4
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5 

Example 
•  I want to know more about “schistosomiasis” as a cause 

of “bladder cancer” 

6 

Building the Search 
1)  Decide on topic and think of key words 

2)  Try to be specific 

3)  Decide on AIM of search 
–  If for systematic review, focus on clinical trials/major studies 
–  If for clinical research, focus on review articles 

 

7 

Filters	 Number	of	
Results	

Publication	
numbers	by	year	

8 

Building the Search 
1)  Decide on topic and think of key words 

2)  Try to be specific 

3)  Decide on AIM of search 
–  If for systematic review focus on clinical trials/major studies 
–  If for clinical research focus on review articles 

4)  Narrow results using filters 
–  Recent studies only 
–  Use “review” articles to get outline  

 

5 6

7 8
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9 

Filters	applied	 Less	results	

10 

Building the Search 
1)  Decide on topic and think of key words 

2)  Try to be specific 

3)  Decide on AIM of search 
–  If for systematic review focus on clinical trials/major studies 
–  If for clinical research focus on review articles 
 

4)  Narrow results using filters 
–  Recent studies only 
–  Use “review” articles to get outline  

 
5)  Filter full access papers through Pubmed Central 

(PMC)if no institutional access 

11 

Free	papers	only	

12 

Building the Search 2 
Can perform detailed/specific search using other tools 
including: 

1)  Boolean Operators 
–  Terms including “AND”, “OR” and “NOT” 

2)  MeSH Terms 

3)  Clinical Queries 
–  Allows narrower searching to read around clinical topics 

4)  Advanced Search 

9 10

11 12
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13 

Example – Boolean Operators 

14 

Example – MeSH Terms 
•  Vocabulary database tagged against certain articles 

15 

Example – MeSH Terms 

16 

1)	Select	relevant	
terms	

2)	Add	to	search	
builder	

3)	Search	pubmed	

13 14

15 16
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17 

Example – MesH Terms 

18 

Example – Clinical Queries 

19 

Manage Results 
1)  Too many results – refine search with filters/other 

methods 

2)  Too few results – reduce filters/use less specific terms 

3)  Send results to email to save for later use or save using 
“My NCBI” account 

 

Hinari 

• Hinari	is	a	WHO	managed	site,	created	in	
2002.	

•  It	provides	free	or	very	low	cost	online	access	
to	the	major	journals	in	biomedical	and	
related	social	sciences	to	local,	not-for-profit	
institutions	in	developing	countries.	

•  It	provides	information	in	6	languages.	

17 18

19 20
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21 

Google Scholar 
•  Essentially a ‘search engine’ review of all ‘scholarly’ 

articles, books and other documents available on the 
internet 

•  Good: allows comprehensive searching of all online 
scholarly text, shows number of citations per article, 
easy to integrate with google account and save 
results 

•  Bad: includes more irrelevant literature, harder to 
use for sytematic reviews, can be harder to focus 
search to a few key articles 

22 

Setting	menu	

Refine	search	

Number	of	search	results	 Direct	link	to	article/
webpage	

23 

Filtered	results		-	since	
2015	&	keywords	in	title	

24 

More Information & Help 

•  Pubmed 
–  https://www.nlm.nih.gov/bsd/disted/pubmedtutorial 

•  Hinari 
–  https://www.who.int/hinari/en/ 

•  Google Scholar 
–  https://scholar.google.com/intl/en/scholar/help  

21 22

23 24
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39 
 

D2: Practical 3: Internet search engines 

Using PubMed, Google Scholar and Hinari 

Online practical: Go to different search engines and use your own search terms to search for 

articles in PubMed, Google Scholar and Hinari on topics that interest you. If you already have a 

good research idea or a potential research question, use this exercise to collect a list of papers 

you might want to read. (The next lecture will explain to you how to analyse these papers critically 

and to decide if they are really adding value to your background information and your own 

research project). 
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How	to	Read	a	Research	Paper	
Critically	

	
Jonathan	AF	Hannay	

This	lecture	will	address:	

1.  Purpose	of	critical	reading	of	research	papers	
2.  Personal	preparation		
3.  Common	critical	approaches		
4.  Types	of	papers	and	particular	considerations		
5.  Summary	
6.  Acknowledgements	&	further	reading.	

•  Group	practice	

1.  Purpose	of	critical	reading	of	research	papers	
2.  Personal	preparation		
3.  Common	critical	approaches		
4.  Types	of	papers	and	particular	considerations		
5.  Summary	
6.  Acknowledgements	&	further	reading.	

•  Group	practice	

Why	bother	…with	critical	reading?	

•  Preparation	of	self	-	personal	learning	
•  joy	of	learning	

•  to	improve	your	own	practice	and	care	of	patients	
(moral	duty)	

•  Preparation	to	teach	
•  indirect	care	of	patients	

•  Preparation	for	audit	
•  know	what	the	‘best	practice’	is	

•  Preparation	for	research…	

1 2

3 4

D.3: Lecture
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•  Preparation	for	research…	
•  to	know	where	‘the	field	is	at’	

•  to	know	what	you	don’t	need	to	do		
–  saves	your	time	&	money	

•  to	know	where	the	gaps	/	needs	/	conflicts	/	
contemporary	questions,	etc.	are.	

“you	need	to	read	40-50	papers	before	you	start”	
John	Mendelsohn,	Past	President	MDACC	

6	

1.  Purpose	of	critical	reading	of	research	papers	
2.  Personal	preparation		
3.  Common	critical	approaches		
4.  Types	of	papers	and	particular	considerations		
5.  Summary	
6.  Acknowledgements	&	further	reading.	

•  Group	practice	

Following	on	from	the	previous	session	on	
performing	a	literature	search	…you	now	have	a	
large	collection	of	papers.			

	
Now	what?…	

5 6

7 8
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Personal	preparation	
•  Personal	mind	set:	

–  accepting	&	relaxed…	

– …vs	sceptical	&	inquisitive	
– …vs		scornful.	
–  critical	reading	identifies	strengths	as	well	as	weaknesses	

•  Personal	space:		
– quiet	and	well	lit	with	dedicated	time	apart	

•  Personal	tools:	
– paper	pencil,	highlighter,			

–  ?iPad	/	computer	for	further	searching	
– with	a	colleague?	

•  Personal	process…	

•  Personal	process…	

1. Read	the	Title	and	Abstract		
–  (should	have	done	this	already	in	selection	process)	

2.  Look	at	the	Figures	and	Results	
3. Read	through	the	paper	‘to get a feel’	
4. Read	through	the	paper	to	*scrutinise*	

1.  Purpose	of	critical	reading	of	research	papers	
2.  Personal	preparation		
3.  Common	critical	approaches		
4.  Types	of	papers	and	particular	considerations		
5.  Summary	
6.  Acknowledgements	&	further	reading.	

•  Group	practice	

12	

Assess	study	type	

Initial	review	

Select	paper	

Common	critical	assessment	

Systematic	
Review	

Studies	of	
Diagnosis	/	
Screening	/	
Case	finding	

Studies	of	
Prognosis	

Studies	of	
Therapy	/	

Intervention	

Studies	of	
Harm	

Studies	of	
Economic	
Evaluation	

Meta-analyses	??	Case-control	RCT	Observation	Cohort	

SUBJECT	

METHOD	

9 10

11 12
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Critical	approach	

•  There	are	different	types	of	research	papers	but	
generally	all	follow	the	same	framework	of	reporting	
the	research:	

	
–  Introduction	/	Background	

– Materials	&	methods	/	Approach	
– Results	/	Findings	

– Discussion	/	Interpretation	/	Conclusion	

	
Common	critical	questions	then	subtype	considerations.	

Critiquing:	Title,	Authors,	&	Abstract	

1.  Search	terms	vs	paper’s	true	subject			
•  i.e.	is	it	really	relevant	to	you?			

e.g.	hernias	in	dogs	vs	humans;	osteosarcoma	vs	Soft	tissue	sarcoma	
	

2. Authors	(and	Institution)	
•  Do	they	have	appropriate	expertise?		(was	a	statistician	involved??)	
•  Have	they	reported	any	conflicts	of	interest?	

e.g.	Tobacco	Co.	sponsorship,	etc.	
	

3.  Is	the	Abstract	informative?	
•  Is	an	objective	or	hypothesis	stated?	
•  Are	the	methods	appropriate	for	the	objective?	
•  Are	the	results	complete	and	clear?	
•  Is	the	conclusion	sound	and	justified?	

15	

Critiquing:	Title,	Authors,	&	Abstract	

1.  Search	terms	vs	paper’s	true	subject			
•  i.e.	is	it	really	relevant	to	you?			

e.g.	hernias	in	dogs	vs	humans;	osteosarcoma	vs	Soft	tissue	sarcoma	
	

2. Authors	(and	Institution)	
•  Do	they	have	appropriate	expertise?		(was	a	statistician	involved??)	
•  Have	they	reported	any	conflicts	of	interest?	

e.g.	Tobacco	Co.	sponsorship,	etc.	
	

3.  Is	the	Abstract	informative?	
•  Is	an	objective	or	hypothesis	stated?	
•  Are	the	methods	appropriate	for	the	objective?	
•  Are	the	results	complete	and	clear?	
•  Is	the	conclusion	sound	and	justified?	

13 14

15 16
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17	

Expressed	need	&		
implied	objective	

What	they	did		
&	how	

Clear	results	with		
early	cessation	

Sound	&	concise		
conclusion	

Critiquing:	Introduction	and	Background	

1.  Is	an	objective	or	hypothesis	clearly	stated?	
•  Usually	in	the	first	or	last	paragraph	of	the	section.	

2. Is	a	rational	case	set	out	for	the	study?	

3. Do	they	cite	appropriate	literature?	
•  Are	relevant	important	studies	mentioned?	
•  Are	relevant	important	studies	excluded?	
•  Have	they	accepted	discredited	or	dated	work?	
•  But	remember	it’s	not	a	‘review’	article…	

4. Is	the	question	they	seek	to	address	relevant?	

5. What	type	of	research	question	is	being	asked?	

19	

Aim	stated	

Rational	case	

Important	relevant		
literature	cited	

Important	relevant		
literature	cited	

Critical	approach	

Look	at	the	Materials	&	Methods	and	Results	and	
consider:		
	

1. Validity	
2.  Importance	
3. Relevance	

•  critical	questions	to	assess	validity,	importance,	and	
relevance	will	depend	on	the	study	type.	e.g.	therapy	
vs	harm	vs	screening	etc	-	but	many	questions	similar.	

17 18

19 20



53

Critiquing:	Materials	&	Methods	and	Results	

1.  Ethical	review	/	approval	of	the	study?		

2.  Study	design		
–  is	it	appropriate	for	their	research	question?	-	Ca-Cl	/	Cohort	/	RCT…	

–  If	they	haven’t	have	they	convincingly	stated	why	not?	-	check	Background	section.	

3.  Population(s):		
–  Inclusion	&	Exclusion	criteria?	and	are	they	appropriate	criteria?	

–  clear	definitions	of	what	constitutes	cases	/	conditions	

4.  Power	
–  population	sizes,	length	of	time	for	occurrence	of	events	/	to	see	difference?	

5.  Outcomes	
–  clear	definitions	of	outcomes	

–  subjective	vs	objective	vs	protocol	assessment	

–  completeness?	-	what	about	those	LOST	to	follow-up?		those	who	DECLINED	
participation?	

6.		Statistical	test(s)?	
•  appropriate	for	type	of	study	design?	for	type	data?		-	tomorrow’s	talk	

•  was	there	interim	analysis	and	did	they	account	for	this	in	power?	

•  p-values,		95%	confidence	intervals	

•  Odds	ratio,	Relative	Risk,	Risk	reduction,	NNT,	NNH,	Hazard	Ratio,		

7.		Bias	and	confounding?	
8.		Conclusions	from	the	results	

-	Rational	and	logical	
-	Do	the	results	fit	with	other	available	evidence?	

-	Satisfy	Bradford	Hills’	criteria	for	causation?		
•  Did	exposure	preceded	the	onset	of	the	outcome?	

•  Is	there	a	dose-response	gradient?	

•  Does	the	association	make	biological	sense?	

•  Is	the	association	consistent	with	other	similar	studies?		

•  Is	there	associated	evidence	from	a	“dechallenge-rechallenge”	study?		

9.		Are	the	results	applicable	to	the	local	population?	
•  how	similar	is	your	patient	population	to	that	of	the	study?	

•  how	similar	is	your	local	environment	to	that	of	the	study?	

•  are	the	benefit	/	harms	/	costs	of	the	study	quantifiable?		

Considering	bias	
1.  Pre-study	bias:	

1.  Weak	study	design	-	e.g.	subjective	assessments,	lack	of	blinding,		

2.  Selection	biases	

•  Lead	time	bias	

•  Length	bias	

•  Channeling	bias	-	operative	choices	in	frail	vs	healthy	participants	

2.  Intra-study	bias:	
1.  Interviewer	bias	

2.  Chronology	bias	-	e.g.	introduction	of	adjuncts	

3.  Recall	bias	

4.  Attrition	/	Transfer	bias	-	when	losses	to	follow-up	are	uneven	

5.  Misclassification	bias	

6.  Performance	bias	-	e.g.	inexperienced	vs	experienced	

3.  Post-study	bias:			
1.  Citation	bias	/	reporting	bias	

2.  Confounding	

24	

DEATH	

Disease	biology		
onset	

NEW	test	detects	
disease	

OLD	test	detects	
disease	

Clinical	
manifestation	

Disease	time	
course	

Lead	time	bias	explanation	

Falsely	
understood	as	

increased	survival	
time	
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Length	time	bias	

https://en.wikipedia.org/wiki/Length_time_bias	

Considering	bias	
1.  Pre-study	bias:	

1.  Weak	study	design	-	e.g.	subjective	assessments,	lack	of	blinding,		

2.  Selection	biases	

•  Lead	time	bias	

•  Length	bias	

•  Channeling	bias	-	operative	choices	in	frail	vs	healthy	participants	

2.  Intra-study	bias:	
1.  Interviewer	bias	

2.  Chronology	bias	-	e.g.	introduction	of	adjuncts	

3.  Recall	bias	

4.  Attrition	/	Transfer	bias	-	when	losses	to	follow-up	are	uneven	

5.  Misclassification	bias	

6.  Performance	bias	-	e.g.	inexperienced	vs	experienced	

3.  Post-study	bias:			
1.  Citation	bias	/	reporting	bias	

2.  Confounding	

Critiquing:	Discussion	and	Conclusions	

The	discussion	and	conclusions	section	of	a	paper	should:	

1.  Summarise	the	results	and	findings	of	the	research,		

2.  Addresses	potential	shortcomings	in	the	study	/	approach,		

3.  Makes	clear	the	strengths	of	the	study,		

4.  Show	the	relevance	of	the	results	for	the	research	question	being	asked	/	
hypothesis,		

5.  Explain	the	relationship	between	the	results	and	how	their	answer	to	the	
research	question	fits	into	the	field	of	knowledge,		

6.  Allows	for	relevant	speculation,		

7.  Proposes	what	the	next	questions	or	required	study	might	be.			

	

1.  Purpose	of	critical	reading	of	research	papers	
2.  Personal	preparation		
3.  Common	critical	approaches		
4.  Types	of	papers	and	particular	considerations		
5.  Summary	
6.  Acknowledgements	&	further	reading.	

•  Group	practice	

25 26
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1.  Purpose	of	critical	reading	of	research	papers	
2.  Personal	preparation		
3.  Common	critical	approaches		
4.  Types	of	papers	and	particular	considerations		
5.  Summary	
6.  Acknowledgements	&	further	reading.	

•  Group	practice	

Summary	

1. prepare	yourself	well	

2.  you	have	to	think	FOR	the	authors	of	the	papers	

1. do	they	understand	the	field?	

2.  is	this	the	right	question?	

3.  is	this	the	right	study?	

4. have	they	performed	the	study	properly	and	considered	potential	biases	
and	confounders?	

5. have	they	analysed	their	data	properly?	

6. have	they	reached	an	appropriate	conclusion?	

7. have	they	answered	the	question	/	hypothesis?	

8.  are	the	criteria	for	validity,	importance,	and	applicability	satisfied?	

3.  you	have	to	think	for	others	

–  is	this	really	relevant	for	my	patients?		my	practice?		my	dept?	

Conclusion	

1. don’t	waste	your	time	
2. know	your	field	
3. be	suspicious	
4. think	FOR	the	authors	of	the	papers	
5. be	vigilant	for	your	patients:	

1. rejecting	the	influence	of	poor	research;		
2. approving	the	adoption	of	good	research;	and		
3. seek	to	improve	care	with	your	own	well	conducted	

research	

1.  Purpose	of	critical	reading	of	research	papers	
2.  Personal	preparation		
3.  Common	critical	approaches		
4.  Types	of	papers	and	particular	considerations		
5.  Summary	
6.  Acknowledgements	&	further	reading.	

•  Group	practice	
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Further	information	

Paper-appraisal worksheets and guides: 

University of Toronto Centre for Evidence Based Medicine.
https://www.library.utoronto.ca/medicine/ebm/

CASP – Critical Appraisal Skills Programme (Oxford / NICE)
http://www.casp-uk.net/#!casp-tools-checklists/c18f8

33
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51 
 

D4: Practical 4 

Critical reading of published papers 

A number of scientific papers are made available for reading; these look good at first 

glance, but might have serious deficiencies. Work through a few papers, review and 

summarise a few; the summary must address (1) Strong points, (2) Deficiencies, (3) 

Will this paper change your clinical practice, and how? It works best if you discuss your 

ideas either in your local group or in the online chat room (one person summarises one 

paper but everyone reads all papers under discussion; then try to form a group opinion 

and test it against other groups. You will find there are no fixed rules; different readers 

interpret and value the same paper differently but you can come to shared  conclusions 

by consensus. The next step is to find papers in the literature according to your own 

speciality or current knowledge, and analyse these critically, but always write down your 

opinion on points (1), (2) and (3) as above. 

Please see Appendix 1 in the course handbook:  

Appendix 1 contains a number of journal papers for critical reading and analysis. These papers 

are all available for free download through e.g. Google Scholar and copies are therefore made 

available in the course handbook. It works best if 1-2 persons read and summarise one paper and 

then present their findings to colleagues within a study group. If you give 10 minutes for each 

presentation and 5 minutes for discussion you can go through 5 papers in under 90 minutes. That 

should give you sufficient confidence to be a critical future reader. 
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Collecting	And	Managing		
Your	Project	Data	

	
Alison	Bradley	

Outline	

•  Introduction:	the	importance	of	good	data	
collection	and	management		

• Types	of	Data	
•  Issues	to	Consider	Prior	to	Data	Collection	
• Methods	of	Data	Collection:	
–  Primary	Data	Collection	
–  Secondary	Data	Collection		

Introduction	

• What	is	data	collection?	
–  “the	process	of	gathering	and	measuring	

information	on	variables	of	interest,	in	an	
established	systematic	fashion	that	enables	one	to	

answer	stated	research	questions,	test	
hypotheses,	and	evaluate	outcomes”	

(Kabir,	2016	in	Basic	Guidelines	for	Research:	An	Introductory	Approach	for	All	Disciplines	Edition:	First	Chapter:	9.	Publisher:	Book	Zone	
Publication,	Chittagong-4203,	Bangladesh)	

	

Introduction	

• What	is	data	collection?	
–  It	is	also	a	very	demanding	task	that	requires	

planning,	organization	and	perseverance!		

1 2

3 4

E.1: Lecture
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Introduction	

• Why	collect	data?	
– Data	collection	is	the	most	important	step	of	the	

research	process.	Even	the	best	research	question	
in	the	world	cannot	be	answered	unless	you	are	
able	to	collect	the	required	data.	

–  Regardless	of	your	field	of	study	or	whether	you	
plan	to	collect	data	that	is	defined	as	quantitative	
or	qualitative,	accurate	data	collection	is	essential	
to	maintaining	the	integrity	of	your	research.				

Introduction	

• Why	collect	data?	
–  The	goal	for	all	data	collection:	

• 	capture	quality	evidence		

• translate	this	evidence	into	rich	data	analysis		
• building	a	convincing	and	credible	answer	to	your	

research	questions.		

	

Introduction	

•  How	is	data	collected?	
–  1.	determine	what	kind	of	data	is	required		
–  2.	selection	of	a	sample	from	a	certain	population	
–  3.	select	an	appropriate	data	collection	instrument	

and	clearly	delineated	instructions	for	the	correct	use	
of	the	instrument	to	reduce	the	likelihood	of	errors.	

–  4.	Collect	the	data	from	the	selected	sample.		
	
Each	of	these	steps	will	now	be	looked	at	in	more	
detail….	
	

Types	of	Data	

• There	are	generally	two	broad	categories	of	
data:		

Qualitative	and	Quantitative		

	
• The	type	of	data	you	collect	will	depend	on	

your	research	question	and	will	also	
determine	how	you	collect	your	data.			

5 6

7 8
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Types	of	Data:	Qualitative	

Description	of	Data	 Mostly	non	numerical	
Descriptive		
Captures	subjective	perceptions	

Types	of	Research	
Problems	This	Type	
of	Data	Addresses		

The	‘how’	and	‘why’	of	outcomes	as	well	as	effects	and	unintended	
consequences	of	an	intervention	or	process	
To	understand	the	process	behind	observed	results	and	changes	in	
perception	

Methods	of	Data	
Collection	

Data	is	mostly	collected	through	focus	groups,	discussion	groups	and	
interviews.	
Unstructured	methods	relying	on	open-ended	questions	that	fall	into	3	
broad	categories:	1)	in-depth	interviews,	2)observation	3)	document	
review.	
Protocol	is	less	structured	so	the	researcher	may	change	their	data	
collection	strategy	by	adding	or	refining	their	informants.		
Triangulation	is	used	to	increase	reliability	of	findings	which	means	
that	the	researcher	often	uses	multiple	methods	of	data	collection.	
The	researcher	needs	to	record	all	useful	data	thoroughly,	accurately		
and	systematically	often	as	field	notes,	audio	or	video	tapes	
	

Types	of	Data:	Qualitative	

Advantages	 Can	improve	qualitative	survey-based	
methods	by	strengthening	design	and	
generating	evaluation	of	hypothesis,	
expanding	or	clarifying	findings	

Disadvantages	 Expensive	
Time	consuming	
Findings	non-generalizable			

Types	of	Data:	Quantitative	

Description	of	Data	
	

Numerical		

Types	of	Research	Problems	
This	Type	of	Data	Addresses		

Addresses	the	‘what’	of	a	problem			

Methods	of	Data	Collection	 Systematic	standardized	approach	using	structured	
data	collection	and	instruments	to	observe	and	
record	well	defined	events	
Mostly	measures	something	using	different	
standardized	scales	(for	example	nominal,	ordinal	
or	ratio	scales)	
Random	sampling	
Often	data	is	obtained	from	management	
information	systems,	surveys	with	closed	questions	
and	structured	interviews	

Types	of	Data:	Quantitative	

Advantages	 Cheaper	
Results	are	more	comparable	and	
generalizable		
Size	of	effect	can	be	measured	

Disadvantages	 Limited	capacity	to	explain	or	investigate	
unexpected	similarities	or	differences	

9 10

11 12
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Types	of	Data:	Mixed	Methods	

•  Sometimes	qualitative	and	quantitative	
research	design,	data,	techniques	and	
methods	can	be	combined	

• This	means	a	number	of	different	methods	for	
data	collection	can	be	used	within	a	study	to	
capitalize	the	strengths	and	minimize	the	
weaknesses	of	taking	a	single	approach		

Types	of	Data:	Mixed	Methods	

•  Mixed	methods	are	useful	to	address	complex	
questions	of	research	addressing	marginalized	
populations	

•  Mixed	methods	are	often	used	to:	initiate,	design,	
develop	and	expand	interventions,	perform	evaluation,	
improve	research	design	and	corroborate	or	
triangulate	findings	

•  Challenges	for	this	approach	include:	delineating	
complementary	research	questions	and	selecting	
which	research	methods	to	combine.	Data	collection	
and	analysis	can	also	be	time	consuming.		

Types	of	Data	

• Regardless	of	whether	using	qualitative,	
quantitative	or	mixed	methods	the	data	
collected	can	be	primary	data	or	secondary	
data.		

Types	of	Data:	Primary	Data	

• Primary	data	is	collected	first-hand		
•  It	is	considered	to	be	superior	to	secondary	

data	as	it	has	not	been	altered	therefore	its	
validity	is	greater	than	secondary	data		

•  It	is	more	reliable	and	objective	

• Primary	data	has	not	yet	been	published		

13 14
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Types	of	Data:	Primary	Data	

•  Sources	of	Primary	Data:	
–  Experiments	
–  Survey	

– Questionnaire			
–  Interview			
– Observations		

Types	of	Data:	Primary	Data	
Advantages	of	Using	Primary	Data	 Disadvantage	of	Using	Primary	Data	

•  You	collect	data	specific	to	the	
research	problem.	

•  You	can	defend	the	quality	of	the	
data	you	collected	

•  Additional	data	can	be	collected	if	
required		

•  Time	consuming:		
deciding	why,	what,	how	and	when	to	
collect	data;	
Collecting	data(or	coordinating	others	to	
do	so);	
Dealing	with	ethical	issues	(informed	
consent,	data	protection)	
•  Ensuring	high	standards	of	data	

collection	are	maintained:	
Ensure	that	data	is	obtained	accurately,	in	
the	correct	format;	no	fake	data,	
unnecessary	data	not	included	
•  Cost:	including	acquiring	funding	

Types	of	Data:	Secondary	Data	
•  Secondary	data	comes	from	a	source	that	has	

already	been	published	(e.g.	a	literature	review)	
•  It	is	data	that	has	been	collected	by	someone	else	

for	another	purpose	but	is	being	used	by	the	
researcher	for	their	own	purpose	

•  Although	secondary	data	is	less	valid	it	can	still	be	
important	for	example	when:	
–  It	is	difficult	to	obtain	primary	data	or	primary	data	

simply	does	not	exist	
–  Primary	data	exists	but	respondents	are	unwilling	to	

reveal	it	
	

Types	of	Data:	Secondary	Data	

•  Sources	of	secondary	data	include:	
–  Books	
–  Census	data	
–  Records	
–  Biographies	
–  Newspapers	
–  Data	archives	
–  Internet	articles	
–  Research	articles	
–  Databases	etc.	

17 18
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Types	of	Data:	Secondary	Data	
Advantages	of	Using	Secondary	Data	 Disadvantages	of	Using	Secondary	Data	

•		Less	expensive	
•		Secondary	data	generally	has	a	pre-
established	degree	of	validity	and	
reliability	
•  Can	be	helpful	in	the	research	design	

of	subsequent	primary	research		
•  Can	provide	a	baseline	against	which	

primary	data	results	can	be	compared	
•  It	is	always	advisable	to	begin	any	

research	with	a	review	of	the	
secondary	data.	

	

•		Reliability	and	accuracy	of	data	can	be	
questionable	
•		Data	collected	in	one	location	may	not	
be	applicable	to	another	location	
•		Data	may	become	outdated	
•		Secondary	data	may	need	to	be	amend	
or	modified	for	use.	
•		Potential	authenticity	and	copyright	
issues	
	

Recap…	

•  By	now	we	have	established		
–  The	importance	of	the	data	collection	stage	of	the	

research	process	
–  The	different	types	of	data	collected	for	both	

qualitative	and	quantitative	research	
–  The	advantages	and	disadvantages	of	using	primary	

and	secondary	data	for	either	qualitative	or	
quantitative	research	

Now	we	will	look	at	ethical	considerations	that	need	to	
be	considered	prior	to	collecting	data	before	looking	at	
how	to	go	about	collecting	primary	and	secondary	data			

Ethical	Issues	to	Consider	Prior	to	
Collecting	Data	

Many	professional,	educational	and	government	institutions	and	bodies	have	
adopted	specific	ethical	codes	and	policies.		
	
•  Ethical	norms	in	research	are	important	for	the	following	reasons:	
	
1.	They	promote	knowledge,	truth,	and	avoidance	of	error	as	the	aims	of	
research	by	avoiding	fabricating	or	misrepresenting	data	
	2.	They	facilitate	collaborative	working	by	promoting	trust,	accountability,	
respect,	and	fairness.		This	is	evident	in	guidelines	for	authorship	and	data	
sharing,	copyright	and	patenting,	and	blind	peer	review.		
3.	They	ensure	researchers	are	held	accountable	to	the	public.		
4.	By	increasing	trust	in	quality	and	integrity	of	research	they	help	to	build	
public	support	and	funding	for	research					
5.	They	promote	moral	and	social	values:	for	example	human	rights	and	
animal	welfare		
	
	

Ethical	Issues	to	Consider	Prior	to	
Collecting	Data	

•  Honesty:	in	all	aspects	of	the	research	process	including		
reporting	methods	and	results	of	research		

•  Objectivity:		avoid	bias		
•  Carefulness	and	Competence:	avoid	careless	errors	and	

negligence,	commit	to	life	long	learning		
•  Openness:	data	sharing	
•  Intellectual	Property:	patents,	copyrights	etc.	must	be	

respected	and	plagiarism	avoided		
•  Confidentiality	
•  Mentoring	and	Respect	for	Colleagues	
•  Social	Responsibility	
•  Legality:	obey	relevant	laws	and	policies	

21 22
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Methods	of	Data	Collection:	Primary	
Data	

There	are	several	methods	of	collecting	primary	data	
including	but	not	limited	to:		
•  Questionnaires/Surveys		
•  Interviews	
•  Observation	
•  Experiments	
•  Others:	Case-studies,	Focus	Group	Interviews,	Diaries,	

Process	Analysis,	Statistical	Method	etc.	
•  We	will	now	focus	on	some	of	the	more	common	

methods:	questionnaires,	interviews,	observation	and	
experiments	

	

Methods	of	Data	Collection:	Primary	
Data:	Questionnaires		

Types	of	Questionnaire	 Measure	separate	variables	OR	aggregate	into	a	scale	or	index		

Types	of	Questions		 Closed	Questions	 Open	Questions	

Options	must	be	exhaustive	and	
mutually	exclusive		
Can	be:	
•  Dichotomous	(2options)	
•  Nominal-polytomous	(2+	

unordered	options)	
•  Ordinal-polytomous	(2+ordered	

options)	
		

Must	be	sequenced:	least	to	most	
sensitive,	factual	to	attitudinal,	general	to	
specific	
Sequence	of	question	types:	
Screening:	gauge	whether	the	person	
should	complete	the	questionnaire	
Warm-up:	easy	to	answer,	captures	
interest	
Transitional:	connects	sections	of	the	
questionnaire	
Skips:	for	example	“if	no	go	to	question	6”	
Difficult	questions:	near	the	end	
Changing	formulae:	Demographic	
questions	at	the	end				

Item	Construction	 Clear	wording	with	terms	understood	to	have	the	same	meaning	across	different	
subgroups	of	the	study	population	
Include	an	‘open’	answer	box	after	a	list	of	options	
1	question	per	item	ensuring	different	options	reflect	different	opinions		
Use	positive	statements	
No	leading	or	biased	questions	

Methods	of	Data	Collection:	Primary	
Data:	Questionnaires		

Administration	 Face-to-face	
Post	
Computer	

Advantage		 Large	amount	of	data	from	large	population	in	
short	period	of	time	
Cost	effective	
Easily	quantified	
Objectively	analysed		
Results	can	compare/contrast/measure	change	
Can	be	repeated	at	set	time	interval		

Disadvantage		 No	adequate	for	all	types	of	information	(e.g.	
feelings/emotions)	
Limited	to	scope	of	questions	posed	
Truthfulness	of	respondents	not	guaranteed	
Questions	open	to	interpretation	so	always	will	
have	an	element	of	subjectivity		
Timing	of	questionnaire	could	bias	results		

Methods	of	Data	Collection:	Primary	
Data:	Interviews		

•  Interviews	can	be	
	

– Structured	
– Semi-structures	

– Unstructured		
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Methods	of	Data	Collection:	Primary	
Data:	Structured	Interviews		

Characteristics	 When	to	Use	 How	to	Record	 Benefits	

•  Same	series	of	
questions	asked	

•  Questions	are	
created	prior	to	
the	interview	

•  Few	open-ended	
questions	

•  Limited	response	
categories		

•  Ordering	and	
phrasing	of	the	
questions	are	
consistent	

•  Interviewer	plays	
a	neutral		

•  Well-developed	
understanding	of	
the	topic.	

•  Focused	
research	
question		

	

Paper-based	
recording	
Face-to-face	
interview	
Audio	recording	
Video	recording	
Telephone	
interview	
Web-based	
interview/recording		
Self-reporting		

Efficient	
Comparable	results	
Do	not	require	
extensive	
interviewer	training		

Methods	of	Data	Collection:	Primary	
Data:	Semi-Structured	Interviews		

Characteristics	 When	to	Use	 How	to	Record	 Benefits	

•  A	formal	interview.	
•  A	list	of	questions	

and	topics	are	
formulated	to	
guide	the	
interview	but	the	
interviewer	is	able	
to	add	topical	
trajectories		

•  If	you	won’t	get	
more	than	one	
chance	to	
interview	someone	
again	

•  You	will	be	sending	
several	
interviewers	to	
collect	data.		

•  Understanding	of	
the	topic	already	
developed	through	
observation,	
informal	and	
unstructured	
interviews		

	

Paper-based	(have	a	
note	taker)	
Audio	or	recording	
that	is	later	
transcribed	

•  Questions	can	be	
prepared	ahead	of	
time.		

•  Allow	informants	
the	freedom	to	
express	their	views	
in	their	own	terms.		

•  Provide	reliable,	
comparable	
qualitative	data	

•  Provide	the	
opportunity	for	
identifying	new	
ways	of	seeing	and	
understanding	the	
topic	at	hand.	

		
	

Methods	of	Data	Collection:	Primary	
Data:	Unstructured	Interviews		

Characteristics	 When	to	Use	 How	to	Record	 Benefits	

Interviewer	builds	
rapport	with	
respondents	who	
express	themselves	
in	their	own	way	to	
open-ended	
questions	.	
		
	

•  Researching	an	
‘as-of-yet’	poorly	
understood	
topic.	

•  Interviews	can	
take	place	
multiple	times		

Audio	or	video	
recordings	later	
transcribed		

•  Can	test	
researcher's	
preliminary	
understanding	

•  New	ways	of	
understanding	
may	develop			

	

Methods	of	Data	Collection:	Primary	
Data:	Observation	

•  There	are	several	types	of	observational	methods	
(naturalistic,	structured,	unstructured,	participant,	
non-participant)	

•  How	the	results	of	observational	research	are	analyzed	
and	reported	depends	on	how	they	are	recorded	

•  There	are	several	approaches:	
–  Field	notes:	(creating	a	template	to	guide	observations,	

observational	coding	sheet)	
–  Qualitative	records(detailed	observations	reordered	

without	predetermined	categories	or	questions)	
–  Quantitative	measures	(frequency,	duration	of	occurrence		

29 30

31 32



66

Methods	of	Data	Collection:	Primary	
Data:	Experimental	

There	are	three	types	of	experiments:		
• 1.	Laboratory	/	Controlled	Experiments	

• 2.	Field	Experiments:	independent	variables	
are	still	manipulated	but	in	a	real-life	setting.	

• 3.	Natural	Experiments:	conducted	in	real-life	
with	no	control	over	events		

Methods	of	Data	Collection:	
Secondary	Data	

•  Secondary	data	can	be	obtained	from	two	different	research	strands:	
	

–  Quantitative:	Census,	housing,	social	security	and	other	databases	
–  Qualitative:	interviews	and	focus	groups	transcripts,	field	notes,	observation	records	etc.		
	
And	can	be	found	in	multiple	sources	including	but	not	limited	to:	

		
•  Published	Printed	Sources	
•  Books			
•  Journals	
•  Newspapers			
•  Published	Electronic	Sources		
•  e-journals			
•  Websites	
•  Unpublished	Personal	Records:	e.g.	diaries,	letters		
•  Government	Records			
•  Census	Data	

Conclusion	
•  Data	collection	is	an	important	step	in	the	research	process	and	requires	

significant	planning	and	time	allocation		

•  The	type	of	data	you	collect	and	how	you	collect	it	will	depend	on	your	research	
question	and	whether	you	are	undertaking	qualitative	or	quantitative	research			

•  	When	planning	data	collection	you	must	consider:	

–  What	type	of	data	you	need	to	in	order	to	answer	your	research	question	

–  How	much	data	(sample	size)	do	you	need	to	answer	your	research	question	

–  How	you	can	obtain/access	this	data	and	any	ethical	issues	you	need	to	
consider,	how	much	time	and	resources	you	can	dedicate	to	accessing	this	
data	

–  How	you	will	collect	and	store	your	collected	data	and	any	ethical	issues	you	
need	to	consider	(confidentiality,	data	protection	laws	and	policies	etc.),	
what	resources	(time,	money	and	human	resources)	you	can	dedicate	to	
this	task		

•  Remember	data	collection	is	an	essential	step	in	the	research	process	and	is	a	
very	demanding	task	that	requires	good	planning,	organization	and	
perseverance!		
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58 
 

E2: Practical 5 

Writing a detailed study proposal 

The aim is that you and/or your group will now be able to write down a study proposal with 

appropriate research title, research question, study design, planned methods. Also discuss 

specific practical problems in research methods that you have encountered or envisage.  

Start to ask yourself: 

• What is your research question? Is it robust and unambiguous? 

• How to select the correct study design for your research question 

• What research method(s) will work best for your question? 

• End points, variables, feasibility? 

• How will data be collected and who will do it? 

• What is the desired and/or available time frame to complete data collection? 

• How will data be analysed and by whom? 

• How to prepare for ethical approval for your study. 

• Time management. 

• Recruiting other team members. 

• Reviewing end-points regularly. 
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Medical	Statistics	
“The	Magical	Mystery	Tour”	

Noel	Thin	
Vanessa	Fawcett		

	

	

	

For	many	doctors	the	thought	of	
medical	statistics	can	be	scary.....	

Or	confusing.....	 Hopefully	we	can	simplify	it	!	

1 2

3 4

F.1: Lecture



69

Summary	

•  Understanding	basic	statistical	concepts	is	central	to	
understanding	the	medical	literature	
–  And	to	doing	research	yourself!	

•  It	is	NOT	important	to	understand	the	tests	or	the	
underlying	math	

•  You	need	to	know	when	a	test	should	be	used	and	
how	to	interpret	its	results	

	

Words	of	Encouragement	

•  You	are	not	alone		

•  Get	access	to	a	good	basic	statistics	book,	e.g.	
–  Medical	Statistics	at	a	Glance	–	Aviva	Petrie	&	Caroline	
Sabin	

–  Biostatistics	for	Dummies		

•  Knowing	statistics	does	not	make	you	clever	but	it	does	
make	you	useful	

	
•  Make	friends	with	a	statistician	from	the	start!	

–  	Usually	the	grumpy	one,	drinking	coffee,	in	the	corner	of	
the	room,	staring	intensely	at	the	computer	

Aims	of	this	lecture	are	to	understand:	

• Principles	of	descriptive	statistics	

• Principles	of	inferential	statistics	

• Data	and	hypothesis	testing	

• Predictive	modelling	

5 6
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An	example	of	a	study	…	

Post-discharge	functional	outcomes	of	trauma	
patients:	

• All	injured	patients	admitted	to	hospital	
–  Standardized	telephone	interviews		
–  1	and	3	months	post-discharge	

• Outcomes	based	on	a	standardized	scale	
–  1=Death	
–  8=Excellent	recovery	

Ask	yourself…	

• Who	is	the	population?	
• What	type	of	study	is	this?	

• What	are	some	of	the	data	points	that	we	are	
going	to	be	collected?		

Think	about	these	as	we	move	forward.	

What	is	Data?	
•  Data	is	obtained	from	a	sample	which	represents	the	

population	

	
•  We	are	usually	using	data	to	look	for	an	effect	
•  Statistics:	the	method	of	collecting,	summarizing,	

analysing	&	drawing	conclusions	from	data	
	

The	distinction	between	sample	and	
population	is	key…	

• Example:		
•  If	I	want	to	know	about	the	favourite	football	
team	supported	by	people	in	Zambia,	the	
people	of	Zambia	are	the	population,	but	we	
then	choose	a	smaller	proportion,	the	sample,	
in	order	to	make	generalizations	about	the	
population.	The	people	in	a	room	could	be	an	
example	of	a	sample.	

9 10

11 12
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Types	of	Data-1:	Measured/Collected	
VARIABLE	

NUMERICAL	
(Quantitative	e.g	Height)	

CONTINUOUS	
Weight	
Height	

DISCRETE	
Counts		

(no.	of	patients)	

ORDINAL	
Disease	state		
(mild,	mod,		
severe)	

	

NOMINAL	
Gender	
Ethnicity	

CATEGORICAL	
(Qualitative	e.g.	eye	colour)	

Types	of	data-2:	Derived	

DERIVED	DATA		
Means	there	is	a	Process	of	formatting	the	
collected	data	to	produce:	
–  Percentages/Proportions	
–  Ratios	
–  Rates	
–  Scores	

Types	of	Data	-	Why	important?	

• The	type	of	data	defines:	
–  The	summary	measures	used	for	analysis	(how	to	
describe	your	data):	
• Mean	(+Standard	deviation),	Median	(+Range)	for	
continuous	data	

• Proportions	for	discrete	data	

–  The	statistics	used	for	analysis	

Types	of	Statistics/Analyses	

	A.	Descriptive	Statistics	
–  Frequencies	
–  Basic	measurements	

	

					B.	Inferential	Statistics	
–  Hypothesis	Testing	
–  Correlation	
–  Confidence	Intervals	
–  Significance	Testing	
–  Prediction		

Describing	a	phenomenon	

How	many?	How	much?		
BP,	HR,	BMI,	IQ,	etc.		

	
	

Drawing	conclusions	

Proving	or	disproving	theories	
Associations	between	phenomena	

If	sample	relates	to	the	larger	
population	

e.g.	Diet	and	health		

13 14
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A.	DESCRIPTIVE	STATISTICS	
Descriptive	statistics	can	be	used	to	summarise	
and	describe	variables		
	 	 	“What	does	the	data	look	like?”	

	
•  Frequencies	(counts)	&	Percentages	
	
• Central	tendencies	(“averages”)	&	Spread		

– Use	with	numerical	data	
• Height,	weight,	cholesterol,	scores	on	a	test			

Helpful	to	display	frequencies	&	
percentages	as	diagrams	

Diagrams	and	Graphs		

• Can	all	be	used	to	display	frequencies	or	
counts.	

• Gives	you	a	real	sense	of	what	the	data	looks	
like.	

• Can	be	used	for	numerical	or	categorical	data.	

•  Is	a	good	starting	point	to	show	what	results	
you	have	after	you	have	collected	data.	

Histogram	
Continuous	or	Discrete	Data	

•  One	of	the	most	common	ways	to	display	
frequencies	of	data	

•  Used	for	discrete	or	continuous	data	
•  Shows	distribution	of	a	continuous	data	set	
e.g.	Ages	of	individuals	in	a	sample	

17 18
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Numeric	Descriptive	Statistics	
1.  Measures	of	central	tendency	(“averages”)	of	

data:	
	Mean,	Median,	Mode	

Because	there	is	no	certainty	in	life	(or	statistics)	
we	need	to	know	the	accuracy	i.e.	through…	

2.	Measures	of	spread	(variability)	of	data	
–  Standard	Deviation	
–  Inter-quartile	range	

• Remember	that	this	is	for	numeric	data,	e.g:	
• For	the	study	I’m	doing,	I	want	to	know	the	
average	score	between	1	and	8;	that	is	the	
central	tendency.		

• If	almost	everyone	has	scores	between	6	and	8,	
they	are	all	doing	very	well,	then	my	variability	
will	be	very	low.		

• But	if	the	scores	go	all	the	way	from	1	and	8	
there	may	be	high	variability.	

Numeric	Descriptive	Statistics:	
Central	tendencies	

MEAN Average or arithmetic mean of the data 

MEDIAN The value which comes half way when 
the data are ranked in order 

MODE Most common value observed 

• In	a	normal	distribution,	mean	and	median	are	the	
same	

• The	mode	is	of	little	if	any	practical	use		

Mean	

•  Definition:	
–  Sum	of	all	the	values	in	a	sample,	divided	by	the	number	of	
values	

•  Best	applied	in	normally	distributed,	continuous	data	
=	Normal	(Gaussian/Parametric)	distribution	

	

21 22

23 24



74

Histogram	
Numeric	Data	

• E.g.	heights	of	individuals	in	class	

Height	of	children	

No.	of	
children	
at	that	
height		

Notes	on	next	slide	

•  If	we	then	take	the	histogram	and	draw	a	
curved	line	that	fits	the	outline	of	the	bars	we	
can	then	describe	the	shape	of	the	line.		

•  If	the	line	is	symmetric	like	this,	with	one	peak	
in	the	middle,	then	the	distribution	is	
considered	a	normal	distribution.	

Histogram	

This	is	a	symmetrical		“Bell	Shaped”	curve	of	a	Normal	Distribution	

Notes	for	next	2	slides	

•  Looking	at	the	curve	of	a	continuous	data	set,	
we	can	describe	the	main	features	that	
descriptive	statistics	describe:		
–  central	tendency	
–  variability	

•  Standard	deviation	really	describes	the	
Variability	

25 26
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Normal	Distribution	

AREA	BEYOND	TWO	STANDARD	
DEVIATIONS	ABOVE	THE	MEAN	

MEAN	

THE	EXTENT	OF	THE	
VARIABILITY	‘SPREAD’	OF	

DATA	AROUND	THE	MEAN	–	
MEASURED	BY	THE	

STANDARD	DEVIATION	

Standard	Deviation		
is	a	measure	of	the	Spread	of	Values	of	the	Sample	

Around	the	Mean	

 valuesofNumber 
Mean)Sum(ValueSD

2−
=

SD	decreases	as	a	function	of:	
•  smaller	spread	of	values	about	the	

mean	
•  larger	number	of	values	

Standard	Deviation	(σ)	

9/14/2010	 31	

95%	

IN	A	NORMAL	
DISTRIBUTION,	95%	OF	
THE	VALUES	WILL	LIE	
WITHIN	2	SDs	OF	THE	

MEAN	

Standard	Deviation	&	Sample	Size	

n=10	

n=50	

n=150	

As	sample	size	
increases										
SD/variability	
decreases	

In	a	study,	lower	
standard	deviation	
is	desirable.	You	
want	to	have	a	
sample	that	does	
not	have	a	lot	of	
variability.	

29 30
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Why	this	is	important	

•  If	sample	size	is	large	enough,	most	data	sets	will	
display	normal	distribution		

•  This	distribution	underpins	all	statistical	
probability	testing	

•  This	principle	is	used	to	test	a	hypothesis	

•  and	to	quantify	possible	statistical	errors	
	

Skewed	Distribution	

-  But	not	all	distributions	will	appear	normal,	some	are	skewed.	
- With	skewed	distributions	the	Mean	is	not	a	reliable	reflection	of	
central	tendency.	

- With	skewed	distribution	we	therefore	use	other	descriptive	and	
inferential	statistics.	

Median	

•  Definition:		
–  Middle	value	from	an	ordered	listing	of	the	values	

•  If	an	odd	number	of	values,	it	is	the	middle	value	
•  If	even	number	of	values,	it	is	the	average	of	the	two	middle	values	

	
•  Better	to	indicate	the	“average”	in	a	non-normal	
distribution		

1			7			7			8			10			15			21			35			43	

Quartiles	

•  Description	of	spread	in	non-normal	data	set	

•  e.g.	25th	percentile:	25%	of	the	values	are	below	this	
level,	75%	of	the	values	are	above	

•  Interquartile	range	(IQR)	
–  Is	the	range	of	data	from	the	25th	percentile	to	
the	75th	percentile	

–  The	midpoint	is	the	50th	percentile	=	median	

33 34

35 36



77

Box	and	Whiskers	Plots	

See	next	slide	for	explanation	

About	Box	and	Whiskers	plots	
•  So	in	the	same	way	that	we	used	a	histogram	and	the	normal	

curve	to	show	a	picture	of	what	normal	distribution	of	data	looks	
like,	this	is	a	way	to	show	the	central	tendency	and	variability	of	
non-normal	distribution.	

•  It	is	thus	a	pictorial	way	to	show	a	non-parametric	data	set	with	
full	range	of	values,	the	inter-quartile	range	and	median.		

•  The	box	and	whiskers	on	the	left	is	actually	a	normal	distribution,	
shown	a	different	way.		

•  The	one	on	the	right	is	a	non-normal	distribution.	The	spots	that	
are	far	out	are	all	data	points	that	are	outliers.	Think	if	you	had	a	
trainee	in	your	group	that	was	78	years	old.	If	you	tried	to	
calculate	a	mean	it	would	seem	much	higher	than	the	average	of	
the	group.	

•  So	the	mean	is	sensitive	to	outliers,	but	median	not	so	much.	

The	type	of	distribution	affects	choice	of	both	
descriptive	and	inferential	statistical	tests	

• Normal	distributions	=	Parametric	data	sets	
– Described	using	Mean	&	Standard	Deviation	
– Use	parametric	tests	

• Non-normal	distributions	=	Non-parametric	
data	sets	
– Describe	using	median	and	Inter-Quartile	Range	
– Use	non-parametric	tests		

Transformation	of	data	
•  Sometimes,	a	non-normal	distribution	can	be	
“transformed”	to	a	normal	distribution		
–  Then	you	can	use	parametric	descriptions	and	
statistical	tests	(generally	more	accurate!)	

	
•  Can	mathematically	transform	by	taking	square	
root,	calculating	logarithm	etc.	

	
• Must	remember	to	transform	data	results	back	to	
original	units	and	clinically	correlate	

37 38
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Transformation	of	data	

transformed	by	taking	
the	log	of	the	values	

The	type	of	data	will	dictate	the	type	of	
Statistics/Analysis	you	will	use	

	A.	Descriptive	Statistics	
–  Frequencies	
–  Basic	measurements	

	

					B.	Inferential	Statistics	
–  Hypothesis	Testing	
–  Correlation	
–  Confidence	Intervals	
–  Significance	Testing	
–  Prediction		

Describing	phenomena	
• How	many?		

• How	much?		
• BP,	HR,	BMI,	IQ,	etc.		
	

Drawing	conclusions	
• Proving	or	disproving	
theories	

• Associations	between	
phenomena	

• If	sample	relates	to	the	larger	
population	
• E.g.,	Diet	and	health		

B.	PRINCIPLES	OF	INFERENTIAL	
STATISTICS	

To	compare	samples	and	make	inferences	(or	draw	
conclusions)	regarding	the	population	itself:	

i.  Hypothesis	testing	
ii.  P	values	
iii.  Sampling	distribution	+	Standard	Error	(SE)	
iv.  Confidence	intervals	
v.  Statistical	Errors		
vi.  Effect	of	sample	size	(power	calculation)	

(i).	To	compare	effects	you	need	a	
hypothesis	

• We	gather	sample	data	to	assess	how	much	
evidence	we	have	that	supports/refutes	a	specific	
hypothesis	about	a	population	

•  Does	our	data	represent	real	relationships	or	
random	fluctuations	(by	chance)?	

•  Use	hypothesis	testing	to	quantify	the	sample	
data	against	the	true	state	of	the	population	

41 42
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Extra	notes	on	Hypothesis	
• In	order	to	compare	our	collected	variable	to	either	
another	population	or	another	variable,	we	need	to	begin	
with	a	hypothesis.	

• The	hypothesis	may	be	about	our	population	of	interest	
compared	to	another	population	of	interest.	

• Or	it	may	be	about	a	characteristic/variable	in	our	
population,	and	how	it	relates	to	another	variable	in	our	
population.	

• Example:	How	does	the	average	age	of	surgical	trainees	in	
Zambia	compare	to	the	average	age	of	obstetric	trainees?	
Maybe	our	hypothesis	is	that	surgical	trainees	are	older.	

• Example:	How	does	the	average	age	of	surgical	trainees	
relate	to	the	likelihood	of	being	married?	Maybe	our	
hypothesis	is	that	older	trainees	are	more	likely	to	be	
married	(Or	maybe		it’s	the	other	way	round!).	

Hypothesis	Testing:	What	are	the	steps?	

1.  Define	the	null	and	alternate	hypotheses.	
2.  Collect	relevant	data	from	a	sample	of	

individuals.	
3.  Use	an	appropriate	test	for	the	sample	data	

and	calculate	a	test	statistic		
(through	a	Formula	or	Computer	programme)	

4.  Interpret	the	P-value	and	result.	

The	Hypothesis	has	to	be		
a	Precise	Statement	

•  Null	hypothesis	=	H0	:		There	is	no	effect/variation	
between	variables	of	interest	in	the	population	

•  Alternate	hypothesis	=	H1	:		There	is	an	effect/
variation	between	variables	of	interest	in	the	
population	
–  	AND	this	effect	is	likely	not	due	to	chance.	

• We	can	only	accept	H1	if	we	statistically	reject	the	
null	hypothesis	

•  Please	note	we	do	not	say	that	we	accept	the	alternate	
hypothesis	but	that	we	reject	the	Null	hypothesis.	We	can	
only	accept	or	reject	the	Null	hypothesis.	

Example	

•  Post-discharge	functional	outcomes	of	younger	
versus	older	trauma	patients	
•  Who	has	better	outcomes	after	trauma,	older	or	younger	

patients?	

•  Null	hypothesis	=	H0	:	Younger	patients	have	
similar	outcomes	to	older	patients	after	trauma	

•  Alternate	hypothesis	=	H1	:	Younger	patients	have	
better	outcomes	after	trauma	compared	to	older	
patients	
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Example	(page	2)	

• Collect	data	
–  Telephone	interviews	
–  Calculate	“outcome	after	trauma”	scores	

• Compare	the	mean	scores	between	older	and	
younger	patients	

• H0:	MeanY	–	MeanO=	0	=	No	difference!	

• H1:	MeanY	–	MeanO	>	0	=	Younger	do	better!	 We	can	see	from	the	calculation	that	there	is	a	difference	in	the	mean	
scores	between	younger	and	older		but	is	this	statistically	strong	enough	to	
reject	the	null	hypothesis.	For	this	we	need	to	calculate	the	P-value.	

(ii).	P	values	
•  The	probability	that	we	find	an	effect	in	our	study	
when	there	is	not	one	in	the	population	(i.e.	the	
finding	is	due	to	chance)	

•  Traditionally:	
–  If	P>0.05	we	accept	the	null	hypothesis	
–  If	P≤0.05	then	we	have	enough	evidence	to	reject	the	null	
hypothesis		

•  But:	
–  The	P	value	used	is	an	arbitrary	value!	

• P	value	of	0.05	equals	1	in	20	(5%)	chance	
• P	value	of	0.01	equals	1	in	100	chance	
• P	value	of	0.001	equals	1	in	1000	chance	

You	can	
set	this	

P	values	summary	

• P	value≤0.05	
	Reject	the	null	hypothesis	and	say	the	results	
are	statistically	significant	at	the	5%	level	

	
• P>0.05	there	is	not	enough	evidence	to	reject	
the	null	hypothesis	(does	not	mean	null	
hypothesis	is	true)	
	We	do	not	reject	the	null	and	say	the	results	
are	not	statistically	significant	at	the	5%	level	
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(iii).	Standard	Error	
• We	need	to	look	at	the	accuracy	of	the	actual	result…
does	it	make	sense?	

•  Standard	error	is	a	measure	of	the	precision	of	a	sample	
in	estimating	the	population	parameter…	
–  Precision	reflects	random	fluctuations	in	data	

•  Important:	SE	depends	on	sample	size	(Similar	to	SD)	
–  The	larger	the	sample,	the	smaller	the	standard	error.	

	
Standard	error	of	the	mean	(SEM)	

=Standard	deviation	/	square	root	of	(sample	size)	
	

Standard	error	of	the	proportion	
=Square	root	of	(proportion	X	1	-	proportion)	/	sample	size)	

(iv).	Confidence	Intervals	
• A	range	of	values	that	is	likely	to	contain	the	
“true”	population	value	

• Based	on	SE,	but	CIs	are	more	meaningful	
clinically	
• Also	are	based	on	the	“population”,	not	the	“sample”	

• Most	common	CI	=	95%	CI	

A	95%	CI	is	defined	by:	
Sample	mean	(or	proportion)	±	1.96	X	standard	error	

	

Confidence	Intervals	 Confidence	Intervals	
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Some	explanation	

• Precision	(measured	as	CIs)	reflects	random	
fluctuations	in	the	data,	and	how	well	our	sample	
is	representing	our	population	of	interest.		

• So	you	want	the	CI	to	be	narrower,	which	means	
your	sample	is	more	likely	to	closely	represent	the	
population	.	

• You	may	also	find	specific	clinical	value	in	the	high	
and	low	values,	or	values	that	are	in	the	range.	

Confidence	Intervals	

Commonly	reported	in	studies	to	provide	an	estimate		
of	the	precision	of	the	mean.	

What	does	it	mean?	

• We	are	95%	confident	that	the	true	mean	of	
the	population	lies	between	the	two	points.	

•  See	how	wide	the	CI	is	for	feel	of	precision	
(narrower	is	better).	

• Do	these	upper	and	lower	figures	have	clinical	
significance?	

• Does	the	range	include	values	of	particular	
interest?	

P	values	and	Confidence	Intervals	
•  P	values	provide	less	information	than	confidence	
intervals.	

•  P	value	provides	only	a	probability	that	estimate	is	
due	to	chance.	

•  P	value	could	be	statistically	significant	but	of	limited	
clinical	significance	e.g.	a	study	with	very	large	
numbers	might	find	that	a	difference	of	0.1		which	is	
statistically	significant	but	on	a	scale	of	0-10	it	may	
be	of	no	clinical	significance.	

•  P	values	tell	us	more	about	our	study,	and	sometimes	
the	size	of	our	sample,	rather	than	our	actual	
population.	
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(v).	What	About	Error?	
•  You	have	collected	the	data,	
•  Done	the	statistics,	
•  Have	a	P	value	<0.05	and	acceptable	SD	and	CI,	
•  So	a	statistically	significant	difference;	
•  You	have	rejected	the	null	hypothesis:	
•  Job	done	–	congratulations	-	pat	on	the	back!!	
•  Not	quite	–	is	this	a	true	result	in	the	population?		
							(remember	that	you	have	only	studied	a	sample)	
	
•  Now	ASK:			

–  Is	your	experiment	adequately	powered	to	give	a	true	result?		
–  Are	your	samples	big	enough	to	detect	a	true	result?	

Statistical	Errors	
A.	Type	I	error:	
	

–  Rejects	the	null	hypothesis	when	it	is	true	
–  Claiming	an	effect	when	in	fact	there	is	none	
–  Also	called	the	α	error	
–  Typically	0.05	is	used	
–  This	is	the	significance	level	of	test	i.e.	P<0.05		
–  So	when	0.05	is	used,	you	are	accepting	that	there	is	a	5%	
chance	of	making	the	error	that	your	results	showed	a	
difference	but	there	is	actually	no	difference.	

Statistical	Errors	
B.	Type	II	error	

–  Fails	to	reject	the	null	hypothesis	when	it	is	false	

–  Claiming	there	is	no	effect	when	in	fact	there	is.	

–  Also	called	a	β	error.	Usually	20%	(0.20)	

–  The	probability	of	not	making	a	Type	II	error	is	1	-	β,	which	
is	called	the	power	of	the	test	(80%	or	0.80)	

–  Power	calculation	(sample	size	calculation):	make	sure	
your	study	has	a	large	enough	sample	to	give	adequate	
power.	If	sample	is	not	big	enough	it	is	a	hidden	error.	

Otherwise	you	may	not	find	a	difference	in	compared	
samples	when	there	really	is	one	in	the	population	

Statistical	Errors:	Summary	

Type I  (α) 

•  Find a significant difference even 
though one does not exist 

•  ‘False positive’ 

•  Usually set at 0.05 (5%) 

Type II (β) 

•  Fail to find a significant difference 
even though one exists 

•  ‘False negative’ 

•  Usually set at 0.20 (20%) 

•  Power = 1 – β (i.e. usually 80%)

Remember	that	power	is	related	to	sample	size	because	a	larger	
sample	has	a	smaller	SE	
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Statistical	Errors	

Null 
Hypothesis 

false

Null 
Hypothesis 

true

Null 
Hypothesis 

reject
No Error Type I

α

Null 
Hypothesis is 
not rejected

Type II
β

No Error

Population	Reality	

Test	Result	

(vi).	Sample	Size	Calculation	

•  Also	called	“power	analysis”	
• When	designing	a	study,	one	needs	to	determine	
how	large	a	study	is	needed	to	maximize	the	ability	
to	detect	the	truth.	

•  Power	is	the	ability	of	a	study	to	avoid	a	Type	II	error	
•  Power	=	(1-β)	
•  Goal:	Maximize	ability	to	find	the	population	“truth”,	
while	minimizing	risk	of	errors	
–  Many	studies	are	completed	without	proper	estimate	of	
appropriate	study	size.	

–  This	may	lead	to	a	misleading	study	outcome	

Sample	Size	Calculation	
•  Information	needed	to	calculate:	

–  Level	of	Type	I	error:	0.05	typical		
–  Level	of	Type	II	error:	0.20	typical	
–  Power	=	0.8		

•  It	is	ethically	irresponsible	+	wasteful	of	resources	to	
plan	with	a	higher	risk	of	Type	II	error	

–  Need	to	have	an	idea	of	Inherent	variability	of	
population	(mean	and	SD)	

***Usually	estimated	from	preliminary	data	(prior	
similar	studies	or	pilot	data)	

–  Null	hypothesis	
•  There	are	different	formulas	you	can	use	to	
estimate	sample	size,	depending	on	type	of	
study.		

•  Statistical	software	will	have	programmess	
that	can	calculate	this.	

Sample	Size	Calculation:	example	

Stata	Input:	Mean	1	=	20,	mean	2	=	30,	α	=	.05,	power	(1-β)	=.8,	std.	dev.	10.	
To	do	the	study	without	error	we	need	at	least	16	patients	in	each	group	
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What	does	this	mean?	
•  The	sample	size	calculation	is	the	minimum	number	
of	individuals	required	in	each	group	to	prove	a	true	
effect,	if	it	exists	

•  	Pragmatism		
	
	
•  Although	theoretically	possible,	a	properly	powered	
study	may	be	too	big	to	recruit	for…	
–  Time,	money,	resources	available;	so…	
–  You	may	need	to	do	a	pilot	study	to	find	

1.  estimates	of	means	&	SDs	for	your	power	calculation	
2.  feasibility	of	undertaking	the	study	

STATISTICAL	TESTS	
(You	do	not	need	to	know	these	in	detail,	so	this	

is	just	a	brief	summary	of	tests	available)	

• Type	of	statistical	test	used	is	influenced	by:	
–  Type	of	data	(numerical	vs.	categorical)	
– Number	of	groups	
– Whether	sample	data	is	normally	distributed	
– Whether	individuals	in	the	treatment	group	are	
paired	with	individuals	in	the	comparator	group	

	
• Try	to	use	the	most	appropriate	test	for	the	
data	to	improve	the	accuracy	of	the	results	

http://www.ats.ucla.edu/stat/mult_pkg/whatstat/	 Numerical	data:	a	single	group	
Comparison	of	known	mean	to	mean	of	your	sample	

	•  Parametric	test	
•  Large	sample	size	

•  Normal	distribution	
•  Means	+	SD	

•  If	we	do	not	know	
population	variance	–	use	
one	sample	t-test	

•  If	we	know	variance	–	use	z-
test	(almost	identical	to	t-
test)	

•  Non-parametric		
•  Skew	or	small	sample	size	

•  Medians	

•  Use	Sign	test		
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Numerical	data:	a	single	group	
Comparison	of	known	mean	value	to	mean	of	our	sample	

	•  Example:	Interested	in	whether	the	systolic	blood	pressure	of	our	
sample	of	diabetics	is	the	same	as	the	population	SBP	(120)	

•  H0=Our	sample	mean	is	not	different	from	the	population	mean	

	

	

	
	

	

	

•  P=0.03	therefore	we	can	reject	the	null	hypothesis	

•  Result:	Strong	evidence	to	reject	the	null	hypothesis	
	

Numerical	data:	two	related	groups	
Study:	Comparison	of	2	samples	related	to	each	other	
e.g.	same	individual	variable	at	different	time	points	

e.g.	individually	matched	–	case	control	study	

•  Parametric	data	
•  same	sample	size	in	each	

group	

•  Normal	distribution	
•  Means	and	SD	

•  Use	paired	t-test	

•  Non-parametric	data	
•  Skew	or	small	sample	size	

•  Medians	

•  Use	Sign	test	or	Wilcoxon	
signed	rank	test	

Numerical	data:	two	related	groups	

	•  Example:	Now	we	want	to	compare	the	SBP	of	our	sample	
before	and	after	a	new	BP	medication	

	
	

	
	

	
	

	

	

•  P=0.15	therefore	we	cannot	reject	the	null	hypothesis	

Numerical	data:	two	unrelated	groups	
Study:	Comparison	of	2	samples	unrelated	to	each	other	

•  Parametric	data	
•  Normal	distribution	

•  Means	and	SD	

•  Use	unpaired	(two-sample)	
t-test	

•  Non-parametric	data	
•  Skew	or	small	sample	size	

•  Medians	

•  Use	Wilcoxon	rank	sum	
(two-sample)	test	or	

•  Mann-Whitney	U	test	
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Numerical	data:	more	than	two	groups	
Study:	Comparison	of	>2	sample	groups	

•  Parametric	data	
•  Normal	distribution	

•  Means	and	SD	

•  Between	group	variation	

•  Use	one	way	analysis	of	
variance	(ANOVA)		

•  Non-parametric	data	
•  Skew	or	small	sample	size	

•  Medians	

•  Use	Kruskal-Wallis	test	

Categorical	data:	a	single	proportion	
Study:		
Single	sample,	each	individual	possesses	characteristic	or	not	(e.g.	
the	number	of	trainees	who	are	left-handed).		
Data	is	expressed	as	a	proportion.	Compare	sample	proportion	to	
known	value.	

•  Approximate	Normal	distribution	
•  Proportion	
•  Estimated	SD	

•  Use	test	of	single	proportion	

Categorical	data:	two	proportions	
Study:	Two	groups.	Group	1	has	characteristic	or	not.	

Group	2	has	characteristic	or	not.	

•  Groups	are	independent	
•  Data:	frequencies	
•  2x2	Contingency	table	

•  Use	Chi	squared	test	
•  If	frequencies	are	small	use	

Fishers	exact	test	

•  Groups	are	dependent	
•  e.g.	same	group	measured	

at	diff	time	intervals	

•  Use	McNemar’s	test	

2X2	Table	
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Categorical	data:	more	than	two	
proportion	groups	

Study:	>Two	groups.	Group	1	has	characteristic	or	not.	Group	2	has	
characteristic	or	not,	Group	3….	etc	

•  Groups	are	independent	
•  Data:	frequencies	
•  2xC	Contingency	table	

•  Use	Chi	squared	test	
•  If	frequencies	are	small	use	

Fishers	exact	test	

•  If	Groups	are	ordered	and	
you	want	to	find	a	trend	

	

	
•  Use	Chi	squared	test	for	

trend	

PREDICTIVE	MODELLING	
1.  Correlation	
2.  Linear	regression	
3.  Relative	Risk	
4.  Odds	ratios	
5.  Meta-analysis	
6.  Survival	Analysis	
	
A	type	of	statistical/inferential	analysis	that	not	only	

allows	us	to	describe	and	compare	our	sample,	but	
also	to	make	predictions	about	other	samples	
within	the	population.	

	

1.	Correlation	
•  Assesses	the	relationship	between	two	variables	

–  Example:	height	and	weight,	are	they	related???	

•  Strength	of	the	association	is	described	by	a	
correlation	coefficient:	r	(ranges	from	-1	to	1)	

• r	=		0	-	.2	low,	probably	meaningless	
• r	=	.4	-	.6	moderate	correlation	
• r	=	.8	-	1 	very	high	correlation	

•  Can	be	positive	or	negative	
•  Pearson’s	correlation	coefficient		-	parametric	
•  Spearman’s	rank	correlation	coefficient		-	non	
parametric	

***Tells	nothing	about	causation!		

Correlation	≠	Causation!	

Correlation	

•  Correlation	is	often	depicted	nicely	on	graphs	like	this.	For	
each	subject,	two	variables	are	plotted	against	each	other,	
one	on	the	x	axis	and	one	on	the	y	axis	

•  Above	graphs	show	a	perfect	positive	correlation	and	a	
perfect	negative	correlation.	

Source:	Altman.	Practical	Statistics	for	Medical	Research	
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Correlation	

Source:	Altman.	Practical	Statistics	for	Medical	Research	

Correlation	Coefficient	0	 Correlation	Coefficient	.3	

Correlation	

Source:	Altman.	Practical	Statistics	for	Medical	Research	

Correlation	Coefficient	-.5	 Correlation	Coefficient	.7	

2.	Linear	Regression	

•  Goes	a	step	further	than	correlation	
	
•  Based	on	fitting	a	line	to	data	

–  Provides	a	regression	coefficient,	which	is	the	slope	of	the	line	
• Y	=	a	+	bx	

•  Use	to	predict	a	dependent	variable’s	value	based	
on	the	value	of	an	independent	variable.	

• *Very	helpful-	e.g.	in	analysis	of	height	and	weight,	for	
a	known	height,	one	can	predict	weight.	

• Much	more	useful	than	correlation	

2.	Linear	Regression	

• From	the	concept	of	correlation,	is	there	a	line	
that	approximately	fits	the	distribution	of	your	
data?	

• More	than	just	saying	whether	two	or	more	
variables	are	associated,	it	wants	to	find	out	
exactly	HOW	they	are	related,	is	there	a	
mathematical	formula	that	relates	them.		

• This	then	may	allow	you	to	predict	further	
variables	from	the	known	variables.	
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Linear	Regression	

• Again,	we	plot	our	two	variables	for	each	subject	of	our	sample.	If	
we	look	at	the	points	only,	we	may	not	see	a	very	good	pattern	or	
correlation.	But	in	fact	there	is	a	mathematical	equation	for	this	
line,	which	is	the	line	that	best	fits	our	data.		

• If	this	is	our	line,	we	can	use	the	knowledge	of	one	variable	to	
predict	the	other	variable	in	a	given	member	of	the	population.	

Source:	Harris	and	Taylor.	Medical	Statistics	Made	Easy	

Regression	

• Types	of	regression	
–  Linear-	uses	continuous	data	to	predict	continuous	
data	outcome	

–  Logistic-	uses	binary	data	to	predict	probability	of	
a	dichotomous	outcome	

–  Poisson	regression-	time	between	rare	events.	
–  Cox	proportional	hazards	regression-	survival	
analysis.	

	

3.	Risk	Ratio/Relative	Risk	

•  Typically	used	in	cohort	studies	

•  The	risk	of	having	an	outcome	if	you	have	a	risk	
factor	versus	the	risk	of	having	an	outcome	if	you	
don’t	have	the	risk	factor	
–  For	example:	association	of	smoking	with	lung	cancer	

	
RR	=	Risk	developing	disease	in	exposed	group	

	Risk	developing	disease	in	unexposed	group	
	

Interpreting	Risk	Ratio	

•  Risk	ratio=1												 	 	no	difference	in	risk	

•  Risk	ratio>1	 	 	 					increased	risk	

•  Risk	ratio<1	 	 	 					decreased	risk	

•  95%	confidence	intervals	are	usually	presented	
–  Must	not	include	1	for	the	estimate	to	be	statistically	significant	

• Example:	Risk	ratio	of	3.1	(95%	CI	0.97-	9.41)	includes	1,	thus	
would	not	be	statistically	significant.	
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4.	Odds	Ratio	

CBT	 Usual	Care	(TAU)	

Deterioration	 3	(13%)	 11	(52%)	

No	Deterioration	 20	(83%)	 10	(48%)	

Rate	of	deterioration	(CBT)	 3/23	 13%	

Odds	of	deterioration	(CBT)	 3/20	 0.15	

Rate	of	deterioration	(TAU)	 11/21	 52%	

Odds	of	deterioration	(TAU)	 11/10	 1.1	

ODDS	RATIO	of	deterioration=0.15/1.1=0.14	
The	test	applied	is	whether	this	is	different	from	1.0		

•  Case	control	studies	
•  Compares	the	odds	compare	of	having	an	outcome	
versus	the	odds	of	not	having	that	outcome.	

•  Different	to	risk	ratio	which	compares	risks	of	those	
exposed	to	those	unexposed	to	specific	risk	factor.	

Absolute	Risk	Reduction	

CBT	 Usual	Care	(TAU)	

Deterioration	 3	(13%)	 11	(52%)	

No	Deterioration	 20	(83%)	 10	(48%)	

Absolute	Risk	
Reduction	(ARR)	

Deterioration	
rate	(TAU)	

Deterioration	
rate	(CBT)	

=	 _	

=	52%	–	13%	=	39%	or	0.39	

Number	Needed	To	Treat	
Absolute	Risk	Reduction	(ARR)	

Number	Needed	
to	Treat	(NNT)	

=	0.39	

=	1/ARR	=	1/0.39	=	2.56	(~	3)	

• NNT	is	the	number	of	patients	that	need	to	be	treated	with	
CBT,	compared	with	treatment	as	usual,	to	prevent	one	patient	
deteriorating.	

• In	this	case,	3	patients	have	to	be	treated	to	prevent	one	
patient	deteriorating.	

• NNT	can	be	very	useful	clinically,	because	it	gives	us	a	real-
world	sense	of	the	effect	of	an	intervention;	e.g.	if	we	were	to	
find	that	the	NNT	was	500,	and	doing	CBT	was	very	expensive,	
from	society’s	point	it	might	not	be	a	useful	treatment	because	
we	have	to	treat	so	many	people	in	order	to	help	only	one.	

5.	Systematic	Review	&	Meta-Analysis	

•  Systematic	review	performs	a	review	of	literature	in	
systematic	fashion,	determined	a	priori	

•  Meta-analysis	numerically	combines	data	of	similar	
independent	studies	

–  Estimate	an	overall/average	effect	of	interest:	

–  Uses	Relative	Risk	or	Overall	Risk		

–  Pro:	Larger	sample	and	power	to	detect	effects,	Efficient,	
Generalisability	

–  Cons:	Retrospective	data,	Missing	data,	Study	heterogeneity,	
Publication	bias	
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Steps	of	a	Meta-Analysis	

1.  Define	effect	of	interest.	
2.  Find	appropriate	data	from	published	studies	(usually	

proportions	e.g.	RR	or	OR).	
3.  Check	statistical	homogeneity	–	use	e.g.	index	I²
4.  Estimate	the	average	effect	of	interest	with	CI	and	

perform	hypothesis	test	
5.  Null	hypothesis	–	true	RR	=1	
6.  Use	statistical	software	to	check	homogeneity	between	

studies	
7.  Sensitivity	analysis:	delete	studies	and	see	how	it	

influences	plot;	particularly	if	some	studies	are	very	
different	

Forrest	Plot		
to	display	the	results	of	a	meta-analysis	

6.	Survival	Analysis	
•  Evaluation	of	time	to	an	event	(death,	recurrence,	
recover)	

	
•  Provides	a	way	of	handling	censored	data	

–  Patients	who	do	not	reach	the	event	by	the	end	of	the	
study	or	who	are	lost	to	follow-up	

•  Most	common	type	is	Kaplan-Meier	analysis	
–  Curves	presented	as	stepwise	change	from	baseline	
–  There	are	no	fixed	intervals	of	follow-up-	survival	
proportion	recalculated	after	each	event.	

Survival	Plot	

Source:	Altman.	Practical	Statistics	for	Medical	Research	
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Kaplan-Meier	Curve	

Source:	Wikipedia	

Statistics	Summary	

• Understanding	basic	statistical	concepts	is	
central	to	understanding	the	medical	
literature.	

•  It	is	NOT	important	to	understand	the	tests	or	
the	underlying	maths.	

• Need	to	know	when	a	test	should	be	used	and	
how	to	interpret	its	results.	

Thank	you	for	your	reading	and	all	the	best.	
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F2: Practical 6: Statistics 

Using online statistics programmes 
Find and select a statistics programme that is available for free online use (open access) through an 

internet search engine (e.g. Google). There are many programmes (e.g. JASP, SOFA, GNU PSPP, 

Jamovi, IBM SPSS, MacAnova, Invivostat, etc etc) but they all have different strong and weaker points. 

Sites like GoodFirms (goodfirms.co) try to summarise these (e.g. IBM SPSS is very powerful, MacAnova 

also works with Linux, Invivostat identifies and removes inaccurate data). Try different programmes with 

your own experimental data and see which gives you the best understanding of the data and the best 

visual representation to share your findings (do not try to find a programme to compensate for a poorly 

conducted study). 

Take either data from your own provisional results, or from a pilot study, or take the data from a robust 

paper you have read, and enter the data. Best is if 2-3 people use the same data in more than one online 

programme and compare outcomes, then make sure you understand the way the programme does the 

statistics (you only need to understand the principles of how the quantitative data becomes readable 

statistics), then discuss which programme would be best suited to your own project. 
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Qualitative	Research	Methods		
&	Analysis	

J	S	Dreyer	

Qualitative	Research	

Definition:		What	is	Qualitative	Research?	
	

	=	methods	to	understand	human	experience	of	
illness,	health	and	treatments.	

	
	=How	do	patients	or	health	care	workers	find	
meaning	in	illness	and	health,	and	how	it	affects	
their	work,	life,	relationships	etc.	

Qualitative	Research	Strategies:		

1.  Ethnography	�	immersing	the	researcher	into	a	
culture	to	observe	a	group	(e.g.	surgical	firm).	

2.  Grounded	theory	�	start	with	no	hypothesis,	but	
build	the	theory	from	people’s	stories.	

3.  Phenomenology	�	study	the	lived	experience	of	
people	i.e.	How	does	this	disease	or	treatment	
affect	this	person?	

Qualitative	Methods:	

1.  Interviews	
2.  Group	opinions	
3.  Questionnaires	
4.  Case	Studies	

Data	analysis:	
1.	Test	the	Validity	and	Reliability	of	the	data,	e.g.	

through	Triangulation.	
2.	Cronbach	alpha	is	a	quantitative	method	to	compare	

qualitative	data.	

1 2
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Example	

The	following	slides	go	through	the	steps	
followed	to	do	a	qualitative	research	project	
on	understanding	surgical	professionalism.	
The	project	contributed	to	achieving	a	masters	
degree	in	surgical	education.	

Qualitative	research	steps:		
Developing	a	Taxonomy	for	Surgical	

Professionalism	

1.  Interviews	of	Surgeon-Educators.	

2.  Group	work	(Nominal	Group	Technique)	with	surgeons,	
trainees,	nurses	and	patients.	

3.  Questionnaires.	

Final	aim	was	to	try	to	develop	a	quantitative	measuring	
tool	to	assess	professionalism	in	surgeons.	

Building	Taxonomy	from	Literature	review:		
How	to	classify	Professionalism	Characteristics		
Arnold	&	Stern	(2006)	

Interviews:		
When	typed	it	looks	like	this	

•  FD:			I	am	here	with	Mr.	Ian	Ritchie	in	Stirling	
•  Ian	we	have	discussed	some	of	these	aspects	of	professionalism.		I	

just	want	to	ask	you	firstly,	in	the	light	of	what	we	have	discussed	
and	what	you	have	seen,	what	do	you	understand	under	the	
concept	of	professionalism	in	surgery	in	basic	terms?	

		
•  IR: 	It	is	very	wide	and	it	is	difficult	to	define	it	accurately,	but	I	

guess	professionalism	means	applying	scientific	knowledge	for	the	
benefit	of	the	patient,	but	also	taking	into	account	what	the	
patient’s	needs	and	circumstances	are.		It	also	involves	behaviours	
in	relation	to	the	patient	that	take	account	of	the	patient’s	
vulnerabilities	and	their,	because	of	their	lack	of	knowledge,	
perhaps	their	inability	to	influence	the	outcome.		So,	it	involves	
respecting	the	trust	that	has	been	given	to	you.		I	think	that	is		
probably	most	of	it.	

	

5 6
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Next:	Colour	coding	of	essential	words	
based	on	categories	from	literature	review:	

• Excellence	=	red	
• Accountability	=	green	
• Humanism	=	brown	

• Altruism	=	dark	blue	

• Ethics	=	orange	
• Relationships	=	light	blue	

Colour	coding	transcribed	text	
It	is	very	wide	and	it	is	difficult	to	define	it	
accurately,	but	I	guess	professionalism	means	
applying	scientific	knowledge	for	the	benefit	of	
the	patient,	but	also	taking	into	account	what	the	
patient’s	needs	and	circumstances	are.		It	also	
involves	behaviours	in	relation	to	the	patient	that	
take	account	of	the	patient’s	vulnerabilities	and	
their,	because	of	their	lack	of	knowledge,	perhaps	
their	inability	to	influence	the	outcome.		So,	it	
involves	respecting	the	trust	that	has	been	given	
to	you.		I	think	that	is		probably	most	of	it.	

Results:		
After	colour	coding	all	Interview	transcripts	

Characteristics	rated	highest	were:	
•  Excellence	(37):	high	clinical	standards;	judgement.	

•  Accountability	(48):	honesty;	trustworthiness;	transparency;	insight	into	
own	strengths	&	weaknesses	

•  Humanism	(17):	respect,	compassion,	fairness	

•  Altruism	(18):	put	patients’	needs	first	
•  Ethical	behaviour	(12):	high	moral	standards;	probity.	

•  Managing	inter-personal	relationships	(26):	humility;	avoid	negativity;	
be	realistic	in	expectations	of	trainees;	accept	others	doing	things	differently;	be	
prepared	to	learn	from	a	variety	of	people.	

Interviews:	Distribution	of	Characteristics	(n=178)	
Graphs	give	better	visual	display	

Relationships
Humanism
Altruism
Accountability
Excellence
Ethics
Global Perspective
Communication
Competence/Knowledge

9 10
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Nominal	Group	Technique	Results:		
Distribution	of	Characteristics	(using	same	colours	for	
the	same	characteristics	as	identified	in	interviews	and	

literature	review)	
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What	happened	next	

• We	had	112	characteristics	in	new	Taxonomy:	
–  50	from	Literature	
–  62	from	Interview	+	NGTs	

• We	then	decided	to	refine	these	down	to	the	
most	valued	20	characteristics	of	
professionalism	through	a	series	of	
questionnaires	that	refined	the	data	through	
each	cycle.		

• This	is	known	as	the	“Delphi	process”	
	

Questionnaire1	

•  To	surgeons	and	trainees	in	Scotland	AND	to	other	
doctors,	nurses	and	patients	in	Dumfries	&	Galloway	

•  Asked	to	select	3-7	characteristics	in	each	category.		
•  704	replies	(M:F	=1:2)	

–  Doctors	163	(24%)		
–  Nurses	274	(40%)		
–  Patients	247	(36%)	

•  Selected	58	characteristics	

Questionnaire	2:	

•  To	consultant	and	trainee	surgeons	in	Scotland.	
•  Used	the	58	characteristics	from	Questionnaire	1,	written	as	

questions.	

•  Asked	to	mark	“the	professionalism	characteristics	you	would	
most	value	in	a	surgical	trainee	(maximum	20)”	

13 14

15 16



99

Final	outcome	
Integrating	all	results	has	produced	a	combined	
list	of	20	characteristics,	e.g:	

	

•  Excellence	
“Can	the	trainee	deal	effectively	with	complexity	and	

uncertainty?”	

	

•  Accountability	
”Is	the	trainee	honest	when	errors	occur?”	
	

•  Humanism	

“Is	the	trainee	open	and	honest	when	taking	consent?”	
	
	

•  Altruism	

”Does	the	trainee	value	and	maintain	confidentiality?”	

	

•  Interpersonal	Relationships	
”Is	the	trainee	prepared	to	learn	from	a	variety	of	people?”	

Another	example	of	qualitative	
research:	

Collecting	feedback	from	a	course	or	
other	teaching	event	

	

Feedback/Course	Evaluation	Questionnaires	

17 18

19 20
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Feedback	scores	compiled	vertically	
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Feedback	scores	compiled	horizontally	
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AA	12.12	

LUS	2.13	

NBI	5.13	

KIG	5.13	

LUS	10.13	

LUS	3.14	

Quantifying	feedback	comments	
What	was	very	good?	
Attitude/participation	of	faculty	(x7)	
Introductions	to	make	everyone	comfortable.	
Tutorials/Small	group	teaching	(x6)	
Organisation	
Group	interactions	
Practical	sessions/demonstrations	(x5)	
Concepts	simplified	(x2)	
Time	keeping	(x3)	
SBAR	
Quality	control/patient	safety	
What	could	be	better?	
Proper	handbook/More	notes/make	ptolemy	articles	more	accessible/	available	earlier	(x6)	
More	practical	demonstrations	
Use	videos/diagrams	more	(x2)	
Stronger/safer	chairs	(x2)	
Time	allocation	for	written	test	too	short/give	test	on	paper	(x2)	
In	monitoring,	discuss	invasive	methods	as	well	
More	time	
Include	ENT	
Other	comments?	
Time	allocation	for	sessions	too	short.	
Very	relevant	material	(x2)	
Increase	the	length	of	the	course	
Too	much	attention	on	assessment	impairs	learning	opportunities	

Quantifying	feedback	comments	
What	was	very	good?	
Attitude/participation	of	faculty	(x7)	
Tutorials/Small	group	teaching	(x6)	
Practical	sessions/demonstrations	(x5)	
Concepts	simplified	(x2)	
Time	keeping	(x3)	
	
What	could	be	better?	
Proper	handbook/More	notes/make	ptolemy	articles	more	accessible/	
available	earlier	(x6)	
Use	videos/diagrams	more	(x2)	
Stronger/safer	chairs	(x2)	
Time	allocation	for	written	test	too	short/give	test	on	paper	(x2)	
	
Other	comments?	
Time	allocation	for	sessions	too	short/Increase	the	length	of	the	
course	
Very	relevant	material	(x2)	

21 22

23 24



101

Conclusions	

1.  Read	what	others	have	done.	
2.  Be	innovative	
3.  Make	it	simple.	

4.  Read	extra	

25
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Other	dimensions	in	patient	data	
analysis	

J	S	Dreyer	

Traditional	outcome	measures	

• Mortality	
–  Real	vs	expected	deaths	
–  Is	it	always	relevant?	
– Does	it	mean	“cure”	or	“survival”?	

• Morbidity	
–  Immediate/short	term	e.g.	post-op	complications	
– Medium	term	e.g.	cancer	recurrence	
–  Late	e.g.	Disability	(DALYs)	

Other	outcome	measures	to	consider:	

• Health	related	Quality	of	Life	(HRQOL)	
• Patient	satisfaction	
• Quality		of	care/Patient	safety	

Quality	of	Life	indicators	

• WHO	define	health	as	not	just	the	absence	of	disease	
but	as	a	state	of	complete	physical,	mental	and	social	
well-being.	

•  QoL	indicators	try	to	capture	patients’	own	
perceptions	of	their	health	and	ability	to	function	in	
their	daily	lives.	

•  Assessment	instruments	should	therefore	be	self-
administered.	

1 2
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Example	of	survey	tool	[1]	
• General	Health:	SF-36	
–  Physical	function	
–  Role	limitations	from	physical	problems	

–  Bodily	pain	
–  Energy/fatigue	
– Mental	health	

–  Role	limitations	from	emotional	problems	
– General	health	perceptions	

Example	[2]	

•  “FACT”	
=	Functional	Assessment	of	Cancer	Therapy	

1.  Physical	
2.  Social/Family	

3.  Relationship	with	doctor	
4.  Emotional	
5.  Functional	

Recommendations	on	including	
HRQOL	outcomes	in	clinical	research	

1.  Use	validated	HRQOL	instruments	
2.  Use	correct	instrument	for	your	study	focus	

3.  Get	multidisciplinary	input	on	QoL	questions	
early	(in	study	design)	

4.  Assess	QoL	longitudinally	(over	time,	not	as	
single	snapshots)	

5.  Use	controls	

Patient	Satisfaction	Outcomes	
• Patient	satisfaction	often	depends	more	on	
the	“care”	than	the	“cure”	

• e.g.	in	cancer	treatment:	
–  Cancer	control	
– HRQOL	
–  Side	effects	of	treatment	e.g.	erectile	dysfunction	
–  Recovery	quality	and	time	
– Ability	to	perform	daily	activities	
–  Psychological	wellbeing	
–  Financial	outcomes	
– Quality	of	death	

5 6
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Quality	of	Care/Patient	Safety	in	
Surgical	Research	

• High	quality	care	“consistently	contributes	to	
better	quality	of	life	and/or	a	longer	
life”	(AMA)	

• Quality	of	care	measured	in:		
1.  Structure	
2.  Process	
3.  Outcomes	

1.	Structure	

• Administrative	structure	e.g.	
– Number	of	beds	
– Nurse-to-patient	ratio	
(Lay	press	like	to	report	on	this)	

• Clinical	structure	e.g.	
– Hospital	volume	
–  Surgeon	procedure	volume	
(BUT	volume	of	surgery	is	not	a	surrogate	for	quality	of	care)	

2.	Process	

• Much	more	difficult	to	measure	how	
processes	affect	patient	outcomes:	

•  Successful	examples	=	use	of	
– WHO	Safe	Surgery	Checklist	
–  Pre-operative	antibiotics	
– VTE	prophylaxis	

• Processes	of	Care	are	very	good	for	AUDIT	
(finding	out		“what	happens?”)	leading	on	to	
RESEARCH	(looking	at	“how?”	or	“why?”)	

Example:	Audit	in	Safe	Surgery:	

(a)  Audit	the	process	of	using	a	Checklist	(SSC):	
e.g:	-how	the	SSC	is	implemented	and/or	accepted	

	-practical	problems	in	using	different	parts	of	the	SSC	

	-developing	a	protocol	for	swab	and	sharps	counts.	

(b)	The	effects	of	the	SSC	�	Specific	Outcomes	
e.g:	-wound	infection	or	DVT	incidence	

	-drug	allergic	reaction	incidence	
	-delay	in	getting	blood	to	theatre	

(c)	Qualitative	research	on	how	the	SSC	affects	practice:	
e.g:	-how	did	introducing	the	SSC	affect	theatre	teamwork	or	communication.	

	-how	difficult	was	it	to	change	theatre	practice.	

9 10
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3.	Outcomes	

=	effect	of	surgical	care	on	the	health	status	of	
patients	and	populations:	

•  Patients:	
–  Clinical	
–  Physiological	
–  Psychological	
–  Social	

•  Populations:	e.g.	
–  Population	screening	for	bowel	cancer	
–  WHA	resolution	68.15	to	include	emergency	and	essential	
surgery	as	part	of	global	universal	health	care.	

Summary	

1.  Think	of	patients’	Quality	of	Life	when	assessing	
treatment	benefit.	

2.  Life	has	100%	mortality;	it	is	the	quality	of	your	
years,	not	the	quantity	that	counts	most	for	most.	

3.  Use	established	QoL	tools;	the	established	ones	are	
available	through	the	internet	(remember	to	give	
recognition	to	where	you	downloaded	from).	

4.  Think	and	read	widely.	
5.  Put	yourself	in	patients’	shoes.	

13 14
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85 

F7: Practical 7 

How to analyse data from your own study 

Discuss potential analysis methods for study proposals in your group e.g. what type of data 

(quantitative, qualitative) do we expect to get, therefore what tests to use; can we find a statistician 

to help; which internet available statistics programme can we use? do we need to quantify any 

qualitative data? Let the principal investigator for each study present their ideas for 5-10 minutes, 

and then have a 10-15 minute discussion; end by writing down 3 key points on data analysis for 

each study proposal. 
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Presenting your results 

Frieda	Elsje	Dreyer	
Jonathan	AF	Hannay	

Learning outcomes  

• Preparation	of	results		

• Presenting	your	findings		
o Poster	
o Platform		

• Summary	

Preparation of results  

• Do	you	understand	your	own	results?	
• Does	it	answer	the	original	question	(primary	outcome)?	
• Does	it	answer	any	other	questions	(secondary	outcome)?	

• Are	they		
1.  Clean	
2.  Correct	
3.  Clear	
4.  Concise	
5.  Comprehensible	
6.  Communicable 		

Presenting your findings  
Structure	your	findings	and	results	relevant	to	your	audience	and	venue		

• Local	departmental	meetings		
•  Does	it	identify	the	need	for	audit,	change	in	local	guidelines	and	practice,	or	highlight	need	
for	a	Quality	Improvement	project?	

• Scientific	meetings	
•  Can	be	regional,	national	or	international		
• May	be	specialty	forums	
•  Does	it	highlight	an	interesting	topic,	new	research	or	identify	the	need	for	standardising	
practice	nationally/	updating	national	guidance?	

• Journal	
•  Generic	or	specialty	focused	
•  In	the	form	of	a	letter/research	article	/	systematic	review		

• Government	body/	Department	of	Health	
• Club	or	charity		

1 2
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Poster presentation  
Practical	tips:	
•  Read	the	instructions	from	the	organiser	
•  Including	size	of	poster/	number	of	images,	charts,	words	allowed/	landscape	or	portrait		
•  Type	of	poster	i.e.	electronic	(iPoster),	interactive,	paper		
•  Do	you	need	to	print	it	yourself	or	does	the	organiser	offer	a	printing	facility	usually	at	a	increased	
fee		

•  Can	you	print	on	canvas	to	allow	easier	transport?	
•  Does	your	hospital	or	trust	have	a	generic	template	you	can	use,	these	may	appear	more	
professional	especially	if	a	number	of	scientists	from	the	same	trust	present	at	the	forum.	

•  Add	the	professional	body/society’s	and	your	hospital’s	symbol	to	the	poster	as	illustrated		
•  Create	your	poster	on	PowerPoint		
•  Before	printing,	save	a	PDF	file	and	check	your	margins/	charts	fit	on	the	page	to	avoid	words	
being	cut	off	mid	sentence		

•  Consider	a	plain	background	and	font	easy	to	read	with	appropriate	size	and	spacing	
•  Grab	attention	with	a	catchy	title,	charts	and	images	
•  Acknowledge	all	your	contributors	even	if	they	don’t	make	the	shortlist	for	named	authors		

Poster presentation 

Title	along	here	
Authors	along	here	

Institution	along	here	

ABSTRACT	
Introduction	………….	
Method…………………..	
Results…………………….	
Conclusion………………	
	
INTRODUCTION	
…………………………………	
…………………………………	
…………………………………	
…………………………………	
…………………………………	
…………………………………	

METHODS	
…………………………………	
…………………………………	
…………………………………	
	
RESULTS	
…………………………………	
…………………………………	
	
	
	
…………………………………	
…………………………………	

…………………………………	
	
	
	
…………………………………	
	
	
	
…………………………………	
	
CONCLUSIONS	
…………………………………	
…………………………………	

	
	

fig.	1	

	
	

fig.	3	

Society		
symbol	

Hospital		
symbol	

	
	

fig.	2	

Platform presentation  
•  A	platform	presentation	is	a	10-15	minute	oral	presentation	of	an	original	research	project	or	
paper	followed	by	5	minutes	of	question	time,	moderated	by	a	chair.	

•  It	provides	an	opportunity	to	present	your	ideas	to	a	large	audience	and	to	highlight	key	elements	
of	your	research	that	are	unique,	novel	or	contribute	new	knowledge	to	the	field.	

•  Check	instructions	for	speakers	including	time	limit,	venue,	type	of	audience.	

•  The	type	of	audience	will	allow	you	to	tailor	your	focus	of	the	presentation		
•  Begin	your	presentation	with	a	statement	of	any	conflicts	of	interest	or	disclosures	

•  Clearly	state	your	aim	

•  Your	presentation	should	follow	a	logical	order,	the	format	of	a	traditional	scientific	abstract	and	
include	the	following	sections:	
o  Background		
o  Objectives	
o  Aims	

o  Methods	

o  Results		
o  Limitations	

o  Conclusions	

Tips	for	speakers:	
• Check	your	slides	for	format,	spelling,	grammar	and	have	the	most	up	to	date	version	ready	

• Speak	clearly	
• Keep	to	time	

• Make	eye	contact	with	your	audience		

• Know	your	subject		
• Provide	a	summary	slide	

• Acknowledge	appropriate	people	
•  Invite	questions	with	the	chairman’s	permission		

• Listen	to	the	question,	repeat	it	back	if	necessary	and	pause	before	answering		

Platform presentation  

5 6
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Summary  

1.  Research	can	be	presented	in	various	formats	
2.  Know	your	subject		
3.  Know	your	audience		
4.  Be	clear	
5.  Diagrams	and	charts	are	good	visual	aids	

6.  Keep	animations	to	a	minimum	as	these	can	distract	from	you	
message	

7.  Prepare	and	practice	
8.  Listen	to	the	question	

Summary 

• Practice,	practice,	practice….	
• Start	in	your	own	department,	then	your	own	hospital	or	
university,	then	a	regional	or	national	conference	before	
going	to	an	international	conference.	That	way	you	will	build	
your	confidence	and	refine	your	material	and	presentation	
style.	
• When	you	have	a	bad	day,	review	and	go	again	(it	is	like	
playing	sport).	

9 10
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How to write a paper 

Stephan	B	Dreyer	

Contents 

• What	is	a	research	paper?	

• How	to	structure	your	paper	

• What	language	is	appropriate	

• Formatting	

What is a research paper 

• Structured	and	evidenced	story	

• Clear	problem	or	question	

• Possible	solution		
• (or	attempt	at	a	solution)	

• Provides	a	springboard	for	further	research	and	clinical	development	

Example 

1 2

3 4
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How to structure your paper 

• Introduction	
• Aims	

• Methods	

• Results	

• Discussion	
• Conclusion	

Introduction 

• Introduce	the	clinical	problem	and	why	it	is	important	to	patients	
(and	or	science)	

• Lead	the	reader	to	believe	that	this	is	an	important	problem	to	
address	

• Get	their	attention	early	–	1st	and	2nd	sentence	(see	Example:	1st	
arrow	in	paper	slide)	

Introduction 
• Background	on	what’s	known	on	the	topic	

• Concise	
• Relevant	to	the	research	question	

• Evidenced	by	most	recent	and	relevant	literature	
• Not	an	extensive	literature	review	

• Lead	the	reader	to	your	question	

• Aims	
• Be	clear	and	defined	

(See	examples	indicated	by	arrows	in	paper	slide	[next])	

5 6

7 8
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Materials and Methods 

• What	you	did	

• How	you	did	it	
• Outcome	measures	

• Why	you	did	it	this	way	

AND	
	
• Statistical	analysis	

9 10

11 12
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Results 

• Describe	the	study	cohort	
• Table		

• Lay	out	each	question		

• Do	not	repeat	contents	in	tables	or	figures	in	text	

• Clear	legends	and	labels	for	tables	and	figures		
• Make	it	easy	for	the	reader	to	understand	

Results 

Discussion 

• 1st	Paragraph:	What	you	found	

• 2nd	Paragraph:	What	other	studies	found	

• 3rd	Paragraph:	What	does	your	study	add	

• 2nd	last:	Weaknesses	

• Last:	Conclusions	and	next	steps	

13 14
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Abstract 
• Write	this	last	

• Short	summary	of	the	most	important	findings	

• Stick	to	the	key	findings	only	

• Be	concise	

• Stick	to	word	limit	

Language 

• Clear	and	concise	

• Use	short	sentences	
• Matter	of	fact	

• Use	appropriate	language	for	the	audience	
• Clinicians	vs	Scientists	

17 18

19 20
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How to get it published? 

• Pick	the	right	journal	(have	a	1st,	2nd,	3rd	choice	for	publication)	

• Format	it	to	the	journal’s	specs	
• Read	(lots	of)	papers	from	that	journal	

• Use	reference	managers	(e.g.	ENDNOTE)	

• Revise	and	revise	and	revise	

• Keep	trying	

Just DO it 

And	Good	Luck…	
Nothing	worthwhile	comes	easily.	

21 22
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G.4: Practical 8 (presenting and writing) 

How to prepare for presenting and/or writing up your own project 

You can practice presentation and writing before you have completed your own research project 

as long as you have a small group of research enthusiasts that support each other. Things you 

can do include: 

a. Prepare an oral presentation on a paper you have read as if it were your own study and you 

have to share the results with your peers. 

b. Prepare an electronic poster on a paper and present at your meeting (you can do the poster 

in PowerPoint and project from your laptop, so no expenses necessary). 

c. When you have read 5-10 good for your study proposal, summarise these into an oral 

presentation to your study group or your own hospital department. You can summarise 

these under the IMRD headings you will use to write your own paper. 

d. Write a summary abstract for yourself on these background papers, as if you are going to 

submit this as an abstract for a conference. 

e. Use (c) and (d) as the core information to write up the literature review for when you want to 

publish your own study. 

f. Write up a summary of the methods you want to use for your own study and present to your 

peer study group. Welcome any positive criticism to improve your study. 
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Overcoming	Barriers	in	Research	

Ainhoa	Costas-Chavarri	

Potential	barriers	

1.  How	to	do	research	with	limited	resources.	

2.  How	to	form/join	research	collaborations.	

3.  How	to	make	research	work	in	my	own	institution.	

So	you	want	to	do	research	

• Where	to	start?	
–  Design	your	research	question	
–  Use	what	you	have	learned	in	this	course		

• How	do	I	keep	going?	
–  Confronting	challenges	
–  Identifying	resources	

–  Developing	a	plan	

	

Challenges	
Getting	research	topics	 80%	

Lack	of	protected	research	time	 70	%	

Financial	burden	 64%	
	

Inadequate	research	training	
	

54%	

Low	value	attached	to	research	
output	

50	%	

Inadequate	mentorship	and	
supervision	

50%	

ELOBU	Emmanuel	Alex,	
MD(Dar),	MMed	Surgery	(MUK)	

FCS-ECSA,	Dip	ACREM	
13th	COSECSA	AGM	Addis	Ababa,	Ethiopia	

1 2

3 4

H1: Lecture
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Challenges	

•  Ideas	

•  Time	

•  Funding	

•  Experience	
•  Human/People	

•  Infrastructure/Facilities	
IDENTIFYING	RESOURCES	

WHAT	Resources	DO	YOU	NEED	FOR	YOUR	STUDY?	

• 1.	People	

• 2.	Facilities	

• 3.	Funding		
• 4.	Time	

People	

•  Identify	mentors	
•  Faculty	advisor	or	supervisor	
•  Can	be	local	or	abroad	

• Where	to	find	mentors	
•  Local	or	international	

leaders	
•  Conferences	

• Giving	presentations	
• Experts	on	panels	

•  Publications	
• Authors	of	relevant	articles	

	
• Make	connections!	
	

5 6
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PEOPLE	(2)	

•  Identify	team	or	
assistants	
• Students	

• Postgraduates	
• Colleagues	in	other	fields	

• Public	Health	

• Statistician	

	

• Think	“Collaborations”	

What	is	a	Research	Collaborative?	

•  A	network	of	people	interested	in	and	collaborating	in	
research	studies	
•  Regional	
•  National	
•  International	
•  Across	specialties	

• AIM	=	
To	“Deliver	high	quality,	multi-centre	clinical	research	that	will	

change	clinical	practice”	

Why	Research	collaboratives?	
•  Establish	contacts	
•  Combine	research	experience	
•  Improve	research	

•  ‘Rare’	diseases	or	procedures	
•  Larger	volume	of	patients	
•  Explore	Differences		

• E.g.	‘Practice	Variability’	that	leads	to	‘differences	in	outcome’	
	
•  Multi-centre	
•  Multi-national	

•  Changes	in	practice	
	

Examples	

http://nationalresearch.org.uk	

9 10
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How	to	get	involved	
•  GlobalSurg	

•  GlobalSurg2:	determining	the	
epidemiology	of	surgical	site	
infections	after	abdominal	surgery		

•  >12,000	patients	
•  343	hospitals	
•  66	countries	

•  Multiple	other	studies	in	process	
•  Students	and	residents	encouraged	

to	participate	
•  Gain	experience	and	make	connections	

•  Incision	
•  International	Student	Surgical	

Network	
•  GSSA	

•  Global	Surgery	Student	Alliance	
•  WiSA	

•  Women	In	Surgery	Africa	
•  Let’s	collaborate	initiative	

•  COSECSA	

•  Start	your	own!	
	

	

Infrastructure/facilities	

Where	will	your	study	take	
place?	

•  Clinical	Sites?	
•  Simulation	Center?	
•  Office/Workspace?	
•  Storage?	

	

What	do	you	need	for	your	
research?	

•  Equipment	
•  Medications	
•  Materials	

Funding	

• Create	a	budget	

•  Allowance	for	assistants	
•  Cost	of	infrastructure/facilities	

•  Equipment/materials/medications	
•  Laptop	or	Software	(Statistics!)	

•  Cost	of	IRB/Ethics	approval	

•  Transport/Travel	
•  Communications/Airtime/Data	

	

Funding	

• Global	interest	in	
Surgical	/	NCD	research	
•  Take	advantage	

•  Look	for	funding	awards	
• COSECSA	/	RCSI	
• RCSEd	

• ASCO	
	
	

13 14
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Funding	

• Most	clinical	projects	require	no	funding	

• Be	flexible	and	creative!	
	

DEVELOPING	A	PLAN	

Time	–	What	do	you	need	to	do?	

• Writing	the	proposal	
•  Include	your	budget	

•  IRB/Ethics	approval	
•  More	complex	if	research	is	in	Multiple	sites	

• Data	collection	

• Data	synthesis	and	analysis	

	

Creating	a	timeline	

•  Create	an	action	plan	
•  Create	a	schedule	for	this	plan	
•  Start	with	the	end	and	work	backwards:	
•  Thesis	due	date	
•  Conference	deadline	

•  Grant	deadline	

17 18

19 20
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Creating	a	timeline	

• Convert	your	timeline	into	a	checklist	
•  Set	reminders	for	yourself	

• Check	your	timeline	often	and	ask	for	research	time	
when	you	need	it	

• Divide	and	share	work	among	team	members	

Anticipate	barriers	and	delays!	

•  IRB/Ethics	approval	delays	
• Problems	with	patient	recruitment	

• Data	collection	problems	

• Time	it	actually	takes	to	complete	each	step	

Get	started!	

• Determine	resources	you	will	need		
•  Identify	mentors,	team,	collaborators	

• Define	your	infrastructure	and	material	needs	

• Create	a	budget	

• Develop	a	timeline/plan	

	

	

	

You	GO	for	it!	

21 22
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H.2: Practical 9  

The value of a local research support group 

Try to find likeminded colleagues who are your peers, e.g. other surgical residents 

that you work with in the same hospital, or with residents from other departments, or 

other health care practitioners that are interested in clinical research (laboratory staff, 

nutritionists, public health doctors [who often know more about statistics and 

epidemiology than surgeons] etc). The trick is to think widely. Invite 1-3 supportive 

consultants to attend, even if they might be very senior academics. Most professors 

love young researcher to come up with new ideas and would like to know about 

these early. Find a time and place to meet regularly when it would suit everybody to 

meet most of the time. Do not overdo the meetings; monthly meetings will be more 

sustainable than starting with weekly meetings because you are enthusiastic. Keep 

very short minutes of you meetings so you can remind people what you discussed 

previously and have an agenda for every meeting, so people can prepare to discuss 

their specific project successes or problems. Invite speakers to come and talk about 

difficult issues e.g. a statistician from the local university (irrespective whether 

medical or not), somebody who has achieved research success in a different field, 

someone who can advise on publication (e.g. an editorial board member of a 

medical journal). Most important is to be open, supportive, non-threatening and non-

defensive. Criticism must always be positive and aimed at the contents the group 

discusses; never be critical of researchers in person, even if they do not attend the 

meeting. Make every meeting a learning experience and end the meeting with a 

short list of 3-5 learning points from that specific meeting. Then share a meal or a 

few drinks or go home if you have a family and don't talk about research when you 

have left the meeting. 
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Appendix 1: 
Appendix 1 contains a number of journal papers for critical reading and analysis. 

These papers are all available for free download through e.g. Google Scholar and 

copies are available in the course handbook. It works best if 1-2 persons read and 

summarise one paper and then present their findings to colleagues within a study 

group. If you give 10 minutes for each presentation and 5 minutes for discussion you 

can go through 5 papers in under 90 minutes. That should give you sufficient 

confidence to be a critical future reader. 
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RANDOMIZED CONTROLLED TRIAL

Nonoperative Treatment With Antibiotics Versus Surgery for
Acute Nonperforated Appendicitis in Children

A Pilot Randomized Controlled Trial

Jan F. Svensson, MD,∗† Barbora Patkova, MD,∗† Markus Almström, MD,∗† Hussein Naji, MD,∗†
Nigel J. Hall, MD, PhD,‡§ Simon Eaton, PhD,‡� Agostino Pierro, MD, PhD,§ and Tomas Wester, MD, PhD∗†

Objective: The aim of this study was to evaluate the feasibility and safety of
nonoperative treatment of acute nonperforated appendicitis with antibiotics in
children.
Methods: A pilot randomized controlled trial was performed comparing non-
operative treatment with antibiotics versus surgery for acute appendicitis in
children. Patients with imaging-confirmed acute nonperforated appendicitis
who would normally have had emergency appendectomy were randomized
either to treatment with antibiotics or to surgery. Follow-up was for 1 year.
Results: Fifty patients were enrolled; 26 were randomized to surgery and 24 to
nonoperative treatment with antibiotics. All children in the surgery group had
histopathologically confirmed acute appendicitis, and there were no significant
complications in this group. Two of 24 patients in the nonoperative treatment
group had appendectomy within the time of primary antibiotic treatment and 1
patient after 9 months for recurrent acute appendicitis. Another 6 patients have
had an appendectomy due to recurrent abdominal pain (n = 5) or parental wish
(n = 1) during the follow-up period; none of these 6 patients had evidence of
appendicitis on histopathological examination.
Conclusions: Twenty-two of 24 patients (92%) treated with antibiotics had
initial resolution of symptoms. Of these 22, only 1 patient (5%) had recurrence
of acute appendicitis during follow-up. Overall, 62% of patients have not had
an appendectomy during the follow-up period. This pilot trial suggests that
nonoperative treatment of acute appendicitis in children is feasible and safe
and that further investigation of nonoperative treatment is warranted.

Keywords: antibiotics, appendicitis, children, randomized controlled trial,
surgery

(Ann Surg 2015;261:67–71)

A cute appendicitis is the most common disease requiring emer-
gency surgical treatment in children. Traditionally, the standard
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treatment of acute appendicitis has been appendectomy. However,
there is growing interest in nonoperative treatment of acute nonper-
forated appendicitis with antibiotics. Several randomized controlled
trials (RCTs) have been performed in adults and these have also been
subjected to meta-analysis. Data suggest that antibiotic treatment may
be an effective treatment modality for adults with acute nonperforated
appendicitis and that approximately 75% of patients may not need ap-
pendectomy at all, either during initial illness or during the first year
of follow-up.1 However, a recent Cochrane review concluded that
further well-designed RCTs were needed.2

In children, although there have been several studies of initial
conservative treatment of perforated appendicitis,1,3,4 data on con-
servative treatment of nonperforated acute appendicitis in children
are scanty. The only comparative published study was retrospective
and had unclear diagnostic and treatment criteria.5 Of note, there
have been no RCTs investigating nonoperative treatment of acute
nonperforated appendicitis in children.

As a prelude to a large RCT investigating the efficacy of nonop-
erative treatment of acute nonperforated appendicitis in children, we
designed a pilot RCT to inform our future planned study. The objec-
tives of this pilot study were to (1) evaluate the feasibility of recruiting
children with acute appendicitis to an RCT comparing nonoperative
treatment with appendectomy, (2) evaluate the safety of nonoperative
treatment with antibiotics of acute nonperforated appendicitis in chil-
dren, and (3) generate pilot data to inform our future planned efficacy
study.

METHODS
Trial Design

This was a pilot trial comparing nonoperative treatment (antibi-
otics) and surgery for acute nonperforated appendicitis in children.
The diagnosis was made with the combination of clinical findings
and imaging. All children underwent abdominal ultrasound scan, and
a computed tomographic (CT) scan was performed when there was
diagnostic uncertainty. Age, sex, duration of symptoms, body tem-
perature, and C-reactive protein, white blood cell, and neutrophil
concentrations at admission were recorded.

Participants
All children between 5 and 15 years of age with a clinical

diagnosis of acute appendicitis that before the trial would have been
subjected to an appendectomy, including those with an appendicol-
ith, were eligible. Exclusion criteria were (1) suspicion of perforated
appendicitis on the basis of generalized peritonitis; (2) an appen-
diceal mass, diagnosed by clinical examination and/or imaging; or
(3) previous nonoperative treatment of acute appendicitis.

Study Setting
The study was conducted at the Astrid Lindgren Children’s

Hospital, Karolinska University Hospital, Stockholm, Sweden. This

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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is the only hospital with a pediatric surgical service within the greater
Stockholm area and serves a population of approximately 2.5 million
inhabitants.

Interventions
Enrollment in this study was after the attending pediatric sur-

geon had made a diagnosis of acute appendicitis, the patients and
their family had received oral and written information regarding the
trial, and the patients and their family had provided written informed
consent to participate. Children with acute nonperforated appendici-
tis were randomly allocated to either appendectomy or nonoperative
treatment with antibiotics. All patients allocated to surgery received
preoperative antibiotic prophylaxis with 20 mg/kg of metronidazole.
Further antibiotic treatment in this group depended on the severity
of appendicitis in accordance with institutional practice. Cases of
simple or phlegmonous appendicitis received no further antibiotics,
those with gangrenous appendicitis received 24 hours of intravenous
trimethoprim/sulfametoxazol/metronidazole, and those with perfo-
rated appendicitis received at least 3 days of intravenous trimetho-
prim/sulfametoxazol/metronidazole, depending on clinical course.
The modality of surgery (open or laparoscopic) was not stipulated
in the trial protocol.

Children allocated to antibiotic treatment were given intra-
venous meropenem (10 mg/kg × 3 per 24 hours) and metronidazole
(20 mg/kg × 1 per 24 hours) for at least 48 hours. Once the child was
clinically well and tolerating oral intake, the treatment was changed to
oral ciprofloxacin (20 mg/kg × 2 per 24 hours) and metronidazole (20
mg/kg × 1 per 24 hours) for another 8 days. The protocol stipulated
that children should be kept nil by mouth for the first 24 hours, but
in practice, we found this hard to enforce as children were clinically
well and often demanded to drink and eat earlier. Criteria for dis-
charge were established a priori and applied to both treatment groups
equally. They were as follows: afebrile for 24 hours, with or without
oral antibiotics, adequate pain relief on oral analgesia, tolerating a
light diet, and mobile.

OUTCOMES
The primary outcome was the proportion of children in each

group achieving “resolution of symptoms without significant com-
plications.” This outcome was chosen as it was applicable to both
treatment arms and also because this constitutes a pragmatic goal
for a patient coming to the hospital with appendicitis. Significant
complications were defined as length of stay more than 7 days, ab-
scess formation, the need for surgery within 48 hours in the antibi-
otic group, recurrence of appendicitis within 3 months, and nega-
tive appendectomy. Secondary outcomes measured were time from
randomization to discharge, complications (wound infection, wound
dehiscence, diarrhea, etc), and recurrent appendicitis within 1 year
of randomization. To monitor children recruited into the study and to
allow collection of a full data set, all participants were seen in the out-
patient clinic at 4 to 6 weeks after discharge, with further follow-up
visits at 3 and 12 months after randomization. Because we encoun-
tered difficulties getting the patients to return to the outpatient clinic
at 1 year after randomization, we accepted a telephone interview with
one of the parents as 1-year follow-up. The specific purpose of this
1-year follow-up was to identify episodes of recurrent appendicitis
and any children who had undergone appendectomy due to recurrent
symptoms or parental request at another center. We do not believe that
conducting this review by telephone as opposed to in person results
in significant bias for this particular outcome. As a result, we had
1-year outcomes on all patients enrolled in the trial.

Total cost of treatment was calculated in a pragmatic way,
as reimbursement methods differ between different countries and
systems. Total cost per participant was calculated as a fee per day

of in-hospital care, a fee for use of the operating room, and the cost
of a course of intravenous and oral antibiotics for the nonoperative
treatment group. Total costs that include cost for the initial hospital
stay for both treatment groups and cost for any additional admission
as applicable are presented.

Sample Size
As this was a pilot trial, we did not perform a power calculation.

On the basis of our yearly caseload of approximately 400 cases and
estimated recruitment of one third of eligible cases, we aimed to enroll
50 patients within a 6-month period.

Randomization
Allocation to groups (1:1 ratio) was made via weighted min-

imization at the time of enrollment in the study using the following
criteria: age (5–10 years or 11–15 years), sex (male or female), and
duration of symptoms (<48 or ≥48 hours). All factors were weighted
equally. Randomization was performed using a computer-based ran-
domization program (Simin v 6.0; Institute of Child Health, London),
which allowed complete concealment of randomization sequence.

Blinding
As this was a pilot trial comparing surgery and nonoperative

treatment with antibiotics, it was not considered possible or ethical to
blind patients, parents, or surgeons.

Statistical Methods
Data are presented as the proportion of participants or median

(range). Data were compared using the Mann-Whitney U test or the
Fisher exact test as appropriate, using IBM SPSS Statistics version 22.
This trial is reported in accordance with the CONSORT statement.6,7

Ethical Approval
The study was approved by the Regional Ethics Review Board

(reference No. 2011/1234-31/4).

RESULTS
The trial opened on February 7, 2012, and the final participant

was enrolled on October 17 the same year. One-year follow up for the
cohort was completed on October 25, 2013. During the trial period,
225 children with a clinical diagnosis of acute appendicitis that before
the trial would have been subjected to an appendectomy were seen at
our institution. A total of 174 children were not enrolled in the trial for
reasons shown in Figure 1. In addition to the defined exclusion criteria
and parental nonagreement to participate, 2 children were excluded
on the basis of CT findings, one with a suspicion of a carcinoid tumor
of the appendix and one in whom it was impossible to differentiate
between appendicitis and a Meckel diverticulitis. Overall, 52 of the
129 children (40%) whose parents were asked whether they would
consent to their child being in the trial agreed. After agreement to
participate, there was failure of the computer randomization program
affecting 1 case (this child was not included in the study) and in 1 case
parents withdrew consent to participate in the study after allocation
of treatment. This child was withdrawn from the study. To account
for these 2 cases, additional participants were recruited to reach the
target sample size of 50.

Participants had similar demographic and admission charac-
teristics both to those children whose parents declined participation
and to those children who were not invited to participate (Table 1)
except that the proportion of children with symptom duration of less
than 48 hours was significantly lower in the group of participants who
were not offered to participate in the trial. The reason for this is un-
clear, although it is possible that surgeons felt that there was a clearer

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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FIGURE 1. Study flowchart.

TABLE 1. Comparison of Participants, Those Eligible but Not Enrolled and Those Not Invited to Participate

Randomized Declined to Not Invited to
Children (n = 50) Participate (n = 77) P∗ Participate (n = 37) P†

Age, yr 11.2 (5.9–15.0) 11.0 (5.8–14.9) 0.369 10.8 (5.3–14.9) 0.268
Male sex, n (%) 26 (52) 42 (55) 0.779 23 (62) 0.345
Duration of symptoms <48 h,

n (%)
43 (86) 61 (79) 0.332 25 (68) 0.04

CRP at admission, mg/L 28 (1–185) 19 (1–152) 0.414 17.5 (1.0–150.0) 0.909
WBC (× 109/L) at admission 14.3 (4.5–26.9) 15.0 (5.2–27.2) 0.086 15.0 (6.1–33.5) 0.297
Neutrophils (× 109/L) at

admission
11.5 (2.5–23.5) 12.5 (1.5–24.0) 0.155 3.6 (12.5–30.1) 0.295

Temperature at admission, ◦C 37.4 (36.3–39.0) 37.3 (35.9–37.3) 0.177 37.1 (35.7–39.3) 0.392

Data are median (range) unless specified.
∗Comparison between randomized children and those who declined to participate.
†Comparison between randomized children and those who were not invited to participate.
CRP indicates C-reactive protein; WBC, white blood cells.

need to perform an appendectomy in children with longer symptom
duration. The surgery and nonoperative treatment groups had similar
demographic and admission characteristics (Table 2). All patients had
at least 1 ultrasound examination, 1 had a second ultrasound scan,
and 4 had a CT scan after the initial ultrasound scan. The reason for
repeated examination was, in all cases, that the appendix was not seen
at the initial examination.

Primary Outcome
All children randomized to surgery had a laparoscopic appen-

dectomy with a 3-port technique. Histological examination confirmed
the diagnosis of acute appendicitis in all cases (ie, no negative appen-
dectomy, 21 phlegmonous appendicitis, 3 gangrenous appendicitis,

and 2 perforated appendicitis), and there were no significant compli-
cations in this group.

All children randomized to nonoperative treatment with an-
tibiotics received antibiotics per protocol. Two of these children had
a significant complication. One child underwent an early appendec-
tomy on day 2, as symptoms had failed to improve; a macroscopi-
cally normal appendix was removed and the child had a diagnosis of
mesenteric lymphadenitis. Histological examination of the appendix
was normal. This patient had had an inconclusive ultrasound scan and
a CT scan suggestive of appendicitis with a tubular structure measur-
ing 9 to 10 mm. The final report on this CT scan (produced after the
surgery) was changed to a negative investigation. A second child re-
turned to the emergency department on day 9 after randomization

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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TABLE 2. Comparison of Treatment Groups

Randomized Children

Nonoperative
Surgery (n = 26) Treatment (n = 24) P

Age, yr 11.1 (6.2–14.8) 12.2 (5.9–15.0) 0.130
Male sex, n (%) 12 (46) 14 (58) 0.389
Duration of symptoms <48 h, n (%) 23 (88) 20 (83) 0.602
CRP at admission, mg/L 27.0 (1.0–175.0) 30.5 (1.0–185.0) 0.892
WBC (× 109/L) at admission 14.5 (4.5–26.9) 14.0 (4.8–19.0) 0.918
Neutrophils (× 109/L) at admission 11.6 (2.9–23.5) 11.5 (2.5–16.8) 1.0
Temperature at admission, ◦C 37.5 (36.5–38.5) 37.3 (36.6–39.0) 0.199

Data are median (range) unless specified.
CRP indicates C-reactive protein; WBC, white blood cells.

with moderate abdominal pain after initial successful antibiotic
treatment according to the study protocol. Ultrasound scan revealed
signs of ongoing inflammation, and a walled-off perforated appendici-
tis was found at laparoscopic appendectomy. The primary outcome
was similar in each group [appendectomy group 26/26 (100%) vs
nonoperative treatment group 22/24 (92%); P = 0.23].

Secondary Outcomes
During the 1-year follow-up period, there were no significant or

minor complications in the surgery group. In the nonoperative treat-
ment group, there were no minor complications. However, 1 child
had appendectomy for histopathologically confirmed recurrent acute
appendicitis 9 months after randomization and 1 asymptomatic child
underwent (histopathologically normal) appendectomy at parental re-
quest. A further 5 children returned with mild abdominal pain and
had laparoscopic appendectomies at surgeon and parental discretion.
All had a varying degree of fibrosis in the appendix but no inflamma-
tion. In all cases, symptoms resolved after surgery. Therefore, after
1-year of follow up, 15 of 24 children (62%) randomized to primary
antibiotic treatment had not undergone an appendectomy.

Twelve children had a diagnosis of an appendicolith on imag-
ing, 7 of 26 in the surgery group and 5 of 24 in the nonoperative
treatment group (P = 0.74). Of the 5 children with an appendicolith
in the nonoperative treatment group, 3 had appendectomy (none as
primary failures, 1 due to recurrent acute appendicitis, 1 due to recur-
rent symptoms without appendicitis, and 1 on parental request). Thus,
in the nonoperative treatment group, 2 children with an appendicolith
did not have appendectomy within 1 year of follow-up, and of the
total 9 who have had an appendectomy, only 3 had an appendicolith
on imaging at the initial presentation.

Time from randomization to actual discharge home was cal-
culated for each participant. The median time to discharge was sig-
nificantly shorter in the surgical group [34.5 (16.2–95.0) hours] than
in the nonoperative treatment group [51.5 (29.9–86.1) hours] (P =
0.0004). Despite this, the cost for the initial inpatient stay was signif-
icantly lower for the nonoperative treatment group [30,732 (18,980–
63,863) SEK] than for the surgery group [45,805 (33,042–94,638)
SEK] (P < 0.0001).

The total cost of treatment, including the cost of those patients
having an appendectomy during the follow-up period, was similar
in both treatment groups [nonoperative treatment 34,587 (19,120–
146,552) SEK vs surgery 45,805 (33,042–94,638) SEK] (P = 0.11).

DISCUSSION
In this pilot RCT comparing nonoperative treatment with an-

tibiotics and surgery for acute nonperforated appendicitis in children,
we have shown that nonoperative treatment is feasible and safe. Over-

all, 40% of families asked to participate accepted and were enrolled,
suggesting that nonoperative treatment is of interest to this patient
population and their families. We consider it possible that in future
randomized trials in children, this consent rate might be improved, as
during the study we were unable to provide the parents with any evi-
dence of safety or efficacy of antibiotics alone whereas future studies
would have such evidence from this pilot trial. On the basis of the
recruitment rate achieved, we believe a future RCT would be feasible.

Although this pilot trial was not adequately powered to detect
differences in treatment efficacy, outcome data are useful to inform
future studies. As defined, effective treatment was achieved in 100%
and 92% in the surgery and nonoperative treatment groups, respec-
tively. In the nonoperative treatment group, only 2 of 24 patients
failed to meet criteria for the primary endpoint. One of them had
mesenteric lymphadenitis, which may explain the failure to respond
to antibiotics, as this patient’s condition did not improve by antibi-
otic treatment. The other returned after initial resolution in symptoms
with antibiotics and was found to have perforated appendicitis.

An important consideration for surgeons and parents after suc-
cessful nonoperative treatment of acute appendicitis is the fate of the
appendix. In this study, we did not offer routine interval appendec-
tomy. A potential benefit of nonoperative treatment is the avoidance
of an appendectomy (and associated general anesthesia) at all. For
this benefit to be realized, the recurrent appendicitis rate must be
low and acceptable to both surgeons and parents. In this study, there
was one case of histologically proven recurrent appendicitis during
the follow-up period (5%). However, a further 6 children had appen-
dectomy within the 1-year follow-up period for reasons other than
recurrent acute appendicitis including one at parental request. As this
was a pilot trial of a novel treatment strategy (antibiotics for acute
appendicitis in children), we were liberal with regard to indications
for surgery during the follow-up period among children in the nonop-
erative treatment group. It is possible that patients in this group would
not have had surgery if they had presented with their symptoms out-
side the trial setting. This may have contributed to the high rate of
surgery during follow-up and raises the important question of what
is an appropriate threshold for appendectomy in children who have
been successfully discharged home after nonoperative treatment.

For nonoperative treatment to be considered equivalent to ap-
pendectomy, some may believe that the length of hospitalization
should be similar. In this pilot trial, the postrandomization length
of stay was longer for children in the nonoperative treatment group
than for children undergoing appendectomy. A possible explanation
for this is that we stipulated a minimum of 48 hours of intravenous
antibiotics in our protocol. In the future, it may be possible to re-
duce this duration without affecting efficacy. During analysis of
these time-related data, it became apparent that significant delays
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between randomization and surgery will impact on the time from
randomization to discharge and therefore potentially influence the in-
terpretation of this outcome measure. Delays between randomization
and surgery may occur due to hospital workload and/or time of pre-
sentation, as typically appendectomy is no longer performed during
the night. Median time between randomization and surgery in this
study was 5.8 hours but with a range of 0.8 to 26.2 hours. These
factors must be considered carefully in any future RCT.

Although overall cost was similar between the 2 treatment
groups, the cost of the initial inpatient treatment was significantly
higher in the surgery group. Thus, the additional admissions for re-
current symptoms in the nonoperative treatment groups were a signif-
icant determinant of cost in this group. A cost-effectiveness analysis
should be performed as part of any future study.

Although the number of patients treated nonoperatively was
small, there were no safety issues either during the acute admission
or during the follow-up period and so this trial provides no evidence
that nonoperative treatment of acute appendicitis is unsafe. As this
was a pilot trial with a relatively small sample size, the efficacy
data produced should be interpreted with caution. Importantly, we do
not recommend nonoperative treatment of simple acute appendici-
tis in all children until further large-scale efficacy studies have been

completed. This pilot trial suggests that nonperforated acute appen-
dicitis in children may be safely treated with antibiotics and that it
would be appropriate and feasible to proceed to a similar larger,
RCT to determine the efficacy of nonoperative treatment in this
population.
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Background: The optimal level for inferior mesenteric artery ligation during anterior resection for rectal
cancer is controversial. The aim of this randomized trial was to clarify whether the inferior mesenteric
artery should be tied at the origin (high tie) or distal to the left colic artery (low tie).
Methods: Patients were allocated randomly to undergo either high- or low-tie ligation and were stratified
by surgical approach (open or laparoscopic). The primary outcome was the incidence of anastomotic
leakage. Secondary outcomes were duration of surgery, blood loss and 5-year overall survival.
Results: Some 331 patients entered the trial between June 2006 and September 2012. The trial was
stopped prematurely as recruitment was slow. Seven patients were excluded after randomization but
before operation because of procedural changes. High tie and low tie were performed in 164 and 160
patients respectively. The incidence of anastomotic leakage was not significantly different (17⋅7 versus
16⋅3 per cent respectively; P= 0⋅731). The incidence of severe complications requiring intervention was
2⋅4 versus 5⋅0 per cent for high and low tie respectively (P=0⋅222). In multivariable analysis, risk factors
for anastomotic leakage included male sex (odds ratio 4⋅36, 95 per cent c.i. 1⋅56 to 12⋅18) and distance
of the tumour from the anal verge (odds ratio 0⋅99, 0⋅98 to 1⋅00). At 5 years there were no significant
differences in overall (87⋅2 versus 89⋅4 per cent respectively; P= 0⋅386) and disease-free (76⋅3 versus 77⋅6
per cent; P=0⋅765) survival.
Conclusion: The level of ligation of the inferior mesenteric artery does not significantly influence the
rate of anastomotic leakage. Registration number: NCT01861678 (https://clinicaltrials.gov).
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Introduction

In rectal cancer surgery the inferior mesenteric artery
(IMA) can be ligated at its origin from the aorta (high tie)
or distal to the branch of the left colic artery (LCA) (low
tie). High-tie ligation has been advocated1–6 because it
allows more radical resection and more accurate patholog-
ical staging. Others7–13 favour low-tie ligation because of
increased blood flow to the proximal end of the anastomo-
sis. This debate goes all the way back to the descriptions by
Miles14 and Moynihan15 in 1908. Recent studies7–10 have
recommended low tie, as there was no significant difference
in survival rates between high- and low-tie ligation.

Some16 have suggested that high tie should be restricted
to patients with clinical suspicion of involved nodes around
the origin of the IMA or to those who require additional
vascularmobilization to construct a tension-free anastomo-
sis. Japanese guidelines17 recommend that upward lymph
node dissection should be performed at the level of the
IMA for clinical T2 or more advanced disease. There is no
consensus, however, on where to divide the IMA. Several
reviews18–21 found no significant difference between high
and low tie with regard to short- and long-term results,
with different authors recommending different methods.
All emphasized the need for RCTs18,20,21. In the present

© 2018 The Authors. BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd BJS Open 2018; 2: 195–202
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study, patients with rectal cancer were randomized between
high- and low-tie ligation.

Methods

This was a single-centre phase III RCT, conducted at Yoko-
hama City University Medical Centre. About 80 patients
with rectal cancer were operated on annually at this insti-
tute. Patients with rectal cancer who were scheduled to
undergo anterior resection were eligible for inclusion. All
tumours were defined according to the seventh edition of
the Japanese General Rules for Clinical and Pathological
Studies on Cancer of the Colon, Rectum and Anus22. The
rectum is defined as the intestine between the level of the
sacral promontory and the upper edge of the puborectal
muscle. The clinical TNM classification for the staging of
rectal cancer was based on colonoscopy, CT of the thorax,
abdomen and pelvis, abdominal ultrasonography or MRI.
The general condition of all patients undergoing elective
surgery was assessed before surgery by an anaesthetist.
Inclusion criteria were: age 20 years or above and his-

tologically proven adenocarcinoma of the rectum. Exclu-
sion criteria were: a primary tumour that directly invaded
another organ clinically (T4b), synchronous distant or
peritoneal metastasis, operation scheduled as an emer-
gency, previous history of colorectal surgery except for
appendicectomy, active or recent treatment for malignancy
in another organ, and multiple colorectal cancers that
needed construction of two or more anastomoses. Preg-
nant and lactating women were excluded, as were patients
scheduled for resection without colorectal anastomosis.
Patients provided written informed consent. The trial

protocol was approved by the ethics committee of Yoko-
hama City University. The trial was registered at https://
clinicaltrials.gov (trial number NCT01861678).
Patients were allocated randomly to undergo high- or

low-tie ligation of the IMA in a 1 : 1 ratio. Immediately
before the operation, the surgeon in charge reported a reg-
istration to the Epidemiology Data Centre in the Depart-
ment of Biostatistics, Yokohama City University, via the
internal line of the hospital; randomization was done by an
epidemiologist using the minimization method. To balance
surgical backgrounds between high- and low-tie groups,
patients were stratified by surgical approach (open or
laparoscopic). The study was conducted by the open-label
method. Blinding was not attempted.

Interventions

All surgical procedures were performed by a specialized
colorectal treatment team. The surgeon in charge of the

team had acquired a specialist qualification from the Japan
Society of Coloproctology23, which recognized his years
of clinical experience in approved facilities and success-
ful completion of the specialist qualifying examination24.
Laparoscopic operations were performed by a surgeon
who was similarly accredited by the Japanese Society
for Endoscopic Surgery25. All operations were performed
according to the standard procedure described in the sev-
enth edition of the Japanese General Rules for Clini-
cal and Pathological Studies on Cancer of the Colon,
Rectum and Anus22.
For high-tie ligation, the IMA was divided at its origin

from the abdominal aorta. For low-tie ligation, the IMA
was divided just after branching to the LCA. Dissection
of lymph nodes around the IMA was added in low-tie
ligation.
Conventional open surgery was performed in patients

with bulky tumours (6 cm or larger). Other patients under-
went laparoscopic surgery via a medial-to-lateral approach.
The IMA was divided at the level according to allocation.
Mobilization of the left colon was performed. The rec-
tum distal to the tumour was divided with a linear stapler
after rectal irrigation. Partial mesorectal excision was usu-
ally performed. The proximal colon was divided at least
10 cm from the lesion22. The distal margin was 3 cm for
tumours above the peritoneal reflection and 2 cm for those
in the mid and distal rectum22.
A haemorrhage test of the marginal artery was performed

at the planned side of division. When the artery did not
bleed, the colon was resected until bleeding was confirmed.
Reconstruction was undertaken using an end-to-end

double stapling technique. An air leak test was done
after reconstruction. For laparoscopic operations, an
abdominal incision longer than 8 cm was considered a
conversion.
In open surgery, the left colon was dissected from the

retroperitoneum and mobilized. Lymph node dissection
around the IMAwas performed. A pelvic side-wall lympha-
denectomy was done for cT3–4 lower rectal cancers. As
laparoscopic pelvic side-wall lymphadenectomy was not
conducted at the start of the study, this procedure was
performed by an open approach. All other steps were as
described for the laparoscopic approach. Creation of a
diverting stoma was left to the surgeon in charge. An
intraluminal drainage tube was inserted from the anus in
the absence of a diverting stoma.
The time from skin incision to ligation of the IMA was

recorded. Complications were graded according to the
Clavien–Dindo classification26. Complications occurring
within 30 days of surgery were considered as early, and
those beyond this time as late.

© 2018 The Authors. www.bjsopen.com BJS Open 2018; 2: 195–202
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Assessed for eligibility
n = 546

Randomized
n = 331

Excluded n = 215
 Did not meet inclusion criteria n = 125
 Refused to participate n = 20
 Other reason n = 70

Allocated to high tie n = 166
Received intervention n = 166
Did not receive intervention n = 0

Allocated to low tie n = 165
Received intervention n = 164
Did not receive intervention n = 1
 Impossible to excise the tumour n = 1

Lost to follow-up n = 0
Discontinued intervention n = 0

Lost to follow-up n = 0
Discontinued intervention n = 0

Analysed n = 164
Excluded from analysis n = 2
 APR n = 1
 Hartmann procedure n = 1

Analysed n = 160
Excluded from analysis n = 4
 APR n = 1
 ISR n = 3A
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Fig. 1 CONSORT diagram for the trial. For high-tie ligation the inferior mesenteric artery was divided at its origin from the abdominal
aorta; for low-tie ligation the inferior mesenteric artery was divided just after branching to the left colic artery. APR, abdominoperineal
resection of rectum; ISR, intersphincteric resection of rectum

Pathology

Pathological results were recorded according to the sev-
enth edition of the Japanese General Rules for Clinical and
Pathological Studies on Cancer of the Colon, Rectum and
Anus22 and the seventh edition for TNM classification27.
Total numbers of harvested lymph nodes were counted, as
well as for each lymph node station separately. Lymph node
stations were divided as: the area of IMA origin; the inter-
mediate region along the IMA; and the perirectal region
around the marginal vessels. Pathological proximal and
distal margins were recorded, and circumferential margin
involvement was defined as exposure of a cancer cell at the
dissection surface on histological examination.

Neoadjuvant and adjuvant therapy, and follow-up

Patients did not have neoadjuvant chemotherapy, radio-
therapy or chemoradiotherapy. When the pathological
stage was IIb, IIc or III by histological examina-
tion, adjuvant treatment with oral or intravenous
fluoropyrimidine-based chemotherapy was recommended.
The follow-up schedule was based on tumour stage. For

stages 0 (defined as Tis in the Japanese Classification of
Colorectal Carcinoma; adenocarcinoma was detected at

the mucosa layer on the histological examination in stage
0) and I, follow-up included outpatient examinations with
assessment of serum carcinoembryonic antigen (CEA), and
chest, abdominal and pelvic CT once a year for 5 years. For
stages II and IIIa, follow-up included outpatient examina-
tions with assessment of serum CEA, and chest, abdomi-
nal and pelvic CT every 6months for the first 3 years and
once-yearly thereafter until 5 years after surgery. For stages
IIIb and IIIc, follow-up included outpatient examinations
with assessment of serum CEA, and chest, abdominal and
pelvic CT every 4months for the first 2 years, and every
6months thereafter until 5 years after surgery. For stage
IV disease, which was seen occasionally after randomiza-
tion, the follow-up schedule was decided according to the
condition of each patient.

Primary and secondary outcome measures

Primary outcome was the rate of anastomotic leakage.
Leakage was defined as an incontinuity at the anastomo-
sis detected clinically or radiologically. Contrast radio-
graphy via the drainage tube was not done in all patients.
However, contrast radiography was performed in patients
with purulent discharge via an abdominal drainage tube,
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BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd



133

198 S. Fujii, A. Ishibe, M. Ota, K. Watanabe, J. Watanabe, C. Kunisaki and I. Endo

Table 1 Patient and tumour characteristics

High tie
(n= 164)

Low tie
(n= 160)

Age (years)* 65⋅9(10⋅4) 65⋅6(11⋅5)
Sex ratio (M : F) 103 : 61 97 : 63
ASA grade
1 39 (23⋅8) 53 (33⋅1)
2 115 (70⋅1) 95 (59⋅4)
3 10 (6⋅1) 12 (7⋅5)

ECOG performance status
0 72 (43⋅9) 78 (48⋅8)
1 77 (47⋅0) 61 (38⋅1)
2 15 (9⋅1) 21 (13⋅1)

Prognostic Nutrition Index* 52⋅3(6⋅9) 52⋅2(5⋅3)
Concomitant disease† 116 (70⋅7) 102 (63⋅8)
Second synchronous colonic cancer 15 (9⋅1) 18 (11⋅3)
Cardiovascular disease 79 (48⋅2) 71 (44⋅4)
Diabetes 19 (11⋅6) 30 (18⋅8)
Other 57 (34⋅8) 48 (30⋅0)

History of laparotomy 21 (12⋅8) 28 (17⋅5)
BMI (kg/m2)* 23⋅0(3⋅2) 22⋅4(3⋅5)
Tumour location
Upper rectum 107 (65⋅2) 99 (61⋅9)
Lower rectum 57 (34⋅8) 61 (38⋅1)

Distance from anal verge (mm)* 88⋅7(32⋅9) 89⋅6(37⋅0)
Tumour diameter (mm)* 41⋅5(20⋅8) 41⋅9(20⋅5)
Histology
Papillary adenocarcinoma 1 (0⋅6) 1 (0⋅6)
Well differentiated adenocarcinoma 81 (49⋅4) 85 (53⋅1)
Moderately differentiated adenocarcinoma 77 (47⋅0) 65 (40⋅6)
Poorly differentiated adenocarcinoma 1 (0⋅6) 2 (1⋅3)
Mucinous adenocarcinoma 3 (1⋅8) 2 (1⋅3)
Carcinoid tumour 1 (0⋅6) 4 (2⋅5)
Small cell carcinoma 0 (0) 1 (0⋅6)

pTNM stage
0 4 (2⋅4) 6 (3⋅8)
1 56 (34⋅1) 54 (33⋅8)
2 43 (26⋅2) 36 (22⋅5)
3 54 (32⋅9) 56 (35⋅0)
4 7 (4⋅3) 8 (5⋅0)

Surgical approach
Open 57 (34⋅8) 52 (32⋅5)
Laparoscopic 107 (65⋅2) 108 (67⋅5)

Level of anastomosis from anal verge (cm)* 5⋅8(2⋅0) 5⋅7(2⋅1)
Diverting stoma 36 (22⋅0) 47 (29⋅4)
Insertion of intraluminal drain from anus 12 (7⋅3) 19 (11⋅9)
Simultaneous resection of other organ 6 (3⋅7) 10 (6⋅3)
No. of linear stapler cartridges used
1 120 (73⋅2) 111 (69⋅4)
≥ 2 44 (26⋅8) 49 (30⋅6)

Pelvic side-wall lymphadenectomy 25 (15⋅2) 22 (13⋅8)
Adjuvant chemotherapy 39 (23⋅8) 46 (28⋅8)

Values in parentheses are percentages unless indicated otherwise; *values
are mean(s.d.). †Some patients had more than one concomitant disease.
ECOG, Eastern Cooperative Oncology Group.

or peritonitis. If fistula was confirmed by contrast radio-
graphy, a patient was diagnosed as having an anastomotic
leakage. Anastomotic leakage was categorized according to
the Clavien–Dindo system26.
Secondary outcomes were duration of surgery, blood loss

and 5-year overall survival rate.

Table 2 Short-term outcomes

High tie
(n= 164)

Low tie
(n= 160) P†

Anastomotic leakage
All grades 29 (17⋅7) 26 (16⋅3) 0⋅731
Grade 2 or above 16 (9⋅8) 14 (8⋅8) 0⋅755
Grade 3 or above 4 (2⋅4) 8 (5⋅0) 0⋅222
Leakage grade
1 13 (7⋅9) 12 (7⋅5) 0⋅432
2 12 (7⋅3) 6 (3⋅8)
3 4 (2⋅4) 7 (4⋅4)
4 0 (0) 0 (0)
5 0 (0) 1 (0⋅6)

Mortality 0 (0) 1 (0⋅6) 0⋅311
Early complication (except
leakage)

61 (37⋅2) 56 (35⋅0) 0⋅681

Surgical-site infection 8 (4⋅9) 10 (6⋅3) 0⋅590
Ileus 16 (9⋅8) 8 (5⋅0) 0⋅102
Enteritis 2 (1⋅2) 2 (1⋅3) 1⋅000
Chylous ascites 3 (1⋅8) 5 (3⋅1) 0⋅452
Urinary tract infection 1 (0⋅6) 2 (1⋅3) 0⋅547
Urinary dysfunction 4 (2⋅4) 3 (1⋅9) 0⋅727

Conversion to open surgery 6 of 107 (5⋅6) 2 of 108 (1⋅9) 0⋅142
Estimated blood loss (ml)* 155(299) 152(289) 0⋅867‡
Blood transfusion 3 (1⋅8) 3 (1⋅9) 0⋅976
Duration of surgery (min)* 209(67) 206(59) 0⋅672‡
Duration of IMA tie from start
(min)*

41(15) 52(15) < 0⋅001‡

Duration of laparoscopic
procedure (min)*

161(42) 165(45) 0⋅525‡

Postoperative hospital stay (days)* 17(14) 16(12) 0⋅451‡

Values in parentheses are percentages unless indicated otherwise; *values
are mean(s.d.). IMA, inferior mesenteric artery. †χ2 test, except ‡Student’s
t test.

Statistical analysis

It was hypothesized that low-tie ligationwould decrease the
rate of anastomotic leakage from 15 to 6 per cent. Using a
power of 80 per cent and α of 0⋅05, a sample size of 362
patients was needed. A dropout rate of approximately 10
per cent was anticipated. Therefore, 400 patients had to be
included in this study. Enrolment was scheduled for 5 years
after inclusion of the first patient.
Data were analysed according to the intention-to-treat

principle. SAS® software version 9.2 for Windows® (SAS
Institute, Cary, North Carolina, USA) was used for statis-
tical analysis.
Categorical variables are presented as frequencies

and percentages. Continuous variables are presented as
mean(s.d.) values. The χ2 test and Student’s t test were used
to compare categorical and continuous variables respec-
tively. Survival was analysed by the Kaplan–Meier method,
and the difference between high- and low-tie ligation was
analysed with the log rank test. Risk factors for anasto-
motic leakage were assessed by logistic regression using
a forward method. Variables with P< 0⋅100 were entered
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Table 3 Risk factors for anastomotic leakage in all grades

Leakage Univariable analysis Multivariable analysis

Yes (n= 55) No (n= 269) Odds ratio† P Odds ratio† P

Sex

M 47 (23⋅5) 153 (76⋅5) 4⋅40 (2⋅00, 9⋅67) < 0⋅001 4⋅36 (1⋅56, 12⋅18) 0⋅005

F 8 (6⋅5) 116 (93⋅5) 1⋅00 (reference) 1⋅00 (reference)

pT category

pTis–pT3 39 (14⋅8) 225 (85⋅2) 1⋅00 (reference) 1⋅00 (reference)

pT4 16 (27) 44 (73) 2⋅11 (1⋅08, 4⋅11) 0⋅028 1⋅57 (0⋅58, 4⋅24) 0⋅371

Blood transfusion

Yes 4 (67) 2 (33) 10⋅28 (1⋅83, 57⋅59) 1⋅27 (0⋅06, 25⋅97) 0⋅875

No 51 (16⋅0) 267 (84⋅0) 1⋅00 (reference) 0⋅008 1⋅00 (reference)

Conversion of laparoscopy

Yes 4 (50) 4 (50) 5⋅09 (1⋅21, 21⋅34) 3⋅14 (0⋅69, 14⋅25) 0⋅139

No 34 (16⋅4) 173 (83⋅6) 1⋅00 (reference) 0⋅026 1⋅00 (reference)

Distance of tumour from anal verge (mm)* 81(31) 91(35) 0⋅99 (0⋅98, 1⋅00) 0⋅043 0⋅99 (0⋅98, 1⋅00) 0⋅011

No. of stapler firings* 1⋅30(0⋅56) 1⋅49(0⋅64) 1⋅64 (1⋅05, 2⋅56) 0⋅031 1⋅09 (0⋅62, 1⋅91) 0⋅765

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.) and †95 per cent confidence intervals in parentheses.

into multivariable analysis. P< 0⋅050 was considered
statistically significant. All analyses were two-sided.

Results

Some 331 patients were randomized between June 2006
to September 2012 (Fig. 1). Due to slow recruitment, the
trial was stopped prematurely. One hundred and sixty-six
patients were assigned to the high-tie group and 165 to
the low-tie group. Two patients in the high-tie group were
excluded because of changes in operative procedure: one
underwent an abdominoperineal rectal resection (APR)
and the other had a Hartmann procedure. Five patients
in the low-tie group were excluded because of changes in
operative procedure: three patients underwent an inter-
sphincteric rectal resection, one had an APR, and one
tumour could not be excised. In the low-tie group, the LCA
of one patient was separated during operation because of a
high-tension anastomosis. This patient was analysed in the
low-tie group according to allocation.
The primary outcome could be analysed for 164 patients

in the high-tie group and 160 in the low-tie group. Patient
and tumour characteristics are shown in Table 1. Second
synchronous colorectal carcinomas were seen fairly fre-
quently and mainly included Tis tumours within 10 cm of
the rectal carcinoma necessitating additional distal sigmoid
resections. Simultaneous resection of another organ was
needed by six patients in the high-tie group (hysterectomy,
3; oophorectomy, 1; partial resection of the jejunum, 2) and
ten in the low-tie group (hysterectomy, 4; oophorectomy,
2; partial resection of the ileum, 2; partial resection of the
urinary bladder, 2).

Anastomotic leakage

The overall rate of anastomotic leakage was 17⋅7 per cent
in the high-tie group and 16⋅3 per cent in the low-tie group
(P= 0⋅731) (Table 2). For grade 2 or higher leakage the rate
was 9⋅8 and 8⋅8 per cent respectively (P= 0⋅755), and for
grade 3 or higher it was 2⋅4 and 5⋅0 per cent (P= 0⋅222).
The 12 patients with grade 3 and 5 anastomotic leakage
underwent reoperation with creation of a stoma. All but
the one patient who died underwent stoma reversal later.

Risk factors for anastomotic leakage

In univariable analysis, male sex, advanced T status (T4),
transfusion of red blood cells, conversion to open surgery,
distance of tumour from the anal verge and the number
of stapler cartridges fired were associated significantly with
the rate of anastomotic leakage. In multivariable analysis,
male sex and distance of tumour from the anal verge
were identified as independent risk factors for anastomotic
leakage (Table 3).

Surgical parameters, complications and pathology

Duration of surgery did not differ significantly between
groups, although time to ligation of the IMA was signif-
icantly longer in the low-tie group (P< 0⋅001) (Table 2).
Blood loss did not differ significantly between the groups.
The overall early complication rate was not significantly
different, and neither was the total number of lymph nodes
harvested or the number of lymph nodes per station. Prox-
imal and distal pathological margins, and the positive cir-
cumferential margin rate were similar in high- and low-tie
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Table 4 Oncological quality of surgery

High tie (n= 164) Low tie (n= 160) P†

No. of lymph nodes harvested*
Total 26⋅4(11⋅4) 24⋅1(12⋅2) 0⋅079‡
IMA root nodes 2⋅8(2⋅1) 2⋅9(2⋅7) 0⋅639‡
Intermediate lymph nodes 5⋅4(3⋅9) 5⋅1(3⋅9) 0⋅623‡
Perirectal lymph nodes 15⋅5(7⋅6) 14⋅1(7⋅5) 0⋅130‡

Lymph node involvement at each station
IMA root nodes 3 (1⋅8) 5 (3⋅1) 0⋅452
Intermediate lymph nodes 10 (6⋅1) 8 (5⋅0) 0⋅666
Perirectal lymph nodes 58 (35⋅4) 55 (34⋅4) 0⋅852
IMA root nodes positive, intermediate nodes negative 0 (0) 1 (0⋅6) 0⋅311
Intermediate nodes positive, perirectal nodes negative 1 (0⋅6) 1 (0⋅6) 0⋅986

Pathological proximal margin (cm)* 13⋅4(5⋅5) 12⋅5(4⋅9) 0⋅110‡
Pathological distal margin (cm)* 3⋅1(1⋅8) 3⋅2(2⋅0) 0⋅618‡
Positive circumferential margin 3 (1⋅8) 5 (3⋅1) 0⋅452

*Values are mean(s.d.). IMA, inferior mesenteric artery. †χ2 test, except ‡Student’s t test.

Table 5 Long-term results

High tie
(n= 164)

Low tie
(n= 160) P*

5-year overall survival rate (%)
All stages 87⋅2 89⋅4 0⋅386
Stage 1 94⋅2 96⋅3 0⋅740
Stage 2 87⋅8 84⋅6 0⋅965
Stage 3 88⋅2 88⋅6 0⋅880
Stage 4 28⋅6 72⋅9 0⋅109

5-year relapse-free survival rate (%)
All stages 76⋅3 77⋅6 0⋅765
Stage 1 94⋅2 86⋅5 0⋅187
Stage 2 78⋅1 79⋅1 0⋅856
Stage 3 66⋅2 72⋅9 0⋅314

*Log rank test.

groups (Table 4). All patients with positive IMA root nodes
also had positive intermediate or perirectal lymph nodes.

Long-term results

The 5-year overall survival rate did not differ significantly
between high- and low-tie groups (87⋅2 versus 89⋅4 per cent
respectively;P= 0⋅386).Neither did the 5-year relapse-free
survival rate: 76⋅3 versus 77⋅6 per cent (P= 0⋅765). Sig-
nificant differences regarding survival were not detected
within stages (Table 5).

Discussion

In this study the level of IMA ligation in rectal cancer
surgery did not affect the anastomotic leak rate. Other
factors, includingmale sex and distance of the tumour from
the anal verge, did have an independent influence on the
risk of clinical anastomotic leakage. Although this study

was stopped prematurely, it is unlikely that level of ligation
of the IMA adds significantly to the risk of anastomotic
leakage.
Several studies11–13 have shown that colonic blood flow

is decreased in high-tie compared with low-tie ligation.
Two reports28,29 have described the development of proxi-
mal bowel necrosis or ischaemia after high-tie ligation (2
and 0⋅8 per cent respectively). A haemorrhage test was
performed in the present study, but blood flow was not
evaluated in a quantitative manner. Differences were not
observed between the groups for nearly all short-term
results. The longer IMA tie time in the low-tie group prob-
ably reflects the technical complexity involved in preserva-
tion of the LCA. This did not significantly increase total
operating time. Some studies30,31 have reported that an
IMA branching pattern with a large distance between the
origins of the IMA and LCA causes technical difficulty. It
would appear that surgeons should not hesitate to change
the tie level of the IMA when performing a difficult low-tie
ligation.
No significant differences in long-term results were

detected between the two groups, suggesting that low tie
with lymph node dissection around the IMA has validity
as a surgical treatment. The numbers of lymph nodes har-
vested around the IMA root and total lymph nodes were not
significantly different between groups, in agreement with
previous reports3,4. Thus both approaches appear equal
from an oncological perspective.
This single-centre study has several limitations. It was

stopped prematurely because of slow accrual. This may
have introduced bias, although it is unlikely that inclusion
of the number of patients assumed in the power calcula-
tions would have changed the most important results as
the differences between groups were small. Functional
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evaluations, such as defaecation, digestive symptoms,
bladder and sexual functions, were not performed. Lange
and colleagues19 recommended low-tie ligation because
it allows preservation of the autonomous innervation of
the proximal colon. Another study32, however, found no
difference in defaecatory function or postoperative compli-
cations in a relatively small randomized trial. Shiomi and
co-workers33 reported that the incidence of anastomotic
leakage was lower for low than for high tie in a prospec-
tive multicentre cohort study. A randomized multicentre
study34 is currently in progress. Finally, patients and treat-
ment schedules may differ between Japan and countries in
the West, where a significant proportion of patients would
have had neodjuvant radiotherapy or chemoradiotherapy,
unlike patients in the present study.
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Background: During pregnancy, women are at risk of developing persistent symptomatic diastasis recti
abdominis (DRA), which may have a detrimental effect on their physical function and quality of life
(QoL). The aim of this prospective cohort study was to determine the effect of surgical repair of DRA
on abdominal trunk function, urinary incontinence and QoL in postpartum women with trunk instability
symptoms resistant to training.
Methods: Postpartum women with diagnosed DRA and training-resistant symptoms underwent
double-row plication of the linea alba. Abdominal trunk function was evaluated as the primary end-
point using a multimodal examination tool, the Abdominal Trunk Function Protocol. Recurrence was
assessed by CT, urinary incontinence was evaluated using the Urogenital Distress Inventory (UDI-6) and
Incontinence Impact Questionnaire (IIQ-7), and QoL was assessed with the Short Form 36 (SF-36®)
questionnaire. All subjects were examined before and 1 year after surgery.
Results: Sixty women were recruited. There was no DRA recurrence at the 1-year follow-up.
Self-reported abdominal trunk function had improved in 98 per cent of patients, with a mean score
improvement of 79⋅1 per cent. In the physiological tests monitored by a physiotherapist, 76 per cent
performed better and endured exercise tests longer than before surgery. All SF-36® subscales improved
significantly compared with preoperative scores and reached levels similar to, or higher than, the norma-
tive Swedish female population. For the UDI-6 and IIQ-7, 47 and 37 per cent respectively reported fewer
symptoms at follow-up than before surgery, and 13 and 8 per cent respectively reported more symptoms.
Conclusion: In this series of postpartum women presenting with DRA and symptoms of trunk instability
resistant to training, surgical reconstruction resulted in a significant improvement in abdominal trunk
function, urinary incontinence and QoL.
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Introduction

Diastasis recti abdominis (DRA) is a common and expected
condition during pregnancy1, owing tomechanical stretch-
ing, expansion and hormonal changes2. The condition is
often characterized by bulging or sagging in the abdominal
midline during abdominal muscle contraction. Although
no consensus regarding the definition of DRA exists, it is

often defined in the literature as separation of the recti
greater than 22–30mm3–5.
DRA usually regresses to its prepregnancy width, but

the condition persists in 32–46 per cent of postpartum
women6–9. Reported risk factors for persistent DRA
include maternal age, multiparity, caesarean section,
macrosomia and multiple gestations10. A persistent DRA
may be associated with abdominal trunk instability, which
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could result in development of lower back pain, lack of
trunk strength and urinary incontinence11–13. However,
it remains unclear whether the DRA actually causes these
symptoms or not. Although inconclusive7,8,14, persistent
lower back pain after pregnancy has been reported in
11–21 per cent of postpartum women15–17.
The management of DRA is also a subject of discus-

sion. Conservative management with training and weight
loss is generally advised as first-line treatment. There is
no strong evidence that training during pregnancy and
in the postpartum period decreases the risk of persistent
DRA18–20, although some studies8,21 have reported that
specific exercises could increase abdominal trunk stabil-
ity and reduce some of the associated symptoms. Surgical
reconstruction has been reported to restore abdominal
trunk function22–26 and improve lower back pain and
urinary incontinence24,26. General awareness of symp-
tomatic DRA is poor, and patients are commonly advised
to undertake non-specific physical training, or told that the
condition is only cosmetic in nature. To evaluate potential
treatments for persistent symptomaticDRA, a standardized
and comprehensive multimodal protocol, able to capture
the wide panorama of dysfunctions associated with the con-
dition, is required.
Thus, symptomatic persistent DRA lacks clarity of defi-

nition and management18,20. This study aimed to evaluate
the effect of surgical reconstruction of DRA in postpar-
tumwomen, where no improvement in symptoms had been
achieved by adequate physical training, using a standard-
ized multimodal examination.

Methods

Women with symptomatic DRA were recruited between
January 2015 and March 2017. All first underwent ultra-
sound measurement of the DRA, CT to localize any
concomitant ventral hernia, and assessment of trunk func-
tion by a physiotherapist. Potential candidates received an
individualized trunk stabilization training programme, and
were re-evaluated by a physiotherapist after 3–6months.
Candidates presenting with subjective training-resistant
trunk symptoms after evaluation were considered eligi-
ble for inclusion. Inclusion criteria were: non-smoker,
age 18–55 years, BMI below 35 kg/m2, DRA greater than
30mm on ultrasound imaging at any level, trunk instability
symptoms persisting after more than 3months of stan-
dardized trunk stability training, more than 1 year from
last delivery, and no intention of further pregnancy. The
presence of preoperative cosmetic issues was not consid-
ered as a symptom or as an outcome in this study. Written
informed consent was obtained from all participants before

inclusion. The Regional Ethics Committee, Karolinska
Institutet, Stockholm, approved the study. The local
ethics committee approved all procedures (Dnr. 2015/
1753-31).

Evaluation of symptoms

The primary outcome was abdominal trunk function.
Secondary outcomes were quality of life (QoL), urinary
incontinence and DRA recurrence (at follow-up).
To evaluate abdominal trunk function, a standard-

ized multimodal trunk function test was designed to
cover all dysfunctions associated with symptomatic
DRA: the Abdominal Trunk Function Protocol (ATFP)
(Appendix S1, supporting information). The ATFP con-
sists of a self-rating section, where the participants score
physical function (Disability Rating Index (DRI)), and
seven trunk function tests supervised and monitored by a
physiotherapist following a strict schema. The validated
DRI covers 12 non-specific activities of daily life, each
one self-rated on a visual analogue scale of 0–100mm,
providing a score of 0–100 for each activity, where 0
represents no difficulty in performing the specific task
and 100 indicates an inability to perform the task at all27.
The seven trunk function tests have been validated sep-
arately and measure different aspects of trunk and pelvic
strength, endurance and stability. They are: the back mus-
cle strength test, the abdominal muscle strength test, the
lateral core stability test (left and right side), the ventral
core stability test, the active straight-leg-raising test, and
the pelvic joint provocation test28,29. The trunk function
tests were conducted and monitored by a physiotherapist.
The ATFP evaluation was performed before and 1 year
after surgery. QoL was evaluated using the self-reported
Medical Outcome Survey Short Form 36 (SF-36®) (Rand
Corporation, Santa Monica, California, USA)30. Urinary
incontinence was evaluated using the self-reported Uro-
genital Distress Inventory (UDI-6) and the Incontinence
Impact Questionnaire (IIQ-7) forms31. DRA recurrence
was assessed by CT 1 year after surgery, and was defined
as a persisting diastasis greater than 30mm.

Surgical reconstruction technique

The surgical procedure was a standardized suture repair of
the diastasis using a double-row plication with absorbable
Quill™ 2/0 sutures (Angiotech, Reading, Pennsylvania,
USA). Access to the linea alba depended on anatomical
conditions, body figure and excess skin. The surgical pro-
cedure was categorized according to the incision made:
method A used a midline incision; method B involved a low
transverse incision, including limited resection of excessive
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Fig. 1 Illustrations of the three surgical procedures

a  Method A: midline incision b  Method B: low transverse incision c  Method C: abdominoplasty

Standardized double-layer plication of the linea alba was used without entering the rectus sheet, with absorbable self-retainingQuill™ 2/0 suture. aMethod
A: midline incision with a suture repair and without skin excision. bMethod B: low transverse incision with a suture repair and limited skin excision with a
floating umbilicus. c Method C: low transverse incision with a suture repair, skin excision and umbilical transposition.

skin and a floating umbilicus; and method C employed
abdominoplasty, including resection of excessive skin and
umbilical transposition (Fig. 1a–c). The three methods had
an identical deep muscle layer technique. The decision
of which method to use was based on the anatomical
circumstances and the woman’s preference (after detailed
information regarding the risks associated with the differ-
ent incisions).
All surgical procedures except one were performed by

one of two consultant surgeons, at either the general sur-
gical unit or the ambulatory surgical unit. All women were
admitted to the ward for postoperative care. Patients oper-
ated on with methods B and C had an active 14-Fr catheter
drain(s) that was removed when fluid loss was less than
50ml/day according to local routines for ventral hernia
repair. All women were instructed to wear a girdle for
12weeks (day and night in weeks 1–8, daytime only in
weeks 9–12), which has been standard (with minor adjust-
ments) in previous studies32. Patients were also instructed
to participate in a standardized rehabilitation programme
developed by the physiotherapy department at the authors’
hospital (Appendix S2, supporting information), as well as
daily exercise such as short walks, but to avoid heavy phys-
ical exercise during the first 12weeks. All women were
followed up clinically and with ultrasound assessment at
6–8weeks and 1 year after surgery. All postoperative com-
plications within 30 days were registered.

Statistical analysis

Descriptive statistics were used to characterize demog-
raphy. Pairwise correlation coefficients were performed
between measurements of rectus diastasis, comparing pre-
operative ultrasound and CT scan measurements with the
widthmeasured at surgery. For continuous variables, paired
t tests andWilcoxon signed rank tests were used to identify
changes in symptoms at 1-year follow-up, and McNe-
mar’s test was used to evaluate contingency of dichoto-
mous variables. All tests were two-sided and considered
statistically significant at a level of P≤ 0⋅050. For the DRI,
each parameter was investigated individually and the total
DRI score was used for comparison purposes. SF-36®
results were analysed and compared with data from 2679
women aged 15–44 years in the Swedish SF-36 Health
Survey30 (Table S1, supporting information). Linear regres-
sion was used to test whether the degrees of preoperative
symptoms were associated with change in those symptoms
after surgery. Non-linearity was investigated by adding a
quadratic term of the preoperative variable investigated
in the model. Statistical analyses were performed using
Stata® 12.1 (StataCorp, College Station, Texas, USA).

Results

Table 1 summarizes the preoperative demographics of the
60 women who were included in the study. Their mean
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Table 1 Preoperative characteristics of women who had surgery
for diastasis recti abdominis

No. of patients* (n = 60)

Age (years)† 38⋅8(5⋅5)

BMI (kg/m2)‡ 22⋅6 (17⋅2–36⋅0)

No. of births‡ 2 (1–5)

Vaginal delivery 2 (1–4)

Caesarean section 2 (1–4)

Time from last birth to surgery (months)‡ 34 (12–192)

Duration of training before surgery (months)‡ 7 (3–24)

Size of diastasis recti (cm)‡
Ultrasonography 4⋅5 (3⋅0–9⋅0)

CT 5⋅0 (1⋅0–10⋅0)

Perioperative finding 4⋅5 (3⋅0–9⋅0)

Ventral hernia 45 (75)

*With percentages in parentheses unless indicated otherwise; values are
†mean(s.d.) and ‡median (range).

age at the time of surgery was 38⋅8 (range 20⋅5–53) years.
The follow-up rate was 93 per cent (56 of 60) for the
DRI questionnaire, and 83 per cent (50 of 60) for the
seven functional tests. There were four dropouts due to
subacute orthopaedic surgery (1 patient), emigration (1),
unrelated psychiatric disability (1) and declined further
participation (1). A further six participants were excluded
from follow-up of the functional tests owing to incomplete
forms.

Surgery

Nineteen of the 60 women (32 per cent) underwent surgi-
cal method A, 31 (52 per cent) had method B, and ten (17
per cent) method C. There was at least one concomitant
midline fascial defect in 45 women (75 per cent), of which
six (13 per cent) were diagnosed at surgery. The correla-
tion coefficient between the rectus diastasis measured by

Table 2 Abdominal Trunk Function Protocol, Urogenital Distress Inventory and Incontinence Impact Questionnaire results before and
1 year after surgery for diastasis recti abdominis

Before surgery* (n = 60) After surgery* (n = 60) P#

Abdominal Trunk Function Protocol

Specific DRI (0–100 points)†§
Dressing 1 (0⋅0–7⋅0) 0 (0⋅0–1⋅0) 0⋅006

Outdoor walks 4 (0⋅0–9⋅5) 0 (0⋅0–4⋅4) < 0⋅001

Climbing stairs 3 (0⋅0–9⋅4) 0 (0⋅0–4⋅4) < 0⋅001

Sitting for a longer period 28 (0⋅0–9⋅6) 0 (0⋅0–5⋅2) < 0⋅001

Standing bent over a sink 41 (0⋅0–10⋅0) 0 (0⋅0–5⋅3) < 0⋅001

Carrying a bag 29 (0⋅0–8⋅3) 1 (0⋅0–4⋅9) < 0⋅001

Making the bed 13 (0⋅0–8⋅4) 0 (0⋅0–4⋅5) < 0⋅001

Running 49 (0⋅0–10⋅0) 1 (0⋅0–9⋅6) < 0⋅001

Light work 21 (0⋅0–10⋅0) 0 (0⋅0–5⋅0) < 0⋅001

Heavy work 64 (0⋅0–10⋅0) 5 (0⋅0–9⋅8) < 0⋅001

Lifting heavy objects 63 (0⋅1–10⋅0) 9 (0⋅0–9⋅8) < 0⋅001

Exercise/sports 54 (0⋅1–10⋅0) 5 (0⋅0–9⋅4) < 0⋅001

Total DRI score (0–120 points)‡ 386(247) 82(118) < 0⋅001**

Physiological tests¶
Back muscle strength (s)† 75 (0–240) 113 (0–240) < 0⋅001

Abdominal muscle strength (s)† 49 (0–240) 66 (15–240) < 0⋅001

Core stability, side plank (s)† 40 (0–120) 56 (10–115) < 0⋅001

Core muscle strength and stability test (s)† 60 (0–180) 74 (3–180) 0⋅004

Difficulties with active straight leg raising (1–5 points)† 1 (1–5) 1 (0–2) < 0⋅001

Pain during straight leg raising 8 (13) 3 (5) 0⋅096††
Pelvic tip during straight leg raising 9 (15) 9 (15) 1⋅000††
Pain during pelvic provocation 12 (20) 3 (5) 0⋅020††

Urogenital Distress Inventory (UDI-6)† 5 (0–16) 2 (0–13) 0⋅001

Incontinence Impact Questionnaire (IIQ-7)† 2 (0–18) 0 (0–17) 0⋅002

*With percentages in parentheses unless indicated otherwise; values are †median (range) and ‡mean(s.d.). §The Disability Rating Index (DRI) was
standardized and recorded on visual analogue scales (measured in millimetres), providing a score with a range of 0–100 for each activity where 0 represented
no difficulty at all in performing the specified task and 100 indicated not being able to perform the task at all). ¶ Physiological tests were conducted and
monitored by a physiotherapist. #Wilcoxon signed rank test, except **paired t test and ††McNemar test.
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Fig. 2 Box plot of the proportional change in the Disability
Rating Index score at 1 year versus before surgery
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Fig. 3 Proportional change in Disability Rating Index score
after surgery
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ultrasonography and the intraoperative finding was 0⋅71.
The corresponding coefficient for CT was 0⋅55. In gen-
eral, ultrasound imaging tended to underestimate the mean
diastasis by 4mm (P = 0⋅007) and CT overestimated by
3mm (P = 0⋅139). The median hospital stay was 3 (range
1–8) days.

Fig. 4 Mean change in endurance of the various physical tests
before and after surgery
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Tests were standardized and evaluated by a physiotherapist. Values in
parentheses represent the mean score of each variable before surgery.

Postoperative complication and recurrence rates

At the 6–8-week follow-up, seven women had a post-
operative complication. Four women (3 operated on
with method B and 1 with method C) developed bleed-
ing/haematoma that needed reoperation (Clavien–Dindo
grade IIIb33,34). Two patients (operated on with method
B) developed a surgical-site infection requiring antibiotic
treatment (Clavien–Dindo grade II). One patient (oper-
ated on with method A) presented with spontaneous pneu-
mothorax not requiring intervention 2weeks after surgery
(Clavien–Dindo grade I). Four patients (3 operated on
with method B and 1 with method C) developed a seroma
not requiring intervention, diagnosed at clinical follow-up
6–8weeks after surgery (Clavien–Dindo grade I). Finally,
four women were not satisfied with the cosmetic result due
to umbilical asymmetry, of whom two had reoperation;
this was not considered a complication. None of the early
complications had led to long-term sequelae at the 1-year
follow-up. Complications according to the Clavien–Dindo
classification33,34 were in summary: grade I, five of 60 (8
per cent); grade II, two of 60 (3 per cent); grade IIIb,
four of 60 (7 per cent). No recurrences were observed at
6–8weeks or at 1-year follow-up.

Abdominal Trunk Function Protocol

Table 2 summarizes the ATFP findings before surgery and
at 1-year follow-up. Regarding the DRI, 98 per cent of
women (55 of 56) reported fewer problems after surgery,
and the total scores were, on average, 79⋅1 (95 per cent
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Fig. 5 Bar chart showing Medical Outcome Survey Short Form 36 (SF-36®) scores for patients with symptomatic diastasis recti
abdominis
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c.i. 73⋅1 to 85⋅1) per cent lower at follow-up than before
surgery. One patient reported a higher score after surgery
(total DRI 98 before surgery versus 105 after surgery).
Median scores and proportional change after surgery for
each specific question are displayed in Fig. 2. The preop-
erative score was not associated with proportional change
in DRI at follow-up (P= 0⋅804) (Fig. 3). When evaluated
by a physiotherapist, a majority of patients (38 of 50, 76
per cent) had significantly better performance and stamina
at follow-up than before surgery. There was no signif-
icant change in pain and pelvic tip during straight-leg
raising. Although a significant proportion of the women
performed better in the postoperative tests, the mean
abdominal strength did not appear to have improved at
1-year follow-up (Fig. 4).

Quality of life

Mean SF-36® subscale scores, comparing results before
and after surgery, and with expected ratings in a norma-
tive Swedish female population, are shown in Fig. 5. Before
surgery, the women generally had a lower QoL than the
normative Swedish female population in all SF-36® sub-
scales (P< 0⋅003). After surgery, their QoL improved sig-
nificantly, with scores similar to those of the normative

Swedish female population in all subscales, and even higher
in terms of bodily pain (P< 0⋅001).

Urinary incontinence

Table 2 summarizes urinary incontinence before surgery
and at 1-year follow-up. A general decrease in inconti-
nence symptoms was observed after surgery, with 28 of
the 60 women (47 per cent) reporting a lower score in
the UDI-6 after surgery, and eight (13 per cent) report-
ing a higher score. The mean reduction in score after
surgery was 34⋅4 (95 per cent c.i. 16⋅4 to 52⋅3) per
cent. There appeared to be an inverse linear relation-
ship between scores before and after surgery, with each
point scored before surgery related to a 0⋅39-point decrease
in UDI-6 after surgery. Although no formal evidence of
non-linearity was observed (P = 0⋅062), no relief of symp-
toms was observed after surgery when 2 or fewer points
were scored before surgery. Otherwise, the proportional
decrease in UDI-6 score remained between 40 and 80 per
cent (Fig. 6).
For the IIQ-7, 22 of the 60 women (37 per cent) had

fewer symptoms and five (8 per cent) experienced more
symptoms.
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Fig. 6 Proportional change in Urogenital Distress Inventory
score after surgery
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Discussion

DRA is a potentially debilitating condition in postpar-
tum women that correlates with trunk instability, urinary
incontinence and impaired QoL. In this study, a significant
improvement in self-reported disability and physical per-
formance, higher QoL and reduced urinary incontinence
was observed in the majority of women after surgical treat-
ment of DRA. A novel multimodal protocol to evaluate
abdominal trunk function was also introduced.
All women reported a better QoL (SF-36® findings)

after surgery, reaching levels similar to those in a norma-
tive Swedish female population, regardless of performed
surgical method. This indicates that the selection process
was successful in distinguishing between physical and cos-
metic reasons for surgery. The ATFP focused on functional
disability that was resistant to training, thereby selecting
patients likely to benefit from surgery. The fact that pro-
portional improvements in DRI and physical tests were
similar for all patients, regardless of preoperative scores,
implies that surgical reconstruction leads to improvement
in function in all postpartum women with DRA. With
respect to the postoperative rehabilitation programme, it is
not likely that rehabilitation with a lower load than the pre-
operative training would have had any significant impact on
the improvement.
It is suggested that patients with DRA not causing dys-

function (DRA less than 30mm, midline hernia or cos-
metic issues) should first and foremost receive conservative
management with weight control, limited hernia repair or

purely aesthetic surgery. Evidence in the literature support-
ing physical training for symptomatic DRA18–21 is incon-
clusive. The main purpose of physical training is possibly
to restore function, and not necessarily to reduce the dias-
tasis. If physical training proves to be unsuccessful, surgi-
cal reconstruction may be the next step in the treatment
algorithm.
The improvement in urinary incontinence symptoms

observed in this study is in line with previous studies26,
and may indicate a correlation between abdominal trunk
instability and pelvic floor dysfunction. Higher preop-
erative UDI-6 scores resulted in greater improvements
in urinary incontinence symptoms after surgery, sug-
gesting that patients with severe symptoms benefit more
from surgical reconstruction than those with mild symp-
toms – an important factor when selecting patients for
surgery.
All three surgical techniques used in this study provided

similar results regarding outcome and recurrence. None of
the women had signs of recurrence 1 year after surgery, and
the complication rate was similar to that following other
medium-sized surgery such as open ventral hernia repair.
There were no differences in QoL outcomes between the
three surgical methods, indicating that cosmetic improve-
ment alone was unlikely to be the reason for the improve-
ment in QoL.
The high incidence of perioperative ventral hernia in the

study sample could indicate that these hernias contributed
to the symptoms; however, the presenting symptoms are
not usually associated with a ventral hernia and it is unlikely
that the concurrent hernia repair alone could explain the
results.
This study has limitations. It lacked a conservativelyman-

aged control group, which makes any far-reaching conclu-
sion difficult as some beneficial effects could have been
a placebo effect or simply due to the passing of time,
although comparison of preoperative and postoperative
results allows within-person changes to be measured. The
inclusion criteria were restricted to patients with symp-
tomatic persistent DRA, and these results are thus not
applicable to all patients with postpartum DRA.
During pregnancy, women are at risk of developing per-

sistent symptomatic DRA that may have a detrimental
effect on their physical function and QoL. This study has
demonstrated that surgical reconstruction of DRA in post-
partum women with symptoms resistant to training results
in significant improvements in abdominal trunk function,
urinary incontinence and QoL for a majority of patients.
Surgical reconstruction of DRA is a valid alternative for
patients presenting with symptomatic DRA, where ade-
quate physical training has proven unsuccessful.
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AbstrACt
Objectives This study investigates perceived barriers 
towards the implementation of multiprofessional team 
briefings (MPTB) in operating theatres, as well as 
ways to overcome these perceived barriers. Previous 
research shows that MPTB can enhance teamwork and 
communication, but are underused in operating theatres. 
By adopting a multilevel systems perspective, this study 
examines perceived barriers and solutions for MPTB 
implementation.
Design Participants completed open- ended survey 
questions. Responses were coded via qualitative content 
analysis. The analysis focused on themes in the responses 
and the systems level at which each barrier and solution 
operates.
setting Four tertiary hospitals in Australia.
Participants 103 operating theatre staff, including nurses, 
surgeons, anaesthetists, technicians and administrators.
results Participants identified barriers and solutions 
at the organisational (15.81% of barriers; 74.10% of 
solutions), work group (61.39% of barriers; 25.09% 
of solutions) and individual level (22.33% of barriers; 
0% of solutions). Of all the perceived barriers to MPTB 
occurrence, a key one is getting everyone into the room 
at the same time . Matching of perceived barriers and 
solutions shows that higher systems- level solutions 
can address lower level barriers, thereby showing the 
relevance of implementing such wider reaching solutions 
to MPTB occurrence (including work practices at 
occupational level and above) as well as addressing more 
local issues.
Conclusions Successful MPTB implementation requires 
changes at various systems levels. Practitioners can 
strategically prepare and plan for systems- based 
strategies to overcome barriers to MPTB implementation. 
Future research can build on this study’s findings by 
directly examining higher systems- level barriers and 
solutions via detailed case analyses.

bACkgrOunD
The purpose of this study is to identify the 
perceived barriers and solutions towards the 
successful implementation of multiprofes-
sional team briefings (MPTB) in operating 
theatres (OTs). Preoperative communication 
between staff is not well studied, yet is reported 
as underused and lacking a standard method 

or procedure.1 MPTB serve as a potential 
standardised complement to surgical check-
lists that can enhance preoperative commu-
nication and hence theatre performance 
and safety.2 In OTs across the globe, surgical 
checklists have been widely adopted. The 
introduction of checklists has had clear bene-
fits to patient outcomes in terms of improved 
detection of safety hazards, reduced postop-
erative mortality and reduced complication 
rates.3 4 Nonetheless, there is still room for 
further improvement in how surgical teams 
work together. Globally, 16.8% of patients 
undergoing elective surgery develop one or 
more postoperative complication and 0.5% 
die.5 The fact that preventable complications 
still occur in OTs despite the implementation 
of surgical checklists suggests that surgical 
checklists alone cannot fully address the 
dynamic issues that contribute to negative 
patient and surgical team outcomes.1 6

Preoperative communication and MPTB 
specifically have been identified as a comple-
mentary approach to checklists that provides 
opportunity for team building and addresses 
sociocultural aspects related to teamwork that 
checklists do not directly address. Importantly, 

strengths and limitations of this study

 ► This study investigates barriers and solutions to the 
implementation of multiprofessional team briefings 
(MPTB), as perceived by operating theatre staff 
(n=103).

 ► Open- ended questions allowed participants to freely 
bring up topics that were salient to them.

 ► Inductive analysis of participants’ responses adopt-
ed a multilevel systems model to identify barriers 
and solutions to MPTB implementation.

 ► The sample was of sufficient size and represented 
key stakeholders in operating theatres.

 ► This study is only descriptive and there may be dif-
ferences between perceived and actual barriers to 
MPTB implementation.
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MPTB offer the opportunity for teams to develop shared 
mental models, effective team work behaviours and 
communication.2 MPTB are short meetings, conducted 
at the beginning of a surgical list before the first patient 
arrives.7 This timing has been rated favourably by surgical 
staff, compared with the timing of the checklists immedi-
ately prior to the start of each procedure.1 They include 
those surgeons, nurses, anaesthetists and technicians 
involved in an OT list. The purpose of MPTB is to enable 
theatre staff to share information, to create a team identity 
where information can be freely exchanged and to plan 
ahead across the full list. In this way, MPTB are distinct 
from and complement checklists and may address some 
of the underlying issues still contributing to preventable 
surgical complications and never events.8 MPTB at the 
start of operating lists vary with regard to their structure 
and content. Leong et al7 followed three steps (introduc-
tion round, tasks of the team members and expected 
technical or logistical issues that require extra attention). 
Bleakley et al9 10 describe a typical MPTB at the start of an 
OT list as consisting of a technically- oriented discussion of 
the list led by the surgeon, equipment checks, patient lists 
and potential problems. In another study, team members 
first introduced themselves and their roles, develop a 
plan for the day and discuss critical aspects of each proce-
dure as an MPTB.11 Bethune et al12 describe MPTB as 
including feedback from previous lists, consideration of 
external factors and a discussion of each patient on the 
list. Specific to our research, staff working in the hospi-
tals involved in this study were encouraged to cover five 
steps in MPTB: (1) staff introduction including name and 
team role, (2) overview of the surgical list (eg, half- day/
full day, number of patients), (3) relevant details of each 
case, (4) questions and (5) summary of any changes or 
issues discussed.6

MPTB have been recognised as having positive effects 
on theatre outcomes. Studies show that they benefit 
teamwork7 9–14 safety,7 9–11 13 as well as efficiency.7 12 More 
generally, lack of standard methods for preoperative team 
communication has been identified,1 and MPTB are 
ideally placed to address this gap. Yet, they still remain an 
infrequent and underused practice in Australian OTs.2 13 
Issues with uptake, or even resistance, are reported for 
other teamwork interventions in OTs (ie, checklists15–19). 
These include resistance from professionals in OTs,15–17 
leadership and established hierarchies,17 20 21 lack of 
education18 and poor communication.17 19

Given their relevance to teamwork and surgical 
outcomes, it is important to understand what is hindering 
and helping the uptake of MPTB in OTs. Grol and Grim-
shaw22 identified that changes in clinical practice are 
only partially within the control of medical staff. There 
is a wider recognition in implementation research that 
implementation strategies need to be carefully targeted 
towards barriers or obstacles.22 23 Accordingly, this study 
investigates the perceived barriers to the introduction of 
MPTB and solutions for overcoming these barriers. In 
recognition of the need for a systems approach towards 

change implementation and integration to work in OTs24 
and healthcare more widely (see process normalisation 
theory,25) we apply Parker et al’s six- level model of work 
design influences26 to categorise the perceived barriers 
and solutions identified by surgical professionals. Parker 
et al26 identify six multilevel influences that interact with, 
and shape each other to affect work design in a partic-
ular situation. The six levels of influence on how work is 
organised within any particular situation include: global 
factors (eg, WHO strategies, global migration patterns 
that affect staffing), national factors (eg, Gross Domestic 
Product (GDP) and other economic aspects, government 
healthcare policies, industrial relations policies), occu-
pational factors (eg, professional norms), organisational 
factors (eg, organisational design and culture), work 
group factors (eg, composition, local leadership) and 
individual factors (eg, education, motivation). To change 
work design, implementing MPTB in this case, or at least 
sustain a change in work design, one needs to adopt a 
full systems perspective to understand how multiple levels 
of influence shape work design and staff behaviours and 
how they interact with each other. Doing so recognises 
the complex nature of implementing quality improve-
ment initiatives and can support individuals and organi-
sations in their efforts to incorporate MPTB into standard 
practice.

MethODs
OT staff from four tertiary metropolitan hospitals were 
surveyed on their perceptions of perceived barriers 
towards conducting MPTB and the solutions for over-
coming these perceived barriers. MPTB were encour-
aged at all sites; however, they were not fully integrated 
into daily practice. As part of presentations about MPTB 
at staff meetings, participants were asked to note down 
challenges they experienced in conducting MPTB in 
their workplaces, and to propose potential solutions to 
these challenges. A second wave of data collection was 
conducted via online surveys specifically addressed at 
surgeons and OT administrators as previous attempts to 
engage these groups were unsuccessful. Responses were 
provided in an open- ended text format and participants 
could provide as many or as few barriers and solutions 
as they wish (see online supplementary file provided). 
Participation was voluntary and anonymous. Participants 
were informed of the ways in which their responses would 
be used.

sample
A sample of n=103 OT staff (out of which 44 were nurses, 
13 technicians, 16 anaesthetists; 20 surgeons; 4 adminis-
trators; note that the remainder seven of the sample did 
not indicate their professional group) participated in this 
study. The data were collected over a 3- year period (wave 
1; 2014–2017) and all OT staff were invited to contribute 
to this work on several occasions. Almost all nurses and 
anaesthetists attended information and training sessions 

 on M
arch 3, 2020 by guest. Protected by copyright.

http://bm
jopen.bm

j.com
/

BM
J O

pen: first published as 10.1136/bm
jopen-2019-032351 on 9 February 2020. D

ow
nloaded from

 



149

3Fruhen L, et al. BMJ Open 2020;10:e032351. doi:10.1136/bmjopen-2019-032351

Open access

Table 1 Illustrative quotes and frequencies of each barrier

Theme Example quotes
Frequency 
(f)

Frequency
(% of total)*

Organisational- level barriers 34 15.81

  List attributes Unexpected changes in lists due to emergency cases
Having different surgeons throughout the day

20 9.30

  Organisational constraints Organisations audit the start time/briefings not accommodated in 
schedule
Inadequate staffing
AM list overruns, affecting PM list start time

14 6.51

Work group- level barriers 132 61.39

  Not everyone present/
conflicting tasks

Surgeon or anaesthetists finishing rounds
Complex set ups
Staff nurses busy locating equipment
Late team members
Team members are not available before or at 8am

117 54.42

  Miscommunication Confusion over operating surgeon
Junior doctors may not know enough of the patient but are the ones 
representing the consultants at the briefings

15 7.00

Individual- level barriers 48 22.33

  Negative attitudes Briefings [are] done as a formality with steps missing and no space for 
questions
Not interested, refuses to participate
Not supportive of the process

38 17.67

  Lack of knowledge Visiting surgeons not knowing procedures
Staff present during the briefing may be different to ones involved in 
specific surgeries
Junior staff not being aware of briefings

10 4.65

*Total of 214 responses.

where the opportunity to participate was given. Informa-
tion and training sessions were not attended by surgeons 
and thus more direct methods of recruitment were neces-
sary (eg, direct contact and surgical meeting attendance; 
wave 2, 2019). The sample was of sufficient size for satura-
tion to occur in our analysis.27

Patient and public involvement
No patients or members of the public were involved in 
this study.

Data analysis
Responses were coded independently by two raters 
following an inductive coding framework.28 Both raters 
were trained psychologists with a background in indus-
trial and organisational psychology. The analysis was 
conducted in three steps. In the first step, one rater 
read all responses and identified emergent themes. In 
the second step, each response was assigned to one of 
the themes that had emerged during the first step. This 
second step involved two raters independently analysing 
the responses. Inter- rater reliability was assessed using 
Krippendorff’s alpha and indicated that the raters were 
highly consistent in their coding of responses (αKripp=0.87, 
CI95%LL 0.80, CI95%UL 0.9429). Results were generated by 
frequency counts per emergent theme, which is an indi-
cation of perceived relevance.30 In the final step, the 

identified themes were classified into the levels of work 
design influences by Parker et al.26

results
Perceived barriers to the implementation of MPtb in Ots
A total of 214 perceived barriers to implementing MPTB 
in OTs were identified (Md=2 per participant). These 
barriers reflected six themes. Table 1 shows the frequency 
of the themes identified in the perceived barriers and 
categorises these by systems levels. Notably barriers were 
predominantly identified at the work group level, one 
of the lowest systems levels described by Parker et al 26 
(f=132). Within the work group level, the majority of 
responses (f=117) focused on staff not being in the OT at 
the same time at the start of a list and conflicting tasks as a 
key barrier to MPTB, making this issue the most common 
barrier to holding briefings. This barrier was sometimes 
attributed to various reasons such as having different start 
times, setups or staff being late. Further, communication 
issues, such as confusion due to information accuracy 
and specificity (eg, around procedure details, equipment 
needs), or challenges in interacting constructively with 
other team members were also reported as a barrier at the 
work group level (f=15). Next most frequently, perceived 
barriers were reported at the individual level (f=48). 
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Table 2 Illustrative quotes and frequencies of each solution

Theme Example quotes
Frequency 
(f)

Frequency
(% of total)*

Organisational- level solutions 103 74.10

  Scheduling and staffing for MPTB Ensure staff [are] present before conducting the briefing even if it 
delays the list
Make arrival time earlier
Establish and communicate a particular time for all theatres and all 
staff to conduct briefing

39 28.06

  Education of OT staff Provide statistics to support the benefits [of briefings)
Further education for those not participating
Signage in each theatre with briefing steps

34 24.46

  Organisational policy changes Making it a hospital policy/audit to ensure all members are present
Making it mandatory

13 9.35

  Culture change Encouragement, senior support, management support
Need engaged anaesthetic lead

14 10.07

  Technology Call the missing team member 3 2.12

Work group- level solutions 36 25.09

  Better communication Communicate
Having team leaders who are good communicators

21 15.12

  Enforcing briefings as a priority Make it a priority
Do not bring patient into the OR until briefing is done
Preparing beforehand

15 10.79

*Total of 139 responses.

These perceived barriers include lack of knowledge 
about MPTB (f=10) and negative attitudes towards MPTB 
(f=38). Such negative attitudes included staff not taking 
briefings serious and not seeing the benefit of them, 
as well as active resistance to briefings. Two perceived 
barriers at the organisational level were reported (f=34), 
namely surgical list attributes (f=20; eg, lists with only 
emergency cases, variation in surgical staff) and organisa-
tional constraints (f=14; eg, previous list runs over, inad-
equate staffing). Ccomparisons of frequencies of barriers 
reported by surgeons and nurses showed identical rank-
ings of the three levels (ie, work group barriers were 
most frequently identified in the two professional groups, 
followed by individual and organisational barriers).

solutions to MPtb implementations
A total of 139 potential solutions for overcoming 
perceived barriers to implementing MPTB were provided 
by the participants (Md=1 solution per participant). 
Within the suggested solutions, a total of seven themes 
were identified. Table 2 illustrates the frequency and 
content of each solution. Solutions resided at organisa-
tional (f=103) and work group level (f=36). At organi-
sational level, participants suggested changes to staffing 
and scheduling (f=39) and education around the benefits 
and procedures for effective MPTB as solutions to MPTB 
implementation (f=34). A number of solutions at organ-
isational level emerged with relatively low frequency. 
Participants suggested instituting organisational changes 
via policies (f=13; eg, making briefings mandatory) and 

organisational culture change (f=14). Further, use of 
technology, such as phones, was also mentioned (f=3).

At work group level, two solutions emerged, namely 
better communication within the OT team to ensure 
high- quality briefings (f=21) and strategies that allow 
team members to enforce briefings as a priority within 
each team (f=15).

DisCussiOn
This qualitative study identifies perceived barriers to the 
implementation of MPTB in OTs and potential solutions 
for overcoming these perceived barriers. Investigating 
what hinders such briefings from occurring is important 
as MPTB can support effective teamwork and commu-
nication in OT teams. Previous research has shown that 
similar quality improvements have faced resistance in 
OTs4 and emphasises a systems approach towards team 
interventions.24 To assist operating staff in implementing 
MPTB as a day- to- day practice, it is important to identify 
and understand potential barriers that may make the 
implementation of MPTB more difficult so that solu-
tions can be targeted towards overcoming these specific 
issues. The present research identifies the barriers and 
solutions specific to MPTB implementation. In doing 
so, it can assist practitioners and hospital administrators 
wanting to implement MPTB into their standard prac-
tice. The present study focuses uniquely on the perceived 
barriers to MPTB implementation as previous research 
into the implementation of healthcare interventions has 
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Figure 1 A process model of work design barriers to MPTB occurrence. MPTB, multiprofessional team briefings.

highlighted the necessity to conduct a thorough barrier 
analysis prior to trying to implement a new practice as 
these barriers can often result in an intervention failing 
regardless of the facilitating factors.23 31 Our findings 
extend this approach by not only identifying the barriers 
themselves but also soliciting insights from staff as to 
the potential solutions. By identifying potential solu-
tions to perceived barriers to implementation, hospitals 
seeking to implement MPTB will be better equipped to 
proactively manage potential barriers32 and can design 
comprehensive and targeted strategies to address barriers 
to change.22

Barriers to MPTB identified in this study were at 
organisational, work group and individual levels, with 
the majority occurring at work group level. A number of 
these barriers (eg, issues related to attitudes and knowl-
edge) identified in this study are similar to those that 
have been identified in relation to the implementation 
of the WHO checklists.4 The focus at work group level 
reflects MPTB’s status as a team- level work design inter-
vention6; however, the emergence of barriers at other 
levels illustrates the relevance of a systems view on MPTB 
implementation. Notably, no barriers at the occupational, 
national or global levels were identified by respondents in 
this study. Despite this finding, we posit, based on Parker 
et al’s26 systems model of work design influences and 
previous research on change implementation in medical 
settings3 22 that such barriers exist, but that OT staff were 
not necessarily aware of them. In contrast to immediate 
barriers at the individual and work group levels that are 
likely salient in the day- to- day experience of OT staff, 
barriers existing at the occupational, national and global 
levels likely shape MPTB implementation indirectly 
in more subtle ways that are often difficult to identify. 
Crucially though, these barriers at occupational, national 
or global level are wide reaching and the successful adop-
tion of strategies designed to overcome these challenges 
are likely essential for sustained change.22 24 26 In the case 

of MPTB, at occupational level, barriers such as surgical 
work practices that apply across multiple hospitals (such 
as the consultancy model of surgeon work), and at 
national- level issues such as healthcare funding models 
are likely to be relevant.

Consolidating our results and the above discussion into 
a process model of systems barriers to MPTB occurrence 
(based on26), figure 1 illustrates the complex interactions 
of barriers at various systems levels identified in this study 
and how they can contribute to MPTB occurrence. We 
identify staff not being in the room and being occupied 
with conflicting tasks as a core, immediate bottleneck to 
MPTB occurrence from our findings (based on it being 
the most frequently identified barrier).

The remaining barriers are likely to affect staff presence 
for MPTB attendance and to interact with each other. For 
example, at the individual level, attitudes are likely to be 
directly linked to staff presence for MPTB but are also 
likely to adversely affect communication, which in turn 
can also contribute to staff not being present for MPTB. 
Further, attitudes are also likely to be shaped by organ-
isational constraints, such as inadequate staffing levels, 
which can contribute to staff dismissing MPTB, as it can 
appear like another task they need to engage in.

Participants generated fewer solutions for MPTB imple-
mentation than barriers. However, the content of their 
responses was varied, so that a wide range of solutions 
could be identified. Solutions for MPTB implementation 
that participants generated resided at the organisational 
and work group levels only. Similar to the barriers to 
MPTB, participants did not report higher system levels 
solutions at either the occupational or national levels. As 
has been argued above, barriers and solutions are likely to 
exit at each level. The criticality of higher level solutions 
becomes clear when matching barriers and solutions 
based on their content (see content in grey in figure 1). 
Content matching illustrates that solutions are likely to 
address barriers that reside at the same system level or 
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below. However, a solution is unlikely to reach a barrier at 
a level that exceeds the level of the solution. As is shown 
in figure 1, solutions at the organisational level are likely 
to also address barriers at the same level or below, but 
not above. For example, scheduling and staffing solutions 
can address organisational constraints (ie, organisational- 
level barrier), as well as presence of staff at MPTB (work 
group- level barrier), thereby addressing barriers at organ-
isational and team levels. However, they are unlikely to 
reach barriers at occupational or national levels. Simi-
larly, education of OT staff can address the individual- 
level barrier of attitudes by clarifying the benefits of team 
briefings, and reduce miscommunication at the team 
level. However, education of OT staff is unlikely to address 
barriers that reside above the organisational level, such 
as cost minimisation or staffing levels. While education 
emerged in our study as an individual- level solution with 
a focus on OT staff, it needs to be recognised that differ-
ently targeted education can also facilitate MPBT imple-
mentation at higher system levels. To address barriers at 
higher levels, concerted efforts can be taken to actively 
disseminate research findings and educate policy- makers 
so that best practices can be fully endorsed and adopted 
by health departments and included in their standards of 
patient care.

Future research may consider investigating the processes 
involved in MPTB implementation via case studies and 
in- depths interviews with OT staff and administrators. 
Such case studies may identify more detailed information 
on the barriers and solutions for MPTB implementation 
identified here. Crucially, our study identifies perceived 
barriers, however, it is unclear to what extent these overlap 
with actual barriers to MPTB implementation. Further, 
longitudinal investigations of barriers and solutions over 
the course of MPTB implementation may help illuminate 
the dynamic relationship between barriers and solutions 
at different levels and provide a process perspective to 
this type of quality improvement initiatives.

It also needs to be considered that strategies that do 
not directly target MPTB implementation may also have 
benefits for their wider implementation success. As 
many other strategies around communication in health-
care, MPTB are rooted in established practices of crew 
resource management (CRM) in aviation and other 
industries.13 33 34 In addition to the solutions identified in 
this study, the implementation of MPTB in practice may 
also benefit from considering other practices from CRM 
team training targeted at teamwork and communication 
by growing awareness and appreciation for teamwork 
efforts like MPTB more generally.

study strengths and weaknesses
This is the first study to investigate the perceived barriers 
and solutions to the implementation of MPTB in OTs. 
The research adopts a multilevel systems approach 
grounded in theory, which has generated practical 
guidance and solutions and illustrates the complexity 
of MPTB implementation. The data were collected via 

anonymised open- ended survey questions. Using surveys, 
rather than interviews, allowed for inclusions of a larger 
group of participants, so that the results are more repre-
sentative. Responses provided a high level summary that 
captured the issues well, however, did not generate more 
in depth reflection as to why participants perceive specific 
barriers and potential solutions. Further, Grol and Grim-
shaw22 describe barriers and facilitators of change in clin-
ical work contexts. However, our study only focused on 
barriers and examined the strategies to overcome them 
(ie, solutions), so that other aspects that may need to 
be considered for successful implementation were not 
captured. In particular, our study, while addressing one of 
the key issues associated with implementation processes 
did not consider facilitators, as issues that may suport the 
implementation of MPTB in OTs.22 Such facilitators of 
change implementations in clinical contexts may include 
incentives, feedback or perceived social norms.22 Finally, 
our study captured the frequency with which barriers 
and solutions were reported. It needs to be noted that, 
while frequency in content analysis has been described as 
a marker of relevance,30 it may be affected by awareness, 
or other factors that may lead participants to refer to one 
issue over another.

Conclusion and implications
Considering the barriers and solutions to MPTB imple-
mentation, this paper illustrates that a work design change 
needs to be built on an understanding of how multiple 
systems levels shape work designs and behaviours in OTs. 
Barriers and solutions to MPTB’ implementation were 
predominantly reported by OT staff at work group level, 
whereas solutions were most likely to reside at organi-
sational level. Notably, our participants did not identify 
higher level barriers and solutions at occupational or 
national levels. Yet, our matching of barriers and solutions 
to MPTB implementation illustrates the possible limita-
tions of lower level solutions in overcoming wider systemic 
changes in the underlying processes that are necessary to 
sustain the implementation of MPTB. Our findings rein-
force the importance of systems- based change in gener-
ating adequate ways of addressing common barriers to 
MPTB implementation.
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AbstrACt
Objectives To evaluate the morphine- sparing effects 
of the sequential treatment versus placebo in subjects 
undergoing total knee arthroplasty (TKA), the effects 
on pain relief, inflammation control and functional 
rehabilitation after TKA and safety.
Design Double- blind, pragmatic, randomised, placebo- 
controlled trial.
setting Four tertiary hospitals in China.
Participants 246 consecutive patients who underwent 
elective unilateral TKA because of osteoarthritis (OA).
Interventions Patients were randomised 1:1 to the 
parecoxib/celecoxib group or the control group. The 
patients in the parecoxib/celecoxib group were supplied 
sequential treatment with intravenous parecoxib 40 mg 
(every 12 hours) for the first 3 days after surgery, 
followed by oral celecoxib 200 mg (every 12 hours) for 
up to 6 weeks. The patients in the control group were 
supplied with the corresponding placebo under the same 
instructions.
Primary and secondary outcome measures The 
primary endpoint was the cumulative opioid consumption 
at 2 weeks post operation (intention- to- treat analysis). 
Secondary endpoints included the Knee Society Score, 
patient- reported outcomes and the cumulative opioid 
consumption.
results The cumulative opioid consumption at 2 weeks 
was significantly smaller in the parecoxib/celecoxib group 
than in the control group (median difference, 57.31 (95% 
CI 34.66 to 110.33)). The parecoxib/celecoxib group 
achieving superior Knee Society Scores and EQ- 5D scores 
and greater Visual Analogue Scale score reduction during 
6 weeks. Interleukin 6, erythrocyte sedation rate and C- 
reactive protein levels were reduced at 72 hours, 2 weeks 
and 4 weeks and prostaglandin E2 levels were reduced 
at 48 hours and 72 hours in the parecoxib/celecoxib 
group compared with the placebo group. The occurrence 
of adverse events (AEs) was significantly lower in the 
parecoxib/celecoxib group.

Conclusions The sequential intravenous parecoxib 
followed by oral celecoxib regimen reduces morphine 
consumption, achieves better pain control and functional 
recovery and leads to less AEs than placebo after TKA for 
OA.
trial registration number  ClinicalTrials. gov (ID: 
NCT02198924).

IntrODuCtIOn
Osteoarthritis (OA) is a chronic degenerative 
joint disorder which frequently occurs in the 
elderly.1 Total knee arthroplasty (TKA), an 
effective treatment for end- stage knee OA,2 
has been regarded as the most painful ortho-
paedic surgery due to the weight- bearing 
characteristics of the knee joint and the high 
demand of functional exercise post opera-
tion.3 Inadequate pain control is correlated 

strengths and limitations of this study

 ► This is the first study to investigate the efficacy and 
safety of the sequential analgesia regimen of intra-
venous parecoxib followed by oral celecoxib after 
total knee arthroplasty surgery.

 ► The study employed a prospective, randomised, 
multicentre design.

 ► This study explored the benefits of prolonged se-
quential treatment of parecoxib and celecoxib in 
medium- term function recovery.

 ► Potential limitations include the need for further 
validation studies from other institutions outside 
China, lack of investigation of the long- term (eg, 
>3 months) effects of the sequential treatment and 
compromise of the test accuracy of synovial fluid 
cytokines.
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with prolonged postoperative bed time, increased inci-
dence of pulmonary infection, deep venous thrombosis, 
pulmonary embolism and poor functional recovery in 
some patients after TKA.4 5

Multimodal analgesia is currently recommended for 
postoperative pain control after TKA.6 As opioid toler-
ance and related side effects are becoming an increas-
ingly significant problem, and even causing public 
health emergency, great challenges are faced by pain 
management post TKA.7 8 Therefore, the value of non- 
steroidalanti- inflammatory drug (NSAID), especially 
selective cyclo- oxygenase-2 (COX-2) inhibitors, as an 
important alternative has become increasingly promi-
nent.9 10

In many Chinese institutions, 40 mg parecoxib is 
routinely administered intravenously two times per day 
for the first 3 days after surgery, followed by 200 mg cele-
coxib administered orally two times per day for 2 weeks 
or longer. Although this sequential therapeutic strategy 
has been adopted by most Chinese orthopaedic surgeons 
for its clinical convenience and satisfactory results during 
clinical observation, high quality evidence is still lacking 
to support its use and popularisation.

The PIPFORCE study aimed to investigate the sequen-
tial analgesic regimen with intravenous parecoxib 
followed by oral celecoxib for postsurgical analgesia in 
OA patients undergoing TKA. The primary objective was 
to evaluate the morphine- sparing effects of the sequential 
treatment with parecoxib and celecoxib versus placebo in 
subjects undergoing TKA. Secondary objectives included 
comparing the sequential treatment versus placebo for 
their effects on pain relief, inflammation control and 
functional rehabilitation after TKA and determining the 
safety profiles of study and control regimens.

MAterIAls AnD MethODs
study design
This was an investigator- initiated, multicentre, double- 
blind, randomised, placebo- controlled trial. Details of the 
trial design have been previously published.11 The project 
was registered in the  ClinicalTrails. gov site. In brief, 246 
consecutive patients who underwent elective unilateral 
TKA because of OA were screened and enrolled in four 
tertiary care hospitals in China (Peking Union Medical 
College Hospital as the coordinating centre, West China 
Hospital of Sichuan University, People’s Hospital of Peking 
University and Second Affiliated Hospital of Zhejiang 
University College of Medicine) from 1 December, 2014, 
to 22 September, 2016. The ethical committees of all 
participating hospitals approved the study before patient 
recruitment.

study participants
Inclusion and exclusion criteria were strictly imple-
mented as stated previously,11 and all patients signed the 
informed consent form at screening, before any study- 
specific procedures were conducted. The present study 

was performed in agreement with the Consolidated Stan-
dards of Reporting Trials statement.

Inclusion criteria
Subject eligibility was reviewed and documented by an 
appropriately qualified member of the investigator’s study 
team before subject inclusion in the study. In addition, 
subjects must meet all the following inclusion criteria to 
be eligible for enrolment:
1. Planned elective unilateral total knee arthroplasty be-

cause of OA, to be performed under a standardised 
regimen of general anaesthesia, as specified in this 
protocol.

2. Evidence of a personally signed and dated informed 
consent form indicating that the subject (or a legal 
representative) has been informed of all pertinent 
aspects of the study.

3. Age above 18 years (male or female).
4. Male and female subjects of childbearing potential 

agreeing to use an effective method of contraception 
throughout the study and for 42 days after the last 
dose of the assigned treatment. A subject is of child-
bearing potential if, in the opinion of the investiga-
tors, he/she is biologically capable of having children 
and sexually active.

5. Total duration of the surgical procedure of 4 hours 
or less.

6. American Society of Anesthesiologists (ASA) grade 1 
to 3 cases.

7. Willingness and ability to comply with scheduled vis-
its, treatment plan, laboratory tests, standardised re-
habilitation scheme and other study procedures.

8. Satisfactory health as determined by the investigators 
on the basis of medical history and physical exam.

9. Sufficient psychomotor dexterity and cognitive capac-
ity to use intravenous patient- controlled analgesia.

10. Subjects residing close to the hospital may be con-
sidered in priority for convenient and sufficient 
follow- up.

Exclusion criteria
Subjects will be excluded with any of the conditions listed 
below:
1. Requirement of a revision to a previous knee arthro-

plasty and/or planned bilateral knee arthroplasties.
2. Requirement of an emergency knee arthroplasty.
3. Addiction to any NSAIDs and opioids.
4. Known hypersensitivity to COX-2 specific inhibitors, 

sulfonamides, lactose, NSAIDs, opioids or acetamin-
ophen/paracetamol; a history of asthma, urticaria or 
allergic type reactions after taking aspirin or other 
NSAIDs.

5. A history of arthritis (ie, rheumatoid arthritis, anky-
losing spondylitis, psoriatic arthritis), chronic pain 
(eg, fibromyalgia), metastasis or Paget’s disease.

6. Administration of any investigational medication 
within 30 days prior to the first dose of study med-
ication or plan to receive any investigational drug 
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other than those described in the protocol during 
the study.

7. Any known laboratory abnormality, which in the 
opinion of the investigators, would contraindicate 
study participation, including alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), blood 
urea nitrogen or creatinine ≧1.5 times the upper lim-
its of respective normal reference ranges.

8. Active malignancy of any type, or a history of malig-
nancy (cases with a history of basal cell carcinoma 
that has been successfully treated can be entered into 
the study. Those with a history of other malignancies 
that have been surgically removed, showing no evi-
dence of recurrence for at least 5 years before study 
enrolment, were also entered into the study).

9. Inflammatory bowel disease (eg, Crohn’s disease or 
ulcerative colitis), chronic or acute renal or hepatic 
disorder, a significant coagulation defect or any con-
dition which could preclude the use of NSAIDs or 
COX-2 specific inhibitors.

10. Active or suspected oesophageal, gastric, pyloric 
channel or duodenal ulceration.

11. Treatment with warfarin or other anticoagulants in 
the 30 days preceding the first dose of study medica-
tion (cardioprotective aspirin, ≦ or 325 mg/day per-
mitted, when the dose has been stable for at least a 
month prior to entering the study; anticoagulation 
is permitted when related to the surgery, with such 
medicines as low molecular weight heparin, includ-
ing Lovenox and Fragmin.

12. Anticipated or actual requirement of treatment with 
lithium.

13. ASA grade 4 to 5 cases.
14. A history of a psychiatric disorder requiring new or 

changing treatment (a subject with a stable psychiat-
ric disorder on therapy may enter the study if no ther-
apeutic changes have been required for the 4 weeks 
prior to study entry and none are anticipated for the 
2- week duration of this study).

15. A history of uncontrolled chronic disease, or a concur-
rent clinically significant illness or medical condition, 
which in the investigators’ opinion, would contra-
indicate study participation or confound data inter-
pretation, including but not limited to: uncontrolled 
hypertension, uncontrolled ischaemic heart disease, 
uncontrolled cardiac insufficiency, a history of coro-
nary artery bypass graft surgery, a history of heart valve 
surgery or coronary stent implantation, a history of 
peripheral vascular disease or cerebrovascular disease, 
moderate or severe hepatic impairment, fluid reten-
tion, heart failure and abdominal pain of unknown 
aetiology (or study medication could mask symptoms).

16. Any cognitive impairment or other characteristics 
that would in the investigator’s opinion preclude 
study participation or compliance with protocol man-
dated procedures.

17. A history of asthma or bronchospasm, requiring 
treatment with glucocorticoids.

18. A history of alcohol, analgesic or narcotic abuse.
19. Previous randomisation into the study.
20. Being a staff member of an investigational site or a 

relative to a site staff member.
21. Participation in other studies within 3 months before 

the beginning of the current trial.
22. Another severe acute or chronic medical or psychi-

atric condition, or laboratory abnormality that may 
increase the risk associated with study participation 
or investigational product administration, may inter-
fere with data interpretation based on investigators’ 
judgement or would render the subject inappropri-
ate for study enrolment.

23. Pregnancy or breastfeeding in females, or males and 
females of childbearing potential not using effective 
contraceptives or agreeing to continue effective con-
traception from screening through 42 days after the 
last dose of investigational product.

Procedures
The study consisted of three phases: an initial screening 
phase completed within 30 days prior to randomisation, 
a 6- week double- blind treatment phase and a 6- week 
follow- up phase.

In the first phase, the investigators initiated the 
required screening procedures after obtaining written 
informed consent. All eligible patients after selection by 
inclusive/exclusive criteria were assigned in the order of 
enrolment to their allocated treatment groups according 
to a computer- generated randomisation sequence.

In the second phase, after screening completion, partic-
ipants who remained eligible entered a 6- week double- 
blind randomised treatment period. All participants 
underwent standard TKA on unilateral side under general 
anaesthesia. The surgical techniques and anaesthetic 
regimen used in the four centres were the same, and have 
been described clearly in a previous report.11 Patients in 
the study group were supplied sequential treatment with 
parecoxib at 40 mg intravenously two times per day (every 
12 hours) for the first 3 days post- surgery followed by cele-
coxib at 200 mg orally two times per day (every 12 hours) 
for up to 6 weeks, while control patients were administered 
the corresponding placebo under the same instructions. 
Patient- controlled intravenous analgesia with morphine 
was administrated to all participants starting immediately 
post- anaesthesia and ending at 24 hours after operation. 
As long as oral intake is feasible, both groups may receive 
centrally acting analgesic tramadol hydrochloride in the 
oral form for rescue analgesia in case of Visual Analogue 
Scale (VAS) score ≥3. With sufficient pain management, 
patients were instructed to perform functional exercise 
according to the standardised post- TKA exercise plan.

In the third phase, a telephone safety follow- up at 12 
weeks post- surgery was conducted to record any adverse 
events that may have occurred. Altogether, there were 
10 visits for each participant. Screening was performed 
at visit 1, and the day of TKA operation was considered 
day 0. There was a visit 1 day before the operation (visit 
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2), when patient eligibility was evaluated again, and the 
visit right after the operation was visit 3. Those on days 
1, 2 and 3 post- surgery were regarded as visits 4, 5 and 6, 
respectively; then there were visits 7, 8 and 9 at 2, 4 and 6 
weeks post- surgery, respectively. The last visit, visit 10, was 
at 12 weeks post- surgery.

randomisation and blinding
All participants who met the study inclusion and exclu-
sion criteria were randomly assigned in a 1:1 ratio to the 
parecoxib/celecoxib and placebo groups, respectively. 
Allocation or randomisation was study site based.

The electronic data capture system automatically gener-
ated participant identification numbers in sequence at 
baseline, which were subsequently linked to treatment 
assignments at randomisation.

In this trial, a double- blind and imitation design was 
used to blind patients, treating physicians, investigators 
and data assessors. All study medications used in the trial 
were identical in packaging, labelling, usage schedule, 
appearance, taste and odour.

ethical review and informed consent
The benefits and risks of patient participation were 
explained to each patient, legal representative or witness 
by the investigators or their designees, and signed written 
informed consent was obtained before the trial. The trial 
was conducted in accordance with the Declaration of 
Helsinki.

Outcomes
The primary endpoint was cumulative opioid consump-
tion until 2 weeks post operation, which was calculated 
as the sum of cumulative morphine consumption over 
the first postsurgical 24 hours plus opioid consumption 
until 2 weeks post operation. The conversion equivalent 
of tramadol to morphine was estimated as 300 mg of 
tramadol equalling 20 mg of morphine.11

The key secondary endpoint was Knee Society Score 
(KSS) at 6 weeks post operation. Other secondary 
endpoints included: (1) Western Ontario and McMas-
terUniversities Osteoarthritis Index (WOMAC),12 KSS,13 
VAS score and EQ- 5D scores14 prior to operation and at 
2, 4 and 6 weeks post operation; (2) cumulative opioid 
consumption at 24 hours, 48 hours, 72 hours, 4 weeks and 
6 weeks post operation.

Exploratory endpoints included: (1) knee circumfer-
ence (measured 1 cm proximal to the base of the patella); 
(2) knee skin temperature; (3) peripheral blood, intra-
operative intra- articular fluid and postoperative drainage 
fluid cytokines, including interleukin (IL)-6, IL-8 and 
prostaglandinE2 (PGE2); (4) erythrocyte sedation rate 
(ESR) and C- reactive protein (CRP). Safety endpoints 
included the nature, incidence, duration and severity of 
adverse events (AEs). AEs occurring during and after trial 
medication discontinuation and their relationships with 
study treatment were assessed as well.

sample size calculation
The primary hypothesis of this trial was that subjects 
treated with parecoxib/celecoxib would consume less 
morphine during postoperative 2 weeks. Based on a 
previous trial,15 we determined that a total of 86 partic-
ipants per group would have a 90% statistical power in 
detecting 100 mg or more in the mean difference of 
cumulative opioid consumption on day 14 between the 
two groups, assuming a common SD of 200, and a two- 
sided α of 0.05. This would result in a total of 172 partic-
ipants. Estimating that 30% of participants would drop 
out, a sample size of 246 participants was considered to be 
adequate for this study.

statistical analysis
The statistician who conducted the analysis was blinded 
to group allocation. Summary statistics were used to 
describe the participant characteristics of the trial groups 
at baseline in the intention- to- treat (ITT) analysis set. 
The missing data of cumulative opioid consumption was 
imputed by the multiple imputation method. The results 
of multiple imputation data were used as a type of sensi-
tivity analysis for comparing cumulative opioid consump-
tion between groups.16

For primary endpoint comparison, the ITT analysis was 
performed to evaluate differences between groups, and 
effectiveanalysis population (EAP) and per- protocol (PP) 
analyses were also performed for sensitivity assessment. 
The primary endpoint did not follow the Gaussian distri-
bution, and was presented as median (IQR) and tested 
by the Mann- Whitney U test. Bonferroni correction was 
used to reduce the significance level as 0.05/6=0.0083. 
The means (95% CIs) of between- group differences of 
medians were calculated by the bootstrap method (1000 
replications). The generalised linear mixed models 
(GLMM) were also performed for the primary endpoint, 
including group, gender, age, height and weight as fixed 
covariates, and different medical centres as random 
covariates.

For comparing the secondary and exploratory 
endpoints, continuous data were presented as means 
(SDs) or medians (IQRs) as appropriate. The secondary 
endpoints were analysed by the linear mixed model 
(LMM), adjusted for gender, age, height, weight and 
different medical centres. The correlation type of 
different measurement time points was assumed as the 
first order autocorrelation. Exploratory endpoints were 
compared by the Mann- Whitney U test, and the signif-
icance level was submitted to Bonferroni correction. 
For safety endpoints, categorical data were presented 
as counts and percentages, and tested by the Pearson’s 
χ2 test or Fisher’s exact test. The 95% CIs of absolute 
risk differences between groups were calculated by the 
Newcombe- Wilson Score method.17 All statistical analyses 
were conducted with the statistical package SPSS, V.18.0 
(SPSS Inc) and R 3.4.0 software. Besides Bonferroni 
correction, statistical significance was defined as p <0.05 
with two- sided testing.
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Figure 1 Flowchart of the participants through the study. ASA, American Society of Anesthesiologists; ITT, intention- to- treat; 
NSAID, non- steroidal anti- inflammatory drug; TKA,total knee arthroplasty.

Quality control and quality assurance
During the study, the investigators or contracted agents 
performed periodic monitoring visits to ensure Good Clin-
ical Practices. The monitors reviewed all source documents 
to confirm that the data recorded on case report forms are 
accurate. The investigators and institutions allowed moni-
tors to directly access source documents for verification.

Each step was strictly performed according to the 
trial protocol. Each step of quality control of measured 

outcomes was performed according to the standard 
operating and quality control procedures.

Patient and public involvement
No patients were involved in conceiving the research 
question, setting outcome measures or in any other 
process of the study design. Nor was any patient involved 
in trial implementation, data collection, data interpre-
tation or writing of the report. There are no plans to 
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Table 1 Demographic and baseline participant 
characteristics by group (intention- to- treat analysis)

Parecoxib/celecoxib
(n=123)

Placebo
(n=123)

Demographic variables

  Age, mean (SD), y 68.52 (7.26) 67.08 (7.69)

  Male, No. (%) 29 (23.58) 20 (16.26)

  Female, No. (%) 94 (76.42) 103 (83.74)

  Height, mean (SD), cm 159.24 (7.91) 158.07 (6.16)

  Weight, mean (SD), kg 65.07 (9.49) 67.65 (11.09)

Clinical variables

  Knee circumference, 
cm

  Mean (SD) 39.89 (4.30) 40.99 (4.00)

  Median (IQR) 40.00 (37.00 to 42.00) 41.00 (38.00 to 43.70)

  Knee skin temperature, 
°C

  Mean (SD) 35.48 (1.46) 35.50 (1.46)

  Median (IQR) 36.15 (34.38 to 36.38) 36.17 (35.85 to 36.35)

  VAS Score *

  Mean (SD) 5.03 (1.84) 5.35 (1.60)

  Median (IQR) 5.00 (4.00 to 6.00) 5.00 (5.00 to 6.00)

  WOMAC score*

  Mean (SD) 42.94 (15.56) 44.62 (14.24)

  Median (IQR) 43.00 (33.00 to 54.00) 48.00 (34.00 to 55.00)

  KSS, mean (SD)*

  Mean (SD) 81.60 (27.29) 75.26 (30.81)

  Median (IQR) 81.00 (66.00 to 98.00) 76.63 (56.50 to 92.00)

  EQ- 5D score, mean 
(SD)*

  Mean (SD) 0.61 (0.19) 0.58 (0.19)

  Median (IQR) 0.66 (0.43 to 0.77) 0.62 (0.41 to 0.73)

Laboratory values

  ESR †

  Mean (SD) 16.16 (12.30) 17.21 (14.26)

  Median (IQR) 13.0 (7.0 to 21.0) 13.0 (8.0 to 22.0)

  CRP †

  Mean (SD) 3.34 (5.53) 3.14 (3.55)

  Median (IQR) 2.21 (1.10 to 3.43) 2.40 (1.23 to 3.81)

  PT

  Mean (SD) 11.58 (1.32) 11.56 (1.37)

  Median (IQR) 11.40 (10.60 to 12.60) 11.20 (10.60 to 12.50)

  APTT

  Mean (SD) 29.97 (5.51) 29.81 (5.64)

  Median (IQR) 29.70 (26.10 to 34.70) 28.80 (25.70 to 34.20)

  TT‡

  Mean (SD) 17.44 (1.98) 17.87 (2.90)

  Median (IQR) 17.30 (16.20 to 18.80) 17.60 (16.20 to 18.80)

  FIB

  Mean (SD) 3.04 (0.59) 2.95 (0.67)

  Median (IQR) 2.91 (2.58 to 3.45) 2.87 (2.46 to 3.39)

Continued

disseminate the results of the study to the subject or the 
relevant patient communities.

results
study patients and follow-up
Patient recruitment began on 1 December, 2014, and the 
study ended on 6 December, 2016. A total of 3546 partic-
ipants were screened for eligibility, and 246 patients were 
ultimately enrolled and randomised (figure 1).

The demographic and baseline characteristics of the 
randomly assigned patients who received at least one dose 
of study medication are displayed in table 1 (intention- to- 
treat set). The baseline characteristics of the two groups 
were well balanced. There were no statistical differences 
in age, height and body weight between the placebo and 
parecoxib/celecoxib groups at baseline.

Primary and secondary outcomes
In ITT analysis, cumulative opioid consumption levels 
until 2 weeks were significantly reduced in the pare-
coxib/celecoxib group compared with the placebo group 
(Z=4.849, p<0.001). The bootstrap method showed that 
the between- group median difference was 57.31 (95% 
CI 34.66 to 110.33). The results were similar in EAP 
and PP analyses (Z=6.619, p<0.001; Z=5.992, p<0.001). 
Meanwhile, longitudinal analysis by the GLMM showed a 
significant difference between the two groups (p<0.001) 
in ITT analysis. Besides, significant opioid consumption 
reductions throughout postoperative 6 weeks were also 
observed in the parecoxib/celecoxib group compared 
with the placebo group (p<0.001; table 2). Sensitivity 
analysis results from the multiple imputation data set 
also showed that the placebo group had increased opioid 
consumption compared with the parecoxib/celecoxib 
group (online supplementary table 1).

As secondary outcomes, KSS and EQ- 5D scores were 
increased at 2 weeks, 4 weeks and 6 weeks postoperatively 
in both groups. The LMM showed significant differences 
between the two groups (p=0.001 and p=0.022, sepa-
rately), with the parecoxib/celecoxib group achieving 
superior KSS and EQ- 5D scores over the placebo group 
within 6 postoperative weeks. Similarly, a significant differ-
ence between the decreasing tendencies of VAS score was 
also demonstrated between the two groups (p=0.002). 
The WOMAC index showed no significant differences 
between the two groups at the predefined time points 
(figure 2).

As for the exploratory endpoints, peripheral blood 
tests revealed that IL-6, ESR and CRP levels were signifi-
cantly reduced at postoperative 72 hours, 2 weeks and 
4 weeks in the parecoxib/celecoxib group compared 
with the placebo group. PGE2 levels in the intraopera-
tive intra- articular fluid and postoperative drainage fluid, 
and knee circumference were also significantly reduced 
at postoperative 48 hours and 72 hours in the treatment 
group compared with the placebo group. Knee skin 
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Parecoxib/celecoxib
(n=123)

Placebo
(n=123)

*Data are missing for three participants in the placebo group.
†Data are missing for two participants in the placebo group.
‡Data are missing for two participants in the parecoxib/celecoxib group and one 
participant in the placebo group.
APTT, activated partial thromboplastin time; CRP, C- reactive protein; ESR, erythrocyte 
sedation rate; FIB, fibrinogen; KSS, Knee Society Score; PT, prothrombin time; TT, 
thrombin time;VAS, Visual Analogue Scale; WOMAC, Western Ontario and McMaster 
Universities Osteoarthritis Index.

Table 1 Continued

Table 2 Cumulative opioid consumption of post operation in two groups

Parecoxib/celecoxib
Median (IQR)

Placebo
Median (IQR)

Median difference
Median (95% CI) * P value †

Intention- to- treat n=123 n=123

  24 hours 26.13 (24.00 to 32.82) 36.03 (27.63 to 52.00) 10.13 (5.50 to 20.53) <0.0001‡

  48 hours 27.55 (24.01 to 33.60) 45.80 (29.10 to 63.33) 17.74 (6.75 to 28.08) <0.0001‡

  72 hours 28.63 (24.25 to 44.00) 59.57 (29.75 to 88.00) 30.88 (9.24 to 44.27) <0.0001‡

  2 weeks§ 44.00 (26.30 to 82.50) 101.80 (42.43 to 199.67) 57.31 (34.66 to 110.33) <0.0001‡

  4 weeks 53.33 (27.17 to 107.17) 166.50 (51.53 to 255.00) 112.02 (43.12 to 150.92) <0.0001‡

  6 weeks 58.00 (30.00 to 116.67) 180.35 (51.53 to 295.00) 120.92 (57.34 to 181.81) <0.0001‡

Effective analysis 
population

n=96 n=97

  24 hours 26.50 (24.02 to 32.75) 38.25 (28.95 to 52.00) 11.95 (5.70 to 21.22) <0.0001‡

  48 hours 27.80 (24.25 to 33.20) 46.54 (29.50 to 64.67) 19.00 (7.92 to 30.32) <0.0001‡

  72 hours 28.75 (24.50 to 42.50) 66.90 (31.56 to 89.33) 37.02 (12.56 to 48.45) <0.0001‡

  2 weeks§ 42.98 (26.30 to 80.67) 133.33 (51.53 to 205.00) 88.83 (48.07 to 134.87) <0.0001‡

  4 weeks 51.09 (27.17 to 90.93) 178.42 (64.00 to 265.33) 126.72 (69.16 to 176.09) <0.0001‡

  6 weeks 56.54 (30.00 to 108.75) 190.00 (64.00 to 301.33) 137.71 (106.39 to 197.17) <0.0001‡

Per- protocol population n=84 n=71

  24 hours 26.28 (24.00 to 32.25) 37.50 (28.80 to 52.00) 12.35 (12.05 to 12.65) <0.0001‡

  48 hours 28.13 (24.24 to 34.10) 46.53 (29.87 to 63.33) 18.76 (18.43 to 19.09) <0.0001‡

  72 hours 29.51 (24.50 to 43.25) 65.67 (32.50 to 88.67) 33.08 (32.47 to 33.69) <0.0001‡

  2 weeks§ 42.98 (26.28 to 74.50) 133.33 (50.00 to 199.67) 90.95 (89.39 to 92.53) <0.0001‡

  4 weeks 48.93 (26.55 to 90.80) 173.33 (59.17 to 265.33) 124.89 (123.23 to 126.56) <0.0001‡

  6 weeks 56.54 (27.43 to 107.96) 185.33 (59.17 to 307.33) 137.83 (135.73 to 139.92) <0.0001‡

Data were presented as median (IQR) and tested by the independent Mann- Whitney U test.
*The median difference was placebo group minus parecoxib/celecoxib group, and median (95% CI) was calculated by the bootstrap method 
(1000 replications).
†The significance level was set as 0.05/6=0.0083 according to the Bonferroni correction.
‡The difference was statistically significant.
§The cumulative opioid consumption until 2 weeks post operation was the primary endpoint.

temperature was not significantly different between the 
two groups (table 3).

safety
The incidence rate of AEs was significantly lower in the 
parecoxib/celecoxib group (22.3%) compared with the 
placebo group (40.5%), and the absolute rate difference 
between the two groups was −18.22% (95% CI −30.17% to 
−6.27%; p=0.003). In addition, there were five serious AEs 
in the placebo group and zero in the parecoxib/celecoxib 

group (p=0.029). The five serious AEs included one case 
of joint stiffness, one case of stenocardia, one case of fever 
and two cases of pain. All of the serious AEs were resolved 
timely with no sequel after the proper treatment.

No significant differences were detected in AE dura-
tions or expected AEs between the two groups (table 4). 
Other types of adverse events showed no statistically 
significant differences between the two groups, except 
that hyperhidrosis, pain, fever, blood glucose and body 
temperature were increased (table 4).

DIsCussIOn
The enhanced recovery after surgery (ERAS) programme18 
has now been recognised and recommended in various 
elective surgeries.19 20 The ERAS concept aims to adopt 
standardised multimodal pathways to improve clinical 
outcomes, specifically in optimising postsurgical pain 
control and enabling early rehabilitation.19 20 Therefore, 
effective pain management with minimal systemic opioid 
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Figure 2 KSS, VAS, WOMAC and EQ- 5D6 score between 
the two groups in the effectiveanalysis population set. The 
red solid lines represent the parecoxib/celecoxib group, 
the blue dashed lines represent the control group and error 
bars represent SEs calculated separately for each time 
point. The differences between groups were tested by linear 
mixed model adjusted for the gender, age, height, weight 
and different medical centres. KSS, Knee Society Score; 
VAS, Visual Analogue Scale; WOMAC, Western Ontarioand 
McMaster Universities Osteoarthritis Index.

use is a key component of the ERAS pathway in TKA 
patients.21

Pain control
The present study demonstrated better pain control 
performance and opioid- sparing effects with the sequen-
tial analgesia. Patients in the parecoxib/celecoxib group 
not only required less morphine, but experienced greater 
pain relief compared with the placebo group at all time 
points after surgery. Since both pain and opioid- related 
symptoms can hinder the patient’s mobilisation and may 
increase the length of recovery,21 our results suggest that 
the sequential analgesia regimen with parecoxib followed 
by celecoxib is a potential excellent choice for pain relief 
and enhanced recovery.

Inflammation control
Our results also showed that peripheral blood IL-6, post-
operative drainage fluid PGE2, ESR and CRP were signifi-
cantly decreased in the parecoxib/celecoxib group. 
Previous findings22 have suggested that local inflamma-
tory reactions triggered by tissue damage not only increase 
central and peripheral pain sensitivity but also lead to 
local intensified pain, oedema and increased bleeding at 
the knee joint, which is a great challenge in postopera-
tive rehabilitation. Our present findings provide positive 
evidences that sequential use of COX-2 selective NSAIDs 
after surgery decreases surgically induced secretion of 
inflammatory mediators, reduces the incidence of fibrosis 
and the degree of local oedema, which is beneficial for 
postoperative exercises.

Opioid consumption
The decreased opioid consumption with the sequential 
analgesia provides benefits not only in reducing opioid- 
related adverse effects, but also in reducing overall treat-
ment costs. Opioid drugs are associated with various 
dose- dependent adverse symptoms.7 8 In the present 
study, we observed slightly less gastrointestinal adverse 
events in the parecoxib/celecoxib group (19.64%) 
compared with the placebo group (20.72%). Athanasakis 
et al23 demonstrated that addition of parecoxib to opioid 
leads to potential savings of €858 per patient compared 
with opioid use alone. Therefore, reduction in the occur-
rence of opioid- related adverse events can lead to savings 
on overall treatment costs.

Adverse events
Our safety data showed that the incidence and severity of 
adverse events were significantly lower in the parecoxib/
celecoxib group compared with the placebo group. 
The PRECISION trial24 demonstrated that celecoxib at 
moderate doses is non- inferior to ibuprofen or naproxen 
with regard to cardiovascular safety. The CONCERN 
trial25 concluded that in patients at high risk of both 
cardiovascular and gastrointestinal events, celecoxib 
plus proton- pump inhibitor is the preferred treatment. 
All these emerging evidences support the safety of selec-
tive NSAID drugs, and therefore the sequential analgesic 
regimen in this study.

Functional rehabilitation
This study observed significantly higher KSS and func-
tion scores of the operated knee, and better EQ- 5D 
scores within 6 weeks post- operation in the parecoxib/
celecoxib group. Theoretically, satisfactory pain manage-
ment and inflammation control are beneficial to rehabil-
itation effectiveness, quick functional recovery and high 
patient satisfaction. Malan et al26 and Desjardins et al27 
demonstrated that both parecoxib and celecoxib result in 
significantly improved recovery and patient satisfaction. 
Further well- designed trials with larger sample size and 
longer treatment period are suggested to elucidate the 
associations of NSAID use with knee function improve-
ment and patient satisfaction after TKA.

strengths
This study was, to our knowledge, the first randomised 
trial to investigate the efficacy and safety of the sequen-
tial analgesic regimen of intravenous parecoxib followed 
by oral celecoxib after TKA, assessing not only morphine 
consumption, but also pain relief, inflammation control 
and functional rehabilitation. In addition, compared 
with previous studies which attempted to observe the 
short- term effects of single NSAIDs, the present study 
showed the benefits of prolonged sequential treatment 
of parecoxib and celecoxib in medium- term recovery. 
Finally, facing the worldwide problem of opioid toler-
ance and related side effects, these data of the postop-
erative sequential regimen of NSAIDs that have been 
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Table 3 Cytokine, knee circumference and knee skin temperature of post operation in effectiveanalysis population set

Parecoxib/celecoxib(n=96) Placebo(n=97) P value*

Postoperative drainage fluid

  PGE2

  24 hours 66.55 (27.24 to 187.66) 58.40 (21.94 to 152.09) 0.743

  48 hours 600.76 (315.81 to 1022.30) 1990.64(710.50 to 5126.83) <0.001†

  72 hours 431.52 (221.37 to 819.13) 2052.73(916.46 to 4831.57) <0.001†

Peripheral blood

  IL-6

  24 hours 3.10 (2.15 to 6.53) 3.53 (2.06 to 6.60) 0.925

  48 hours 59.80 (32.85 to 105.00) 64.15 (35.50 to 131.00) 0.332

  72 hours 37.50 (23.80 to 70.30) 57.45 (28.25 to 99.60) 0.009

  2 weeks 4.53 (2.93 to 8.81) 7.81 (4.23 to 13.70) 0.001†

  4 weeks 3.49 (2.50 to 5.64) 5.52 (3.64 to 9.12) 0.002†

  6 weeks 3.50 (2.50 to 5.61) 4.08 (2.88 to 6.87) 0.177

  ESR

  72 hours 42.00 (29.00 to 57.00) 62.50 (46.00 to 80.00) <0.001†

  2 weeks 28.00 (17.50 to 50.00) 49.50 (33.00 to 63.50) <0.001†

  4 weeks 20.00 (10.00 to 33.00) 28.00 (19.00 to 41.00) 0.011

  6 weeks 17.00 (9.00 to 25.70) 19.00 (13.00 to 30.00) 0.028

  CRP

  72 hours 78.60 (56.70 to 102.00) 117.00 (76.80 to 154.20) <0.001†

  2 weeks 8.00 (3.00 to 18.00) 14.09 (4.98 to 25.00) 0.024

  4 weeks 2.85 (1.30 to 6.12) 5.39 (2.75 to 8.63) 0.006†

  6 weeks 2.68 (1.43 to 5.75) 2.56 (1.35 to 5.57) 0.701

Knee circumference

  24 hours 42.53±4.15 44.22±3.67 0.003†

  48 hours 43.12±4.28 44.43±3.73 0.024

  72 hours 43.14±4.52 44.45±4.14 0.037

  2 weeks 42.14±4.39 43.10±3.88 0.122

  4 weeks 41.33±4.30 42.55±3.98 0.057

  6 weeks 40.95±4.64 42.20±4.40 0.077

Knee skin temperature

  24 hours 36.62±1.30 37.05±1.19 0.017

  48 hours 36.58±1.11 37.03±1.00 0.003†

  72 hours 36.53±1.11 36.84±1.02 0.043

  2 weeks 36.05±1.14 35.98±1.29 0.701

  4 weeks 35.81±1.36 35.94±1.19 0.523

  6 weeks 35.56±1.49 35.71±1.35 0.501

Data were presented as median (IQR) and tested by the independent Mann- Whitney U test.
*The significance level was corrected according to the Bonferroni correction.
†The difference was statistically significant.
CRP, C- reactive protein; ESR, erythrocyte sedation rate; IL, interleukin; PGE2, prostaglandin E2.

widely accepted as clinical routine in China, may provide 
important evidence to support the incorporation of this 
strategy into the standard multimodal analgesic regimen 
of the ERAS programme in OA patients undergoing TKA.

limitations
The possible limitations of the PIPFORCE study should 
be mentioned. First, since the four study centres in 
this multicentre randomisedcontrolled trial were all in 
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Table 4 Adverse events between groups in the Safety set

Parecoxib/celecoxib
(n=112)

Placebo
(n=111)

Absolute rate
difference* (95% CI) P value

Adverse event 25 (22.32) 45 (40.54) −18.22 (−30.17 to −6.27) 0.003†

Severity degree   

  Mild 18 (16.07) 28 (25.23) −9.15 (−19.72 to 1.41) 0.091

  Moderate 7 (6.25) 12 (10.81) −4.56 (−11.87 to 2.75) 0.223

  Serious 0 (0.00) 5 (4.50) −4.50 (−8.36 to −0.65) 0.029†

Relationship with study 
treatment

  Definitely related 1 (0.89) 4 (3.60) −2.71 (−6.59 to 1.17) 0.212

  Possibly related 15 (13.39) 28 (25.23) −11.83 (−22.08 to −1.58) 0.025†

  Not related 10 (8.93) 14 (12.61) −3.68 (−11.81 to 4.44) 0.375

Duration of AE, days 1.0 (1.0 to 2.0) 1.0 (1.0 to 3.0) – 0.411

Expected AE 2 (1.79) 0 (0.00) 1.78 (−0.67 to 4.23) 0.498

Type of adverse events   

Gastrointestinal disorders 22 (19.64) 23 (20.72) −1.08 (−11.61 to 9.46) 0.841

  Constipation 0 (0.00) 1 (0.90)   

  Diarrhoea 1 (0.89) 0 (0.00)   

  Nausea 10 (8.93) 5 (4.50)   

  Vomiting 11 (9.82) 17 (15.32)   

General disorders and 
administration site conditions

0 (0.00) 10 (9.01) −9.01 (−14.34 to −3.68) 0.001†

  Hyperhidrosis 0 (0.00) 1 (0.90)   

  Pain 0 (0.00) 2 (1.80)   

  Fever 0 (0.00) 7 (6.31)   

Immune system disorders 2 (1.79) 2 (1.80) −0.02 (−3.50 to 3.47) >0.999

  Dermatitis allergic 0 (0.00) 1 (0.90)   

  Drug hypersensitivity 1 (0.89) 0 (0.00)   

  Hypersensitivity 1 (0.89) 1 (0.90)   

Investigations 0 (0.00) 5 (4.50) −4.50 (−8.36 to −0.64) 0.029†

  Blood glucose increased 0 (0.00) 1 (0.90)   

  Body temperature increased 0 (0.00) 4 (3.60)   

Musculoskeletal and connective 
tissue disorders

0 (0.00) 2 (1.80) −1.80 (−4.28 to 0.67) 0.474

  Joint ankylosis 0 (0.00) 1 (0.90)   

  Knee deformity 0 (0.00) 1 (0.90)   

Nervous system disorders 1 (0.89) 2 (1.80) −0.91 (−3.93 to 2.12) 0.994

  Dizziness 0 (0.00) 2 (1.80)   

  Headache 1 (0.89) 0 (0.00)   

Vascular disorders 0 (0.00) 1 (0.90) −0.90 (−2.66 to 0.86) 0.498

  Venous thrombosis 0 (0.00) 1 (0.90)   

Data were presented as No. (percentage) or median (IQR) and tested by X2 test or the independent Mann- Whitney U test.
*The absolute rate median differences were parecoxib/celecoxib group minus placebo group, and 95% CIs were calculated using 
Newcombe- Wilson score method.
†The difference was statistically significant.
AE, adverse event.
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mainland China, the results should be interpreted with 
caution, and further validation studies of data sets from 
other institutions outside China are required. Second, 
the PIPFORCE study did not investigate the long- term 
(eg, >3 months) effects of the sequential treatment on 
inflammation control and functional rehabilitation after 
TKA. Third, although the EAP set reached 193 partici-
pants, the PP set consisted of only 155 participants 
(placebo group 71; parecoxib/celecoxib group 84), 
which is slightly less than the precalculated 172 partici-
pants according to the above sample size estimation. 
However, these results demonstrated significant differ-
ences in the primary outcome between the two groups in 
ITT, PP and EAP analyses. Furthermore, we used the PASS 
14.0 software to calculate the post hoc sample size, when 
the cumulative opioid consumption levels until 2 weeks 
between the two groups were 139.3±93.6 and 58.2±44.3, 
respectively, only 18 participants per group could achieve 
a 90% power in detecting the difference between the 
two groups with a significance level of 0.05 (two- sided). 
Therefore, we believe that the present results have suffi-
cient power to support our conclusion. Fourth, we did 
not conduct a time- to- event modelling analysis for AE, 
such as competing risk analysis. Lastly, we used general 
anaesthesia in this study without combining regional 
anaesthesia, and it should be noted that our results could 
not be generalised in every anaesthetic technique.

summary
In conclusion, the PIPFORCE trial demonstrated that the 
sequential analgesic regimen with intravenous parecoxib 
followed by oral celecoxib for postsurgical analgesic treat-
ment requires less morphine in postoperative 2 weeks. 
Given the increasing recognition of opioid tolerance and 
related side effects as well as the emerging high quality 
evidences for cardiovascular and gastrointestinal safety 
of selective NSAIDs, sequential NSAID use could play 
a more significant role than currently known in multi-
model analgesic regimens. It should be noted that since 
the PIPFORCE trial was exclusively performed in main-
land China, these results still require further validation 
studies of data sets from other institutions outside China.
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Strengths and limitations of this study

 ► This large prospective longitudinal study reports 
12- month follow- up using a validated patient- 
reported outcome measure for health- related quality 
of life assessment.

 ► The completion rate of the study was 83% for par-
ticipants who underwent surgery.

 ► Comparisons were made with a control cohort of 
women with breast hypertrophy not undergoing 
surgery, and also to a normative female reference 
population.

 ► This was a non- randomised study design.

AbStrACt
Objectives To assess the health burden of breast 
hypertrophy and the comparative effectiveness of breast 
reduction surgery in improving health- related quality of 
life.
Design Prospective cohort study.
Setting A major public tertiary care hospital in Australia.
Participants Women with symptomatic breast 
hypertrophy who underwent breast reduction surgery 
were followed for 12 months. A comparison control cohort 
comprised women with breast hypertrophy who did not 
undergo surgery.
Interventions Bilateral breast reduction surgery for 
women in the surgical cohort.
Main outcome measures The primary outcome measure 
was health- related quality of life measured preoperatively 
and at 3, 6 and 12 months postoperatively using the 
Short Form-36 (SF-36) questionnaire. Secondary outcome 
measures included post- surgical complications.
results 209 patients in the surgical cohort completed 
questionnaires before and after surgery. 124 patients in 
the control hypertrophy cohort completed baseline and 
12- month follow- up questionnaires. At baseline, both 
groups had significantly lower scores compared with 
population norms across all scales (p<0.001). In the 
surgical cohort significant improvements were seen across 
all eight SF-36 scales (p<0.001) following surgery. Within 
3 months of surgery scores were equivalent to those of the 
normal population and this improvement was sustained at 
12 months. SF-36 physical and mental component scores 
both significantly improved following surgery, with a mean 
change of 10.2 and 9.2 points, respectively (p<0.001). 
In contrast, SF-36 scores for breast hypertrophy controls 
remained at baseline across 12 months. The improvement 
in quality of life was independent of breast resection 
weight and body mass index.
Conclusion Breast reduction significantly improved 
quality of life in women with breast hypertrophy. This 
increase was most pronounced within 3 months of surgery 
and sustained at 12- month follow- up. This improvement 
in quality of life is comparable to other widely accepted 
surgical procedures. Furthermore, women benefit from 
surgery regardless of factors including body mass index 
and resection weight.

IntrODuCtIOn
Breast reduction surgery is a common plastic 
surgery procedure and it has previously 
been shown to be effective for relieving pain 
and functional problems associated with 
breast hypertrophy,1–5 whereas conservative 
approaches to treatment such as physio-
therapy, hormonal therapy and weight loss 
have much less impact.6 7 However, despite 
clear published evidence to the contrary, 
breast reduction surgery is often regarded 
more as a cosmetic rather than a functional 
procedure by the general public and many 
medical professionals.1 8 9 This is in spite 
of the finding that breast hypertrophy is a 
chronic health problem and relief of physical 
symptoms is the primary motivator for most 
women who are pursuing breast reduction 
surgery.10

The increasing demand for breast reduc-
tion surgery and increasing pressure to 
constrain healthcare spending have led to 
lengthy waiting times and restrictions placed 
on surgery in numerous countries and juris-
dictions worldwide.4 11–15 While ‘rationing’ of 
healthcare is an essential process in public 
healthcare systems globally, it has the poten-
tial to threaten equity of access to surgical 
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treatment. Within the Australian public hospital system, 
access to breast reduction surgery for patients is ulti-
mately reliant on state and local policies.16–21 Similarly, 
in the UK, reports on the rationing of surgery by the 
National Health Service (NHS) on the basis of geograph-
ical location have resulted in a ‘postcode lottery’.22 23 In 
2018, reports from the NHS England ‘Evidence- Based 
Interventions Programme’ proposed to restrict funding 
for procedures it considers ‘unnecessary’, to save money 
and eliminate unwarranted clinical variation.24 The 
inclusion of breast reduction surgery as a ‘procedure of 
limited effectiveness’ implies that it is a marginal and low 
priority procedure in comparison to other medical inter-
ventions.25 However, labelling breast reduction surgery 
an ‘ineffective’ and ‘unnecessary’ procedure might be 
misleading and inaccurate, with little evidence to support 
this claim. Furthermore, restrictive access policies are in 
place in both public and private sectors in many countries 
and jurisdictions worldwide; often these restrictions are 
based on body mass index (BMI) or a minimum weight 
of breast resection at surgery.4 8 9 11–15 22 23 25 The validity 
of such criteria might not be evidence- based, resulting 
in women with a medical need for surgery being denied 
access to it.

The primary aim of this study was to longitudinally 
assess health- related quality of life (HRQoL) in women 
with breast hypertrophy before and after breast reduc-
tion surgery, and to compare these outcomes to control 
groups of women with breast hypertrophy not undergoing 
surgery, and also to a normative female reference popu-
lation. The Short Form-36 (SF-36) is a well- established 
indicator of patient- reported outcome for evaluating the 
burden of disease states and the outcomes of medical 
interventions and was therefore chosen as the primary 
outcome measure for this study. Second, this study aimed 
to assess the impact of patient demographics and surgical 
characteristics including, but not limited to, those 
commonly used as selection criteria for access to surgery 
and insurance coverage on preoperative HRQoL scores 
and the long- term improvement in HRQoL following 
surgery.

MethODS
Design and participants
A prospective cohort study was performed at Flinders 
Medical Centre in Adelaide, Australia. All women aged 
18 years and over with symptomatic breast hypertrophy 
who were assessed for bilateral breast reduction surgery 
between April 2007 and February 2018 were informed 
of the study. Patients who underwent breast reduction 
surgery comprised the surgery cohort. Patients who were 
referred for surgery and were placed on the waiting list 
but were not expected to undergo surgery within 12 
months comprised the controls.

All participants who consented to the study were asked 
to complete the SF-36 questionnaire at set time points. 
For the surgical patients this was preoperatively and 3, 6 

and 12 months postoperatively. For the control patients, 
the questionnaire was completed at baseline and again 
12 months after enrolment. Data including age, height, 
weight, bra cup size, health status and smoking status 
were determined for all patients at baseline and again at 
follow- up. Women who were unable to complete written 
questionnaires or were enrolled in the control group and 
had breast reduction surgery within 12 months of enrol-
ment, or who did not return study questionnaires, were 
excluded from the study.

Outcome measures
The SF-36 V.2 was used to measure the general 
HRQoL.26 This contains 36 items which assess health 
across eight subscales. Questionnaire responses were 
transformed as per the SF-36 V.2 scoring manual to 
provide the eight subscales, each with a score between 
0 and 100, with higher scores indicating better health.27 
The subscales were converted into two summary scores: 
Physical Component Summary (PCS) score and Mental 
Component Summary (MCS) score using norm- based 
methods and scoring coefficients from the Australian 
population.28 For comparison purposes, general female 
population normative scores were obtained from the 
2008 South Australian Health Omnibus Survey and 
scores weighted to correspond to the age distribution 
of the study participants.29

Sample size was determined a priori and a minimum 
sample size of 98 patients per group was calculated to 
give 80% power at a two- sided significance level of 5% 
to detect a mean difference of 10- points with an esti-
mated SD of 25- points in the SF-36 questionnaire score.

Study- specific questionnaires, which asked about time 
off work and consumption and expenditure on medica-
tions, were administered at the baseline and 12- month 
postoperative time points. Participants in the surgical 
cohort were asked postoperatively whether they would 
have the surgery again if they had their time over. Addi-
tional data were collected pertaining to the surgical tech-
nique used, and the weight of breast tissue removed. 
Hospital records were used to determine the length of 
hospital stay, number of outpatient clinic appointments 
relating to the surgery and complications leading to 
re- hospitalisation, or a further operative procedure within 
the 12 months follow- up period. A comprehensive compli-
cations checklist was completed prospectively during the 
study by the treating doctor. Three- dimensional laser body 
scanning was performed preoperatively and at 12 months 
postoperatively using a Cyberware WBX scanner (Cyber-
ware) and Cyslice software (Headus Pty Ltd). Breast and 
body volume were measured from the scan according to a 
protocol described previously.30 31

Statistical analysis
Statistical analyses were performed using SPSS V.25.0 
statistical software (IBM Corp). Descriptive statistics 
including mean, SD and 95% CI were computed for 
continuous variables. Comparisons between groups were 
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Table 1 Baseline characteristics of participants

Characteristic
Surgical cohort
(n=209)

Hypertrophy control cohort
(n=124) P value of difference*

Mean (SD; range) age (years) 42.6 (13.4; 18 to 72) 45.3 (13.1; 20 to 79) 0.079

Age group (years):

  18–24 24 (12) 12 (10)

  25–34 38 (18) 15 (12)

  35–44 64 (31) 26 (21)

  45–54 41 (20) 43 (34)

  55–64 31 (15) 21 (18)

  ≥65 11 (5) 7 (6)

Mean (SD) BMI (kg/m2) 32.7 (6.0) 32.2 (6.1) 0.468

Obesity status:

  Non- obese (<30) 71 (34) 48 (39) 0.326

  Obese (≥30) 138 (66) 74 (61)

  Missing 0 (0) 2 (0)

Smoking status:

  Non- smoker 108 (52) 78 (63) 0.243

  Current smoker 35 (17) 14 (11)

  Ex- smoker <12 months 15 (7) 5 (5)

  Ex- smoker >12 months 47 (23) 25 (20)

  Missing 4 (0) 2 (0)

Bra cup size:

  ≤D 13 (6) 4 (3)

  DD 43 (21) 13 (11)

  E 50 (24) 19 (15)

  F 46 (22) 27 (22)

  G 35 (17) 37 (30)

  ≥H 19 (10) 19 (15)

  Missing 3 (0) 5 (0)

Values are numbers (percentages) unless stated otherwise.
*Using independent samples t- test or χ2 test as appropriate.
BMI, body mass index.

made using t- tests for continuous data and χ2 tests for 
categorical data, with Fisher’s exact test as appropriate. 
Linear mixed models were used to assess the significance 
of changes in SF-36 subscale scores over multiple time 
points. For each SF-36 scale an improvement score was 
calculated using the score obtained at the last available 
assessment, with a higher score representing a greater 
improvement from baseline. Pearson correlation coef-
ficients were calculated to assess the linear association 
between SF-36 scores and baseline participant and clin-
ical characteristics; variables that showed a significant 
association were entered into the regression model. 
Candidate variables included age, BMI, preoperative 
breast volume, bra cup size, tissue resection weight 
(grams), breast asymmetry and ratio of breast to body 
volume. Variables were continuous except for bra cup 
size which was categorised into six groups as follows: 
D, DD, E, F, G and ≥H cup. Multiple linear regression 

was used to assess whether any of the collected socio-
demographic or clinical variables were associated with 
first, SF-36 PCS score at baseline, and second, with the 
change in SF-36 PCS scores from baseline to 12 months 
after surgery. Statistical significance was accepted at a p 
value of less than 0.05.

Patient and public involvement
At the design stage of the study two group meetings 
were held with women with breast hypertrophy to 
discuss their perspective on the condition, deliver 
education material and discuss this study. In addition, 
one consumer was more extensively involved with the 
design of the study and trialling different methods 
of breast volume measurement. Study results will be 
disseminated to the public through presentations and 
local health newsletter.
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reSultS
Surgical cohort
Of 251 participants who completed a baseline assess-
ment and underwent bilateral breast reduction surgery, 
209 (83.3%) completed at least one postoperative 
follow- up assessment and were included in the study 
group for analysis. Missing data were due to participants 
repeatedly not attending appointments or choosing to 
not complete and return the study questionnaires at 
some time points. Twenty- three participants formally 
withdrew from the study following surgical interven-
tion. Baseline characteristics were compared between 
participants who were lost to follow- up and those who 
completed at least one postoperative assessment. No 
difference was observed for age, BMI, tissue weight 
resected or preoperative SF-36 scales and summary 
scores except for the mental health scale, where non- 
respondents had a lower mean score of 6.8 points less 
than responders (p=0.034).

Participant demographics for the surgical cohort are 
summarised in table 1. Preoperatively, mean total breast 
volume measured by 3D laser scanner was 3391 mL 
(range 1472–9622 mL). At 12 months postoperatively, 
mean total breast volume was 2184 mL (range 963 
to 4392 mL). The mean total weight of breast tissue 
resected at surgery was 1338 g±817 g. An inferior pedicle 
breast reduction technique was the most commonly 
used approach (161/209, 77%), followed by a superior 
pedicle technique (35/209, 17%). The average hospital 
stay was 2.3 days. Fifty- nine patients (28%) experienced 
at least one surgical complication. Eight patients (3.8%) 
had subsequent procedures for revision of surgical scars 
or to correct ‘dog- ears’.

The majority of participants (204/209, 97.6%) 
responded in the postoperative questionnaire that 
they would have the surgery again, while others were 
either unsure (4/209, 1.9%) or would not have surgery 
again (1/209, 0.5%). Following surgery, participants 
on average spent less money on medications and treat-
ments (AU$26.41 vs AU$5.73 per month, p<0.001) 
and took fewer days off work (4.5 days vs 0.1 days in 
the previous 6- month period, p=0.009) when compared 
with before surgery. Using bivariate analysis, obesity was 
not associated with an increased incidence of surgical 
complications (p=0.323), with the incidence of compli-
cations in non- obese participants (17/71, 24%) and 
obese participants (42/138, 30%). Furthermore, there 
were no differences in the incidence of major complica-
tions based on obesity status.

The SF-36 was completed preoperatively and at least 
once postoperatively by 209 surgical participants; 191 
(91%) completed the postoperative questionnaires at 
3 months, 183 (88%) at 6 months and 193 (92%) at 12 
months. When compared with previously published 
age- adjusted normative data for the female Australian 
population,29 mean baseline SF-36 scores for the surgical 
cohort were significantly lower across all scales (p<0.001) 
(table 2). A comparison of mean preoperative and 

3- month postoperative SF-36 scores showed that scores 
were significantly higher across all eight SF-36 subscales 
(p<0.001) (table 2) such that they reached the level of 
the normative population (figure 1). Mean SF-36 PCS 
and MCS scores significantly improved following surgery, 
increasing by 10.2 (95% CI; 8.2 to 12.1) and 9.2 (95% CI; 
6.9 to 11.6) points, respectively (p<0.001) (figure 2 and 
online supplementary table S1). The mean change in 
SF-36 PCS and MCS scores was in excess of the developer- 
recommended 3- point minimal important difference 
(MID) threshold.32 33 SF-36 scores were stable at 6 and 
12 months post- surgery and linear mixed- model analysis 
showed no significant difference from those at 3 months 
post- surgery. The mean change in SF-36 scores from base-
line to 12 months following surgery was in excess of MID 
threshold estimates based on a rule of thumb 10- point 
change on 100- point quality of life scales34 or 0.5 SD 
default value for patient- perceived important change35 
in all eight SF-36 subscales (figure 2). SF-36 scores for 
obese women improved equally, if not greater than their 
non- obese counterparts following surgery, reaching statis-
tical significance for the physical functioning subscale 
(table 3).

breast hypertrophy control cohort
Study questionnaires were initially posted to 350 women 
with breast hypertrophy who were not scheduled for 
surgery; 160 (46%) completed and returned the ques-
tionnaires at baseline, and of these 124 responded again 
12 months later. Twenty- four of those contacted to partic-
ipate in the study underwent breast reduction surgery 
during the study time frame and were therefore excluded. 
Participant demographics for the hypertrophy control 
cohort are summarised in table 1. No significant differ-
ences were observed when comparing spending on medi-
cations and number of days off work between baseline 
and 12 months following enrolment, with both remaining 
significantly higher than postoperative surgical partici-
pants (p<0.001).

Mean baseline SF-36 scores for women in the breast 
hypertrophy control group were significantly lower than 
the normative population across all dimensions (table 2). 
At 12 months post- baseline, SF-36 scores showed no signif-
icant improvement and remained significantly lower than 
population norms (table 2) and postoperative scores for 
women in the surgical cohort (figure 2). Mean SF-36 PCS 
and MCS summary scores for women in the breast hyper-
trophy control group were significantly lower than those 
who underwent breast reduction surgery, with a mean 
difference of 10.6 (95% CI; 8.3 to 12.8) and 11.1 points 
(95% CI; 8.2 to 13.9), respectively (p<0.001) (table 2).

Comparing the improvement in hrQol with other surgical 
interventions
The improvement in SF-36 physical and mental summary 
scores in women who underwent surgery in our study was 
compared with existing studies which describe 12- month 
postoperative outcomes from other surgical interventions 
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(table 4). Breast reduction surgery provided a greater 
gain in SF-36 PCS scores than a coronary artery bypass 
graft and hernia repair and the improvement was similar 
to that experienced by patients undergoing total knee 
replacement surgery. The improvement in SF-36 MCS 
scores following breast reduction surgery exceeded that 
of all other surgical procedures.

the impact of participant characteristics on hrQol and 
benefit of surgical intervention
There was a significant positive correlation between base-
line BMI and the total amount of breast tissue resected at 
surgery. That is, as the BMI increased there was an asso-
ciated increase in the amount of breast tissue removed 
(Pearson’s r=0.641, p<0.001). When exploring baseline 
SF-36 PCS scores, a significant negative correlation was 
found between SF-36 PCS scores and age (r=−0.13), BMI 
(r=−0.30), tissue resection weight (r=−0.26), degree of 
breast hypertrophy (r=−0.28) and ratio of breast to body 
volume (r=−0.19). Multivariate linear regression of candi-
date variables against baseline SF-36 PCS scores found 
BMI to be the only variable significantly related to preop-
erative SF-36 PCS scores (R2=0.16, p<0.001). Multivariate 
regression analysis was also used to analyse predictors 
of the change in SF-36 PCS score following surgery and 
showed that improvement in SF-36 PCS scores was not 
significantly associated with any of these factors.

DISCuSSIOn
Principal findings
Findings from this study demonstrate that women with 
symptomatic breast hypertrophy have impaired quality 
of life compared with those in the general population. 
At baseline, participants in both the surgical and control 
breast hypertrophy groups scored significantly lower than 
the female general population in all SF-36 subscales, with 
pain being the most prominent. Surgical participants 
quality of life improved following breast reduction to 
such an extent that the health deficits were eliminated 
at 3 months following surgery and quality of life was 
‘normalised’ to levels equivalent to that of the general 
population across all dimensions. This normalisation 
effect was stable across 12 months follow- up. The SF-36 
health gain ranged from 14.5 to 33.1 points, and this 
exceeded the minimally important difference threshold 
estimates of one- half a SD approach35 or a rule- of- thumb 
of a 10- point change on 100- point subscales,34 supporting 
the contention that breast reduction surgery provides a 
clinically relevant health benefit.

Secondary aims of this study were to investigate factors 
that have the potential to influence the level of improve-
ment in quality of life following surgery: BMI, degree 
of hypertrophy, bra cup size, age, preoperative breast 
symmetry and weight of tissue resection at surgery. Several 
of these factors are frequently used to restrict access to 
breast reduction surgery, none of which are based on 
high- quality evidence. In our study the improvement in 
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Figure 1 Comparison of mean preoperative and postoperative Short Form-36 scores with age- standardised female population 
norms (South Australian Health Omnibus Survey).29

Figure 2 Mean change in Short Form-36 (SF-36) scores 
from baseline to 12 months for surgical and breast 
hypertrophy control groups. Error bars represent 95% CI. BP, 
bodily pain; GH, general health; MCS, mental component 
summary; MH, mental health; PCS, physical component 
summary; PF, physical function; RE, role emotional; RP, role 
physical; SF, social function, VT, vitality.

HRQoL was independent of these factors, suggesting 
that all women with symptomatic breast hypertrophy can 
benefit from this surgery regardless of commonly scru-
tinised factors. This is of clinical relevance as it highlights 
that women with a higher BMI or those with a lower 
weight of resection benefit equally and should not be 
discriminated against based on criteria- based restrictions. 
Furthermore, there was no increase in the complication 
rate in the obese participants.

Comparison with other studies
The finding that women with symptomatic breast hyper-
trophy have a considerable health deficit and impaired 
quality of life compared with women in the general 

population is supported by existing studies within the 
literature.4 14 36–39 These studies also report that surgical 
intervention provides symptomatic relief and improves 
HRQoL to levels of the general population. Our find-
ings support those of Blomqvist et al and demonstrate 
that the improvement in quality of life is stable for up to 
1 year after surgery, enabling women to return to levels of 
HRQoL that are similar to the normal population.1

Our study demonstrated that symptom relief and 
improvement in HRQoL are not impacted by BMI or 
the removal of a minimum weight of resection. This 
finding is consistent with existing studies using the SF-36; 
however, two of these studies were potentially biased due 
to the BMI restrictions on their study populations.6 40 41 
Our study also supports previous findings of no signifi-
cant difference in the complication rate based on obesity 
status.41–43 In spite of these findings access restrictions for 
breast reduction surgery are in place in many countries, 
despite a lack of supporting evidence.

The intervention effect of breast reduction surgery 
in our study was well in excess of the minimal clinically 
important difference for SF-36 PCS and MCS scores, 
which has been recommended by the developers as 
a 3- point change.32 33 The improvements in the SF-36 
PCS score at 1 year following surgery were comparable 
to those of other widely accepted surgical interventions 
such as total hip and total knee replacement,44 spinal 
fusion,45 bariatric surgery46 and coronary artery bypass 
graft surgery.47 The improvements in the mental compo-
nent score following breast reduction surgery actually 
exceeded those of all other interventions cited. Breast 
reduction surgery is a relatively inexpensive procedure, 
and the improvement in HRQoL provides evidence as 
to the comparative effectiveness of this intervention in 

 on M
arch 3, 2020 by guest. Protected by copyright.

http://bm
jopen.bm

j.com
/

BM
J O

pen: first published as 10.1136/bm
jopen-2019-031804 on 17 February 2020. D

ow
nloaded from

 



172

7Crittenden T, et al. BMJ Open 2020;10:e031804. doi:10.1136/bmjopen-2019-031804

Open access

Table 3 Comparison of mean change (95% CI) in SF-36 scores following surgery in non- obese and obese participants

SF-36 subscale
Non- obese
(n=71)

Obese
(n=138)

Difference in means
(95% CI)

P value of 
difference*

Physical function 16.1 (11.2 to 22.1) 23.4 (19.5 to 27.3) 6.8 (0.03 to 13.5) 0.050

Role physical 19.4 (12.4 to 26.3) 25.9 (21.2 to 30.5) 6.5 (−1.7 to 14.7) 0.121

Bodily pain 28.6 (22.8 to 34.5) 32.3 (27.8 to 36.9) 3.7 (−3.9 to 11.4) 0.337

General health 10.2 (6.0 to 14.3) 12.2 (8.4 to 16.0) 2.0 (−4.1 to 8.2) 0.516

Vitality 18.9 (14.8 to 23.1) 18.3 (14.2 to 22.4) −0.7 (−7.2 to 5.9) 0.842

Social function 23.6 (17.8 to 29.4) 21.9 (16.6 to 27.2) −1.7 (−10.2 to 6.8) 0.701

Role emotional 18.9 (12.8 to 25.0) 22.5 (17.2 to 27.8) 3.6 (−5.0 to 12.2) 0.409

Mental health 14.9 (11.4 to 18.5) 13.0 (9.2 to 16.9) −1.9 (−7.9 to 4.1) 0.532

Obesity status: non- obese (<30 kg/m2), obese (≥30 kg/m2).
*Using an independent t- test.
SF-36, Short Form-36.

Table 4 Mean improvement in SF-36 PCS and MCS scores between surgical interventions

Reference Surgical intervention
Preop 
PCS

Postop 
PCS ΔPCS

Preop 
MCS

Postop 
MCS ΔMCS N

This study Bilateral breast reduction 39.7 49.9 10.2 37.0 46.2 9.2 191

Pivec et al44 Total knee replacement 33.0 47.8 14.8 52.9 55.9 3.0 281

Stickles et al48 Total hip replacement 28.0 41.2 13.2 51.2 53.9 2.7 551

Muller- Nordhorn et al47 Coronary artery bypass 
grafting

36.0 43.0 7.3 45.0 50.0 4.3 412

Polly et al45 Lumbar fusion (spine) 26.6 40.0 13.4 n/a n/a n/a 1826

Rogmark et al49 Incisional hernia repair 41.6 49.5 8.1 50.2 52.3 1.7 124

Faulconbridge et al46 Bariatric surgery 37.7 46.4 8.7 43.1 45.5 2.4 36

Δ, mean change in SF-36 score from preoperative to 12 months postoperative; MCS, Mental Component Summary; N, number of 
participants; n/a, not applicable; PCS, Physical Component Summary; SF-36, Short Form-36.

relieving the health burden and the functional symptoms 
of breast hypertrophy.

Strengths and limitations of this study
A potential limitation of our study was that the partici-
pant response rate for the breast hypertrophy control 
cohort was relatively low at 46%, which may be due to 
the recruitment process via postal questionnaire. Further-
more, while the total follow- up period for this cohort 
was 12 months, the intermediate time points of 3 and 6 
months that were collected in the surgical cohort were 
not included in this cohort, although the consistency of 
outcomes at baseline and 12 months suggest that 3 and 
6 month outcomes are likely to have been similar.

The strengths of our study were the prospective design, 
the relatively large sample size and the inclusion of a 
non- surgical control sample of women with breast hyper-
trophy who were recruited from the same waiting list as 
those in the surgical cohort. In addition, the postopera-
tive outcomes described in this study included multiple 
time points over a 12- month period. In addition, our 
surgical cohort was not biased by restrictions that have 
been reported in previous studies based on a minimum 
weight of resection or BMI and therefore includes a 

broad spectrum across these variables. This is particularly 
important as it enables the accurate assessment of these 
factors as potential predictors of the change in HRQoL 
and outcomes of surgery and overcomes these limitations.

COnCluSIOnS AnD POlICy IMPlICAtIOnS
Breast hypertrophy is a painful condition which is effec-
tively treated by breast reduction surgery. The marked 
improvement in quality of life following breast reduc-
tion surgery is comparable to other widely accepted and 
approved surgical interventions. This study highlights 
that the improvement in quality of life following surgery 
is independent of traditionally used criteria based on BMI 
or a minimum weight of resection and demonstrates the 
health benefits of surgery regardless of these factors. This 
confirms the clinical effectiveness of breast reduction 
surgery and supports the contention that there is no justi-
fication for excluding women based on criteria such as 
BMI or the extent of breast hypertrophy.
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A BS TR AC T

Background

Evidence from observational studies that the use of surgical safety checklists results 
in striking improvements in surgical outcomes led to the rapid adoption of such 
checklists worldwide. However, the effect of mandatory adoption of surgical safety 
checklists is unclear. A policy encouraging the universal adoption of checklists by 
hospitals in Ontario, Canada, provided a natural experiment to assess the effective-
ness of checklists in typical practice settings.

Methods

We surveyed all acute care hospitals in Ontario to determine when surgical safety 
checklists were adopted. Using administrative health data, we compared operative 
mortality, rate of surgical complications, length of hospital stay, and rates of hos-
pital readmission and emergency department visits within 30 days after discharge 
among patients undergoing a variety of surgical procedures before and after adoption 
of a checklist.

Results

During 3-month periods before and after adoption of a surgical safety checklist, 
a total of 101 hospitals performed 109,341 and 106,370 procedures, respectively. 
The adjusted risk of death during a hospital stay or within 30 days after surgery was 
0.71% (95% confidence interval [CI], 0.66 to 0.76) before implementation of a surgi-
cal checklist and 0.65% (95% CI, 0.60 to 0.70) afterward (odds ratio, 0.91; 95% CI, 
0.80 to 1.03; P = 0.13). The adjusted risk of surgical complications was 3.86% (95% CI, 
3.76 to 3.96) before implementation and 3.82% (95% CI, 3.71 to 3.92) afterward (odds 
ratio, 0.97; 95% CI, 0.90 to 1.03; P = 0.29).

Conclusions

Implementation of surgical safety checklists in Ontario, Canada, was not associated 
with significant reductions in operative mortality or complications. (Funded by the 
Canadian Institutes of Health Research.)
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A study published in 2009 showed 
that implementation of the 19-item World 
Health Organization (WHO) Surgical Safety 

Checklist substantially reduced the rate of surgi-
cal complications, from 11.0% to 7.0%, and reduced 
the rate of in-hospital death from 1.5% to 0.8%.1 
The WHO estimated that at least 500,000 deaths 
per year could be prevented through worldwide 
implementation of this checklist.2 This dramat-
ic effect of a relatively simple and accessible in-
tervention resulted in its widespread adoption. 
In the United Kingdom, a nationwide program 
was implemented by the National Health Ser-
vice within weeks after publication of the WHO 
study,3 and almost 6000 hospitals worldwide 
are actively using or have expressed interest in 
using the checklist.4

The effect of mandatory checklist implemen-
tation is unclear. Studies of implementation have 
been observational,5-11 have been limited to a small 
number of centers,6-11 have not evaluated patient 
outcomes,8-10 or have not shown the magnitude 
of effectiveness found in the WHO study.6,7 Only 
studies including team training11-13 or a more 
comprehensive safety system that includes multi-
ple checklists14 have shown effectiveness similar 
to that seen in the WHO study.

Implementation of surgical safety checklists 
is not uniform,15,16 and performance quality may 
be lower when participation is not voluntary. In 
Ontario, a Canadian province with a population 
of more than 13 million people, the Ministry of 
Health and Long-Term Care mandated public 
reporting of adherence to surgical safety check-
lists for hospitals beginning in July 2010.17 The 
rapid implementation of surgical safety check-
lists in Ontario provided a natural experiment to 
evaluate the effectiveness of checklist implemen-
tation at the population level.

Me thods

Overview

We analyzed the outcomes of surgical proce-
dures performed before and after the adoption of 
surgical safety checklists, using population-based 
administrative health data (see the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org). The study was approved by 
the research ethics board of Sunnybrook Health 
Sciences Centre.

Surgical Safety Checklists

We contacted all 133 surgical hospitals in Ontario 
to determine when the surgical safety checklist 
was introduced (the month, if the day was not 
known), whether a special intervention or educa-
tional program was used, and the specific check-
list used (the Canadian Patient Safety Institute 
checklist, the WHO checklist, or a unique check-
list devised by the hospital). Hospitals were re-
quired to report the number of surgical proce-
dures for which a surgical safety checklist was 
used (numerator) as a proportion of the total num-
ber of surgical procedures performed (denomina-
tor) at the institution. Hospitals typically designate 
a checklist coordinator, often an operating-room 
nurse, to determine whether the checklist is com-
pleted for each surgical procedure performed.18 
Compliance with surgical safety checklists is re-
ported publicly by the Ontario Ministry of Health 
and Long-Term Care at the level of the individual 
hospital.19

Study Periods

We studied 3-month intervals for each hospital, 
one ending 3 months before the introduction of 
a surgical checklist, and one starting 3 months 
after the introduction of the checklist. We con-
ducted sensitivity analyses using different peri-
ods for comparison.

Surgical Procedures

We included all surgical procedures performed 
during each study interval. Procedure types (see 
the Supplementary Appendix) were selected on the 
basis of Canadian Classification of Health Inter-
ventions codes.20 Some patients underwent more 
than one surgical procedure in one or both peri-
ods; we limited the analysis to the first procedure 
per patient in each study interval.

Outcomes

Operative mortality, defined as the rate of death 
occurring in the hospital or within 30 days after 
surgery regardless of place, was the primary out-
come. We used administrative data to assess the 
rates of complications occurring within 30 days 
after surgery (see the Supplementary Appendix). 
We also assessed length of hospital stay, rates of 
readmission within 30 days after discharge, and 
rates of emergency department visits within 30 days 
after discharge.
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Covariates

We measured comorbidity using the resource uti-
lization bands (simplified morbidity categories) 
of the Adjusted Clinical Group system (0, nonusers; 
1, healthy users; 2, users with low morbidity; 
3, users with moderate morbidity; 4, users with 
high morbidity; and 5, users with very high mor-
bidity),21 age (0 to 17, 18 to 39, 40 to 64, and 
65 years of age or older), sex, urban or rural resi-
dence, and quintile of median neighborhood 
household income (an ecologic measure of socio-
economic status). We also assessed attributes of 
the surgical intervention: admission category (am-
bulatory or inpatient), procedure status (emergency 
or elective), and month performed.

Statistical Analysis

In analyses of the effect of checklists on surgical 
outcomes, we used generalized estimating equa-
tions to adjust for potentially confounding variables 
and to account for the clustering of observations 
within hospitals.22 We used Poisson generalized-
estimating-equation models to estimate length 
of stay for inpatient procedures and binomial 
(logistic-regression) models for other outcomes. 
Adjusted risks were estimated with the use of the 
average value of each adjustment variable in the 
study population (age, sex, procedure status [emer-
gency vs. elective], admission category [inpatient 
vs. ambulatory], urban vs. rural residence, pro-
cedure type, month of surgery, and comorbidity 
score). To explore associations between other vari-
ables and surgical outcomes, we also conducted 
analyses with adjustment for all these factors as  
well as for the patient’s neighborhood income quin-
tile. Since generalized-estimating-equation models 
did not converge for some of the infrequent surgical 
outcomes, we used generalized linear models to es-
timate the effect of checklists on surgical outcomes 
in analyses of specific surgical complications.

For each hospital, we estimated the age-, sex-, 
and month-adjusted changes in operative mortal-
ity, risk of surgical complications, length of stay, 
and risk of readmission or emergency department 
visit and plotted these values with 95% confi-
dence intervals. The effect of the checklist did 
not vary substantially according to the type of 
checklist used (Table S1 in the Supplementary 
Appendix). To determine whether enthusiasm for 
using checklists was associated with effect, we 
tested interactions between the date of checklist 

adoption and the effect on surgical outcomes, 
under the assumption that earlier adopters of 
checklists had greater enthusiasm for their use. 
A priori, we planned five subgroup analyses to ex-
plore the effect of the introduction of a surgical 
safety checklist in subgroups defined by age, sex, 
procedure status, admission category, and proce-
dure type. To test whether the effect of the check-
list varied according to subgroup, we fit a sepa-
rate generalized linear model for each subgroup 
analysis, with an interaction term specifying the 
joint effect of the checklist and the subgroup cat-
egories, adjusting for all other subgroup variables 
except those defining the subgroup analysis. All 
reported P values are two-sided. P values lower 
than 0.05 were considered to indicate statistical 
significance.

R esult s

Hospitals and Checklists

We retrieved information on the use of surgical 
safety checklists from 130 of 133 hospitals listed 
by the Ministry of Health and Long-Term Care 
as providing surgical services. Some hospitals 
did not perform procedures during the study 
period, and some multisite hospitals introduced 
the checklist at the same time at all sites and had 
a single hospital identifier, which left 101 hos-
pitals suitable for analysis. All hospitals intro-
duced a surgical safety checklist between June 
2008 and September 2010. More than a third of 
the hospitals (37) began using a checklist in 
April 2010. Ninety-two of the 101 hospitals 
 provided copies of their checklist; 79 used a Ca-
nadian Patient Safety Institute version (see the 
Supplementary Appendix), 9 used customized 
checklists, and 4 used the WHO checklist. 
Ninety-seven hospitals used a special interven-
tion or educational program for checklist imple-
mentation. Hospital-reported compliance with 
checklists was high. Almost all of the 97 large 
community hospitals reported compliance of 
99% or 100% during the period from January 
through June 2013. The lowest reported compli-
ance by a large community hospital during this 
period was 91.6%.19

The number of surgical procedures performed 
per hospital ranged from 9 to 4422 (median, 654) 
during the 3-month interval before the checklist 
was implemented and from 2 to 4522 (median, 633) 
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during the 3-month interval after implementa-
tion. During both periods, nearly 90% of proce-
dures were elective, and nearly 40% were per-
formed during inpatient hospitalizations (Table 1, 
and Table S2 in the Supplementary Appendix).

Effect of Introduction of Checklists

The adjusted risk of death in the hospital or within 
30 days after discharge was 0.71% (95% confidence 
interval [CI], 0.66 to 0.76) before and 0.65% 
(95%  CI, 0.60 to 0.70) after implementation of 
a surgical safety checklist (P = 0.07) (Table 2). 
There was a significant but small and clinically 
unimportant decrease in the adjusted length of 
stay, from 5.11 days (95% CI, 5.08 to 5.14) before 
checklist introduction to 5.07 days (95% CI, 5.04 
to 5.10) afterward (P = 0.003). There was no sig-
nificant improvement in the adjusted risk of an 
emergency department visit within 30 days after 
discharge (10.44% [95% CI, 10.26 to 10.62] be-
fore implementation and 10.55% [95% CI, 10.37 
to 10.73] afterward, P = 0.37) or of readmission 
(3.11% [95% CI, 3.01 to 3.22] and 3.14% [95% CI, 
3.03 to 3.24], respectively; P = 0.76).

The adjusted risk of surgical complications 
within 30 days after the procedure was 3.86% 
(95% CI, 3.76 to 3.96) before implementation of a 
checklist and 3.82% (95% CI, 3.71 to 3.92) after-
ward (P = 0.53). The risks of most complications 
did not differ significantly between the two pe-
riods. The only complication for which the risk 
significantly decreased was an unplanned return 
to the operating room (from 1.94% [95% CI, 1.87 
to 2.00] to 1.78% [95% CI, 1.72 to 1.85], P = 0.001). 
After introduction of a checklist, there were in-
creases in the adjusted risk of deep venous throm-
bosis (from 0.03% [95% CI, 0.02 to 0.05] to 0.07% 
[95% CI, 0.05 to 0.08], P<0.001) and ventilator 
use (from 0.08% [95% CI, 0.06 to 0.10] to 0.12% 
[95% CI, 0.10 to 0.14], P = 0.007).

In additional regression analyses of other 
determinants of surgical outcomes that also in-
cluded adjustment for income quintile, the re-
sults of checklist introduction were similar. 
Introduction of a checklist was associated with 
an odds ratio of 0.91 (95% CI, 0.80 to 1.03) for 
operative mortality (P = 0.13) and 0.97 (95% CI, 
0.80 to 1.03) for surgical complications (P = 0.29) 
(see Table S3 in the Supplementary Appendix).

Effect of Checklists in Individual Hospitals

Figure 1 shows the effect of introducing surgical 
safety checklists in individual hospitals. No hos-

pital had a significant change in operative mor-
tality after checklist introduction (Fig. 1A). Within-
hospital changes in other surgical outcomes were 
mixed (Fig. 1B, and Fig. S1A, S1B, and S1C in the 
Supplementary Appendix). For example, six hos-
pitals had significantly fewer complications after 
introduction of a checklist, whereas three had sig-
nificantly more complications (Fig. 1B).

Subgroup Analyses

The effect of checklists did not vary substantially 
according to date of adoption (before, around, or 
after April 2010) (Table S1 in the Supplementary 
Appendix), which suggests that there was no 
benefit conferred by earlier versus later adoption. 
Stratified analyses did not reveal any subgroup 
with a significant reduction in operative mortality 
associated with introduction of a surgical safety 
checklist (Fig. 2A). There was no significant re-
duction in operative mortality associated with 
checklist introduction among subgroups at higher 
risk for operative death, such as persons under-
going emergency procedures (4.51% [95% CI, 4.16 
to 4.86] before introduction and 4.12% [95% CI, 
3.77 to 4.46] afterward, P = 0.11) or inpatient pro-
cedures (1.71% [95% CI, 1.59 to 1.83] and 1.58% 
[95% CI, 1.46 to 1.69], respectively; P = 0.11). For 
surgical complications (Fig. 2B), we found inter-
actions between checklist introduction and both 
procedure type and admission category, with a 
significant increase in risk associated with check-
list use for ambulatory procedures (odds ratio, 2.55; 
95% CI, 1.61 to 4.03) but no significant effect for 
inpatient procedures (odds ratio, 0.97; 95% CI, 
0.92 to 1.02; P<0.001 for interaction). The effect 
of the checklist on length of hospital stay differed 
for elective and emergency procedures and among 
some procedure types (Fig. S2A in the Supplemen-
tary Appendix). There were no differences among 
subgroups in the effect of surgical checklist in-
troduction on the risk of readmission (Fig. S2B in 
the Supplementary Appendix). The results of sen-
sitivity analyses testing longer and shorter inter-
vals before and after checklist introduction were 
similar to the results of primary analyses.

Discussion

In contrast to other studies, our population-
based study of surgical safety checklists in Ontario 
hospitals showed no significant reduction in op-
erative mortality after checklist implementation. 
Adjusted operative mortality was 0.71% before 
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Table 1. Characteristics of the Patients.*

Characteristic
Before Checklist Introduction 

(N = 109,341)
After Checklist Introduction  

(N = 106,370)

number (percent)

Procedure status

Elective 97,040 (88.7) 93,699 (88.1)

Emergency 12,301 (11.3) 12,671 (11.9)

Admission category

Ambulatory 66,660 (61.0) 64,718 (60.8)

Inpatient 42,681 (39.0) 41,652 (39.2)

Procedure type†

Eye 21,578 (19.7) 21,471 (20.2)

Orocraniofacial 9,663 (8.8) 9,582 (9.0)

Digestive 12,867 (11.8) 13,206 (12.4)

Genitourinary 17,785 (16.3) 16,340 (15.4)

Musculoskeletal 31,381 (28.7) 30,554 (28.7)

Other 9,855 (9.0) 9,410 (8.8)

Age

0–17 yr 7,689 (7.0) 7,806 (7.3)

18–39 yr 18,955 (17.3) 18,232 (17.1)

40–64 yr 43,669 (39.9) 42,023 (39.5)

≥65 yr 39,028 (35.7) 38,309 (36.0)

Sex

Female 63,591 (58.2) 61,672 (58.0)

Male 45,750 (41.8) 44,698 (42.0)

Comorbidity score‡

0–2 5,544 (5.1) 5,450 (5.1)

3 51,935 (47.5) 49,856 (46.9)

4 32,325 (29.6) 31,457 (29.6)

5 19,537 (17.9) 19,607 (18.4)

Neighborhood income quintile§

Unknown 406 (0.4) 414 (0.4)

1 19,574 (17.9) 19,098 (18.0)

2 21,223 (19.4) 20,684 (19.4)

3 22,078 (20.2) 21,216 (19.9)

4 23,392 (21.4) 22,698 (21.3)

5 22,668 (20.7) 22,260 (20.9)

Hospital type¶

Community 77,026 (70.4) 74,817 (70.3)

Pediatric 1,808 (1.7) 1,827 (1.7)

Small 1,713 (1.6) 1,690 (1.6)

Teaching 28,794 (26.3) 28,002 (26.3)

* Percentages may not sum to 100 because of rounding. Table S2 in the Supple men tary Appendix provides a complete de-
scription of patient characteristics. Each study period was 3 months long, extending from 6 months to 3 months before 
checklist introduction and from 3 months to 6 months after checklist introduction.

† Categories are from the Canadian Classification of Interventions. The “other” category includes procedures involving 
the nervous system, respiratory system, cardiovascular system, lymphatic system, and ear.

‡ Comorbidity was assessed as the resource utilization band, a component of a six-level simplified morbidity categoriza-
tion in the Adjusted Clinical Groups system21; it is defined by health resource use, with 0 indicating nonusers and 5 in-
dicating users with very high morbidity.

§ Neighborhood income quintiles were calculated for the median household income in the neighborhood of a patient’s 
residence; 1 denotes the lowest income category, and 5 the highest.

¶ Small hospitals, as defined by the Joint Policy and Planning Commission of the Ontario Ministry of Health and Long-
Term Care, are hospitals with fewer than 50 inpatient beds and a referral population of fewer than 20,000 residents. 
Community hospitals are nonteaching hospitals.
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and 0.65% after checklist introduction. Checklist 
use did not result in reductions in risks of surgi-
cal complications, emergency department visits, 
or hospital readmissions within 30 days after 

discharge. There was a significant but small and 
not clinically relevant reduction in adjusted length 
of hospital stay (5.11 days before checklist intro-
duction and 5.07 days afterward). Surgical check-

Table 2. Surgical Outcomes before and after Introduction of a Surgical Safety Checklist.*

Outcome
Before Checklist  

Introduction
After Checklist  
Introduction P Value†

Rate of death in the hospital or within 30 days 
after discharge — % (95% CI)

Unadjusted 0.70 (0.65–0.75) 0.66 (0.61–0.71) 0.27

Adjusted 0.71 (0.66–0.76) 0.65 (0.60–0.70) 0.07

Length of hospital stay — days (95% CI)‡

Unadjusted 5.07 (5.01–5.13) 5.11 (5.05–5.17) 0.02

Adjusted 5.11 (5.08–5.14) 5.07 (5.04–5.10) 0.003

Rate of emergency department visit within 30 days 
after discharge — % (95% CI)

Unadjusted 10.28 (10.10–10.46) 10.71 (10.52–10.90) 0.001

Adjusted 10.44 (10.26–10.62) 10.55 (10.37–10.73) 0.37

Rate of readmission within 30 days after discharge 
— % (95% CI)

Unadjusted 3.08 (3.00–3.18) 3.17 (3.07–3.28) 0.21

Adjusted 3.11 (3.01–3.22) 3.14 (3.03–3.24) 0.76

Rate of complications — % (95% CI)

Unadjusted 3.80 (3.69–3.92) 3.87 (3.76–3.99) 0.41

Adjusted 3.86 (3.76–3.96) 3.82 (3.71–3.92) 0.53

Adjusted rate of specific com pli cations —  
% (95% CI)

Acute renal failure 0.10 (0.08–0.12) 0.13 (0.11–0.15) 0.08

Bleeding 0.64 (0.59–0.68) 0.63 (0.58–0.67) 0.76

Cardiac arrest 0.10 (0.08–0.12) 0.12 (0.10–0.14) 0.20

Coma 0.00 (0.00–0.01) 0.01 (0.00–0.01) 0.46

Deep venous thrombosis 0.03 (0.02–0.05) 0.07 (0.05–0.08) <0.001

Acute myocardial infarction 0.29 (0.26–0.32) 0.29 (0.26–0.32) 0.91

Ventilator use 0.08 (0.06–0.10) 0.12 (0.10–0.14) 0.007

Pneumonia 0.31 (0.27–0.34) 0.31 (0.28–0.34) 0.80

Pulmonary embolism 0.03 (0.02–0.04) 0.03 (0.02–0.04) 0.58

Stroke 0.15 (0.12–0.17) 0.16 (0.14–0.18) 0.35

Major disruption of wound 0.14 (0.12–0.16) 0.13 (0.11–0.16) 0.61

Infection of surgical site 0.61 (0.56–0.65) 0.64 (0.59–0.69) 0.30

Sepsis 0.10 (0.08–0.11) 0.09 (0.07–0.11) 0.73

Septic shock 0.05 (0.03–0.06) 0.05 (0.04–0.06) 0.83

Unplanned return to operating room‡ 1.94 (1.87–2.00) 1.78 (1.72–1.85) 0.001

Vascular graft failure 0.01 (0.00–0.02) 0.02 (0.01–0.02) 0.15

Shock 0.07 (0.06–0.09) 0.09 (0.07–0.10) 0.26

* Rates were adjusted with the use of generalized linear models for age, sex, procedure type, procedure status (emergency 
vs. elective), admission category (inpatient vs. ambulatory), rural or urban residence, month of surgery, and comorbidity 
score (assessed as the resource utilization band).

† P values are for the comparison of values before and after introduction of the checklist.
‡ The model included only inpatient hospitalizations.
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lists did not reduce the risk of operative death in 
any subgroup we studied, including high-risk 
groups such as elderly patients, patients who 
 underwent emergency procedures, and patients 
who underwent inpatient procedures.

The absence of meaningful improvements in 
outcomes after surgical checklist implementa-
tion was unexpected in light of the findings of 
studies evaluating the effects of such check-
lists.1,6,11,14 In a meta-analysis of three before-
and-after studies evaluating the effect of surgi-
cal safety checklists,5 the pooled relative risk of 
operative death was 0.57 (95% CI, 0.42 to 0.76), 
and the relative risk of complications was 0.63 
(95% CI, 0.58 to 0.67). Our inability to replicate 
these large effects cannot be explained by in-
adequate power; our study included more than 
200,000 surgical procedures in 101 hospitals.

Ontario hospitals implemented surgical check-
lists between June 2008 and September 2010 in 
response to the plan of the Ontario Ministry of 
Health and Long-Term Care to publicly report com-
pliance with use of the checklist. Self-reported 
compliance by all hospitals in the province is 
high: 92% from April through June 2010 and 
never less than 98% after June 2010.19 Although 
materials were available to assist in the implemen-
tation of surgical safety checklists in hospitals,23 
no formal team training was required before 
public reporting, and implementation was not 
standardized. Real-world compliance with check-
lists varies.24 In one hospital in the Netherlands, 
surgical safety checklists were fully completed for 
only 39% of surgical procedures after mandatory 
implementation.6 In that study, the odds ratio 
for death in the period after implementation, as 
compared with the period before implementa-
tion, was reduced only among patients who 
underwent procedures with full checklist com-
pliance (0.23; 95% CI, 0.16 to 0.33). There was 
no reduction in the odds ratio for death among 
patients for whom the checklist was partially 
completed (1.16; 95% CI, 0.95 to 1.41) or not 
completed (1.57; 95% CI, 1.31 to 1.89). Although 
selection bias probably explains much of the 
negative effect of noncompliance in hospitals 
where checklists are used, this study high-
lighted the fact that checklists are not always 
applied in a uniform manner. The absence of 
an effect of checklist implementation in our 
study may therefore reflect inadequate adher-
ence to the checklist in Ontario. The approach to 
implementation in Ontario was consistent with 

WHO recommendations25 and was similar to 
that used in many other jurisdictions.3,26-28 It is 
possible that published evidence regarding the 
efficacy of implementing checklists within hos-

D
iff

er
en

ce
 (%

)

8

4

6

2

0

−4

−6

−2

−8

B Risk of Surgical Complications

A Operative Mortality

Ontario Hospitals

D
iff

er
en

ce
 (%

)

40

20

30

10

0

−20

−10

−30
Ontario Hospitals

Figure 1. Within-Hospital Changes in Operative Mortality and Risk  
of Surgical Complications.

Each data point represents the difference in operative mortality (Panel A) 
and the risk of surgical complications (Panel B) before and after the imple-
mentation of a surgical safety checklist in one hospital, adjusted for age, 
sex, and month of surgery. Negative values indicate improvement. Hospitals 
are ordered from those with the highest values (least improvement) to those 
with the lowest values (most improvement). I bars denote 95% confidence 
intervals.
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pitals participating in safety research is not 
generalizable; the effectiveness of surgical 
checklists in typical practice settings — as in 
this study — may be more limited.

It is also possible that the surgical safety 
checklist is less effective in practice than sug-
gested by the existing literature. A Hawthorne 
effect — the tendency for some people to per-
form better when they perceive that their work 
is under scrutiny — may explain the strong ef-
fect of surgical checklists in studies in which 
hospitals were aware of the intervention under 
study. Before-and-after comparisons1 are uncon-
trolled observational designs with inherent limi-
tations, and inferences of causality should be 
made with caution.29 The effectiveness of a 
surgical safety checklist has never been shown 
in a controlled trial with randomization, de-
spite the feasibility of using cluster-randomized 
designs to test context-dependent interventions 
such as strategies for ensuring patient safety. 
Studies showing a substantial effect of a check-
list, apart from the WHO study,1 either coupled 
the checklist with extensive team training11-13 
or used an expansive checklist that covered care 
from the preoperative period to discharge from 
the hospital.14

In some of the 101 hospitals in this study, 
outcomes did change significantly — for better 
or worse — after implementation of a checklist. 
Because thousands of hospitals around the world 
have implemented surgical safety checklists, 
many will have improvements in the outcomes 
by chance alone. Hospital-based studies show-
ing improvements in outcomes after checklist 
implementation are more likely to be published 
than are negative studies (publication bias30). 
The population-based nature of our study, 
which included virtually all hospitals providing 

surgical care for the population of Ontario, al-
lowed us to obtain an estimate of the effective-
ness of surgical safety checklists that is less 
susceptible to biases from selective reporting of 
institutional experience.

Our study has a number of limitations. First, 
secular trends and major cointerventions during 
the period when checklists were introduced may 
have confounded our results. However, we used 
an analytic approach similar to that used in the 
studies that showed a significant effect of check-
lists.1,14 No other Ontario-wide interventions to 
improve surgical quality were implemented dur-
ing the study period. Since surgical outcomes 
tend to improve over time,31 it is highly unlikely 
that confounding due to time-dependent factors 
prevented us from identifying a significant im-
provement after implementation of a surgical 
checklist. Second, we used administrative data 
to assess surgical complications. Although this 
method is commonly used,32-34 it is inferior to 
prospective measurement or chart review35-37 and 
may have obscured changes in surgical complica-
tions after checklist implementation. However, 
the other outcomes studied, including operative 
mortality, length of stay, emergency department 
visits, and readmission, are less susceptible to 
misclassification in administrative data.

In conclusion, our study of the implementa-
tion of surgical safety checklists in Ontario did 
not show the striking improvement in patient 
outcomes identified in previous studies. We did 
not identify any subgroup that particularly ben-
efited from checklists. Although a greater effect 
of surgical safety checklists might occur with 
more intensive team training or better monitor-
ing of compliance, surgical safety checklists, as 
implemented during the study period, did not 
result in improved patient outcomes at the popu-
lation level. There may be value in the use of 
surgical safety checklists, such as enhanced com-
munication and teamwork and the promotion of 
a hospital culture in which safety is a high prior-
ity; however, these potential benefits did not 
translate into meaningful improvements in the 
outcomes we analyzed.

The opinions, results, and conclusions reported in this article 
are those of the authors and are independent from the funding 
sources. No endorsement by the Institute for Clinical Evaluative 
Sciences (ICES) or the Ontario Ministry of Health and Long-
Term Care is intended or should be inferred.
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Figure 2 (facing page). Odds Ratios for Operative Mor tal ity 
and Surgical Complications, Stratified According to Age, 
Sex, Procedure Status, Admission Category, and Type 
of Procedure.

Adjusted effect sizes for operative mortality (Panel A) 
and risk of surgical complications (Panel B) in each 
stratum were estimated with the use of generalized 
linear models, with adjustment for all variables shown 
except the stratification variable. For surgical complica-
tions, an odds ratio for the Eye procedure type could not 
be estimated because of the small number of events. 
P values are for the interaction between the stratification 
variable and the effect of checklist use on the outcome.
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The acute coagulopathy of trauma is a complex 
pathophysiological state that may be initiated by 
a number of factors. As an integral part of the 
‘deadly triad’, it may be perpetuated by concomitant 
acidosis and hypothermia;[1] excessive pre-hospital 

fluid resuscitation may lead to haemodilution of clotting factors 
and worsening of the coagulopathy; and exposure of tissue factor 
when endothelium or brain matter is denuded results in release 
of thromboplastins.[2] Hypoperfusion following major injury is 
associated with an increased expression of thrombomodulin, 
which binds thrombin, resulting in increased activation 
of protein C that subsequently inhibits plasminogen activator 
inhibitor, leading to increased fibrinolysis.[3]

The coagulopathy of trauma is associated with an increased 
mortality rate,[4] and the key to improving survival lies in identi-
fying and correcting early potentially reversible risk factors. 
Although traditionally hypoperfusion has been diagnosed and 
classified on the basis of clinical vital signs, occult hypoperfusion 

may occur in the presence of normal haemodynamic parameters. 
The measurement of lactate, the product of anaerobic metabo-
lism, and the surrogate base deficit (BD) are well-recognised 
markers of cellular hypoperfusion and the severity of shock,[5] 
although BD may also be elevated under aerobic conditions 
such as acute kidney injury or hyperchloraemia, both of 
which commonly occur after major trauma as a result of renal 
hypoperfusion and excessive saline-containing resuscitation 
fluids. Both lactate and BD have been extensively investigated 
in trauma patients as markers of injury severity, end-points of 
resuscitation and predictors of outcome.

Although indicating the severity of hypoperfusion, measure-
ment of lactate alone may not portray the extent of the metabolic 
acidosis. BD quantifies the extent of both anaerobic and aerobic 
acidoses and may be a better indicator of the risk of a coagulation 
disturbance. This study was undertaken to identify the correlation 
between BD, lactate and injury severity with the development of 
early-onset coagulopathy and mortality.

Background. The acute coagulopathy of trauma is associated with hypoperfusion, metabolic acidosis and an increased mortality 
rate. Biochemical markers of hypoperfusion, namely base deficit (BD) and lactate, are commonly used to assess the degree of 
hypoperfusion. Early identification of hypoperfusion and acidosis using BD and lactate may help predict the development of 
coagulopathy in trauma patients and direct therapy.
Objectives. To identify whether a correlation exists between BD, lactate, injury severity, early-onset coagulopathy and mortality.
Methods. A retrospective chart analysis was undertaken of patients transferred directly from scene to the level I trauma unit at Inkosi 
Albert Luthuli Central Hospital, Durban, South Africa, from 2007 to 2008. Patients with evidence of hypoperfusion were selected. 
Hypoperfusion was defined as a base deficit >-2 and coagulopathy as an International Normalized Ratio (INR) of >1.2. BD, lactate, 
chloride, temperature, Injury Severity Score (ISS), INR and mortality were recorded in this cohort. Student’s t-test and Fisher’s 
exact test were used for continuous and categorical variables, respectively. Correlation curves were used to determine the degree of 
association between the variables BD, lactate and ISS with respect to the INR. A p-value of <0.05 was considered statistically significant.
Results. Of the 28 patients, males (n=18) accounted for 64.3% of admissions. The mean age was 31 years (range 1 - 75 years, median 
30 years). The mechanism of injury was penetrating trauma in 5 cases (17.9%) and blunt trauma in 23 (82.1%). The median ISS 
was 24 (range 4 - 59). In 16 patients (57.1%) the INR was within normal limits, but in 12 (42.9%) it was over 1.2. There was a 
significant correlation between BD, ISS and INR (r=0.393; p=0.019 and r=0.565, respectively; p<0.001). Lactate showed a weak and 
non-significant association with the INR (r=0.232; p=0.18). There were a total of 12 deaths (42.8%) in this cohort of patients with 
biochemical evidence of hypoperfusion. There was a significant increase in mortality in patients with evidence of hypoperfusion and 
an elevated INR (75.0% v. 18.7%; p=0.006).
Conclusion. BD but not lactate correlates with the development of the coagulopathy of trauma. The ISS showed a significant 
correlation with coagulation disturbances, and the combination of hypoperfusion and coagulopathy was associated with a significant 
increase in mortality.
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Methods
The study was approved by the Biomedical 
Research Ethics Committee (BE207/09) of 
the University of KwaZulu-Natal, Durban, 
South Africa. A retrospective chart 
analysis of 75 trauma patients admitted 
directly from the scene of injury to the 
level I trauma unit at Inkosi Albert Luthuli 
Central Hospital, Durban, from 2007 to 
2008 was performed and data pertaining 
to patients with evidence of hypoperfusion 
were extracted. Hypoperfusion was defined 
as a BD >-2 (for the purpose of this study 
the symbol ‘greater than’ describes a 
more negative BD) and coagulopathy as 
an International Normalized Ratio (INR) 
of >1.2. All blood results were those taken 
on admission to the resuscitation room via 
an arterial sample. The BD was obtained 
from arterial blood gas analysis. Arterial 
lactate, chloride ion concentration and INR 
results were extracted from the Medicom 
electronic hospital laboratory database. 
Tympanic membrane temperature was 
recorded on admission to the resuscitation 
room. The Injury Severity Score (ISS) 
was computed after all injuries had been 
identified using the Abbreviated Injury 
Scale (AIS) 90 reference book. Death or 
survival was ascertained from the electronic 
hospital discharge notes. Complete data 
were available for 28 patients and were 
included in the analysis.

Student’s t-test and Fisher’s exact test 
were used for continuous and categorical 
variables, respectively. Correlation curves 
were used to determine the degree of 
association between the variables BD, 
lactate and ISS with respect to the INR. 
A p-value of <0.05 was considered 
statistically significant.

Results
Of the 28 patients, 18 were males (64.3%) 
and 10 females (35.7%). The mean age 
was 31 years (range 1 - 75 years, median 
30 years). The mechanism of injury was 
penetrating trauma in 5 cases (17.9%) and 
blunt trauma in 23 (82.1%). The median 
ISS was 24 (range 4 - 59). In 16 patients 
(57.1%) the INR was within normal 
limits, but in 12 (42.9%) it was >1.2. The 
differences in mean BD, lactate, INR, ISS, 
systolic blood pressure and temperature 
between these two groups are shown in 
Table 1.

Lactate and BD showed a strong and 
signifi  cant correlation (r=0.739; p<0.001). 
There was a moderate and significant 
correlation between BD and INR (r=0.393; 
p=0.019), and the ISS demonstrated a 
stronger significant association (r=0.565; 
p<0.001). Lactate showed a weak and 
non-significant association with the INR 
(r=0.232; p=0.18). Chloride was above 
the upper limit of normal in 17 patients 
(60.7%), although there was no significant 
difference between the coagulopathic and 
non-coagulopathic patients.

There were a total of 12 deaths (42.8%) 
in this cohort of patients with biochemical 
evidence of hypoperfusion. In the group 
with coagulopathy 9/12 (75.0%) died, 
compared with only 3/16 (18.7%) of those 
with a normal INR (p=0.006).

Discussion
Metabolic acidosis has been incriminated 
as one of the instigators of coagulation 
disturbances following injury. The BD is 
defined as the amount of milli-equivalents 
of base required to titrate a litre of blood 
to a pH of 7.4 at an arterial partial pressure 
of carbon dioxide (PaCO2) of 40 mmHg. [6] 
This measurement is unaffected by acute 
changes in PaCO2, is universally elevated in 
the presence of all pathological changes that 
induce a metabolic acidosis, and as such 
is a more reliable marker of the severity 
of the underlying metabolic state than 
pH, which will be altered by respiratory 
compensation. In the trauma setting, 
increased lactate production arises from 
anaerobic metabolism as a consequence 
of hypoperfusion, most commonly due 

to haemorrhage, but will not be affected 
by a metabolic acidosis that arises under 
aerobic conditions. Despite the fact that 
the BD not only reflects the degree of 
lactate accumulation but also provides 
a more composite view of a patient’s 
metabolic status,[6,7] lactate clearance has 
been more popular than BD as a predictor 
of mortality in the trauma population.[8] 
Davis[9] showed a strong correlation between 
BD and lactate in a porcine haemorrhagic 
shock model and concluded that the 
BD was as accurate a marker of tissue 
hypoperfusion as lactate. The admission 
BD has also been shown to correlate well 
with the ISS, development of multiple organ 
failure, length of intensive care unit and 
hospital stay, need for blood transfusions 
and mortality,[10] and a BD of ≥-6 has been 
shown to be a marker of injury severity 
and mortality in the trauma population, 
irrespective of age.[3,10,11]

Although hypoperfusion and the sub-
sequent lactic acidosis play a key role in the 
pathogenesis of the early coagulopathy of 
trauma, the addition of another mechanism 
for metabolic acidosis will accentuate the 
risk. Our results show a moderate but 
significant correlation between an elevated 
BD and coagulopathy as measured by 
the INR, but we could not demonstrate a 
similar association with lactate despite the 
BD and lactate showing a strong correlation. 
As mentioned above, the reason may lie in 
the fact that lactate only reflects an acidosis 
arising from anaerobic metabolism, whereas 
the BD is a global marker of both anaerobic 
and aerobic acidoses. In addition to (and 
as a consequence of) hypoperfusion, acute 

Table 1. Comparison of coagulopathic v. non-coagulopathic patients

Coagulopathy 
(mean±SD) 
(n=12)

No coagulopathy 
(mean±SD) 
(n=16) p-value

Lactate (mmol/l) 7.04±7.18 3.69±2.98 0.10

BD (mmol/l) -9.46±4.47 -5.82±2.50 0.011

INR 1.58±0.17 1.08±0.07 <0.001

Temperature (oC) 35.9±1.1 36.3±1.2 0.34

Systolic BP (mmHg) 110.4±41.8 122.6±27.2 0.36

ISS 32.2±16.2 17.8±9.8 0.007

SD = standard deviation; BD = base deficit; INR = International Normalized Ratio; BP = blood pressure; 
ISS = Injury Severity Score.
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kidney injury may contribute to the acidosis of injury over and above 
that from anaerobic metabolism. Hyperchloraemia is a common 
consequence of kidney injury, and although previously thought 
innocuous has a detrimental effect on outcome when combined with 
another acidosis.[12] Furthermore, hyperchloraemia may not only 
contribute to an acidotic state during renal insufficiency, but aggravate 
renal damage further by inducing renal vasoconstriction. [13,14] Given 
the incidence of hyperchloraemia in our patient population, which 
in addition to hypoperfusion may contribute to metabolic acidosis, 
acute kidney injury and coagulopathy, the BD may be a more useful 
predictor of the risk of coagulation disturbances and an indicator for 
the early use of plasma rather than clear fluids for resuscitation.

The ISS showed the strongest association with an elevated INR. 
Although hypoperfusion is undoubtedly a contributing factor in 
the coagulopathy of trauma, it is not a prerequisite. Tissue factor 
exposure has been incriminated as a major trigger mechanism,[2,15] 
and it may be assumed that a higher ISS would be associated with 
more severe tissue damage, an increase in coagulation disturbances 
and a higher mortality rate. The presence of coagulopathy at 
admission is associated with increased injury severity, length of 
hospital stay and number of organ failures and mortality,[16] and we 
have shown a statistically significant increase in mortality in our 
cohort of patients with evidence of hypoperfusion and who were 
coagulopathic on admission.

In the acute resuscitation phase, acquiring an INR result may 
take up to an hour. In the emergency setting, thromboelastometry 
has been shown to be a quick, useful method in identifying 
patients with coagulopathy and guiding transfusion requirements. 
A strong correlation has been shown between thromboelastometry 
and derangements in conventional clotting parameters, results are 
available within 10 minutes, and this simple device has now gained 
acceptance as standard of care in the severely injured.[17]

It is imperative to identify patients with acute coagulopathy early 
as this may influence outcome and resuscitation efforts. The BD 
can be obtained within minutes using a conventional blood gas 
analyser, which is available in most emergency departments, and 
has a significant association with acute coagulation disturbances. 
This finding could have far-reaching clinical applications. In 
addressing hypoperfusion in the resuscitation bay, the con-
ventional use of crystalloids or colloids could be replaced by 
the immediate use of freeze-dried plasma that would lead to 
early replenishment of clotting factors in addition to sustained 
volume expansion. The recent war in Iraq has given rise to similar 
opinions, suggesting that fresh-frozen plasma be used as the 
resuscitation fluid of choice in the acute combat setting to decrease 
additional bleeding and replenish clotting factor deficiencies.[18]

There are several limitations to our study. The sample may 
be too small in size and not fully representative of the trauma 
population. There are major discrepancies in the literature with 
regard to defining coagulopathy, and the INR value of >1.2 that 
we used may be too sensitive and overestimate the presence of 
coagulopathy in the study group. In a review by Brohi et al., four 

major studies used four different indices to define coagulopathy. [15] 
An estimate of pre-hospital fluid administration was lacking 
from our database and was not included in our assessment. Even 
considering these shortfalls, there is a growing body of evidence 
indicating that in order to improve survival in the seriously injured 
we need to address the possibility of a coagulation disturbance 
much earlier than was previously thought. The simple combination 
of BD and an estimate of the ISS will help to identify those at risk.

Conclusion
Our findings suggest that a significant correlation exists between 
BD, ISS and INR and that BD is superior to lactate in predicting 
coagulation disturbances. The combination of hypoperfusion and a 
coagulopathy at admission is associated with a significant increase 
in mortality.
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