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TOWA R D S  I N C R E AS E D  G LO BA L AVA I L A B I L I T Y O F 

S U R G I CA L EQ U I P M E N T

R O O S  M A R I E K E  O O S T I N G

The need for surgery in low- and middle-income countries (LMICs) is 
tremendous; more people die from treatable surgical conditions than 
from tuberculosis, malaria and HIV put together. A crucial barrier to 
surgical care in LMICs is the limited availability of surgical equipment, 
which results in delays and cancellations of surgeries on a daily basis. 
The overall aim of this thesis is to study the use of surgical equipment 
in LMICs, in order to understand how to increase global availability of 
surgical equipment in the future. One of the strategies that is researched 
more thoroughly, is the design of context-specific surgical equipment. 
As many areas in Africa feel the burden of limited access to surgery, we 
have used hospitals in Africa as a case study, with a main focus on Kenya.
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GLOSSARY 

ssentia  s r i a  are  ll surgical procedures that promote indi idual and public health. 
he ellwether procedures, caesarean deli ery, laparotomy and open fracture treatment, 

are o en used as a proxy for surgical systems that ha e the ability to pro ide a broad range 
of procedures .

r i a  e i ment  quipment required to perform surgery. quipment that requires a 
ba ery or electricity  that is minimally required to perform surgery included in this thesis 
was selected based on three guidelines of the orld ealth rgani ation on infrastructure 
and supplies for essential surgical care and the ersonnel, nfrastructure, rocedures, 

quipment and upply  tool . 

os ita s in o and idd e n ome o ntries s  ospitals in all countries below 
,  of ross ational ncome apita in  as identified by the orld an . his 

thesis focusses on hospitals in these countries that target the low-income group, and not 
the expensi e  hospitals that focus on the high-income group that are not a representati e 
of the hospitals ser ing the ma ority of the population.

onte t o  se  ollection of spatial-temporal factors that in uence daily use of a product 
. n this thesis, we studied aspects in uencing the context of use, such as procurement, 

training, usage, complications, maintenance and infrastructural barriers.  

onte t a  a tor  pecific aspect that in uences daily use of surgical equipment. 

onte t s e i  desi n  esign that is intendedly adapted to fit the context of use. 

onte t s e i  desi n re irements  esign requirements that are intendedly adapted 
to fit the context of use. 

Desi n ethno ra hy  ocial science research methods ea., sur eys, obser ations and 
inter iews  to understand more of the user s perception of the ob ect, en ironment, 
system, or ser ice the user is engaged with . 

ons ma es  roducts that are o en used in addition to surgical equipment that are 
intended to be used up and then replaced. 

are arts  nterchangeable part that is used to repair or replace failed parts.  

aintenan e  ro iding repair, planned pre enti e maintenance or calibration to 
equipment.

Proefschrift_21nov_zwart.indd   6Proefschrift_21nov_zwart.indd   6 21-11-19   11:5221-11-19   11:52



7

iomedi a  i ment e hni ians s  echnicians trained to perform maintenance 
on medical equipment.

iomedi a  en ineers s  ni ersity trained engineers with a bac ground in design 
and wor ow of medical equipment in hospitals. 

edi a  de i e om any  ompany which de elops and supplies hospitals with medical 
equipment, including donation agencies or nongo ernmental organi ations s .

nd ser  urgeons, nurse or  interacting with equipment on a daily basis. 

e tros r i a  nit  a e generator used for cu ng and coagulation of tissue 
during surgical procedures.

ono o ar handhe d  ccessory required in combination with the electrosurgical unit for 
cu ng and coagulation of tissue during surgical procedures. 

a aros o i  s r ery   surgical procedure that uses small incisions to access the patient s 
body requiring specific equipment, such as a laparoscope. 

. eara , eather , agander , l ire , lonso , meh , et al. lobal urgery  e idence and 

solutions for achie ing health, welfare, and economic de elopment. he ancet. ; - .

. roen , amara , ixon- ole , won , ingham , ushner .  tool and index to assess surgical capacity 

in low income countries  an initial implementation in ierra eone. orld ournal of surgery. ; - .

. emoto , ei , ato , himomura .  context-based requirements analysis method for  design. rocedia 

. ; - .

. lomberg , urrel . n ethnographic approach to design.  uman- omputer nteraction    ress; . 

p. - .
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lectrosurgical unit in a large hospital in enya 

with a patient plate stic er.

K E N YA
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perating room in a large 

hospital in enya

K E N YA
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Chapter 1

Introduction
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12

NEED FOR SURGERY 
he need for surgery in low- and middle-income countries s  is tremendous; more 

people die from treatable surgical conditions than from tuberculosis, malaria and  put 
together . ess than  of all surgeries performed are recei ed by the poorest one-
third of the world s population , . he need is greatest in frica and outh sia. n these 
areas, due to absence of surgical care, easily treatable conditions, such as appendicitis, 
hernia, fractures, and obstructed labour are fatal . 

urgery should be an integral component of national health care ser ices in all countries to 
reach the goals set for uni ersal health co erage by the orld ealth rgani ation  

 and sustainable de elopment goal  nsure health li es and promote well-being for 
all at all ages  . his is especially true since the need for surgical care in s will increase 
e en more in the future due to higher incidence of cancer, tra c in uries and cardio ascular 
diseases . he common notion that surgery is too complex and expensi e to implement 
is changing to the reali ation that surgery is a ordable , . igh-burden conditions, such 
as complications of pregnancy, in uries and surgical emergencies e.g. appendicitis , are all 
cost-e ecti e, with most surgical inter entions costing -  per disability-ad usted life 
year . his is in the same range as widely accepted global health inter entions such 
as, immuni ation programs or bed nets for pre ention of malaria . 

n high-income countries s , laparoscopic surgery has become the standard for many 
surgical conditions. he ad antages of laparoscopic surgery compared to open surgeries, 
which are especially beneficial in s, are decreased ris  of infection, decreased blood 
loss and rapid return to wor  . iagnostic laparoscopy could function as an e ecti e 
replacement of expensi e modern diagnostic procedures such as  and  in s . 

owe er, there are still ma or clinical, economic and infrastructural barriers to widespread 
implementation of laparoscopic surgery in s, for example, because of high incidences 
of ma or complications, high start-up-costs and limited a ailability of trained health care 
wor ers .  

he roots of the surgical system start in the community and primary health centres igure 
. , where health wor ers refer patients to the first le el hospital district hospitals . 
istrict hospitals should pro ide basic surgical procedures, while more speciali ed cases 

should be referred to referral hospitals that also ser e as hubs for research and training . 
n many areas, surgical care is pro ided by both the public district and referral hospitals  

and the pri ate system pri ate hospitals . ublic hospitals fall under the responsibility of 
the go ernment, in contrast to the pri ate hospitals and for- and not-for-profit pro iders 
e.g., non-go ernmental organi ations s , mission organi ations and traditional 

healers . he pri ate hospitals are in some areas the largest pro ider of surgical care .

atients see ing surgical care in s face a series of barriers, including  lac  of facilities, 
go ernment corruption and poor health system infrastructure . he largest barrier is 
the financial concern, including both direct and indirect costs. irect costs are fees for 

Proefschrift_21nov_zwart.indd   12Proefschrift_21nov_zwart.indd   12 21-11-19   11:5221-11-19   11:52
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surgery, drugs and supplies, transport and costs for hospital-stays. ndirect costs co er 
bringing a caregi er to the hospital and loss of income. ealth insurance is not yet widely 
implemented in s, or the insurance does not co er all costs, o  en resulti ng in out-of-
poc et payments directly to the hospital .

SURGICAL EQUIPMENT 
o perform surgery, health wor ers, such as surgeons, nurses and medical o   cers are 

required. lso, anaesthesia, sterili ati on, storage and maintenance are needed for the 
operati ng theatre to functi on properly. ools and surgical equipment are crucial too, as are 
running water and electricity .  crucial barrier to surgical care is the limited a ailability 
of surgical equipment in many operati ng theatres in s, which results in delays and 
cancellati ons of surgeries on a daily basis , , . imited a ailability of surgical equipment 
were found by pre ious studies in igeria , ameroon , ierra eone , omalia 

, thiopia  and alawi . ccordingly, limited a ailability of surgical equipment 
has been reported as a barrier to implementati on of laparoscopy in s . arriers to 
a ailability of medical equipment in s, include e.g., high costs, lac  of consumables 
and spare parts, and limited access to maintenance , - . edical equipment that 
is a ailable is o  en donated from s to s  or procured by hospitals in s. 

owe er, this equipment is o  en designed for use in s , which introduces challenges 
during use in s. he orld ealth rgani ati on s  riority edical e ices 

ro ect  confi rmed this mismatch between the design of medical de ices and their use in 
s . 

he barriers to a ailability of equipment occur during procurement, use, maintenance, 
and disposal. n order to design successful strategies to increase a ailability of surgical 
equipment, the root causes of percei ed barriers need to be understood. 

DESIGN OF SURGICAL EQUIPMENT
o increase global a ailability of surgical equipment, we propose that context-specifi c 

surgical equipment should be designed for use in s, as was also recogni ed by the 
ancet commission on lobal surgery , , . lthough the common percepti on of 

Figure 1.1: The diff erent categories of the surgical system in many LMICs (adapted from Meara et al. (2015)(1)).

Proefschrift_21nov_zwart.indd   13Proefschrift_21nov_zwart.indd   13 21-11-19   11:5221-11-19   11:52
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equipment being expensi e, highly engineered and not essentials in s is changing, this 
shi  came more than  years a er similar recognition was gi en to essential medicines 

.

o design context-specific surgical equipment, the context of use of surgical equipment 
should be considered  because surgical equipment cannot function without sterili ation, 
maintenance and infrastructure water and electricity , and should be used without 
complications. n addition, procurement systems and training all in uence the context of 
use. 

 large ma ority, , of the equipment included in the compendium of technologies for 
low-resource se ngs issued by the  originates from s . hich is to a large 
extend caused by a limited number of biomedical engineers and medical de ice companies 
in s. his imposes a need for biomedical engineers in s to understand the context 
of use of surgical equipment in the unfamiliar context in s , . his demands 
that a significant amount of time and money must be de oted to analysing the context 
thoroughly, before determining the context-specific design requirements .  

his thesis focusses on surgical equipment. urgical equipment is a particularly interesting 
category of medical equipment, firstly because it has a large in uence on the successful 
outcome of a surgical procedure, and secondly because, surgical equipment has a high 
turno er rate  the same de ice is used for multiple procedures on the same day. herefore, 
surgical equipment should be reliable under all circumstances and the context of use should 
be supported by the design. f the  commercially a ailable medical products that are 
especially designed for s, only  address needs other than infectious diseases , 
and only a few n  of the  medical products of the  compendium on inno ati e 
technologies for global health, are categori ed as surgical equipment . his re eals a 
large gap in design pro ects for surgical equipment. 

GOAL OF THIS THESIS
he o erall goal of this thesis is to study current use of surgical equipment in s, in 

order to understand how to increase global a ailability of surgical equipment in the future. 
ne of the strategies that is researched more thoroughly, is the design of context-specific 

surgical equipment for global surgery. 

APPROACH AND OUTLINE 
he title of this thesis, owards increased global a ailability of surgical equipment , 

represents the research of the use of surgical equipment in hospitals in s and context-
specific designs that could impact surgical practice in the future. s many areas in ub-

aharan frica feel the burden of limited access to surgery, we ha e included hospitals 
in ub- aharan frica as a case study, with a main focus on enya. re ious research has 
shown that most barriers mentioned to the use of medical equipment are o erall consistent 

, -  and we expect that findings of this thesis can be translated to other s.

Proefschrift_21nov_zwart.indd   14Proefschrift_21nov_zwart.indd   14 21-11-19   11:5221-11-19   11:52
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his thesis consists of t o main parts igure . . n the rst art, the context of use and 
barriers to surgical equipment in hospitals in ub- aharan frica are studied in order to 
understand what is required to increase a ailability. lthough, pre ious studies identified 
barriers to a ailability of equipment in s; li le is nown about the specific types of 
equipment that cause di culties and the root causes of these di culties.

his results in the following research questions
 hat is the a ailability of surgical equipment in hospitals in ub- aharan frica
 hat are the main barriers to a ailability and their root causes in hospitals in ub-

aharan frica
 hat is required to increase global a ailability of electrosurgical units s  and 

laparoscopic equipment in the future  

n the se ond art, a context-dri en design approach is presented that can be used to 
collect contextual factors when designing context-specific surgical equipment for s. n 
addition, the use of our design approach during the de elopment of an electrosurgical unit 

 and monopolar handheld for hospitals in ub- aharan frica is presented.

his results in the following research question
 hat contextual factors should be collected during a design pro ect to design 

context-specific surgical equipment for use in s
 ow to increase access to electrosurgery in s by context-dri en design  

Part 1 - Understanding the context of use of surgical equipment in 
hospitals in Sub-Saharan Africa

ha ter  presents the a ailability of and barriers to surgical equipment in hospitals in 
nine countries in ub- aharan frica. y sur eying  surgeons, we first identified the 
a ailability of  essential types of surgical equipment in three di erent hospital categories 
district, referral and pri ate . econdly, we identified reasons for limited a ailability of 

surgical equipment and for its failure. dditionally, possible solutions for context-specific 
design are presented. 

ha ter  presents the equipment ourney the ourney that surgical equipment goes 
through during its lifespan  and its phases procurement, use and disposal . e enteen 

iomedical quipment echnicians s  were inter iewed and as ed to identify barriers 
that they encounter during procurement, use and disposal. enya was used as a case study. 

e discuss the ey role of maintenance in supporting a ailability of surgical equipment and 
the root causes of di culties with spare parts and donated equipment.

n ha ter , the a ailability, procurement, training, usage, complications and maintenance 
of the electrosurgical unit and laparoscopic equipment are detailed for  countries in 

ub- aharan frica to identify gaps in the aspects that in uence the context of use of 
surgical equipment.  total of  respondents  surgeons and  s  were sur eyed. 

dditionally, maintenance records were analysed to identify what type of maintenance is 
pro ided.

Proefschrift_21nov_zwart.indd   15Proefschrift_21nov_zwart.indd   15 21-11-19   11:5221-11-19   11:52
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Part 2 - Context-specifi c designs to increase availability of surgical 
equipment in hospitals in Sub-Saharan Africa

e de eloped a context-dri en design approach to guide biomedical engineers in what 
contextual factors to collect when designing context-specifi c surgical equipment for use in 

s, that is presented in ha ter . 

ha ter  describes how we used our context-dri en design approach in practi ce during 
the design of an  and monopolar handheld for hospitals in ub- aharan frica. e 
pro ide a detailed descripti on of the context of electrosurgery in hospitals in enya; in total 

 surgeons were inter iewed and  surgical procedures were obser ed. ogether with 
the data collected during the fi eld trips that were done for the fi rst part of this thesis, a 
comprehensi e o er iew of the context of use is pro ided. n additi on, we pro ide context-
specifi c design requirements for the  and the monopolar handheld for hospitals in 

ub- aharan frica. oreo er, we present two context-specifi c designs that comply to the 
established list of requirements. 

inally, ha ter  dis sses the wor  presented in this thesis during which we bridged 
global health research and engineering principles, to show what could be encountered 
when these fi elds come together. he context of use of surgical equipment in hospitals in 

ub- aharan frica, together with how contextual factors can be used to de elop context-
specifi c surgical equipment will be described. inally, we discuss future roles of di  erent 
actors that should contribute in the process towards increased global a ailability of surgical 
equipment.

Figure 1.2. : Content of this thesis. 
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Understanding the 
context of use

PART 1
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Chapter 2

he aim of this dissertation is to study the current a ailability of surgical equipment in 
s, in order to understand how to increase global a ailability of surgical equipment 

in the future. re ious research identified barriers to a ailability of surgical equipment in 
s; howe er, li le is nown about the specific types of equipment that cause di culties 

and the root causes of these di culties. his chapter highlights the current a ailability of 
surgical equipment in  countries in ub- aharan frica and reasons why equipment is not 
a ailable. urthermore, we present a list of equipment that should be redesigned to fit the 
context of use in s according to the  surgeons who participated in this study.

osting, . ., auben, . . . ., roen, . .,  an elman, . . quipment for essential surgical care in 

 countries across frica  a ailability, barriers and need for no el design. ealth and echnology, - .

P ished as

Equipment for essential surgical care in 
9 countries in Africa: availability, barriers 

and need for novel redesign
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ABSTRACT
hortages of medical equipment in low-and-middle income countries s  ha e been 

found by se eral pre ious studies that assessed surgical capacity. o increase surgical 
capacity, there is a need to identify the a ailability of specific types of surgical equipment 
on a local, regional and national le el. 

 sur ey was conducted among surgeons a ending the annual meeting of the ollege 
f urgeons of ast, entral and outhern frica  in ecember . eneral 

information of the facilities, a ailability of surgical equipment, reasons for limited a ailability, 
daily usage of equipment and equipment that could benefit from redesign were assessed. 

orty-two respondents participated in this study, representing  indi idual healthcare 
facilities  public referrals,  public district and  pri ate for-profit and non-profit . he 
respondents wor ed in  countries in ast, entral, estern and outhern frica. 

 deficiency in a ailability of basic surgical equipment was found, especially in public 
district hospitals. lectrosurgical units, endoscopes, defibrillators, infusions pumps and 
electrocardiogram monitors were of limited a ailability. easons indicated for this limited 
a ailability were  no need, too costly, no training, no disposables and no repair. ac  of 
maintenance and old o erused equipment were identified as ma or reasons for failure of 
equipment. quipment that could benefit from redesign were for example  electrosurgical 
units, laparoscopic equipment and theatre lights. 

ailability of surgical equipment should be increased, especially in public district hospitals. 
o el context appropriate redesign that is adapted to fit the context in s could 

decrease the barriers to a ailability and to failure of surgical equipment. 
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INTRODUCTION
lobal public health initiati es ha e neglected the necessity for pro ision of surgery for 

decades. owe er, recently surgery is increasingly recogni ed as an important component 
of public health , . here is a significant disparity between surgical procedures performed 
in high-income countries s  and low-and-middle income countries s , only .  

 of the surgeries performed in the world are recei ed by the poorest one third of the 
worlds  population . he common notion that surgery is too complex and too expensi e 
to implement in public health inter entions is changing. urgery, is complex and relies on 
a ailability of equipment, howe er patients can reco er from their disease and are less 
li ely to be under continuous sur eillance for their disease in contrast to an infectious 
disease such as  . 

urgical care across ub- aharan frica is pro ided by the pri ate and the public healthcare 
sector, where the public healthcare sector is roughly subdi ided in health centres, district 
and referral hospitals. ased on the guidelines of the orld ealth rgani ation  
on essential and emergency surgical care, public district hospitals in s should ha e 
adequately equipped ma or and minor operating theatres s . hese public district 
hospitals should be able to pro ide short-term treatment of -  of all life-threatening 
conditions. ublic referral hospitals should be equipped with basic intensi e care facilities 
and should be able to pro ide all treatment that is o ered in public district hospitals with 
the addition of thoracic trauma care, complex eye surgeries and ma or gynaecological 
surgeries . o achie e the targets of the , increased wor force capacity, but 
equally important, increased a ailability of surgical equipment is required. his requires 
strategic in estments from sta eholders, such as local go ernments, biomedical engineers, 
biomedical equipment technicians s  and medical de ice companies .

he role of biomedical engineers, s and medical de ice companies in increasing 
a ailability of surgical equipment is already widely ac nowledged - . arriers unique 
to usage of medical equipment in s were identified before , and the  riority 

edical e ices ro ect  identified a mismatch between the design of medical de ices and 
the context in which medical equipment is used in s .

n entories of surgical capacity across sub- aharan frica ha e been made by di erent 
authors based on di erent surgical capacity tools  shortages of equipment were found in 

igeria , ameroon , ierra eone , omalia , thiopia , and alawi . 
owe er, there is a need to identify the mismatch of specific types of surgical equipment 

on a local, regional and national le el to plan future strategic in estments. herefore, the 
aim of this study is trifold  

 to highlight the current a ailability of surgical equipment in public district and 
referral  and pri ate for-profit and non-profit  hospitals across ub- aharan frica,

 to indicate the barriers surgeons experience on a daily basis in their e orts to assist 
in the population s health needs, and 

 to identify equipment that could benefit from context appropriate design. 
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METHOD
urgical equipment that is essential to be able to perform safe surgery on both district 

and referral le el in public, mission and pri ate hospitals was identified by re iewing the 
following two guidelines and two tools

a. the  guideline to infrastructure and supplies at arious le els of healthcare 
facilities , 

b. the  guideline for generic essential emergency equipment ,
c. the  tool for situational analysis to assess emergency and essential surgical 

care , and 
d. the  tool ersonnel, nfrastructure, rocedures, quipment and upplies tool  

to assess surgical capacity .

uidelines a and b were de eloped by the  within their global initiati e on emergency 
and essential surgical care. ools c and d are the most frequently used tools to assess surgical 
capacity globally. t was belie ed that these guidelines and tools form a comprehensi e 
basis for equipment required for essential safe surgery on both district and referral le el 
in public, mission and pri ate hospitals. ssential surgical equipment presented in these 
guidelines and tools that require ba eries or electricity were included in this study. 

ased on these four guidelines and tools a list of  equipment items essential for surgical 
care was established consisting of  oxygen concentrator, anaesthesia machine, pulse 
oximeter, suction pump, blood pressure measurement equipment, sterili er, theatre light, 
electrosurgical unit , endoscope, electrocardiogram  monitor, infusion pump, 
defibrillator and laryngoscope. 

 sur ey was de eloped to assess the a ailability of equipment required for essential 
surgical care across ub- aharan frica. he sur ey consisted of four parts  

 eneral information of each hospital name, country, number of beds, number of 
s, a ailability of surgeons and biomedical equipment technicians s .

 ailability of surgical equipment and reasons for limited a ailability no need, too 
costly, no training, lac  of spare parts, need for repair, lac  of disposables or lac  
of energy or other . articipants were as ed to indicate only the main reason for 
limited a ailability of equipment in their hospital. 

 aily use of surgical equipment and the implications of malfunctioning equipment 
to patients e.g., problems with equipment, reasons for failure of equipment, 
percentage of times surgeries are delayed or cancelled .

 aintenance, barriers during usage, and possible solutions and options for redesign 
of surgical equipment e.g., what sort of maintenance is a ailable, which equipment 
should be redesigned for more successful implementation .
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he sur ey was conducted among surgeons wor ing in frican based hospitals who 
a ended the annual meeting of the ollege f urgeons of ast, entral and outhern 

frica  in ecember .

ospitals were stratified into self-reported le els of care either public district or public 
referral or assigned as being pri ate for-profit or non-profit . o distinction between for-
profit and non-profit was made since both categories of pri ate hospitals do not fall under 
responsibility of the inistry of ealth o  in terms of budget allocations, in contrast to 
public hospitals. 

RESULTS 
 total of  surgeons a ending the conference participated. hey represented  indi idual 

hospitals,  pri ate hospitals for-profit and non-profit ,  public referral hospitals, and 
 public district hospitals able . . espondents were wor ing in  countries in ast, 
entral, estern and outhern frica  enya , ambia , thiopia , imbabwe , 
ganda , alawi , ongo , o ambique  and igeria , and  surgeons did not 

specify the country they were wor ing in.

os ita s ate ory Pri ate ission 
or ro t  non
ro t  n

P i  
n

Pri ate
n

P i  re erra  
n

P i  distri t 
n

m er o  res ondents

m er o  hos ita  eds 
or s r i a  and medi a  
ases

 , -  , -
 n

 , -

m er o  o eratin  
theatres

 , -  , -  n  , -

m er o  ersonne  
er ormin  s r ery

 , -  , -  n  , -

os ita s ith iomedi a  
e i ment te hni ians

  

*(total (median, range))

Table 2.1: General information of the respondents
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AVAILABILITY OF SURGICAL EQUIPMENT
erall, the a ailability of surgical equipment was less in public district than in pri ate 

and public referral hospitals igure . . n a erage, o erall equipment a ailability was 
indicated by .  of the respondents from pri ate hospitals, by  of the respondents 
from public district and  of the respondents from public referral hospitals. lood 
pressure measurement equipment and laryngoscopes were a ailable for all respondents. 

ll respondents wor ing in pri ate and public referral hospitals had access to anaesthesia 
machines, for public district hospitals this was . ndoscopes, defi brillators, infusion 
pumps and oxygen concentrators were of limited a ailability in public district hospitals.

Main reasons for limited availability of surgical equipment
espondents were as ed to choose between categories no need, too costly, no training, 

lac  of spare parts, need for repair, lac  of disposables or lac  of water electricity  and 
indicate the main reason why equipment was of limited a ailability within their facility. 

 total number of  reasons for limited a ailability were gi en by the  respondents. 
igure .  shows the reasons for limited a ailability of surgical equipment per hospital 

category. oo costly was indicated to be the largest reason for limited a ailability in all three 
hospital categories ranging from   to . he second most menti oned reason was 
lac  of repair - . o training and no disposables were reasons for limited a ailability 
menti oned by respondents in public district and public referral hospitals no training ranging 
from  to  and no disposables ranging from  to , respecti ely . ac  of water
electricity was menti oned by respondents from public district hospitals only . ac  of 
spare parts was not reported as a reason for limited a ailability by any of the respondents. 

Figure 2.1: Availability of surgical equipment (in percentages) indicated by the respondents (n=42).
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Problems regarding equipment and availability of maintenance 
elay and cancellati on of surgery due to malfuncti oning equipment was self-reported to be 

lower in pri ate hospitals delay and cancellati on  than in public hospitals district and 
referral  delay and cancellati on  able . .

ixty eight percent of respondents ha e access to maintenance faciliti es within their 
hospital and  of respondents ha e access to maintenance pro ided by ser ice contracts. 
en percent of respondents indicated they ha e no access to maintenance faciliti es if 

equipment brea s. ighty percent of respondents indicated that s are wor ing in their 
hospital with an a erage of .  years of training. 

ll respondents indicated that they experience failure of surgical equipment. n total  
reasons for equipment failure were self-reported. ac  of maintenance was reported the 
most as reason for failure , followed by failure due to old or o erused equipment 

. ailure as a result of limited infrastructure faciliti es mainly power outages  was 
reported by  of respondents. inally, .  of respondents reported that lac  of fi nances 
caused failure of surgical equipment. 

Figure 2.2: Reasons for limited availability of surgical equipment (86 reasons) indicated by the 42 respondents.

Pri ate ission 
n

P i  distri t
n

P i  re erra
n

De ay s r ery   -   -   - 

an e  s r ery   -   -   - 

*median (range)

Table 2.2: Percentage of delayed and cancelled surgeries per hospital category due to malfuncti oning equipment. 
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Barriers during usage and suggestion for redesign of surgical 
equipment

hirty-nine respondents responded to the question if redesign is required for the context 
they wor  in. wenty-fi e respondents  agreed that redesign of surgical equipment 
could impro e a ailability of surgical equipment in s. able .  presents barriers  
respondents encounter during usage and possible solutions and suggestions for redesign.

DISCUSSION
ur results show important deficiencies in the a ailability of basic surgical equipment 

across frica. quipment, such as defibrillators, infusion pumps, endoscopes and oxygen 
concentrators had limited a ailability in public district hospitals.

s expected, the results of our sur ey igure .  showed that pri ate and public referral 
hospitals had more surgical equipment a ailable  and , respecti ely  than public 
district hospitals . nfortunately, a ailability of surgical equipment was only described 
in literature for  public referral and pri ate hospitals in ierra eone, igeria, iberia, 

hana, ory oast, ur ina aso, uinea, iger, enegal, ogo, and ganda , , . he 

y e o  s r i a  e i ment arriers or d rin  sa e Possi e so tion  
estions or redesi n

Dri s euse of drills between 
surgery

terili e only parts that need to 
be sterile

e tros r i a  nit handhe ds esigned for single use eusable electrodes

e tros r i a  nit
heatre i hts

lectrodes brea down xx

e tros r i a  nit
heatre i hts
ta es

xpensi e spare parts obust de ices

a aros o i  e i ment imited a ailable cquisition of refurbished 
models

onitorin  de i e d rin  
anaesthesia in r ra  se n s

ac  of trained personnel
ac  of manufactures
igh costs

artner with pri ate se ngs

teri i ers imited a ailable
ower outages

utonomous  portable 
machines

tion ma hine requent brea  downs egular maintenance

heatre ta es annot be altered in height xx

ater tration ard tap water that is used 
lea es saline, so machines 
that use tap water brea  
down.

xx

XX not answered by the respondents

Table 2.3: Barriers encountered by 13 respondents during usage and possible solutions 
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results of this sur ey showed higher a ailability for endoscopes, s, pulse oximeters and 
anaesthesia machines than pre iously published data, especially for pri ate hospitals. ur 
sur ey showed that in public district hospitals n ,  had an endoscope,  had 
an ,  had an anaesthesia machine. o published data was found on a ailability of 
surgical equipment in public district hospitals to compare our sur ey data to. his indicates 
a clear need to identify a ailability of surgical equipment in public district hospitals in 
future studies.

espondents in all three hospital categories assigned high costs and no repair as ma or 
reasons for limited a ailability of equipment igure . . dditionally, all respondents 
indicated problems with failing surgical equipment in their hospital, mainly due to lac  of 
maintenance and old and o erused equipment. ac  of spare parts was not mentioned 
as a reason for limited a ailability by the respondents within this study, probably because 
surgeons might not be aware of the necessity of spare parts to maintain equipment. 

he ma ority of our respondents relied on maintenance within the healthcare facility. 
aintenance in hospitals in s relies hea ily on the s ills and nowledge of the s, 

and the a ailability of tools and access to spare parts within the hospitals, in comparison 
to s where maintenance of equipment is o en pro ided by the medical de ice 
company. trategic in estments in  training could ha e a significant impact in s. 

dditionally, a complete tool it, maintenance budget and access to technical expertise for 
example ia the internet  are required . or example, radley et al.  estimated 
that the useful lifespan of oxygen concentrators in s could reasonably exceed se en 
years when maintenance, with a low s ill and nowledge le el, and repairs for less than 

 are in place . 

he percentages of surgeries that were cancelled or delayed due to malfunctioning 
equipment was lower in pri ate hospitals than in public hospitals, which might indicate 
that the quality of the equipment is higher and that the s ills and nowledge of the s 
is be er in pri ate hospitals. uture research is required to identify the di erences in 
s ills and a ailability of tools between s in the di erent hospital categories pri ate, 
district or referral  and if they comply to the needs of the equipment required to perform 
essential surgical care. dditionally, more insight in the procurement process within the 
di erent hospital categories across ub- aharan frica is required to design successful 
implementation strategies of surgical equipment. 

ne strategy to increase the a ailability of surgical equipment could be the design and 
implementation of equipment that is adapted to fit the context in s. he context around 
surgical equipment in s di ers from s, mainly in terms of financial resources and 
access to maintenance, spare parts and consumables . he  issued a compendium 
of medical de ices especially for s to present an o er iew of de ices that are li ely to 
fit the context . xamples of context appropriate designs are the anaesthesia machines 
that ha e been brought to the mar et in s by the companies such as iamedica and 

radian health systems. 
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ur sur ey re ealed that  of respondents agreed that there is a need for design 
that is adapted to fit the context in s to increase a ailability of surgical equipment. 

esearch has shown that equipment does not necessarily need to be simpler, but should be 
adapted to fit the context in s - . ince, high costs igure .  and limited access to 
maintenance facilities igure .  and reasons why equipment fails found within this study  
were identified in this study as reasons for limited a ailability and failure of equipment, 
redesign should ta e these aspects into consideration. uggestions gi en for redesign of 
surgical equipment presented in able .  show that s could benefit from redesign 
in terms of reducing costs and by pro iding electrodes for multiple use. d ustments to 
enhance functioning of de ices during power outages were suggested for s, theatre 
lights and sterili ers.

uture re design should consider that equipment is operated in en ironments with high 
temperatures, altitudes, local oltage outlets and humidity . urthermore, manuals 
should be pro ided in the ma or local languages. y using generic parts that are easy to 
access in s, s can easily replace these parts. his would reduce the need for 
ser ice contracts with medical de ice companies that are o en based outside of s. 

his study has some limitations. irstly, the sur ey data included  respondents 
representing  indi idual hospitals. his means that some hospitals were represented by 
multiple respondents. t is expected that this has in uenced the results of the a ailability of 
equipment, especially in pri ate hospitals since  indi idual hospitals were represented by 

 respondents. owe er, no di erences in a ailability of equipment between o erlapping 
respondents were found. easons for limited a ailability did di er between respondents 
that represented the same hospital. econdly, it can be assumed that hospitals represented 
in this study had certain financial resources to let their employees a end the annual 
meeting of  in enya, which means that the hospitals represented in this study are 
not representati e for all hospitals across ub- aharan frica. his was a sur ey of surgical 
academic forum a endees, so the data of rural hospitals was under-represented. hirdly, 
all respondents were surgeons who might not be aware of the reason why equipment 
cannot be repaired. herefore, this study might underestimate the need for spare parts.

he equipment that was found to be limited a ailable, as well as reasons for limited 
a ailability and failure indicated in this study, show that there is a large need for future 
research regarding surgical equipment in s. uring our future research, di erent 
hospital categories in s will be isited to include facilities that might not be co ered in 
this study. dditionally, s iews on reasons to limited a ailability of surgical equipment 
and suggestions for re design will be researched too. espite these limitations the gap 
between hospitals  needs to pro ide safe surgery and hospitals resources is highlighted by 
this study. he a ailability of surgical equipment is ital for hospitals  capacity to pro ide 
safe surgery but also ital to wor  on retaining of surgical and anaesthesia pro iders by 
increasing their wor  satisfaction since their quality of wor  relies on this equipment.
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CONCLUSION 
his study re ealed deficiencies in the a ailability of basic surgical equipment in nine 

countries across ub- aharan frica, mainly in public district hospitals. edesign that is 
adapted to fit the context in s could decrease the reasons for limited a ailability 
and failure of equipment identified within this study. mong other equipment the , 
laparoscopic equipment, and theatre lights are identified as equipment eligible for redesign 
to increase a ailability in s. o increase a ailability of surgical equipment and increase 
surgical capacity in s collaboration between surgeons, surgical training programs, 
biomedical engineers, s and companies is highly recommended.  
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Chapter 3

hapter  identified lac  of maintenance, high costs and old and o erused equipment as 
barriers to a ailability of surgical equipment, such as electrosurgical units, infusion pumps 
and oxygen concentrators in s. o identify strategies to increase a ailability of surgical 
equipment in s, it is important to understand the root causes of these barriers. his 
chapter analyses the lifespan of surgical equipment based on in-depth inter iews with  
biomedical equipment technicians s  wor ing in  hospitals in enya. hree phases 
procurement, use and maintenance, and disposal  in the equipment ourney of surgical 

equipment are identified, and the barriers within each phase are described.

osting, . ., auben, . . . , waura, . ., adete, . ., roen, . .,  an elman, . . arriers to 

a ailability of surgical equipment in enya. Global Clinical Engineering Journal, - . 

P ished as

Barriers to availability of surgical 
equipment in Kenya: a surgical equipment 

journey approach
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ABSTRACT
he need for surgery is currently not met in ub- aharan frica, requiring both extra 

wor force and surgical equipment. urrently, there is a gap in the a ailability of surgical 
equipment which, among others, limits the pro ision of safe surgery. o design strategies to 
increase a ailability, the use of surgical equipment in this context needs to be understood. 

his study aims to   identify the di erent phases surgical equipment goes through during 
its lifespan i.e. the surgical equipment ourney  in enya, and to  identify barriers that are 
percei ed by biomedical equipment technicians s . 

e en semi-structured in-depth inter iew sessions were conducted with a total of  s 
wor ing in enya. articipants wor ed in six di erent hospitals four public, one pri ate and 
one mission . nter iews were conducted between ecember  and ecember . 

articipants were as ed to describe or draw the surgical equipment ourney and describe 
the percei ed barriers during this ourney. 

he surgical equipment ourney consists of three phases  procurement, usage, and disposal. 
ta eholders in ol ed in the surgical equipment ourney are users, s, procurement 

o cers, local distributors and in case of donations, donation agencies. ureaucracy during 
procurement, di culties to obtain consumables and spare parts especially for donated 
equipment , cleaning with hea y chemicals, and usage in challenging en ironments were 
identified as barriers during the surgical equipment ourney.

 ustainable inter entions at multiple organi ational le els are required to optimi e the 
surgical equipment ourney in hospitals in enya. i erent strategies that can be applied 
in parallel to increase a ailability of surgical equipment in enya were identified by the 
participants in this study  policies on donations, procurement of durable equipment, more 
well-trained s and uni ersity-trained biomedical engineers, and designs and business 
models that fit the local use in enya and presumably other countries in ub- aharan frica.
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INTRODUCTION
urgery requires human resources, equipment, medicines, and an organi ed infrastructure. 
e eral authors ha e already indicated gaps in the a ailability of surgical equipment in low- 

and middle-income countries s  such as alawi, ierra eone, igeria, ameroon, 
omalia, and thiopia - . he gap in a ailability of surgical equipment is a large 

contributor to the unmet need of surgical care in these countries .  large e idence-
based study performed by u e ni ersity estimated that for example up to  of 
equipment a ailable in hospitals in s is not usable .  report of the orld ealth 

rgani ation, anaging the mismatch , identified that consumables, spare parts, and 
other support systems are o en limited in s, resulting in equipment being una ailable 

. he local use is not always considered during donation of equipment. or example, 
owie et al.  described a case study in ambia where the lifespan of donated oxygen 

concentrators did not exceed  minutes where this could be -  years in s  because 
of the wrong oltage and frequency to match the electricity networ  in ambia, leading to 
o erheating .

imited access to maintenance, spare parts, and inappropriate donations ha e been 
documented before as barriers to functioning equipment in s - . owe er, to 
design successful strategies to increase a ailability of surgical equipment, the root causes 
of these problems need to be understood. nstallation and maintenance of equipment 
are o en pro ided by biomedical equipment technicians s , which ma es their 
perspecti e on surgical equipment ery aluable. 

o understand the barriers to a ailability and functioning surgical equipment in s, the 
situation in enya is used as a case study. his study aims firstly, to identify the surgical 
equipment ourney the di erent phases surgical equipment goes through during its 
lifespan , and secondly, to identify the barriers that are percei ed by s during the 
di erent phases.  

METHOD
emi-structured in-depth inter iew sessions were conducted during hospital isits in 
enya with s. nter iews were conducted from ecember  to ecember . 
articipants selection was done by snowball sampling. articipants were instructed that 

equipment, such as electro surgical units s , monitors, operating theatre lights, 
sterili ers and anaesthesia machines were identified as surgical equipment in this study. ll 
inter iews were done in nglish. 

ach session consisted of two parts in which participants were as ed to describe
 the di erent phases surgical equipment goes through during its lifespan within 

their hospital and which sta eholders are in ol ed in each phase, 
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 how the following concepts relate to the surgical equipment ourney within their 
hospital  the supply chain, procurement, sterili ation cleaning, donation, policies, 
disposal, design, maintenance, costs, mis-use, hidden costs, lac  of infrastructure, 
spare parts, usage, management of equipment, training, and disposables.

his study was appro ed by the human research ethics commi ee of the el  ni ersity of 
echnology and informed consent was obtained from all participants.

Data analysis
he inter iews were recorded and transcribed. ata was analysed with  . he 

concepts discussed during the inter iews were used for coding the transcripts. 

RESULTS 
n total,  s participated from six di erent hospitals able . . er se en sessions 

data saturation was reached. ession  and  were in the same hospital.

Equipment journey
articipants within this study identified three phases within the surgical equipment ourney  

procurement, use and maintenance, and disposal igure . . ta eholders that were 
identified in the equipment ourney were  the user, the , the procurement o cer, 
local distributors of the medical de ice company, and in the case of donations, the donation 
agency. he user refers to the healthcare wor er nurse, surgeon, etc.  who operates 

ession n m er m er o   
d rin  session

y e o  hos ita ender d ation e e

ublic hospital emale igher le el diploma

ission hospital ale iploma

ri ate hospital ale iploma

ublic hospital ale iploma

ublic hospital ll male x iploma
x igher-le el diploma
x ertificate

ublic hospital x female, 
x male

 x iploma
 x igher le el diploma 

ublic hospital ll male ll diploma

# Surgical care in Kenya is provided by public, mission (non-profit) and private hospitals. The public care system 
consists of four national hospitals (Level 6) that fall under the responsibility of the national government, the county 
(Level 5) and sub-county hospitals (Level 4) fall under responsibility of the 47 county governments (14). 
*Certificate includes 1 year of training, diploma 3 years of training, and higher-level diploma 5 years of training 
at a technical college in Kenya

Table 3.1: Participants’ characteristics during each interview session
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the equipment. s are responsible for maintenance and the procurement o   cer is 
responsible for procurement. onati on of equipment to a hospital can be organi ed by 
either a foreign hospital, s e.g. , or a foreign go ernment. 

Procurement phase
ll parti cipants indicated the following procurement process  when a health care wor er 

a user in the equipment ourney  requires new equipment, a need assessment is done by 
the user and the procurement o   cer. hen the need is defi ned, the s are consulted 
to defi ne the equipment specifi cati ons. herea  er, a tender request is placed in the local 
newspaper and on the hospital s website for local distributors or medical de ice companies 
to respond. ll public hospitals are obliged to procure by tenders. he highest referral le el 

Figure 3.1: The surgical equipment journey according to BMETs in Kenyan hospitals.
- User: healthcare worker (e.g., nurse, surgeon) using the equipment
- Biomedical Equipment Technician (BMET): responsible for maintaining the equipment
- Procurement offi  cer: responsible for procuring the equipment
- Local distributor: local agent of the medical device company
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hospitals e el  can organi e their own tender process, all other public hospitals organi e 
this process ia the county go ernment. ri ate and mission hospitals use tenders too, but 
they can also procure directly from the local distributor or the medical de ice company. 

he bureaucracy within the procurement phase, which ma es it a ery time-consuming 
process, was mentioned in all  inter iew sessions. he procurement commi ee comes 
together to analyse the bidders and will o en award the lowest bidder that meets all the 
specifications. 

‘To get a new electrosurgical unit took up to 4 months. We have to make a request, 
set up specifications, this is taken to the supply department who puts it in the local 
newspaper. The bidders get 2 weeks to respond. After 2 weeks we sit down for an 
evaluation, after which we write a report to the CEO advising which company to 
award. Than the award letter is made and then we have to wait for the supplier. Then 
the problems at importing it into the country starts, delays often happen at customs.’ 
Session 7 

‘It is often a challenge to know what the market value of equipment is. Sometimes we 
budgeted for 1000 dollars, but the good equipment is 2000 dollars, that is also why 
we end up with cheaper inappropriate equipment. The procurement law states that 
the lowest price that suits the specifications wins. European equipment is often too 
expensive to win.’ Session 6

‘We also check what the hospital’s history with a company is. If the company did 
a good training and has good support they are rated higher during the tendering 
process.’ Session 7 

‘Some equipment is really cheap, but when it breaks it is difficult to repair and then we 
have to buy new ones’ Session 2

lthough the system for procurement is in place, a lot of surgical equipment is o en 
recei ed by donations. onations can either be organi ed ia the county go ernment or are 
directly sent to the recei ing hospital. he pri ate hospital isited during this study did not 
recei e any donations, whereas one of the mission hospitals obtained equipment mostly 
by donation, o en organi ed by the expat surgeons wor ing in the hospital. he public 
hospitals  equipment was recei ed by both donation and procurement.  

efore the new equipment can be used and maintained next phase , training is needed. 
he di culty to recei e appropriate usage and maintenance training by the medical 

de ice company was identified as a large barrier too, and was mentioned during  of the  
inter iew sessions. ne participant stated  

‘We have received on-site training given by the medical device company. However, 
information is often quite limited. Often, we cannot open a machine to do 
troubleshooting because they come in with a new machine. We would recommend 
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that we can train on models that can be opened up and were we can trouble shoot to 
learn what to do in case of an error.’ Session 7

Use and Maintenance phase
quipment is used by arious healthcare wor ers e.g., surgeons, nurses or medical o cers  

in the operating theatre . any types of surgical equipment require accessories to 
perform surgery; these can either be consumables one-time use  or reusable parts. 

ccessories need to be cleaned and sterili ed a er usage, which is most o en done by the 
sterili ation department. owe er, participants within this study explained that some parts 
for example, accessories of the electrosurgical unit  are cleaned in the  complex with 

hea y chemicals e.g. cidex . quipment, such as, electrosurgical units and anaesthesia 
de ices are o en stored in the  or in the corridors between the s. hese de ices are 
cleaned by the cleaning sta , o en also with hea y chemicals.  

urgical equipment can either be out of ser ice because of a brea down or because 
of planned pre entati e maintenance . epairs and s are done by the  
department within all hospitals in this study. pare parts, tools, and manuals are required 
to eep equipment functioning. pare parts can refer to power boards or displays that need 
to be replaced when they are bro en, but also to filters that need replacement e ery other 
month. ll hospitals reported their repair orders in hardcopy boo s, except for two hospitals 

 mission and  pri ate  that additionally store a digital copy in a so ware program.  

he di culty to get spare parts in enya was mentioned during all se en inter iew sessions. 
he fi e hospitals that recei e donations all ha e di culties to obtain both consumables 

and spare parts required for the equipment. 

‘The challenge with donated equipment comes when it breaks, the spare parts are 
often not available. For example, for the electrosurgical unit a different patient plate 
is available within the country than the ones that came with the device, so we have to 
find a way to work around this.’ Session 2 

owe er, also for procured equipment, the supply chain of consumables and spare parts 
remains a challenge. his is either due to the long bureaucratic procurement process that 
needs to be followed for each new order, high costs of spare parts and consumables, or 
delays because parts ha e to come from outside enya or the frican continent. nly a small 
portion of the equipment a ailable in the hospitals is supported by a maintenance ser ice 
contract, which means that maintenance, spare parts and consumables are pro ided by 
the medical de ice company. 

‘If we have imported a machine from overseas, we also have to import the spare 
parts. Getting the spare parts becomes tricky and takes a lot of time.’ Session 3

ne participant mentioned that they do not always get permission to order a spare part 
required for , that has the potential to increase the lifespan of equipment.
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 ‘Sometimes BMETs only get permission to fix when it the equipment is broken. When it 
is still functioning but needs to be serviced to keep functioning, this is not understood. 
At the moment it is obsolete, everyone starts looking for a spare part’. Session 1

articipants in two hospitals also mentioned the brea down of equipment due to the 
challenging en ironment in which equipment is used. odern sensiti e equipment is o en 
not designed to withstand power interruptions, unstable electricity networ s, dust, and 
high temperatures. dditionally, participants wor ing in two hospitals described how the 
use of hea y chemicals for cleaning shortens the lifespan of equipment too.  

‘Power in Kenya is different, also temperatures, altitudes, pressure, and the users are 
trained differently than in Europe and Asia where equipment comes from’. ession 

Disposal phase 
hen equipment is obsolete, it needs to be disposed either by the hospital or ia the county 

go ernment. ll participants were in ol ed in the disposal process, but appro al o en has 
to be obtained from the disposal commi ee or from the procurement department. his is 
a time-consuming procedure and o en results in piles of unused equipment at hospitals 
grounds, as one of the participants from session  described

‘You find we even get used machines and they are most of the time obsolete. Than we 
only have to worry about the disposal, and that means extra work for us.’ ession 

DISCUSSION 
urgical equipment is not always a ailable in s, which results in delays of surgeries 

that are highly required to comply to populations  need for surgery. ther studies ha e 
identified synergies in barriers to medical equipment between di erent s - . his 
study o ers insights from front-line s pro iding maintenance on a daily basis on why 
these barriers exist, by identifying the ourney during the life span of surgical equipment. 

articipants wor ed in  di erent hospitals in enya. n other to ensure theoretical saturation 
 additional hospitals  pri ate hospital,  public hospitals and  mission hospital  were 
isited. 

he identified surgical equipment ourney within this study re ealed that equipment 
undergoes three di erent phases during its lifespan  procurement, use and maintenance, 
and disposal. ithin the procurement phase, a di erence between public and pri ate 
hospitals was found that results in a di erent procurement route  public hospitals are 
obliged to procure ia tenders, whereas mission and pri ate hospitals can also buy directly 
from the medical de ice company. rocurement of equipment was identified as a timely 
process by all the participants. esides the tender process being ery time-consuming, it 
does not always result in the most appropriate type of equipment when the lowest bidder 
wins. iaconu et al.  identified that equipment costs are o en leading in procurement 
planning in many s, underestimating the true costs of maintenance, ser icing and user 
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training . ublic hospitals can only buy equipment from respondents to the tender, 
and those respondents need to pro ide equipment that fits the specifications of the 
tender. ccording to the participants in the public hospitals, this means they can o en not 
buy from large international brands, because they do not respond to the tenders, or are 
out of scope because of the budgets that are set in the tender specifications. owe er, 
training opportunities and companies  trac  records on spare part deli ery and support 
are becoming more and more important during the tender awarding process according 
to some of the participants in this study. iaconu et al.  also identified that careful 
consideration of the context of use results in the most successful upta e of medical 
technology in s . 

rocurement of appropriate equipment is the first step in a good functioning surgical 
equipment ourney, secondly, the use phase should be properly organi ed. his starts 
with pro iding training for both the user and the s . he participants in this 
study ha e experience with on-site training and o erseas factory training at the medical 
de ice companies. articipants indicated that some of the on-site training is ery short 
and superficial, especially when the training is done with functioning equipment without 
the possibility to open up or troubleshoot. y the time maintenance is required, the 
company has to be consulted for ad ice again, because it was not co ered during the 
training. aintenance is now o en recorded o ine in repair boo s, which is di cult to 
consult during procurement of new de ices. omputer so ware for in entory, repair, and 
maintenance record could increase the amount of information about pre ious procured or 
donated equipment and their lifespan within the hospital, which can be helpful information 
during the procurement process .  

re ious studies mentioned the lac  of consumables and spare parts as a barrier to 
a ailability of surgical equipment in s , . ur study confirmed these barriers 
within the surgical equipment ourney. owe er, within this study, we also ha e researched 
the underlying process to these barriers. e identified that procurement of consumables 
and spare parts can be a timely and costly process. irstly, spare parts can become ery 
expensi e when they ha e to be imported from o erseas. econdly, parts for donated 
equipment are o en not manufactured anymore which leads to disposal of equipment. 
astly, participants indicated that they do not always get permission to order a spare 

part for s because the equipment is still wor ing. hen the deli ery of consumables 
is delayed this results in equipment that is out of use. his is one of the reasons why 
consumables are o en reused. he costs of consumables are o en paid by the patient, so 
reuse of these parts will reduce the costs of surgery for the patients. 

articipants within this study indicated that although problems arise with donated 
equipment when maintenance or consumables are required, they still welcome donations 
because a lot of newer technology will otherwise stay out of their reach due to its high 
costs. ome medical de ice companies are starting to lease high-end equipment to 
hospitals in enya. hese hospitals ha e a contract with the medical de ice company for 
the consumables and ser icing of the equipment. dditionally, the enyan go ernment 
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has recently equipped  public national and county hospitals with brand new equipment 
for intensi e care units, diagnostic imaging and operating theatres. ithin this program 
training and ser icing is pro ided for at least se en years .

enya aims to increase the quality of their health care system, alongside the  and the 
global health community aim to increase access to safe surgery worldwide. ailability of 
medical equipment is ital for the reali ation of these goals. he possibility to lease high-
end equipment and the implementation of high-end equipment by the enyan go ernment 
are all a empts to increase the a ailability of equipment in enya. owe er, sustainable 
inter entions at multiple organi ational le els are required to optimi e the surgical 
equipment ourney in the future.  list of potential inter entions to increase a ailability 
that were identified by participants is pro ided in able . . 

his study only included s wor ing in enya and the quality of the healthcare system in 
enya number  on the  list of the world ban  is expected to be higher than in other 

countries, such as ganda or o ambique number  and number , respecti ely

. enya has six colleges for  training and  uni ersity programs for biomedical 
engineers which equips  departments with well-trained s. n contrast, other 
countries ha e no  departments within their hospitals or  training a ailable in 
the country. hey ha e to hire employees with a technical bac ground, but without specific 
training on medical equipment. arriers identified in this study could be e en larger in 
these countries. ommonalities and best practices of both medical pro iders and s 

heme Potentia  inter ention

Donations - olicies on donations

Pro rement - rocurement of durable equipment, including training, 
access to spare 
  parts and consumables

rainin - ore uni ersity-trained biomedical engineers, more on-site 
training for  users and s
- raining by the medical de ice company on models that can 
be opened to trouble shoot 

i ment - emonstrations before equipment is procured 
- obust designs and suitable for the context able to 
withstand  erupti e 
  power supply, dust, high temperatures, cleaning detergents 
etc.

edi a  de i e om anies and 
man a t rin

- edical de ice companies within the country or continent. 
- sers and s in contact with  departments to gi e 
feedbac  
- dapted strategies for s based hospitals placement of 
equipment or leasing equipment . 

Table 3.2: Potential interventions to increase availability of surgical equipment as stated by the participant in this 
study.
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in other countries may therefore pro ide also other root causes to limited a ailability of 
surgical equipment in s. espite these limitations, we belie e that this study can be 
used as a starting point to design strategies to increase a ailability of surgical equipment in 
the future either by academia, medical de ice companies or policy ma ers. t also highlights 
the importance of including local sta eholders  input in design and the de elopment of 
plans for pro ision of surgical care. 
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Chapter 4

hapter  and  showed that it is a complex process to ensure a ailability of surgical 
equipment in s. spects in uencing the context of use, such as procurement, training, 
use, complications and maintenance all in uence a ailability. e therefore, studied 
a ailability but additionally these other  aspects in uencing the context of use of two 
important types of surgical equipment  the electrosurgical unit  and laparoscopic 
equipment, in  countries in ub- aharan frica.  total of  respondents,  surgeons 
and  s, were sur eyed. dditionally, maintenance records were analysed to identify 
what type of maintenance is pro ided.

osting, . ., auben, . . . , adete, . ., roen, . .,  an elman, . . owards global 

implementation of open and laparoscopic surgery  a ailability, procurement, training, use, complications and 

maintenance of electrosurgical units and laparoscopic equipment in  frican countries 

mi ed or i ation 

Towards global implementation of open 
and laparoscopic surgery: 

availability, procurement, training, use, 
complications and maintenance of 

electrosurgical units and laparoscopic 
equipment in 11 African countries 
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ABSTRACT
o de elop strategies to increase a ailability of surgical equipment in the future, we 

in estigated the current a ailability, procurement, training, usage, maintenance and 
complications in low- and middle-income countries s  of two important types of 
surgical equipment  the electrosurgical unit  and laparoscopic equipment. 

 sur ey was conducted among surgeons that a ended the annual meeting of the 
ollege f urgeons of ast, entral and outhern frica  in ecember  

and the annual meeting of the urgical ociety of enya  in arch . dditionally, 
iomedical quipment echnicians s  were sur eyed and maintenance records were 

collected in enya between ebruary and arch . 
 

ighty respondents participated   surgeons from  di erent frican countries and  
s wor ing in enya. dditionally,  maintenance records were collected. s were 

found to be a ailable for all  and  surgeons who participated. nly half of the 
surgeons  had access to wor ing laparoscopic equipment. ur findings highlight the 
reuse of disposable  accessories and di culties to recei e 2. e enty-eight percent of 
the participating surgeons indicated that maintenance on the  was a ailable, and  
indicated that maintenance was a ailable for the laparoscopic equipment in the hospital 
they represented. 

espite the a ailability of surgical equipment, reducing gaps in a ailability of training and 
access to maintenance together with the implementation of equipment that fits current use 
in s are important steps in reaching global implementation of open and laparoscopic 
surgery.
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INTRODUCTION
here is an increased need for surgery in low- and middle-income countries . n 

estimated fi e billion people in s do not ha e access to safe and a ordable surgery. 
n the future, the need for surgical care will only increase due to higher incidence of 

cancer, tra c in uries and cardio ascular disease , . n high-income countries s , 
laparoscopic surgery has become the standard treatment modality for many surgical 
conditions. d antages of laparoscopic surgery compared to open surgery, that are 
especially beneficial for s, are decreased ris s for infection and blood loss, and rapid 
return to wor  . dditionally, in s diagnostic laparoscopy could e ecti ely replace 
expensi e modern diagnostic de ices such as,  and  . owe er, there are still 
ma or clinical, economic and infrastructural barriers to widespread implementation 
of laparoscopic surgery in s. hese barriers includes e.g., limited access to trained 
laparoscopic surgeons, high costs of laparoscopic equipment, the need for general 
anesthesia, and limited resources to handle maintenance issues . espite these barriers, 
successful implementation of laparoscopic surgery has shown significantly impro ed 
outcomes e.g. limited o erall complications  for surgical patients in s .  

urgical equipment is ital for pro ision of safe surgical care; health care wor ers ha e 
to rely on uninterrupted a ailability and reliable quality of surgical equipment. owe er, 
shortages of surgical equipment were found by pre ious studies in igeria, ameroon, 

ierra eone, omalia, thiopia and alawi - . o ensure that surgical equipment is 
a ailable, a system supporting the equipment should be in place  the right equipment 
should be procured, equipment should be used and maintained as intended, users and 
technicians need to be trained, and supply chain of consumables needs to be in place. 

eaching global implementation of open and laparoscopic surgery will require 
implementation of new, or upscaling existing, surgical programs in s. areful 
considerations on how to increase a ailability of surgical equipment in this process is 
required  firstly, a ailability of equipment can only be ensured when systems supporting 
surgical equipment such as  training and maintenance  are in place , . econdly, 
actors such as academia, medical de ice companies, biomedical engineers and non-
go ernmental organisations should ensure that equipment that fits the context in s 
is commercially a ailable on the mar et , . ar estani et al.  indicated that less 
than   of the commercially a ailable medical de ices designed for global health were 
targeting noncommunicable diseases cardio ascular diseases, cancer and diabetes , and 
e en less were surgical de ices . wareness on the need for high-quality medical 
equipment that fits the context of use in s is rising, and is ac nowledged by the ancet 
commission on lobal surgery and the orld ealth rgani ation  , . he 
need for de elopment of electrosurgery for s was for example highlighted in se eral 
publications , . n addition, se eral designs of laparoscopic equipment ha e been 
recently published that ma e use of mobile technology to decrease cost and reduce the 
number of de ices required for laparoscopic surgery - .
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i culties with and barriers to a ailability of equipment ha e been described before , 
- . e identified for example the equipment ourney meaning  the di erent phases 

surgical equipment goes through during its lifespan  and the barriers that are encountered 
with surgical equipment in enya in a pre ious study . his pre ious study re ealed 
that barriers exist in the procurement, use and maintenance and disposal phase and 
that it is a complex process to ensure a ailability of surgical equipment. spects such as 
procurement, training, usage, complications and maintenance all in uence a ailability. he 
combination of these di erent aspects supporting a ailability and di erences between 
types of surgical equipment are not described in literature before. he aim of this study was 
therefore to explore the current a ailability, procurement, training, usage, maintenance 
and complications encountered during use of two frequently used types of equipment, 
the electrosurgical unit  and laparoscopic equipment, in hospitals in frica. aining 
more information on these de ices is an important step when determining what is required 
to increase a ailability in the future of these and other types of surgical equipment. e 
included both surgeons  and s  perspecti es in this study, since both ha e aluable 
insights.

METHOD
endees of the annual meeting of the ollege f urgeons of ast, entral and 

outhern frica  in aputo, o ambique in ecember  and the annual 
meeting of the urgical ociety of enya  in ombasa, enya in arch  were 
as ed to be sur eyed. ata on a ailability, procurement, training, usage, maintenance 
and complications encountered during use of the  and laparoscopic equipment were 
collected. espondents were only as ed to fill in the questions if they had access to the 
equipment in the main hospital they wor  for. 

isits to hospitals in enya were conducted to sur ey s between ebruary and pril 
. ata on training and maintenance of the  and laparoscopic equipment were 

collected. 
nformed consent was obtained from all respondents. o personal details of the 

respondents were recorded therefore appro al by an institutional re iew board was not 
required . urthermore, all data were anonymously processed and archi ed to ensure 
pri acy of the respondents.

ll respondents were instructed that laparoscopic equipment  included the laparoscope, 
light source and insu ators. he  included the  generator and the accessories the 
patient plate, a monopolar electrode, a bipolar handheld or foot pedal  that are required 
to use the . he  is also frequently used during laparoscopic surgery in addition to 
laparoscopic equipment.

n addition to the sur eys, we collected maintenance records on the repair of the  
and laparoscopic equipment to detail what type of maintenance is required and what 
maintenance issues s are able to repair. aintenance records report the date, type 
of de ice, cause of failure and what repair was required. aintenance records of the time 
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period of ctober  and anuary  were collected in three hospitals in enya. ach 
original maintenance record was photocopied and strati fi ed to type of surgical equipment 
and analy ed to indicate if the s were able to sol e the maintenance issue. 

RESULTS 
 total of  respondents were sur eyed,  surgeons and  s igure . . hirty-

one surgeons represented hospitals in urundi , thiopia , enya , alawi , 
o ambique , amibia , wanda , an ania , ganda , ambia , imbabwe 
, wa iland  and  un nown. wenty-eight surgeons who a  ended  , 

represented hospitals in enya. 

uring the fi eld isits conducted in enya,  s were sur eyed, and additi onally,  
maintenance records on the  were collected. 

Use of the ESU according to the surgeons
able .  presents an o er iew of the current a ailability, procurement, training, usage, 

maintenance and complicati ons of s according to the  surgeons. s were 
widely a ailable;  had access to an  that were all used and  were trained in 
electrosurgery during medical school. ourteen surgeons  indicated that disposable 
accessories are cleaned in hea y chemicals such as  or glutaraldehyde  and were 
reused. 
able .  pro ides an o er iew of how electrosurgical equipment is procured in relati on 

to reuse of accessories, access to in-house maintenance, and complicati ons. t shows that 
relati ely more complicati ons were encountered and more disposable accessories were 
reused when ha ing donated s compared to purchased s. ne surgeon that had 
purchased equipment indicated there is no access to in- house maintenance, but that 
maintenance is pro ided by an external party such as the medical de ice company.

Figure 4.1: Overview of the respondents (surgeons and biomedical equipment technicians (BMETs) and the 36 
maintenance records.
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ate ory Per enta es m er

ai a i ity ccess to an 

Pro rement urchased 

onated

oth purchased and donated 22

n nown 2 2

rainin rained during medical school  

rained by medical de ice company

sa e sed  in bipolar and monopolar mode

sed  in monopolar mode only

sed  in bipolar mode only

sed coagulation

sed cut

sed fulgurate

sed blend

eused disposable accessories

aintenan e ailable  

erformed by s 

utsourced ser ice contract, donation 
agency, partners abroad etc.

om i ations ncountered complications during use

urns

lectrical shoc s

Table 4.1: Availability, procurement, training, usage, maintenance and complications of the electrosurgical unit 
(ESU) according to 59 surgeons.

nswered by ,  of the  respondents, respecti ely.
 + hese categories were not specified by all respondents that answered the question.

ate ory e se o  
dis osa e 
a essories 
n

o a ess to inho se  
maintenan e n

om i ations n

P r hased n

Donated n 2

oth donated and 
r hased n

n no n n x x 1

Table 4.2: Overview of how electrosurgical units were procured within the hospitals in relation to the reuse of 
disposable accessories, access to inhouse-maintenance and complications.
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Maintenance of the ESU performed by BMETs
ll   participants had access to an  and performed maintenance on these s. 
lmost half of the s , n  were trained during medical school and  of 

s n  were trained by the medical de ice company on maintenance of the . 

ut of the  collected maintenance records,  described repairs on the accessories of 
the  able . . ll  issues with accessories were successfully repaired. ine out 
of  issues on the  generator were successfully repaired. n four situations  
generators were sent bac  to the manufacturer for further inspection. hese de ices were 
for example not able to regulate the oltage le el of cu ng and coagulation. n addition, all 

 s that were sur eyed indicated that accessories cables, connectors, patient plate 
and electrodes  were prone to brea ing and required maintenance frequently. oreo er, 

 of s n  mentioned that power modules are prone to brea age. 

Use of laparoscopic equipment according to the surgeons
able .  presents an o er iew of the current a ailability, procurement, training, usage, 

maintenance and complications of laparoscopic equipment according to the  surgeons, 
that had access to laparoscopic equipment. his is almost half  of the  surgeons 
that participated in this study. omplications during use were indicated by  of the 
respondents and included  fogging of the camera head, air lea s, inappropriate focus and 
instrument pairing, poor resolution and con ersion to open surgery because of limited 
experience. esides,  n  of surgeons indicated that they had di culties obtaining 

2. 

Part ota e aired er t

Patient ate eplacement of the plate n
oldering parts together n

ono o ar e e trode eplacement n
oldering new cables or other components 
n

oot eda eplacement of the entire pedal n
eplacement of a faulty part n

enerator eplaced the display board n
i ed a new input filter n
eplaced a faulty part by ta ing a spare from 

an old machine n
ther repairs n  Unsolved repairs were 

outsourced to the medical device company

Table 4.3: Maintenance records (n=36) for the electrosurgical unit in three hospitals in Kenya.
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able .  pro ides an o er iew of how laparoscopic equipment is procured in relation to 
access to in-house maintenance, complications and di culties obtaining . t shows 
that participants that ha e access to donated laparoscopic equipment ha e less access to 
inhouse-maintenance and more di culties obtaining  than participants with procured 
laparoscopic equipment. 

ate ory Per enta es m er

ai a i ity ccess to laparoscopic equipment  n

Pro rement urchased 

onated

eased

oth purchased and donated

n nown 2

rainin rained during medical school

rained by medical de ice company  

aintenan e ailable  

erformed by s 

erformed by ser ice contracts

om i ations ncountered complications during use  

ncountered di culties obtaining 2

Table 4.4: Availability, procurement, training, usage, maintenance and complications of laparoscopic equipment 
according to the 29 surgeons who had access to laparoscopic equipment. 

nswered by ,   and   of the  respondents, respecti ely. 
 hese categories were not specified by all respondents that answered the question

ate ory o a ess 
to inho se
maintenan e 
n

om i ations n Di ties o tainin  
 n

P r hased n 2

Donated n

oth donated and 
r hased n

eased n

n no n n x x

Table 4.5: Overview of procurement of laparoscopic equipment in relation to access to inhouse-maintenance, 
complications and difficulties obtaining C02.
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Maintenance of laparoscopic equipment performed by BMETs
ost s , n  had access to laparoscopic equipment and  of s n  

indicated that they can maintain laparoscopic equipment. ight s  were trained 
by the medical de ice company on maintenance of laparoscopic equipment. ut of the 

 s that had access to laparoscopic equipment, most s indicated that the light 
source and camera are most prone to brea ing  n  and  n , respecti ely , 
followed by the insu ator , n ,  accessories , n  and the  seal , 
n . 

e were not able to analy e maintenance records of laparoscopic equipment because they 
were either not a ailable due to the a ailability of ser ice contracts or due to una ailability 
of laparoscopic equipment in the hospitals we isited. 

DISCUSSION 
y exploring the current a ailability, procurement, training, usage, maintenance and 

complications of the  and laparoscopic equipment, we detailed the current situation in 
clinical practice in arious s se ngs to identify gaps. his study re ealed that despite 
their a ailability which was larger for s than for laparoscopic equipment , access to 
maintenance, training and consumables are not always in place. 

s were for example a ailable for all surgeons and s that participated in this study. 
owe er, complications during electrosurgery, such as burns and shoc s, were indicated by 

respecti ely  and  of the surgeons. urns can occur due to improper a achment of 
the patient plate , which can easily happen when disposable patient plate stic ers are 
reused. urthermore, electrical shoc s can occur due to insulation failure of the electrodes, 
which for example can be caused by deteriorating of the material of the electrodes due to 
the hea y chemicals used during the cleaning process. euse of consumables in arious 

s se ngs ha e been reported before , , , our findings highlight the reuse 
of disposable  accessories that are cleaned in hea y chemicals. n addition, most 
maintenance records reported repair on the  accessories, parts were for example 
soldered bac  together to use them as long as possible. 

lmost  of the responding surgeons had access to maintenance and  of the 
s performed maintenance on the . he analysed maintenance records for the 

 re ealed that maintenance o en demanded small repair wor  on  accessories, but 
also included larger issues, such as the replacement of a display board. hese repairs were 
all done successfully by the s. his study showed that the repairs done by s are 
a aluable asset in eeping the s a ailable in clinical practice by sol ing small repair 
issues. owe er, large repairs on the  generator were outsourced to the medical de ice 
supplier, donation agencies or other partners abroad. t is un nown if this is due to lac  of 
s ills, tools or because of the design of the s that limits the performance of inhouse-
maintenance. 
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aparoscopic equipment was a ailable for almost half of the surgeons and three quarter of 
the s that participated in this study. ur findings highlight complications during usage, 
for example  fogging of the camera, and di culties to recei e . asless laparoscopic 
procedures ha e been proposed an alternati e to the use of  . n addition, s 
indicated that both the camera and the light source are prone to brea ing. aintenance 
was a ailable for  of the  responding surgeons that had access to laparoscopic 
equipment and  of the s pro ided maintenance on laparoscopic equipment. t 
was indicated by three of the surgeons that did not ha e access to maintenance that this 
was due to lac  of trained s within the hospital they represent.

areful considerations of procurement, training, usage, maintenance and complications 
are required to increase a ailability of surgical equipment in the future, and this study 
highlights that not all of these aspects are currently  co ered in the hospitals 
represented in this study. his results in the precarious situation in which equipment is 
a ailable, but this a ailability is di cult to sustain on the long term, for example, when a 
new set of consumables or repair is required. 

ithin this paper we aimed to create awareness on what aspects in uence a ailability 
of surgical equipment and should therefore be considered during the implementation 
of surgical equipment. hen equipment is implemented in a specific se ng, firstly, the 
financial resources of hospitals should be considered, half of the a ailable equipment 
in this study was purchased. his study showed that hospitals still rely on donations, 
which could be due to high purchasing costs of equipment that were identified before 
as a barrier to implementation of  laparoscopic equipment in s . i culties with 
donations ha e been described before, for example when equipment remains una ailable 
because the total cost of ownership e.g. cost for consumables or maintenance  is not 
considered during the donation process . hese di culties were also indicated by the 
participating surgeons in this study. herefore, a next step is to de elop strategies so that 
before equipment is donated, it is ascertained that that equipment can be maintained 
and that the hospital has access to accessories. hese strategies are as important as the 
donated equipment itself.  econdly, this study re ealed the reuse of  accessories and 
di culties to obtain  in hospitals represented in this study, showing that the supply 
chain of consumables introduces a barrier to a ailability. he need for consumables as s 
for the establishment of a well-functioning supply chain and enough financial resources 
to sustain this. rocurement of reusable  accessories and using local a ailable non-
medical gasses ia local so  drin  manufacturers  or implementation of gasless 
laparoscopy , are ways to tac le these barriers. hirdly, our data showed that  of 
the surgeons that had laparoscopic equipment, did not ha e access to maintenance, which 
can be a barrier to ensuring equipment s a ailable . n- house maintenance is of great 
alue to ensure a ailability of equipment, strategic in estments in  training during 

implementation of technology is therefore beneficial to increase a ailability of equipment 
. esides in estments in in-house maintenance done by s, we highly encourage 

a strong communication lin  between the hospital and the medical de ice company, since, 
their help is required for complex specialised cases, as shown in this study by analysing the 
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maintenance records of the . 
esides awareness for the need for training and access to maintenance when implementing 

surgical equipment, equipment that fits the local infrastructure, a ailable financial 
resources and s ills and tools of both surgeons and s should become commercially 
a ailable on the mar et. mplementation of surgical equipment in s presents di erent 
challenges than encountered in s, including; irregular power supplies, dust, high 
temperatures and medical de ice companies being outside the country , , , , , 

. ur data re ealed for example, that not all surgeons and s are trained to handle 
s or laparoscopic equipment, which should be considered during the design of the 

interface and manuals. he fact that disposable accessories are reused and parts are prone 
to brea ing could be helpful input during the design of robust and reliable equipment for 
this context. e hope this study encourages an pro ides fundaments for future designs of 
surgical equipment for s, to increase the number of surgical equipment that is fit-for-
use in s. n addition, we hope to encourage multi-disciplinary partnerships between 
surgical associations such as , medical de ice companies, academia, hospitals, 

s and healthcare wor ers to ensure that all aspects in uencing a ailability of surgical 
equipment are considered during implementation. 

his study has some limitations. he ma ority of the participants  of  participating 
surgeons and the  s  wor ed in enya, which is a country with more financial 
resources than countries, such as o ambique, imbabwe, thiopia and other countries 
that are underrepresented in this study. dditionally, all surgeons that participated a ended 
a scientific conference which might ha e led to under representati es of rural hospitals that 
did not ha e the financial resources to let their employees a end these e ents. uture 
studies should include data from these missing categories of hospitals were surgery is 
performed whether this is done by qualified surgeons or not  with data that is for example 
collected by side isits. he lac  of rural hospitals and hospitals from countries with less 
financial resources in uenced the a ailability of s and laparoscopic equipment found in 
this study, which is expected to be less in these facilities. he s that participated in the 
sur ey and the hospitals from which the maintenance records were collected represented 
large urban hospitals in enya. he a ailable s ills and tools for maintenance might not be 
a representati e for more rural facilities in enya and hospitals in other s. dditionally, 
only  maintenance records in a time span of  years were collected on the  in three 
large hospitals, which is most li ely to be an underestimate of the number of maintenance 
issue with this de ice. e expect, that not all small maintenance issues in ol ing  
accessories are always reported. lso, maintenance records are currently collected in 
hard copy, which are di cult to analyse and results in a loss of aluable information on 
equipment. igital copy maintenance reporting systems for  departments could 
increase access to maintenance data. espite these limitations, data on two types of 
surgical equipment in clinical practice in s were presented, indicating that s are 
widely a ailable, howe er, to increase a ailability of laparoscopic equipment strategic 
in estments in the future are required. 
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increase availability of surgical 

equipment in hospitals in 
Sub-Saharan Africa

PART 2
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Chapter 5

arriers to a ailability of surgical equipment exists, as described in art . hese ha e 
se eral root causes, including di erences in the infrastructure such as erupti e power 
supply, dust, high temperatures and di cult roads , di culties in the supply chain of spare 
parts and consumables, and limited access to financial resources hapter . hese are 
all factors that should be considered during the design process of context-specific surgical 
equipment for use in s. his chapter presents a context-dri en design approach for 
designers to understand which contextual factors should be identified, a er which they can 
be translated into context-specific design requirements and built into prototypes.

osting, . ., auben, . . . , waura, . ., adete, . ., roen, . .,  an elman, . oadmap for esign 

of urgical quipment for afe urgery orldwide. n  IEEE Global Humanitarian Technology Conference 

, - .

P ished as

Context-driven design approach for 
surgical equipment to increase global 

availability of surgical equipment
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ABSTRACT
afe and a ordable surgery is not accessible for fi e billion people when they need it. 
ultiple surgical capacity studies ha e shown that hospitals in low-and-middle income 

countries do not ha e complete co erage of basic surgical equipment such as, theatre 
lights, anaesthesia machines and electro surgical units. 

urrently, almost all equipment is designed and manufactured with a main focus on the 
context in high income countries. he context in low-and-middle income countries in 
which surgical equipment is used, di ers from high income countries, especially in terms 
of financial resources and access to maintenance, spare parts and consumables.

he aim of this study is to present a context-dri en design approach for surgical equipment 
to increase global a ailability of surgical equipment. he context-dri en design approach 
consists of four phases  before the start of a design pro ect a clear need for certain 
surgical equipment should be identified hase . uring hase  the context should be 
researched thoroughly by determining the barriers encountered by patients to surgical 
care, the structure of the health care system and if the aspects required for safe surgery 
are in place. n hase  the context-dri en design requirements should be determined and 
in phase  prototyping starts in close interaction with local end-users.

e belie e that designers should stri e for design that is of the same quality and complies 
with the same safety regulations as equipment designed for s. n this way user and 
patient safety can be assured in any se ng worldwide. nd we ad ocate for surgical 
equipment that fits the context optimally and that will be applicable in comparable se ngs 
globally.
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INTRODUCTION 
i e billion people do not ha e access to safe, a ordable surgical care when they 

need it. ue to the absence in surgical care, patients die of easily treatable conditions 
including appendicitis, hernia, fractures, obstructed labour, breast and cer ical cancer . 

dditionally, surgery can play a role in diagnosis of arious diseases . 

ultiple surgical capacity studies ha e shown that hospitals in low- and middle-income 
countries s  do not ha e a full co erage of basic surgical equipment such as, theatre 
lights, anaesthesia machines and electro surgical units s  - . dditionally, erry  

al in et al.  estimated that  of the equipment that is a ailable in hospitals in 
s is not wor ing . he health impact of the limited a ailability of surgical equipment 

in s is un nown, but is expected to result in delayed surgeries and complications for 
patients. 

urrently, almost all surgical equipment is designed and manufactured with a main focus 
on the context in igh ncome ountries s . he context in which surgical equipment 
is used in s di ers from s, especially in terms of financial resources and access 
to maintenance, spare parts and consumables . eighbour  ltringham et al.  
state that equipment in s not only needs to operate safely, it also needs to do so 
in more challenging conditions high temperatures, dust, interrupted electrical supplies 
and limited consumables  than in s . quipment for global surgery should not 
necessarily be simpler than other surgical equipment, and no compromises on safety and 
basic functionalities of equipment should be made . 

owi  et al.  describe that although implementation of technology can impro e 
global health, technology alone is not enough; it should be combined with inno ation 
in processes . or example, surgical equipment requires besides an optimal design a 
wor ing system of appropriate training, supply of consumables and financial resources. 

esign of surgical equipment that uses the input of local end-users and considers the local 
context has the opportunity to increase access to surgical equipment globally.  design 
team based in ndia designed a portable lectro ardio ram  system for eneral 

lectric for the ndian mar et at  of the price of high-end models, using the same 
analysis so ware but featuring a more compact design. he portable  system is 
nowadays widely used by physicians in ermany . his example shows that high quality 
and robust surgical equipment designed for a  se ng has the potential to gain health 
benefits globally and can also help mitigate health care costs in s. 

hen introducing surgical equipment globally, careful consideration should be gi en to 
both the required technology and the implementation in the clinical context, to enable 
e ecti e usage. he aim of this paper is, therefore, to pro ide biomedical engineers and 
medical de ice companies with a detailed o er iew of di erent aspects to consider during 
the design process of surgical equipment for worldwide use. n which we stri e for high 
quality equipment that has a potential to be used in s as well.
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METHOD
uring se eral brainstorm sessions with a total of  di erent industrial designers, health 

care professionals, biomedical engineers and people wor ing for on- o ernmental 
rgani ations s  a context-dri en design approach was de eloped indicating di erent 

phases and aspects that should be considered when designing surgical equipment for 
worldwide use. 

o support the context-dri en design approach a literature search was done in ub ed and 
oogle scholar using the eywords  medical or surgical equipment , surgery , biomedical 

engineering clinical engineering  and low-and-middle income countries or low resource 
se ngs or de eloping countries .

FINDINGS
he context-dri en design approach consists of four phases. efore the start of a design 

pro ect, a clear need for certain surgical equipment should be identified hase . edical 
needs identified by scientific research, s or local end-user could all act as a starting 
point for a design pro ect . dditionally, a guideline on how to identify gaps in medical 
de ices globally was gi en in the document anaging the ismatch  issued by the  

, . hen a need is identified and a design team is formed, three phases should be 
completed when designing surgical equipment for worldwide use  

• hase  nderstanding the context igure . , 
• hase  etermining design requirements, and 
• hase . ct. 

unctioning surgical equipment requires a good understanding of the context. herefore, 
hase  is required as input to determine equipment requirements that will fit the context 

during hase . ithin hase  a design will be made and prototypes will be built. his is 
an iterati e process in which contact with the local end-users is highly recommended . 
 
Phase 1: understand the context of global surgery 

apping the context of global surgery can be conducted in arious ways. xamples are 
using the apability ri en esign method de eloped by . in   or qualitati e 
research methods li e sur eys, semi-structured inter iews and site isits. urgical barriers, 
the structure of the health care system and aspects of safe surgery should be studied and 
will be explained in the following section and an o er iew is gi en in igure . . 

Phase 1.1 Surgical barriers for patients in LMICs
t is di cult to determine the exact impact that barriers to see ing surgical care ha e on 

patients in s. owe er, se eral studies describe the cultural, financial and structural 
barriers to surgical care in di erent s - .
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ultural barriers are the fear of undergoing surgery and in many cultures the family and 
social supporti e networ s play a crucial role in deciding whether to undergo surgery 

. he study by roen et al.  in ierra eone has shown that common fears were  
becoming half human a er surgery, complications, stigma from ha ing a scar and financial 
burden a er surgery . 

inancial barriers are large and indicated by many independent studies in di erent areas in 
the world - . irect costs to surgical care are fees for surgery, supplies, drugs, hospital 
stay, food and transport. ndirect costs are the loss of income and the cost of bringing a 
care gi er to the hospital. ealth insurances are o en not a ailable in many s or they 
do not co er all costs, resulting in out of poc ets payments done by patients directly to the 
hospital . 

tructural barriers result in delays of ge ng the required surgery, which are caused by 
limited pro ision of transport for patients between referral facilities. ro ision of surgical 
care is o en at a significant distance away of rural areas in s . i erent surgical 
capacity studies by e.g., roen et al.  in ierra eone  and enry et al.  in 

igeria  ha e indicated that facilities lac  many types of equipment required to pro ide 
surgery such as anaesthesia machines, oximeters, running water and electricity. wanna-

wewunwa et al.  ha e identified that the egion eferral hospital in ganda 
experienced o erboo ed wards at least two-thirds of the time which resulted in patients 
sharing hospital bed, sleeping on the oor and outside the ward. or force limitations 
and una ailability of medical equipment were the leading causes of delays in surgical 
inter entions .

Phase 1.2 Structures of the health care system
he setup of health care systems di ers globally, organi ation structures can either be 

public, pri ate or funded by s or missions. ublic, pri ate and mission health 
care centres di er in organi ation structures, a ailability of sta , training and equipment. 
ocal di erences between pri ate and public care can be large. ome countries wor  with 

disease specific hospitals, for example, for spinal in uries, maternal care or laparoscopic 
surgery. 

esides organi ation structures, it is important to consider the di erences between health 
care centres, district hospitals and large referral and teaching hospitals . he  
compiled a guide for infrastructure and supplies at arious le els of health care facilities 
based on the  manual for surgical care at district hospitals in  . 

• ural hospitals or health care centres should contain a small number of beds 
and a sparsely equipped operating theatre for minor procedures. 

• ealth care centres should pro ide emergency care in -  of trauma and 
obstetrics cases excluding aesarean sections . 

• istrict hospitals should ha e adequately equipment ma or and minor 
operating theatres and be able to pro ide short term treatment of -  of 
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the ma or life threating conditions. 
• eferral hospitals should pro ide the same treatment as district hospitals with 

the addition of basic intensi e care facilities , . 

espite these guidelines there is a large discrepancy between what care facilities across 
s should o er and what they do in practice, due to limited budgets, training and sta  

- . epending on the type of health care facility, surgery in di erent specialties can be 
performed either by open or laparoscopy surgery. aparoscopic surgery has ad antages 
for patients because it reduces reco ery time, especially in s where hospital beds are 
o en limited and households depend on one income . owe er, laparoscopic surgery 
requires di erent training and equipment than open surgeries. hao et al.  described 
the benefits and challenges regarding laparoscopic surgery in s . lthough they 
identified that laparoscopic surgery is cost-e ecti e in s, it is not widely a ailable yet 
because it requires high start-up costs. or example, equipment is expensi e and therefore 
o en donated. ther barriers included limited a ailability of trained sta  and maintenance 

. 

hen designing surgical equipment for worldwide use, it is important to consider the 
barriers that patients encounter when see ing surgical care. oreo er, the type of hospital 
and type of procedures will impact the design requirements of the surgical equipment. 

or example, surgical equipment that will be used during ery specific minimally in asi e 
procedures will require a di erent design than a general tool that needs to be a ailable 
during e ery surgery. urthermore, costs for consumables are o en paid by the patient 
directly to the hospital. atients isiting a large pri ate facility are more li ely to be able to 
pay this than patients see ing care at public district hospitals. 

Phase 1.3 Aspects of safe surgery
o pro ide safe surgery, se eral complex processes anaesthesia, sterili ation and 

maintenance , an experienced team, surgical equipment, and well-functioning 
infrastructure are required. uring the design process an in entory of the a ailable aspects 
can be used to determine design requirements which will increase the change of successful 
implementation in s.

a) Operating theatre processes
o pro ide surgery there should be more processes in place than ust the surgery itself. 
naesthesia should be pro ided. or safe usage of equipment, a sterili ation department 

and a supply chain of consumables should be a ailable. quipment requires maintenance 
repair and planned pre enti e maintenance  and appropriated storage to stay in ser ice.

b) Team
he team responsible for the clinical wor  regarding surgery should consists of  

• urgeon s , or other personnel trained to perform surgery
• naesthesiologist s
• urses , 
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he number of surgeons in ub aharan frica is less than  of the number of surgeons in 
the nited tates of merica, although the population is three times larger . here is a 
large need to expand human wor force in these areas. hilopora et al.  studied the 
post-operati e outcomes of clinical o cers, non-doctors trained locally to perform surgical 
procedures, in alawi and they ha e found comparable outcomes to fully trained surgeons 

. 

o support the processes surrounding the actual surgery, equipment should be cleaned 
and maintained to ma e sure that they can be used during the procedure. he sterili ation 
department is responsible for cleaning and sterili ation of the equipment used during 
surgery. aintenance is o en pro ided by io edical quipment echnicians s  , 

. quipment requires planned pre enti e maintenance that contains for example bi-
monthly replacement of a filter, replacement of ba eries, or calibration . oreo er, 
equipment can stop functioning and will require repair. quipment used in operating 
theatre can either be ser iced both planned pre enti e maintenance and repairs  outside 
the hospital by a ser ice contract with the local distributor or by a medical de ice company. 

hen these ser ice contracts are not a ailable, inhouse ser icing is o en done within 
the department of medical engineering also called clinical engineering , by s . 

re ious studies ha e shown that the largest barrier to maintenance of equipment is the 
a ailability of spare parts , . pare parts require an equipment maintenance budget 
and a relati ely reliable supply chain with strong manufacturing relationships. owe er, in 
addition to replacing spare parts, s should also be able to maintain the equipment, 
so manuals and tools should be a ailable. ince, in the absence of ser ice contracts 
maintenance relies on the s ills and nowledge of the s within the hospitals, 
strategic in estments in  training can ha e significant impact. or example, radley 
et al.  estimated that the useful lifespan of oxygen concentrators in s could 
reasonably exceed  years when maintenance with a low experience le el and repairs for 
less than  are in place . ullaly et al.  identified that hospitals in s had 
di culties finding qualified maintenance sta , this was especially the case in frica . 

ecently, more and more  programs are established globally. or example, al in et 
al.  described a unique e idence-based curriculum that was de eloped by the  
foundation, u e ni ersity and ngineering orld ealth  that focusses on non-
equipment specific s ills such as  finding lea s, cleaning of tubes and rewiring ba ery pac s 

. ithin their study in wanda they ha e found that s trained by their curriculum 
increased their producti ity. eside appropriate pre-education , ser ice training for 
specific de ices should be pro ided to ensure that the required s ills and competences are 
a ailable within the hospital. 

urrently a limited number of uni ersity-trained iomedical ngineers s  are wor ing 
in hospitals in s, and management boards that determine procurement of equipment 
are o en not equipped with s or s. his results o en in procurement of low-
quality equipment that is bought because of its cheap price, without considering the total 
cost of ownership . 
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c) Surgical equipment
urgical equipment is required to perform surgery and can either contain disposable or 

re-usable parts. isposables are for example one-time-use electro surgical nifes . 
eusables are surgical scissors or graspers that are sterili ed a er each surgery. any types 

of surgical equipment require electricity, maintenance and spare parts to eep functioning.

 basic set of surgical equipment is required for each procedure, howe er there is also 
equipment li e microscopes  that are used during specific procedures. urgical equipment 
can enter hospitals ia di erent routes  equipment can be donated new or used , 
purchased or leased from medical de ice companies . n se eral parts of the world, 
large quantities of equipment are donated by either donation agencies, o erseas hospitals, 
go ernments or indi iduals. hen equipment is donated the total cost of ownership, 
such as  spare parts, accessories, technicians training, planned pre enti e maintenance 
etc. is o en not considered. onations o en result in piles of unused equipment. he 

 and  issued guidelines on sustainable donations to pre ent donated equipment 
ending up useless on hospitals grounds in s - . mmerling et al.  ha e 
shown that leased equipment results in higher numbers of functioning equipment than 
purchasing and donation of equipment in three di erent s . aintenance and 
consumables supply chains can be established by ser ice contracts between the medical 
de ice company, local distributor and the hospitals , . quipment is o en not bought 
directly from the medical de ice company, but sold ia local distributors within the country 

. epending on the organi ational structure, procurement can be done ia tenders, 
or quotes are as ed directly from local distributors or the medical de ice company itself. 

ecisions on procurement can be made at regional, country or indi idual health facility 
le el, o en depending on if facilities belong to the public, pri ate, or  healthcare 
system within s. 

o ensure quality and safety of surgical equipment, equipment should comply to 
international safety regulations for medical de ices for which the  guideline on medical 
de ice regulations can be used as a guideline . nternational safety regulations o en 
not consider the context of s. or example, regulations state that ba eries should 
still function at temperature of -  degrees elsius. his is not applicable in tropical areas 
where temperatures of  degrees elsius should easily be tolerated by the equipment 

, , .

d) Infrastructure
o use equipment during surgery and sterili ation, electricity is required. terili ation also 

requires clean water. n many s power outages are common and o en prolonged. 
hen electricity is a ailable this is o en not as stable as in s, this requires incorporation 

of oltage stabili ations and ba ery bac up support for surgical equipment. urthermore, 
n s temperatures can easily rise abo e  degrees elsius and humidity can be abo e
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Figure 5.1: Contextual factors that should be researched to detail the context of use.
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 which can be harmful for modern sensiti e surgical equipment. inally, hospitals can 
be situated in ery rural areas that need to be reached by di cult roads, so equipment 
should be robust and withstand this ourney of deli ery .

he combination of the types of surgeries that are performed, the a ailable team, surgical 
equipment and infrastructure will play a huge factor in determining design requirements 
for surgical equipment for global usage. hen no maintenance facility is a ailable, e orts 
to design durable equipment should be made extensi ely and in absence of a stable 
electricity networ  bac up ba eries could be incorporated.  surgical team with limited 
training on speciali ed equipment could benefit from additional explanations of se ngs 
in the interface or manual of the equipment. 

B. Phase 2: Determine the implementation strategy and the  
             design requirements

Phase 2.1 Implementation strategy 
o implement surgical equipment for global use inno ati e implementation strategies are 

required. or some equipment donation based on the guidelines by the  or lease 
of equipment could be an optimal solution. ithin lease contracts, equipment can for 
example be donated, but contracts between the supplier and the hospital are established 
in which they agree upon a period during which the hospital buys consumables from the 
company and all ser icing is co ered. mmerling et al.  suggested a pay-per-use 
opposed to pay-per-month, that o en counts for ser ice contracts  system during which 

the leasing company is only paid when the equipment is used no ma er what the inter al 
time is  . his strategy might gi e both parties in ol ed the hospital and the leasing 
company  an incenti e that the equipment is in ser ice and used on patients. 

ince the implementation strategy and the design in uence each other, it is important to 
thin  about the implementation strategy already during the design process. 

Phase 2.2 Design requirements 
er understanding the context and choosing an implementation strategy, a list of design 

requirements can be drawn up. here are some requirements that are common for many 
s se ngs such as , , , 

• ow costs
• asy to use and maintain low training needs
• ompact and portable 
• lexible in terms of required accessories option to use di erent brands of 

accessories types of monitors
• obust able to withstand high temperatures, humidity, power uctuations

or each type of surgical equipment certain requirements will ha e di erent priorities 
based on the context and implementation strategy. 
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C. Phase 3: Act
hen the need, the context, the implementation strategy and the design requirements, 

are established, the design team can start to design, prototype and test the equipment. 
xamples of context specific surgical equipment used in clinical practice globally that 

can be used as inspiration are  the emafuse de eloped by  global health  that 
employs a no el technique to mechanically transfuse blood intraoperati ely from internal 
haemorrhage, to augment donor blood in emergency situations. his replaces the use of 
a ladle to collect the blood, where a er the blood is filtered through a gau e and stored in 
a blood transfusion bag before it is gi en bac  to the same patient again. he sterilisable 
re-usable drill co er de eloped by rbutus edical that can be used on hardware drills 
to con ert them into orthopaedic drills to reduce costs . nd the anaesthesia de ices 
de eloped by iamedica and radian health that do not require compressed oxygen and 
continue wor ing during power cuts , . 

s described by loss et al. , it should be recogni ed that co-creati e design processes 
in ol ing local sta eholders generate the most e ecti e global health solutions. ontext 
specific medical de ice design o en requires resourcefulness and creati ity rather than 
technical sophistication . n ol ement of end-users during the design process can be 
highly beneficial for the applicability of the design . or example; remer et al.  
held three focus groups with ey sta eholders and potential users of the adapted ryo en 
they wor ed on, which resulted in modifications to the prototype in terms of portability, 
durability, ease-of-use and e cacy .

ne way of in ol ing local sta eholders could be by establishing partnerships with local 
uni ersities, s, or local hospitals. xamples of partnerships in global health technologies 
are  the inno ation in lobal ealth echnologies lab  at orthwestern ni ersity that 
established a consortium with the ni ersity of ape own, and two igerian ni ersities 

he ni ersity of badan  and the ni ersity of agos . u e ni ersity established 
a program together with a erere ni ersity where  students wor  collaborati ely on 
global health design pro ects . he  pro ect is a uro- frican open biomedical 
engineering e- la orm for inno ation through education pro ects, bringing together 

uropean and frican uni ersities. he pla orm aims to share ideas on concepts, design 
files, documentation, source codes and test results with other medical de ice designers. he 
designers are ta en through a stepwise approach that follows uropean safety regulations 

. dditionally, there are se eral summer schools and design competitions on medical 
de ice design for global use organi ed in di erent parts of the world   , ice  

, dea  amongst others .

Final remarks
e presented a detailed context-dri en design approach for biomedical engineers and 

medical de ice companies that aim to increase the a ailability of high-quality surgical 
equipment globally. ince almost all surgical equipment is designed for usage in s, there 
is a large need for equipment to fill the gap in s. e belie e that designers should 
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stri e for design that is of the same quality and complies with the same safety regulations 
as equipment designed for s. n this way user and patient safety can be assured in any 
se ng worldwide. 

s shown in the summery of the context-dri en design approach able . , design of 
surgical equipment for global use requires more than technical solutions, because it needs 
to fit the entire context. esides a deeper understanding of the context in which surgical 
equipment is used in s, this study ad ocates for solutions for problems that are 
identified on the ground . e ad ocate for surgical equipment that fits the context optimally 
and that will be applicable in comparable se ngs globally.  limited number of papers 

tion o  

hase dentify a 
clear need for 
certain surgical 
equipment in a 
specific context

se input of scientific research, s or local end-users 

hase nsure a proper 
understanding 
of the context of 
global surgery 

nswer for example, the following questions and use the 
o er iew gi en in igure .

• hat barriers are encountered by patients see ing for 
surgical care  

• hat type of health care facilities are targeted
• hat surgical procedures are performed
• s anaesthesia, sterili ation and maintenance pro ided 

and how is it organi ed
• ho is in ol ed during procurement and usage of 

equipment
• ho is part of the team pro iding surgery, and how are 

they trained
• s the infrastructure wor ing properly water, electricity, 

etc.
• hat equipment is a ailable and used  f una ailable  

hat is the reason why equipment is una ailable  tc.

Phase 2 etermine the 
implementation 
strategy 
and design 
requirements

etermine for example, based on hase  
• ill equipment be bought, donated or leased by the 

hospital
•  ow will the relationship between the pro ider of 

the equipment and the hospital be during usage and 
disposal of equipment  

• hat costs are feasible
•  hat is required to ma e the de ice durable to 

withstand high temp, humidity, power uctuations
•  hat type of accessories are required consumables or 

re-usable
• ow will maintenance and repair be organi ed

hase ct • esign and built and test prototypes in close interaction 
with local end users 

• stablish partnerships

Table 5.3: Summary of the context-driven design approach to design surgical equipment for worldwide use.
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has been published regarding the information required to fill in our context-dri en design 
approach. hen financial resources are a ailable for inno ation, it is o en not enough 
to perform an entire context study. owe er, information about the context is needed to 
determine the implementation strategy and design requirements. e, therefore, suggest 
to wor  in multi-disciplinary teams and establish partnerships with local uni ersities, s 
and or end-users. e strongly encourage academia to publish their findings about the 
use and design of medical equipment for s se ngs, so this information can be used 
globally during future design processes. inally, the design of surgical equipment for a 
global context could benefit from learning form enterprises that are presently in ol ed in 
this mar et and acquired a lot of experience through wor ing in this se ng. 

e aim to spread this context-dri en design approach throughout our networ  of 
biomedical engineers, medical de ice companies, academia and s globally to enhance 
global usage. e feel that interest in the field of global biomedical engineering has been 
rising in the past couple of years. owe er, it will be challenging to ma e e eryone wor ing 
in this field aware of this context-dri en design approach. owe er, by publishing open 
access, presenting our wor  at di erent international conferences and ma ing additional 
information a ailable through our website we hope to reach out to design teams wor ing 
for this context.   

iomedical engineers and medical de ice companies can ha e a larger impact by playing 
a more participati e role in the context of global surgery. uture research should focus on 
collaborations between local medical pro iders, biomedical engineers, and medical de ice 
companies. ro ects that go beyond finding inno ati e solutions for complex medical 
problems, but focus on medical technology with a potentially large global impact, should 
be globally supported. cademia can play a ey role by bridging nowledge between all 
di erent sta eholders. 

ased on this context-dri en design approach the department of iomechanical ngineering 
of the el  ni ersity of echnology is wor ing on the design of an electrosurgical unit, 
ideo laryngoscope and laparoscopic equipment to enhance safe surgery worldwide. his 

equipment was chosen based on context studies that were performed in se eral locations 
in ub- aharan frica to identify current needs and end-user wishes. esigns are adapted 
to reduce costs, pro ide possibilities to continue wor ing during power cuts and ma e use 
of re-usable accessories.

REFERENCES
. etro e , ayisenga , usanganwa , ta iyiruta , alland . omprehensi e national analysis 

of emergency and essential surgical capacity in wanda. ritish ournal of urgery. ; - .
. ose , eiser , ider , ilson , ruen , ic ler . stimated need for surgery worldwide 

based on pre alence of diseases  a modelling strategy for the  lobal ealth stimate. he ancet 
lobal ealth. ; - .
. ouo- gamby , issa - elon , eldhaus , uillard , te ens , e e- onono .  cross-

Proefschrift_21nov_zwart.indd   79Proefschrift_21nov_zwart.indd   79 21-11-19   11:5221-11-19   11:52



80

sectional sur ey of emergency and essential surgical care capacity among hospitals with high trauma 
burden in a entral frican country.  health ser ices research. ; .

. enry , indapo , ushner , roen , womeh .  sur ey of surgical capacity in rural 
southern igeria  opportunities for change. orld ournal of surgery. ; - .

. ong , upta , ec elbaum , a e  , amara , womeh , et al. he nternational 
ssessment of apacity for rauma  an index for trauma capacity in low-income countries. he 

ournal of surgical research. ; - .
. l heir , harma , herian , aleh , erard , opal , et al.  cross-sectional sur ey of 

essential surgical capacity in omalia.  open. ; e .
. hao , urdic , an awalla , erbew , eshian , eara , et al. ur ey of surgery and 

anesthesia infrastructure in thiopia. orld ournal of surgery. ; - .
. enry , ren el , orgstein , andawire , oddia . urgical and anaesthetic capacity of 

hospitals in alawi  ey insights. ealth policy and planning. ; - .
. roen , amara , ixon- ole , won , ingham , ushner .  tool and index to assess 

surgical capacity in low income countries  an initial implementation in ierra eone. orld ournal of 
surgery. ; - .

. oye , meh , ushner , womeh .  pilot sur ey of pediatric surgical capacity in est 
frica. orld ournal of surgery. ; - .
. erry , al in . ecti eness of medical equipment donations to impro e health systems  how 

much medical equipment is bro en in the de eloping world   pringer; .
. al in , eane . idence-based approach to the maintenance of laboratory and medical 

equipment in resource-poor se ngs. pringer; .
. eighbour , ltringham . he design of medical equipment for low income countries  dual 

standards or common sense. .
. al in . esign of health care technologies for the de eloping world. nnu e  iomed ng. 

; - .
. owi  , ar i , ang - , shrafian , tun , arlow , et al. echnologies for global health. he 

ancet. ; - .
. ree . chie ing appropriate design and widespread use of health care technologies in the 

de eloping world. nternational ournal of gynecology  obstetrics. ; .
. rgani ation . edical de ices  managing the mismatch  an outcome of the priority medical 

de ices pro ect  orld ealth rgani ation; .
. oei en , aalhui en , i lstra , choor . el  design guide. el , etherlands  aculteit 

ndustieel ntwerpen. .
. in  . esign for ell- eing  n pproach for nderstanding sers  i es in esign for 

e elopment. .
. rimes , owman , odgion , a y . ystematic re iew of barriers to surgical care in low-

income and middle-income countries. orld ournal of surgery. ; - .
. roen , riram , amara , ushner , lo  . ndi idual and community perceptions of 

surgical care in ierra eone. ropical edicine  nternational ealth. ; - .
. ronsard , eneau , hirima , ourtright , wende . hy are children brought late for cataract 

surgery  ualitati e findings from an ania. phthalmic pidemiology. ; - .
. nellingen , hrestha , harti , hrestha , padhyay , o hrel . ocioeconomic barriers to 

cataract surgery in epal  the outh sian cataract management study. ritish ournal of phthalmology. 

Proefschrift_21nov_zwart.indd   80Proefschrift_21nov_zwart.indd   80 21-11-19   11:5221-11-19   11:52



C
h

a
p

t
e

r
  5 

81

; - .
. ee , athyan , ohn , ingh , obin . redictors of and barriers associated with poor follow-

up in patients with glaucoma in outh ndia. rchi es of phthalmology. ; - .
. wanna- ewunwa , i o , irya , podoi , abagenyi , atibwe , et al. arriers and 

facilitators of surgical care in rural ganda  a mixed methods study. he ournal of surgical research. 
; - .

. c ord , ru  , oc  , herian , on chreeb , ussell , et al. rgani ation of essential 
ser ices and the role of first-le el hospitals. ssential urgery hapter. ; - .

.  rgani ation . uide to infrastructure and supplies at arious le els of health care facilities. 
orld ealth rgani ation, ene a, www who int surgery publications s e pdf ccessed. ; .
. rgani ation .  generic essential emergency equipment list. .
. hao , andigo , po u- nane , aine . ystematic re iew of laparoscopic surgery in low-and 

middle-income countries  benefits, challenges, and strategies. urgical endoscopy. ; - .
. rgani ation . ool for situational analysis to assess emergency and essential surgical care. .
. ergstr m , c a e , ereira , o lo . or force inno ations to expand the capacity for surgical 

ser ices. isease control priorities. ; - .
. hilopora , ereira , amwendo , himbiri , alunga , ergstr m . ostoperati e outcome of 

caesarean sections and other ma or emergency obstetric surgery by clinical o cers and medical o cers 
in alawi. uman resources for health. ; .

. radley , how , yassi , heng - , eel , owie .  retrospecti e analysis of oxygen 
concentrator maintenance needs and costs in a low-resource se ng  experience from he ambia. 

ealth and echnology. ; - .
. al in . edical instrumentation in the de eloping world  ngineering orld ealth; 
. gembo- achieng a , gara . trategic management of technology in public health sector in 

enya and outh frica. ast frican medical ournal. ; - .
. achienga . echnology management in the public health sector  professional iew from 

equipment maintenance experts. outh frican ournal of ndustrial ngineering. ; - .
. ullally , ri e , editors. ur ey of clinical engineering e ecti eness in de eloping world hospitals  

equipment resources, procurement and donations. ngineering in edicine and iology ociety,  
  th nnual nternational onference of the ;  .

. al in , hi le . iomedical equipment technician capacity building using a unique e idence-
based curriculum impro es healthcare. ournal of linical ngineering. ; - .

. mmerling , ahinten , al in . roblems with systems of medical equipment pro ision  
an e aluation in onduras, wanda and ambodia identifies opportunities to strengthen healthcare 
systems. ealth and echnology. - .

. al in , eninty . edical maging in the lobal ublic ealth  onation, rocurement, nstallation, 
and aintenance.  adiology in lobal ealth  pringer; . p. - .

. rgani ation . uidelines for health care equipment donations. .

. ullally . a ing it or   tool it for medical equipment donations to low-resource se ngs. 
ropical ealth ducation rust . .

. owie , ill , eel , anneh , ie , ill , et al. eyond good intentions  lessons on 
equipment donation from an frican hospital. ulletin of the orld ealth rgani ation. ; -

.
. al in , on ldenburg eer . i usion of no el healthcare technologies to resource poor 

Proefschrift_21nov_zwart.indd   81Proefschrift_21nov_zwart.indd   81 21-11-19   11:5221-11-19   11:52



82

se ngs. nnals of biomedical engineering. ; - .
. rgani ation . edical e ice egulations  lobal er iew and uiding rinciples. . 

ene a  orld ealth rgani ation oogle cholar. .
. iaconu , hen - , ummins , oyao , anase i- olland , ilford . ethods for medical 

de ice and equipment procurement and prioriti ation within low-and middle-income countries  
findings of a systematic literature re iew. lobali ation and health. ; .

. emafuse,  global health ailable from  h ps sisuglobal.health products .

. rbutus edical . rillco er  ailable from  h p arbutusmedical.ca human-health products
drill-co er-hex.

. radian ealth ailable from  h ps www.gradianhealth.org our-products uam .

. iamedica.  ailable from  h p www.diamedica.co.u english product details.cfm id .

. loss , ouglas , luc sberg , aufmann , al in , c rath , et al. art  ub-
aharan frica ducational artnerships for edical e ice esign. nnals of biomedical engineering. 

; - .
. remer , aul , ergman , aas , a a , e allos , et al.  on- as- ased ryotherapy 

ystem for the reatment of er ical ntraepithelial eoplasia   ixed- ethods pproach for nitial 
e elopment and esting. lob ealth ci ract. ; - .
. rti , e aria , antada s a, i ietro , lice , annan , et al., editors. owards pen 

ource edical e ices- urrent ituation, nspiring d ances and hallenges. iode ices; .
. .  ailable from  h p ubora-biomedical.org tag medical-de ices .
. .  ailable from  h p www.rice .rice.edu.
. dea.  ailable from  h ps enturewell.org bmeidea .

Proefschrift_21nov_zwart.indd   82Proefschrift_21nov_zwart.indd   82 21-11-19   11:5221-11-19   11:52



C
h

a
p

t
e

r
  5 

83

Proefschrift_21nov_zwart.indd   83Proefschrift_21nov_zwart.indd   83 21-11-19   11:5221-11-19   11:52



84

Proefschrift_21nov_zwart.indd   84Proefschrift_21nov_zwart.indd   84 21-11-19   11:5221-11-19   11:52



C
h

a
p

t
e

r
  6

 

85

Chapter 6

he need to impro e electrosurgery in s was identified in hapters  and hapter 
. his chapter uses the context-dri en design approach presented in hapter  to detail 

all contextual factors that should be considered during the design of context-specific 
surgical equipment. ata on contextual factors were collected during fi e field studies, 
mostly in enya. hese contextual findings were translated into context-specific design 
requirements. oncepts for the prototypes of an a ordable electrosurgical unit that is 
compact and ba ery powered  and a robust reusable monopolar handheld are presented. 

ser acceptance of these prototypes were later assessed by  surgeons wor ing in  
frican countries.

osting, . ., uwelt es, ., oeboer, ., esselin  ., iehl, . ., auben, . . . , adete, . ., roen, . ., 

 an elman, .  ontext-specific design of an electrosurgical unit and monopolar handheld to enhance 

global access to surgical care  a design approach based on contextual factors 

mi ed or i ation 

Context-specific design of an 
electrosurgical unit and monopolar 

handheld to enhance global access to 
surgical care: a design approach based 

on contextual factors 
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ABSTRACT
o comply to the large global need for surgery, surgical equipment that fits the challenging 

en ironment in low- and middle-income countries s  should be designed. he aim 
of this study is to present a context-specific design of an electrosurgical unit  and a 
monopolar handheld to impro e global access to surgery.
 

his chapter presents both a detailed description of electrosurgery in clinical practice 
in s and the design of an  generator and monopolar handheld for this specific 
se ng. xtensi e fieldwor  by means of sur eys, inter iews, obser ations and collection 
of maintenance records  was done by authors ,  and . eedbac  from users 
wor ing in enya on the first demonstrator designs was obtained, a er which the designs 
were adapted into conceptual prototypes. hese were further e aluated by sur eying 
respondents who a ended the annual meeting of the ollege f urgeons of ast, entral 
and outhern frica  in igali, wanda in ecember .
 

onceptual prototypes were de eloped for a  an a ordable  that is compact and 
ba ery powered and b  a robust reusable monopolar handheld, that can be cleaned in 
the autocla e and by chemicals e.g., glutaraldehyde solution . he conceptual prototypes 
were positi ely recei ed by the  respondents of the sur ey.
 

he findings from the field wor  and the feedbac  from users during the design phase has 
led to a clear understanding of the specific needs and potential solutions. he presented 
conceptual prototypes need to be further de eloped into functional prototypes, which 
could be implemented in enya and other se ngs for further e aluation. 
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INTRODUCTION
here is a large need for surgery in low- and middle-income countries s , as fi e 

billion people do not ha e access to safe and a ordable surgical care for conditions, such 
as appendicitis, hernia, fractures, obstructed labor, breast and cer ical cancer . o 
increase global access to surgical care, increased wor force capacity is required. owe er, 
the a ailability of surgical equipment is equally important to achie e these targets. 

hortages of equipment for essential surgical care were identified by pre ious surgical 
capacity studies conducted in ub- aharan frica - . o increase a ailability, medical 
de ice companies, non-go ernmental organi ations s  and academia are addressed 
in arious publications to wor  on inno ations to impro e access to surgical care and 
medical equipment in s , . ar estani et al.  indicated that less than  
of the commercially a ailable medical de ices designed for global health were targeting 
noncommunicable diseases cardio ascular diseases, cancer and diabetes , and e en less 
were surgical de ices . his shows an urgent need for inno ations targeting the large 
global need for surgery. 
 

he context in which surgical equipment is used in s di ers from high-income 
countries s . or example, the higher temperatures, erupti e power supplies, and dust 
demand that equipment can withstand these more challenging en ironments in s 

. dditionally, factors, such as lac  of spare parts and consumables, limited access 
to maintenance, bad roads to reach rural hospitals, complex procurement systems, and 
limited financial resources all contribute to the complexity of using surgical equipment , 

, . 
 

esign in the domain of biomedical engineering is traditionally done from a technical 
perspecti e, with a limited focus on the context of use. he context in which surgical 
equipment is used in s is unfamiliar for the ma ority of biomedical engineers s  
originating from s. hat di ers from traditional biomedical engineering design pro ects 
is that an extensi e use of qualitati e context research is required to gather and to analy e 
information of the context .   
 

im of this study is to present a multidisciplinary pro ect that the el  ni ersity of 
echnology started in  to design an electrosurgical unit  and a monopolar 

handheld to impro e global access to electrosurgery by using a context-dri en design 
approach . e de eloped this design approach to guide biomedical engineering design 
teams when designing equipment for global surgery, to ensure that this equipment fits 
the context of use in s. dditionally, design teams are encouraged to in ol e users 
during the design process to recei e feedbac  in an early stage. he rationale to focus on 
electrosurgery, is because it is used during almost all general surgeries. lectrosurgery is 
time e cient, reduces blood loss and facilitates wound healing . oreo er, the need 
for de elopments of electrosurgery for s is highlighted in se eral publications , . 

lectrosurgery requires a generator, an electrosurgical unit , and either a combination 
of a monopolar handheld and patient plate, or a bipolar handheld. n this study we present 
the process of applying this context-dri en design approach during the de elopment of 

 equipment for s.
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METHOD
his study contains of three parts   a field study of the surgical context in s by the use 

of our context-dri en design approach ,  the translation of the collected information 
into a list of design requirements that were used to design an  generator and monopolar 
handheld. nd  an e aluation of the designs by surgeons wor ing in ub aharan frica. 

1. Study of the surgical context
 context-dri en design approach for surgical equipment for safe surgery worldwide  that 

we de eloped was used to collect contextual factors to determine context-specific design 
requirements for the  and monopolar handheld. he contextual factors included in the 
context-dri en design approach are   type of hospitals and type of surgeries performed, 

 a ailability of equipment,  procurement,  infrastructure water, electricity, etc. ,  
team composition and a ailability of training,  maintenance,  sterili ation,  storage, 
and  daily usage se ngs, modes, etc. . 
Fieldwork

ualitati e and quantitati e research methods were used to identify contextual factors 
of electrosurgery in enya and other frican countries. xtensi e fieldwor  by means 
of inter iews, obser ations, collection of maintenance records  was done by the main 
researcher , tudy , , and , able . . 

omplimentary, industrial design engineering master student  conducted inter iews with 
surgeons during hospital site isits in enya, gaining feedbac  on the demonstrator designs 
of the  and monopolar handheld tudy , able . . ndustrial design engineering 
master student  obser ed the practice of electrosurgery during  surgical procedures in 

enya to detail the equipment ourney , meaning that e ery step in ol ing electrosurgery 
during daily use was obser ed and recorded in detail tudy , able . . ll data such 
as transcripts of inter iews, notes, pictures and sur ey data was analy ed using  

.

2.Design of an ESU generator and a monopolar handheld 
he contextual factors that were studied based on the context-dri en design approach 

were translated into a set of context-specific design requirements for both the  and the 
monopolar handheld. er the ideation phase, demonstrator designs igure .  of the 

 and the monopolar handheld were ta en on a field trip to enya tudy , able .  to 
recei e feedbac  from surgeons in the early stage of the design tra ectory. er recei ing 
the feedbac , the designs of the  and monopolar handheld were further de eloped 
into non-functional concepts prototypes for further e aluation igure . . alculations on 
the design and of the electrical hardware of the  were done in upyter oteboo  and 
simulations were done in spice. 

3. Evaluation
espondents who a ended the annual meeting of the ollege f urgeons of ast, entral 

and outhern frica  in igali, wanda in ecember  were sur eyed able 
. , tudy . espondents were as ed to indicate if they currently had access to an  
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records in enya
conducted by 

ebruary 
- pril 

 public hospitals
 mission hospital

emi-structured 
in-depth 
inter iews
conducted by 

enya ecember 
 - 

ecember 

 public hospitals
 pri ate hospital
 mission hospital

 s es 

a  emi-structured 
in-depth 
inter iews

b  eedbac  on 
the demonstrator 
designs

onducted by 

enya une  ublic hospitals
 ri ate hospitals

 surgeons
 s

o

bser ation 
of  surgical 
procedures

onducted by 

enya ctober  ublic hospital o

ur ey  
in igali, wanda 
conducted by 

 
countries 
in ub 

aharan 
frica

ecember  referral 
hospitals

 district hospitals
 pri ate hospitals
 mission hospitals

 surgeons o

Table 6.1: Fieldwork conducted to identify contextual factors that influence design of the electrosurgical unit and 
monopolar handheld.

* COSECSA: College of Surgeons of East, Central And Southern Africa
+ BMET: Biomedical Equipment Technician
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and to score the following aspects of the redesigned  and monopolar handheld from  
lowest score  to  highest score  dimensions, portability, the three di erent pre-se ngs 

for low, medium or high oltage se ngs and the reusable monopolar handheld. n addition, 
they were as ed if they will use the ba ery, if the pro ided modes cut and coagulation  
are su cient, and if they expect this de ice to impro e their surgical practice. dditionally, 
respondents were as ed if they would prefer these de ices o er the current s and 
monopolar handhelds currently a ailable in their hospital and if they had additionally 
feedbac  that should be included in the design of the de ices.

RESULTS
o ensure that the designs of the  generator and monopolar handheld comply to the 

context of use in s this study was di ided into three parts   study of the surgical 
context,  design of the  generator and monopolar handheld and  e aluation by 
surgeons wor ing in s igure . .  total number of  surgeons and  s 
wor ing in  di erent countries in ub aharan frica were sur eyed or inter iewed to 
detail the surgical context, that led to a list of engineering specifications for both the  
generator and monopolar handheld. ourteen surgical procedures were obser ed in one 
large hospital in enya. nother  surgeons wor ing in ub aharan frica e aluated the 
designs in part  of this study. 

1. Surgical context study
he data collected during the fi e di erent field studies able .  that were conducted 

to study the context of use of electrosurgery in s were combined. esulting in the 
following insights per contextual factor of the context-dri en design approach.

A. Type of hospital & type of surgery
e conducted our fieldwor  in enya in public and pri ate for- or not-for profit  hospitals 

where they had at least one operating theatre able . . wo surgeons mentioned 
di erent aspects concerning their daily practice that we should be aware of in our design 
process  

‘Most of the surgeries that I do are paediatric surgery which is around 40% of all my 
surgeries. This involves a lot of child surgery. From my experience each child in Africa 
by the age of 16 has had a surgery wherein the ESU was needed. The awareness on 
child surgery should therefore be highly visible in the design.’ Surgeon 22, Study 4

‘Think about laparoscopic surgery as well. Within five years this will be more and 
more available. So, make your design flexible to make the product more sustainable 
and not obsolete within five years.’ Surgeon 11, Study 4

B. Equipment availability
tudy  able .  re ealed that  of district hospitals,  of public referral hospitals 

and  of pri ate hospitals had access to an . tudy  able .  showed that there 
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was at least one wor ing and one used  per hospital for all surgeons that participated. 
lso, all  s that participated had access to an  tudy , able . . his in 

contrast to laparoscopic equipment, which was only a ailable for  of surgeons included 
in tudy  able . .
 

espite the large a ailability that we found, s and disposable  accessories were not 
always su ciently a ailable for e ery operating theatre  
 

‘Not every theatre has an ESU, so we cannot always use the ESU for each surgery, 
sometimes it is already used by someone else’. Surgeon 1, Study 4

‘Mostly we just had one handheld to use for the entire day.’ Surgeon 15, Study 4
 
‘Most times, the handheld can be used several times by cleaning them in chemicals 
but after a while the buttons start to break. As a solution we changed the attachment 
point so that we can use the same handheld by using the pedal to be able to use them 
a bit longer.’ Surgeon 22, Study 5
 

t places were split-patient plate stic ers were a ailable, they were reused tudy , 
able . . ther hospitals tudy  and tudy , able .  had patient plates without a 

monitoring system indicating if the patient plate is not properly a ached, o en made from 
rubber or aluminum. 

C. Procurement 
tudy  able .  re ealed that almost half of the surgeons had s that were procured by 

the hospitals and  relied on a combination of both donations and procured equipment. 
n tudy  able .  high costs were identified as one of the main barriers why equipment 

was una ailable. he use of disposable accessories has to be paid by the patient on top 
of other costs for surgery, which can result in financial di culties for many patient groups 
since surgeries are o en out of poc et payments tudy , , able . . n addition, it is 
expensi e for hospitals to obtain consumables from outside enya tudy , able . . 
 

uring our hospitals isits we encountered s de eloped by large uropean, merican 
and hinese brands. ost hinese brands were procured by the hospitals itself, large 

uropean and merican brands are o en too expensi e and mostly obtained by donation 
tudy ,  and , able . . 

D. Infrastructure
enya has, li e other s, an instable electricity networ . ospitals in enya o en ha e a 

generator to pro ide electricity during power cuts. owe er, this does not mean in practice 
that the generator pro ides electricity for the entire hospital, o en only for a few areas for 
example, the intensi e care unit and large operating theatres . n addition, oltage pea s 
o en occur when the power goes bac  on, which can cause damage to equipment tudy 

, , able . . 
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 ‘The power goes off frequently in rural areas so it is important to have a reset button 
for the last setting used. This will take away a lot of frustration of the surgeon and will 
reduce unnecessary damage on the tissue.’ Surgeon 15, Study 4

 
n some areas the electricity networ  is not stable enough to run all equipment, so other 

energy sources are used  
 

 ‘The autoclave that we use is not powered on electricity but by fire. This can result in 
a fluctuating temperature range.’ Surgeon 19, Study 4

 
onated equipment does not always match with the local power supply rating, resulting in 

damaged equipment  
 

‘For example, the user can put it in a 240 V which is supposed to run by a 110 V. As 
such, the power supply gets burned, when this happens the machine is not working.’ 
BMET 2, Study 3

 
E, Team & training
n most of the large hospitals the surgical team consists of the following members  

 
‘The surgery staff consists of the surgeon, one or two surgical assistants, one or two 
circulation assistants (nurses) and one anesthetist.’ Surgeon 13, Study 4
 

owe er, in some rural areas it is di cult to find health care sta . s a result, medical 
o cers are o en performing small general surgical procedures in these areas.

 
imited training on electrosurgery is pro ided during medical school for surgeons,  of 

 surgeons that were included in tudy  able .  were trained during their medical 
education. hose not recei ing training learned about electrosurgery practice on the ob
 

‘Currently all surgeons just follow what they have learned from their supervisory 
surgeon. In the rural areas there is no supervisor so guidelines can create confidence 
and will prevent that the ESU will not be used as consequence of a lack of confidence 
or control.’ Surgeon 22, Study 4
 
‘During the study we just learn some basic theory and one or two practical examples. 
This means we are not acquainted with what power settings to use for a certain 
surgery.’ Surgeon 6, Study 4
 

he nurses that wor ed in the operating theatre explained that they do not learn about 
electrosurgery during their education.
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‘We do not learn a lot about electrosurgery at school, more on the job. The BMETs 
can teach us a lot because they know more. But I know that one needs to place the 
return electrode on vascularized mass and close as possible to the surgical site.’  Nurse 
2, Study 5
 

wo surgeons explained that the pro ision of guidelines on safe electrosurgery could be 
helpful
 

‘Guidelines should be positioned on the wall of the theatre, because while preparing 
the surgery room and the machines, we always look at the posters on the wall.’ 
Surgeon 8, Study 4
  
‘I would decide to put the guidelines attached with a chain to the ESU and put the 
guidelines on the cart that is used. In case they want to be sure they can take the 
guidelines and check them. If you would attach them to the top of the ESU they will 
break or eventually fall of. A pamphlet in the surgery room will also always help. So, 
this is a thing that you can do additionally!’  Surgeon 23, Study 4

F. Maintenance 
ighty percent of the in total  surgeons we sur eyed had access to maintenance 

within their facility tudy , , able . . n addition, all inter iewed and sur eyed s 
performed maintenance on the . alf of the  s learned about electrosurgery 
during their education tudy , able . dditionally, we noticed during our field isits that 

s ha e a lot of nowledge about the wor ing principles of the de ices. hen new 
equipment is procured they sometimes get additional training from the medical de ice 
company. owe er, this does not always mean that s can practice maintenance wor  
on models that can be opened up to learn how to trouble shoot in case of an error or how 
to replace parts tudy , able . .
 

ased on the  maintenance records that we collected in three large hospitals in enya 
tudy , able .  we identified that most of the maintenance was related to the soldering 

of parts of the accessories  out of  maintenance records on the accessories . owe er, 
when the  generator required repair this sometimes  out of  cases  could not be 
repaired by the s themsel es. n addition, all  s tudy , able .  indicated 
that accessories cables, connectors, patient plates and monopolar handhelds  brea  easily. 

dditionally, more than half  of  sur eyed s indicated that power boards of 
the  generator are prone to brea ing. e found that s perform relati ely more 
in-house repairs on the  than for example on laparoscopic equipment. aparoscopic 
equipment is o en too delicate and requires a ser icing contract with the medical de ice 
company. n electrical analy er can be used to e aluate the functioning of the , for 
example to measure the current lea age. owe er, there are no electrical analy er in most 
of the hospitals in enya, only one large hospital that we isited had access to one.
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uggestions for the design of a new  generator gi en by the  s that we sur eyed 
included  

• re ention of insulation failure of the handhelds 
• educe the number of printed circuit boards in the generator
• eparate power supply boards for easy diagnosing. ower filters should be 

easy to procure from local stores.
• nstall power stabili ers into the equipment for protection during large power 

pea s 

G. Sterilization
he  accessories that are in contact with tissue need to be sterile. any hospitals in 

s use disposable one-time use  accessories. owe er,  of  surgeons in our 
sur ey mentioned that they reuse these disposable accessories as much as possible tudy 

, able . , mostly because of financially and structural barriers. t is di cult to get the 
 accessories in some countries tudy , , able . . e noticed during our field trips 

that only a small number of hospitals had reusable accessories. he disposable accessories 
cannot withstand the high temperatures in the autocla e and are therefore cleaned by 
hea y chemicals including cidex .
 

‘We use the autoclave during the whole day, but when you quickly need a handheld, 
we always use cidex detergent. ‘Surgeon 1, Study 4
 
‘There are some problems with getting the cidex out after usage because there is not 
a long drying time. They normally shake the handheld to get the water out.’ Surgeon 
10, Study 4
 
‘The sterilization room is far from the theatres, so in a lot of cases the accessories are 
cleaned quickly to reuse a handheld that has been used in the surgery prior to the 
new surgery. This is a fast method to sterilize the handheld (10 min). However, there 
are problems with electricity and the liquid that stays in the handheld. The risk of this 
is that the high-power settings can cause insulation failure in the cables as well as 
the exterior of the handheld. It happened that a hole was blown in the exterior after 
frequent sterilization.’ Surgeon 1, Study 4

 
H. Storage

uring our field isits we noticed that equipment was placed on the oor, chairs, tables 
or in the windowsill. he patient plate was frequently ept close to the ; howe er, 
the cables were o en still on the oor and hospital beds were mo ed o er these cables 
frequently.
wo surgeons described why the  should be compact  

 
‘The ESU should be as small as possible because we do not always have a good table 
for this.’ Surgeon 19, Study 4 
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‘The ESU is moved a lot from place to place so it should be small, light and have a 
handgrip.’ Surgeon 15, Study 4

I. Daily usage (settings, modes, etc.)
he  surgeons that participated in tudy  able .  mostly used coagulation  

and cut  as se ngs to perform their surgeries. wenty-six percent only used the  
in monopolar mode,  only in bipolar and  used both modes. ixty percent indicated 
that they experience complications during use, burns were encountered by  and 
electrical shoc s by  tudy , able . . uring our con ersations with surgeons and 
obser ations we noticed that the most frequently used se ngs were between - . 

lso a few surgeons used higher se ngs more than  to perform certain procedures 
tudy  and tudy , able . . ost surgeons were aware that they should use the lowest 

se ngs as possible and ad ust the se ngs according to the tissue response.
 

Coagulation and cut are more than sufficient for the surgeries in Africa.’ Surgeon 4, 
Study 4
 
‘The surgeon checks the power setting by seeing the reaction on the tissue. When 
the cut function does not do much, they will increase. When there is too much smoke 
they will decrease. Most times, the power setting will stay the same for the rest of the 
surgery.’ Surgeon 23, Study 4
 
‘Most times when I use high power is when the machine is not working properly. I 
can see this within this hospital that I use way more higher power settings than in the 
other hospital where I work. The power setting for a surgery should always start as 
low as possible.’ Surgeon 5, Study 4
 
‘You should only focus on the spatula electrode because this electrode is mainly used 
and is multifunctional. Normally we do not like to change electrodes during the surgery 
so if you focus on one please focus on the spatula electrode.’ Surgeon 23, Study 4

 
When the power needs to be adjusted during surgery this is often done by the 
circulation assistant (nurse). Two surgeons explained why a clear display is important:
 
‘Sometimes the ESU is positioned on a chair lower than the bed, which makes it harder 
to see the ESU interface and the power setting. So, it is highly important that this is 
properly visible. ’Surgeon 5, Study 4
 
‘The display should be visible from at least two meters away, I want to check if the 
power setting has changed.’ Surgeon 8, Study 4

 
e described in detail the equipment use during each step when electrosurgery was 

used, based on  obser ations in enya tudy , able . . his resulted in  steps 
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ons mer 
re irements 

enerator

n ineerin  s e i ations ationa e 

ortable •  ontain a handle
•  g+

he  generator must be easy 
to mo e between operating 
theatres due to insu cient 
numbers of de ices per hospital 
(contextual factor B, H)

urable • ifetime of the de ice years 
• asing made from  non-

absorbent material
• ble to operate at temperatures 

between -  and -  
relati e humidity++

• esistant against high ambient dust 
in rural operation theatres and 
a possible drop of water on the 
exterior 

he  generator must 
function in operating theatres 
that do not ha e temperature or
humidity control systems 
(contextual factor D and F)

he  generators must 
withstand cleaning with water 
and chemical solutions that 
are used to clean the de ice in 
between surgeries or at the end 
of the day (contextual factor I)

afe and 
e cient use

• ower -
• ut and coagulate
• onopolar and bipolar mode
• ower stabili er  con erter +++ 

• udible alarm when patient plate is 
not properly a ached

• udible indication when acti ated 
• lear interface that can be read 

from m distance of the de ice
• onsistent power deli ery with 

changing tissue impedance^

• igh quality components of 
manufacturers that are  
certified or ha e a history of  
mar ing 

he  should operate with 
a power up to , since this 
is the maximum power used in 
clinical practice according to our 
participants (contextual factor I)

he  generator must operate 
in cut and coagulation mode, 
since these are su cient to 
perform ma ority of surgeries 
according to our participants 
(contextual factor I)

he  generator must be 
able to withstand large power 

uctuations since the electricity 
infrastructure in many s is 
unstable (contextual factor D 
and F)

he  generator must contain 
an interface that enhances 
intuiti e use since not all 
sta  are properly trained on 
installation and use of the  
generator (contextual factor E 
an I)

 he  generator must comply 
with  mar ing regulation 
(contextual factor C)

Table 6.2: Context-specific design requirements for the ESU generator
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+The dimensions and weight of a Valleylab Force Fx were chosen as benchmark values, participants indicated 
that they were able to carry this device from one operating theatre to the other, but larger than this will become 
difficult for one person (20). 
++ Chosen according to publication of Neighbour et al. (2012)(12)and Forrester et al.(2019) (21)and the World 
Federation of
Societies of Anaesthesiologists (WFSA) performance standards for anesthesia equipment for LMICs (22)
+++ Chosen according to our own data supported by the publication of Neighbour et al(2012)(12)
++++Meeuwsen et al (2017)(23)indicated a mean activation time of 2.5 min of the ESU during laparoscopic 
cholecystectomies performed by experience surgeons during procedures with an average time of 44 minutes. 
According to the WFSA performance standards procedures should be able to continue for at least 90 minutes. 
^ The resistance in the human body can differ from 25  to 4 k and full power should be delivered over the entire 
resistance span. During use of the ESU the resistance will vary a lot when different type of tissue is cut. It is 
preferred to keep the power that is delivered to the load (tissue in this case) as constant as possible to enhance 
optimal use. The voltage needs to be regulated according to the Ohm’s law in order to keep the output power, the 
same, by a changing resistance (17).  
^^According to the publication of Forrester et al.(2019) (21)
^^^ This amount was specified based on experience of our participants that indicated that this is the price range 
of equipment that is currently procured and is manageable by the hospitals (Study 4, Table 6.1)

a ery 
powered

• a ery required for  min inacti e 
use,  minutes of acti e use at 
largest power se ng 

• ompatible with -   and 
-  

• ompatible with airplane regulations 
on ba eries

he  generator must 
accommodate the ariety of 
electricity infrastructures from 

s that can contain large 
electricity pea s (contextual 
factor D)

he  generator must be 
enable use during power 
interruptions (contextual factor 
D and I)

asy to 
maintain

• asily replaceable power board
• lear error codes for maintenance 

issues

s must be able to pro ide 
in-house maintenance on the 

 generator a oiding timely 
out sourced repairs (contextual 
factor F)

ow costs • -   dollar^^^ he  generator must be 
a ordable and should not cost 
more than competing models 
from hina (contextual factor C)
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Desi n 
re irements 
mono o ar 
handhe d

n ineerin  s e i ations ationa e 

ompatibility 
should be 
ensured with 
di erent  
brands that 
are currently 
on the mar et

• tandard  plug for monopolar 
handheld

• onopolar handheld should be 
bu on acti ated and compatible to 
wor  with a foot pedal 

he monopolar handheld must 
contain a standard  x mm 
banana plug connector that 
is used by large international 
brands, since hospitals 
ha e arious brands of  
generators (contextual factor B, 
C, and I)

he monopolar handheld 
must be acti ated by a bu on 
because it is mostly preferred by 
the participating surgeons, but 
in case of failure of the bu ons, 
compatibility with a foot pedal 
is desirable (contextual factor B 
and I)

eusability • capula electrode 
•  non-corrosi e material
• ompatible with hea y chemical 

cleaning solutions such as, 
glutaraldehyde solution and 
chlorine  

• ithstand temperature of the 
autocla e 

• atertight design of the handpiece 
to pre ent corrosion of internal 
components 

he monopolar handheld must 
contain a scapula electrode 
is su cient for most general 
surgeries (contextual factor I)

he monopolar handheld must 
withstand cleaning by sterili ers, 
and for when accessories 
or sterili ers are of limited 
a ailability they must withstand 
cleaning by hea y chemicals 
(contextual factor B, F, G and I)

urability • ables with at least two isolation 
mantels 

• train relief between the 
connections of the handheld and the 
cable and the connector to the 

• ip of the instrument can be 
replaced when contaminated with 
eschar

he monopolar handheld must 
withstand the fact that hospital 
beds are mo ed o er cables 
(contextual factor H and I)

he monopolar handheld 
should be designed as such 
that repair of the connection 
points between the handheld 
and the cable is not necessary 
(contextual factor H)

ow costs •  -   dollar  he monopolar handheld must 
be a ordable and should not 
cost more than competing 
models from hina (contextual 
factor C)

Table 6.3: Context-specific design requirements for the monopolar handheld 

*This amount was specified based on experience of our participants that indicated that this is the price range of 

equipment that is currently procured and is manageable by the hospitals (Study 4, Table 6.1) 
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during procurement, pre-surgical treatment, surgical treatment, post-surgical treatment, 
maintenance, repair and disposal  re ealing details of electrosurgery in clinical practi ce. 

he enti re equipment ourney can be accessed ia  h  ps pro ects.in isionapp.com
share screens . 

erall, detailing the equipment ourney re ealed that the nurses are mostly responsible 
for the installati on of the  and the accessories prior to surgery, and it re ealed the 
following issues  improper placement of the pati ent plate, a missed alarm sound gi en by 
the , the cleaning of monopolar handhelds in chemicals that are not properly dried, 
delays during surgery because a monopolar handheld suddenly does not functi on anymore, 
and reuse of the pati ent plate sti c er. lthough these aspects were also identi fi ed during 
studies - ; the equipment ourney pro ides informati on on the specifi c phase during use 
of electrosurgery during which they occur, and re ealed which users are in ol ed during 
each phase of the equipment ourney. 

2. Designs of the ESU generator and a monopolar handheld
e de eloped a context-specifi c set of design requirements based on the surgical context 

study for the  able .  and the monopolar handheld able . .  

Demonstrator Designs
 er establishing the context-specifi c set of design requirements, the following two design 

directi ons were chosen
• n a  ordable  generator that is compact, has a clear user interface and is 

ba  ery powered and can be operated in both cut and coagulati on mode, and
•  robust reusable monopolar handheld that can be cleaned in the autocla e 

and by chemicals.

Figure 6.1: Demonstrator designs of the ESU interface and the monopolar handheld that were evaluated by 19 
surgeons and 2 BMETs working in Kenya (Study 4, Table  6.1). 
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uring the ideation phase se eral demonstrator designs for the  and the monopolar 
handheld were generated igure . . wo rotating bu ons to control the power le els for 
both cut and coagulation, together with a di ision of the power between -  in three 
di erent le els micro, moderate and macro , were chosen as a base for the interface of 
the  generator. or the monopolar handheld a pen shaped design with two di erent 
bu ons, both in terms of color and orientation, were chosen as a base for the design of 
the monopolar handheld. e eral moc  up models were de eloped and e aluated with  
surgeons and  s wor ing in enya able . , tudy . 

Evaluation demonstrator designs
 enerator inter a e

omments gi en on the two rotating bu ons to ad ust the se ngs, included
 

+ ‘Having a limited bandwidth within a subgroup will be a great safety precaution for 
wrong power setting by the circulation assistance.’ Surgeon 13, Study 4
 
+ ‘There will be more awareness and attention when moving to another sub-group.’ 
Surgeon 15, Study 4
 
+/- ‘The maximum macro power that you used is rarely used. For adults I go maximum 
up to 70 W if I need to cauterize the liver (a lot of blood). Normally I will not go higher 
than 50 W. Macro is now according to your design a generic setting that is normal to 
use. Create more precaution for this sub group to avoid for it to become normal to 
use.’ Surgeon 22, Study 4
 
+/- ‘Creating a distinction between the cut and coagulation mode by adding color will 
make it easier to see what mode has been changed and can be better understood by 
the surgical assistance.’ Surgeon 8, Study 4

ono o ar handhe d 
omments gi en on the pen shaped monopolar handheld included

 
+ ‘The pen shaped grip in the handheld will maintain grip when activating the handheld 
and when the rubber gloves are wet. Most handhelds will start to slide away when 
the rubber gloves are wet which increases the risk to drop them and does not give 
the feeling of confidence and precise examination of for instance a cut.’ Surgeon 23, 
Study 4
 
+ ‘I really like to hold the handheld like this with this design. It is actually really 
comfortable and gives me good grip when I hold it as a pen. It makes me feel more 
secure that the handheld will not drop.’ Surgeon 13, Study 4
 
+ ‘It is very nice that your buttons have a different sensation that means that when 
my fingers are used to the difference I will not have to check the button colors and I 
can keep my focus on the surgery. This will ensure less checks.’ Surgeon 14, Study 4
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+ ‘What is a really important advantage of your handheld is that you have a controlled 
feeling in the hand. During the surgery my gloves oft en get wet and with the smoother 
surfaces’ handheld, for instance rounded once they oft en slide out of the hand so I will 
have to dry my hands a couple of ti me during the surgery.’ Surgeon 19, study 4 

Conceptual prototypes of the ESU generator and the monopolar handheld
he demonstrator designs were further fi nali ed into conceptual prototypes of both the 

 and the monopolar handheld igure . , incorporati ng the feedbac  obtained from 
surgeons wor ing in enya. 

he design of the  consists of an interface with two large rotati ng bu  ons, which can 
be used to ad ust the power for both cut le   in yellow  and coagulati on right in blue . wo 

 screens pro ide the currently used power se   ng of the de ice and in case of failure, 
error codes will be displayed to assist health care sta   and s. hese  screens are 
bright enough to be read from a distance of three meters and a iew angle of  degrees. 

n the le   side of the interface, the user can choose between three di  erent pre-se   ngs 
for the output power, low - , medium -  or high - . he rotati ng 
bu  ons can be used to ad ust the se   ng of cut and coagulati on within this bandwidth 
of the three di  erent pre-se   ngs of the output power low, medium or high  in steps of 

. hen the de ice is switched on, it will always be set to the lowest se   ng , the 
reset bu  on in the middle of the two  displays can be used to set the de ice bac  to 
the pre ious used se   ng. he rotati on bu  on has no maximum rotati on angle as seen in 
potenti ometers. onsequently, this enables so  ware to start at to the lowest power se   ng 
when the de ice has been switched o  .

he connecti ons for the pati ent plate, both monopolar and bipolar electrodes and the 
foot pedal are placed on the bo  om of the de ice. rior to the surgery, the interface will 
instruct the surgical team when connecti ng the accessories by blin ing s abo e the 
ports. nce the accessories are appropriately a  ached, for instance in case of monopolar 
electrosurgery, the return electrode and the monopolar handheld, the sub-group s will 
start blin ing.

Figure 6.2: Final designs of the ESU and monopolar handheld.
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he  is designed for cu   ng and coagulati on, so the wa e generator used in the design 
pro ides two di  erent alternati ng currents  a conti nuous wa eform for cu   ng and an 
intermi  ed wa eform for coagulati on. or both modes the maximum output oltage is set 
to . he electrical hardware igure .  consists of two parts  the power supply board 
and the main board with the wa e generator and microcontroller . he two boards can 
be replaced separately, when maintenance is required. he power supply board includes 
a power stabili er that is compati ble between -   and for s at   and 

- . he  x  .  h lithium ba  eries pro ide enough energy to conti nue wor ing 
for  minutes, including at least  minutes of acti ati on on the highest power se   ng of 

. he main part of the electrical hardware consists of a microcontroller and custom-
built wa e generator. ransformers will be used to control the power output with changing 
impedances of ti ssue. he microcontroller will be programmed to control  the output of 
the wa e generator cu   ng or coagulati on ,  lights, alarms during acti ati on and in 
case of an error and the rotati ng bu  ons. n additi on, the temperature, the current lea age 
between the source and the load to pre ent unintended burns because of direct coupling  
and the resistance between both sides of the split pati ent plate, will be measured and 
the  will stop functi oning when an unwanted situati on occurs.  heat sin  is used for 
cooling of the de ice. lso, all components are able to operate between temperatures 
of  to . ll components, except the custom-built wa e generator, are made by high 
quality manufactures with  certi fi cati on and a history with  mar ing, that ha e 
distributors in enya and other frican countries.

Figure 6.3: Flowchart of the electrical hardware of the ESU (in the blue square) containing the power supply board 
(green square) and the main board (red square).
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he hea iest part of the internal hardware are the power stabili ers, the ba  eries and the 
heat sin  with a combined weight of approximately  g. he dimensions of the de ice 
including a handle to ti lt the de ice that is placed on the bac side igure .  will allow for 
transport between operati ng theatres.  raster to pro ide cooling to the de ice is placed 
inside the handle to pre ent water and dust ge   ng in. he exterior is made from  and 
stainless steel which are  non-absorbent and therefore able to withstand cleaning by 
chemicals . he interface made of a polycarbonate foil is highly reliable and resistant 
against the cleaning detergents that are used for cleaning. ll in  of the symbols and text is 
applied on the bac  of the polycarbonate sti c er and cannot be harmed by excessi e use. 

esides, the sti c er ensures a dust free seal since the bu  ons are integrated in the foil. 

ono o ar handhe d
he monopolar handheld has a pen shaped design with two bu  ons, one in the front 

for cu   ng yellow  and one behind for coagulati on blue  that are placed in a di  erent 
orientati on. he handheld consists of two parts, the pen and the ti p. he ti p can be 
replaced, for example when too much eschar has built up. he monopolar handheld is 
designed as such that when the handheld is laid down the ti p will not come into contact 
with the surface, in case the  is accidentally acti ated. he monopolar handheld has a 
waterti ght design, allowing it to be cleaned in one piece for reuse. he ti p is made from 
stainless steel. t was chosen to use a strain relief connecti on made from polymers between 
the handheld and the cable to ensure durability and to ma e the design waterti ght. 

aterials used for the pen should be highly resistant against chemicals and high 
temperatures, as for example olysulfone . he monopolar handheld has a connecti on 
with  x  mm banana plugs, similar to the design of commonly used internati onal brands. 

Figure 6.4: Non-functi onal concept prototypes of the ESU and monopolar handheld that were used for further 
evaluati on of the designs. * A redel connector was used for this prototype because it was easily accessible during 
the manufacturing of this prototype, the 3x 4mm banana plug will be used for future prototypes.
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on e t rototy es
e ha e de eloped the designed into non-functional conceptual prototypes with wor ing 

 lights to demonstrate what we en ision for the design in the future igure . . ue 
to budget constrains it was not possible yet to build full functioning prototypes including 
the electrical hardware.  

3. Evaluation of the ESU and monopolar handheld by surgeons 
working in Sub-Saharan Africa 

 total number of  surgeons participated in our sur ey to e aluate the design of the 
 generator and the reusable monopolar handheld able . , tudy . urgeons 

represented hospitals in ngola , otswana , ameroon , ongo , thiopia , 
enya , alawi , ganda , wanda , an ania , ambia , imbabwe  

and one surgeon specified to wor  in arious countries. 
ore than half n  of the surgeons wor ed in referral hospitals,  in district hospitals,  

in pri ate hospitals and  in mission hospitals. 
 

omment on the de i e era e ratin  y the 
arti i ants o est  

hi hest ran in

 li e the dimensions of the prototype .

 li e the portability of the prototype .

 will use the option to operate the de ice on a ba ery .

 belie e that cut and coagulation both monopolar and biopolar  are 
enough to perform most of the surgeries

.

he three di erent pre-se ngs for minor, moderate and ma or surgery 
will help me to select the right se ng

.

 would li e to use reusable accessories that are intended to be 
reused

.

 belie e the de ice could impro e the way  perform surgery on a daily 
basis

.

Table 6.4: Average ratings and comments on the concept prototypes given by 51 surgeons participants in this 
study.

omments on the de i es er t 

ac -up power ‘It is portable & can be used in rural areas without electricity, 
perhaps look into incorporating solar for remote areas without 
stable power.’ Participant 16

eusability ‘The reusable aspect of the cautery tips is the main appealing 
component’ Participant 32

ac -up power  ‘Battery mode is a game changer’ Participant 39

obust ‘Will it stand when dropped by 1 m?’ Participant 41

ortability ‘Can it come with a portable light weight foldable stand?’ 
Participant 7
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orty-se en  of the participants currently had access to an  in the hospital they 
wor  in, three respondents had no access and one did not respond to this question. f the 

 participants that responded to the question if they would prefer this prototype o er the 
current  they ha e in their hospitals,  participants  responded with yes. able 

.  shows the rating participants ga e to di erent aspects of the conceptual prototypes. 
he participants indicated to especially li e the use of reusable accessories score of .  

out of , followed by the portability of the de ice .  out of .
  

DISCUSSION
espite the large global need for surgery, only a few e orts ha e been made to de elop 

surgical equipment specifically targeting this specific need for surgery in challenging 
en ironments in s. he goal of this paper was to design a context-specific  and 
monopolar handheld to increase global access to electrosurgery. o ensure that the newly 
designed  and monopolar handheld comply to the context of use in s, we used 
the context-dri en design approach, that we de eloped . y the use of quantitati e 
and qualitati e research methods sur eys, inter iews and obser ations  in enya, and 
other frican countries we collected contextual factors in uencing use. e translated 
these findings into context-specific design requirements and into new designs of both the 

 and the monopolar handheld. he conceptual prototypes were e aluated by surgeons 
a ending a large surgical conference in wanda in ecember .
 

ithin this pro ect adaptations to con entional designs of the  and monopolar handheld 
were made to design context-specific surgical equipment that complies to the context of 
use in s. o o ercome current barriers to use, we ha e designed   an  that is 
portable, has a clear user interface and a bac up ba ery for at least  minutes of usage 
and  a robust reusable pen shaped monopolar handheld and that can be cleaned in the 
autocla e and by hea y chemicals. urrent s a ailable on the mar et are expensi e, 
di cult to maintain and ha e complex interfaces. n addition, there are, to our nowledge, 
no s on the mar et that are ba ery powered. hawla et al.  reported that in  

s, less than two-thirds of the hospitals had access to a continuous electricity source 
or a generator, demonstrating the wide impact that ba ery powered surgical equipment 
might ha e . 
 

s reported before , , , we also identified the reuse of disposable monopolar 
handhelds during our fieldwor . eusable monopolar handhelds are a ailable on the 
mar et, o en with a disposable tip. hese reusable monopolar handhelds are expensi e, 
prone to brea ing especially the cables  and do not, based on the experiences of our 
participants, withstand cleaning by hea y chemicals. euse of both, disposable and 
reusable, monopolar handhelds by cleaning with hea y chemicals, can lead to insulation 
failure possibly leading to unintended burns  or electrical shoc s. ome commercially 
a ailable reusable monopolar handhelds ha e to be dismantled before cleaning, resulting 
in parts that get lost, leading to una ailability of the equipment. e ha e chosen to focus 
on durability for the design of the monopolar handheld rather than its reparability, because 
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to support maintenance, adaptati ons had to be made that would reduce its durability. e 
ha e, therefore, chosen to focus on a durable design that when o erused or bro en, will 
need to be replaced in total. 

esides, the introducti on of a ba  ery and the design of a durable reusable monopolar 
handheld, other features to increase global accessibility of electrosurgery were introduced 
as well. irstly, an interface with two rotati ng bu  ons and three di  erent pre-se   ngs for 
the power output was designed, ensuring that the power can only be ad usted within the 
bandwidth of the selected category low, medium or high . he use of the pre-se   ngs, will 
ensure that users are more aware of using higher power se   ngs, because they acti ely 
ha e to mo e to the higher pre-se   ng. econdly, the interface aims to pro ide guidance for 
the users during installati on of the , by the blin ing  lights on the interface. hirdly, 
to enhance inhouse maintenance performed by s, it is easy to dismantle the  and 
the power board is a separate component that is accessible if replacement is required. 

aintenance will be supported by error codes that are displayed in the  screens and 
will be explained in the manual of the . re iously described adaptati ons, can be 
especially helpful for users with limited training on how to use electrosurgery. dditi onally, 
a pen shaped monopolar handheld was designed, that pro ides more grip while holding 
the handheld with wet glo es and pre ents contact with ti ssue or other materials when 
laying down, while not in use. astly, the di  erent orientati on of the two bu  ons on the 
monopolar handheld pro ides feedbac  to the user during acti ati on of cut or coagulati on. 

hese adaptati ons, could be useful in any se   ng worldwide. he use of a power stabili er, 
ba  ery and the choice for materials that can withstand cleaning by hea y chemicals are 
features that are probably not aluable in s, but can ha e a large impact in s. 

Figure 6.5: Reusable pati ent plate including a safety monitoring system.
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n additi on to the designs presented in this paper, we are wor ing on the de elopment 
of a reusable pati ent plate that supports safety monitoring system in  generators that 
are currently a ailable on the mar et igure . , guidelines for use and installati on that 
can be placed on top of the , a poster with safety instructi ons for use in the operati ng 
theatre igure . , and a manual that explains the error coding displayed on the -
screens. uture pro ects will in ol e the design of a cart to store and easily transport the 

 between operati ng theatres and a drying tripod for the monopolar handhelds a  er 
cleaning by chemicals. 

he next step is to build the designs presented in this study into wor ing prototypes for 
further e aluati on. he design requirements seem technically feasible and we also expect 
to stay below the maximum costs for the de ice. owe er, wor ing prototypes that can 
be e aluated in a lab se   ng and clinical practi ce are required to ensure that all context-
specifi c design requirements are met. eat simulati ons should, for example, be conducted 
to determine whether a heat sin  pro ides su   cient cooling for the temperatures reached 
in s, or if a carbon heat pad should be included. dditi onally, the number of ti mes 
that the monopolar handhelds can be safely reused and if a ba  ery bac up ti me of  min 
is su   cient enough to bridge power interrupti ons should be tested in clinical practi ce. n 
additi on, acceptance by users and if the de ice can be maintained by s should be 
e aluated. uture steps will include certi fi cati on and we will ha e to loo  for a commercial 
partner that is willing to bring the designs on the mar et. e en ision these designs as a 
set of surgical equipment that is bought by the hospitals with a certain number of reusable 
accessories, depending on the number of operati ng theatres and surgeries performed on a 
daily basis.  strong relati onship between the user and the medical de ice company must 

Figure 6.6: Poster with instructi ons for use and guidelines on safe electrosurgery that are developed in additi on 
the ESU and monopolar handheld.
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be established to ensure the supply chain of the accessories. dditionally, s should be 
able to contact the de ice company for large repairs. alibration de ices that are required 
to chec  for example, if the oltage of the  is still in range, were not a ailable in the 
hospitals that we isited. n a ordable calibration de ice should be de eloped and, in the 
meantime, the medical de ice company should ensure that these chec s will be done on a 
six monthly or yearly basis. 

his was the first design pro ect that used the context-dri en design approach to research 
contextual factors in uencing context-specific surgical equipment. ar estani et al.
showed that engaging end users in the design process is essential to ensure successful 
adoption . ohedas et al. also showed that a combination of di erent qualitati e 
research methods is aluable to collect contextual factors during design pro ects . e 
pro ided a practical example of the context-dri en design approach and the contextual 
factors that we studied in this design pro ect through sur eys, obser ations and inter iews 
in enya, and other frican countries. he data collected during the first three field studies 

able .  led to the preliminary list of context-specific design requirements, this was a 
solid base to de elop the demonstrator designs of the  and monopolar handheld. hese 
were used to get feedbac  from surgeons wor ing in enya tudy , able .  in the early 
stage of the design. tudy  and  able . , were used to finali e the context-specific 
design requirements that were used for the conceptual prototypes. he first e aluation of 
the conceptual prototypes by the  surgeons, showed that  preferred the redesigned 

 and monopolar handheld o er the equipment they currently ha e in the hospital they 
wor ed in. he portability of the  and the reusable monopolar handhelds recei ed the 
highest scores of the respondents .  and . , respecti ely . his indicates that the  
and monopolar handheld are expected to be adopted by end-users. owe er, this needs 
further e aluation by implementation of wor ing prototypes in hospitals in di erent s. 
 

he high front-end costs for the de elopments of the prototypes was an important barrier 
during the design pro ect described in this study. his barrier needs to be o ercome to 
mo e to next phases of manufacturing, testing and widespread implementation. e 
hope that the designs of the  and monopolar handheld, will e entually be adopted by 
surgical organi ations such as  and  and will be included in the compendium 
of technologies for low resource se ngs that is issued by the orld ealth rgani ation. 
 

espite the assumption that all context-specific design requirements presented in able 
.  and  are technically feasible, it is a limitation of this study that we were not able to 

build full functioning prototypes of the designs. n the future, users and s should 
e aluate the design while using them in clinical practice. ontextual factors were collected 
in areas where s are already implemented, and the use of our designs in locations 
without pre ious experience with s should be e aluated, to indicate how successful 
translation between di erent se ngs in s is. 
 e hope that this paper can pro ide an example to other design teams that are wor ing on 
inno ations for surgical, or other medical equipment, for s. ithin the iomechanical 

ngineering department of the el  ni ersity in the etherlands, other pro ects ha e 
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started on the design of a ideo laryngoscope and equipment for laparoscopic surgery, 
using a similar approach. e hope that successful implementation of the presented designs 
in this study, mar s the start of increased global access to electrosurgery, and pa es a path 
for the implementation of context-specific designs of surgical equipment.
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Chapter 7

Discussion
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he title of this thesis, owards increased global a ailability of surgical equipment , 
represents the research of the use of surgical equipment in hospitals in s and context-
specific designs that could impact surgical practice in the future. n the first part, the 
context of use and barriers to surgical equipment in frican hospitals were described in 
order to understand what is required to increase a ailability. n the second part, a context-
dri en design approach was presented that can be used to collect contextual factors when 
designing context-specific surgical equipment for s. n addition, the use of our design 
approach in practice during the design of a context-specific  and monopolar handheld 
for use in hospitals in ub- aharan frica was presented. 

MAIN FINDINGS
The context of use of surgical equipment in hospitals in Sub-Saharan 
Africa

he a ailability and the main barriers to a ailability of surgical equipment were studied 
in hospitals in di erent countries in ub- aharan frica, with a main focus on enya.  
sur ey among  surgeons wor ing in  frican countries, re ealed that  of the district 
hospitals represented in our study had basic surgical equipment required for essential 
surgery, compared to  of pri ate and  of public referral hospitals igure . . 

his means that still a portion of equipment remains not a ailable for hospitals. hen 
equipment is una ailable, this can either mean that equipment is not present within 
the hospital, or equipment is present but not in use, and therefore also not a ailable. 

hroughout our studies, both surgeons and s, indicated high costs, limited training, 
lac  of consumables, water, energy or repair, and old and o erused equipment as barriers 
to a ailability of surgical equipment. e detailed the surgical equipment ourney, based 
on experiences of s in enya, to understand the root cause of these barriers. igh 
costs were identified as a barrier during the procurement phase of the equipment ourney, 
resulting in procurement of inexpensi e equipment that fits the tender specifications, but 
are not fi ng the challenging context of use. he costs and accessibility of consumables 
or spare parts especially, but not limited, for donated equipment , together with the 
challenging infrastructure, during the use and maintenance phase results in barriers to 
a ailability. hen equipment is a ailable, it still remains a precarious situation to sustain 
this a ailability when consumables and spare parts are not accessible or when access to 
maintenance is missing. ccess to maintenance for surgeons that participated in our studies 
n , aried from - , re ealing that -  of the hospitals had no access to repair 

when required. dditional barriers encountered by s n  included  unawareness 
of management sta  on planned pre enti e maintenance or inadequate s ills or tools to 
pro ide large maintenance issues on complex equipment, such as the electrosurgical unit 

 or laparoscopic equipment. he need for consumables, for example accessories 
required for electrosurgery, are a barrier because consumables are costly and prone to 
brea age, resulting in unintended reuse and frequent maintenance issues. n addition, 
donated equipment that is already obsolete when arri ing at the recei ing hospitals only 
results in extra wor  for the s, when they ha e to organi e the bureaucratic and 
timely  disposal phase, instead of increasing the number of a ailable equipment. 
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n the first three chapters of this thesis, we identified that it is a complex process to ensure 
a ailability of surgical equipment and that this depends on more that the equipment itself. 

spects in uencing the context of use, such as procurement, training, usage, complications 
and maintenance all in uence a ailability. herefore, additional data on procurement, 
training, use, complications and maintenance were collected while studying the a ailability 
of electrosurgical units s  and laparoscopic equipment in  frican countries. his 
re ealed that despite their a ailability which was larger for s than for laparoscopic 
equipment , access to maintenance, training and consumables were not always in place. 

his results in the precarious situation in which equipment is a ailable, but this a ailability 
is di cult to sustain in the long term, for example, when a new set of consumables or repair 
is required. ithin this thesis we aimed to create awareness on what aspects in uence 
the context of use of surgical equipment and should, therefore, be considered during the 
implementation of new equipment or research to a ailability. 

esides our aim to increase the understanding of barriers to a ailability of equipment, we 
identified potential inter entions to increase a ailability in the future, that are for example  
more policies on donations, procurement of durable context-specific equipment, more 
uni ersity-trained biomedical engineers, and more on-site training for s and end-
users e.g., surgeons and nurses , robust design of equipment and a more acti e role of 
medical de ice companies. hese inter entions call for action from di erent actors related 
to the field of medical equipment, from policy ma ers, to academia, biomedical engineers 
and medical de ice companies. esign of context-specific equipment for use in s, as 
a solution to o ercome barriers to a ailability was ac nowledged by  of the surgeons 
in hapter  and by publications of the  and the ancet commission on lobal health 

- .

ontext-specific designs to increase a ailability of surgical equipment in frican hospitals
arriers to a ailability are reported - , and in art  of this thesis, and the need for 

context-specific medical equipment for global health is widely ac nowledged - . here 
is li le information to be found on successfully accepted designs of surgical equipment for 
this context. hile the importance of understanding the context of use during design of 
medical de ices is rising , , , limited practical guidance for biomedical engineering 
design pro ects is a ailable. e de eloped a context-dri en design approach for surgical 
equipment based on design ethnography . ur context-dri en approach consists of 
four phases

• hase  the identification of a clear need,
• hase  research of the context of use by identifying contextual factors, 
• hase  formulating a set of context-specific design requirements,
• hase  translation of the context-specific design requirements into 

prototypes by an iterati e process in close interaction with end-users e.g., 
surgeons, s, nurses . 

Proefschrift_21nov_zwart.indd   115Proefschrift_21nov_zwart.indd   115 21-11-19   11:5221-11-19   11:52



116

etailing contextual factors is an important part of the context-dri en design approach 
resulting in aluable information to determine context-specific design requirements, that 
e entually can be used to de elop prototypes. e ad ocate for close interaction during 
each phase of the design process with end-users to ensure acceptance of the final design.

uggestions for which surgical equipment should be redesigned were gi en by the  
surgeons that participated in our study presented in hapter  and included  reusable 
electrodes, robust s and the need for portable sterili ers able . . hese suggestions, 
together with the fact that s were only a ailable for  of the district hospitals, and 
the suggestion in literature to impro e electrosurgery , made us decide to use the  
as a case to test our context-dri en design approach. dditionally, the  is an important 
type of equipment used during both open and laparoscopic surgery. 

e used the context-dri en design approach to redesign the  and the monopolar 
handheld for use in hospitals in ub- aharan frica. n order to collect the contextual 
factors and to recei e feedbac  on the designs we conducted se eral field trips to hospitals 
in enya. he following conclusions were drawn from the contextual factors  

 s are o en not a ailable for each operating theatre and are transported 
between operating theatres, and should therefore be small and portable;

 ot all se ngs such as blend and fulgurate  of the high-end  generators are 
used, cut and coagulation are enough for most surgeries;

 ospitals recei ing power from the national grid and bac up generators su er from 
power interruptions a few times per wee , ranging from se eral minutes to longer, 
therefore de ices should withstand power interruptions; 

 ccessories are insu cient a ailable, and therefore reused and cleaned in  in 
between surgeries;

 raining for users especially nurses  on electrosurgery is limited and more guidance 
on installation and safe use should be pro ided on the machine or in the operating 
theatre;

 aulty  accessories use results in delays that can be easily pre ented by clearer 
error coding on the  to guide user in finding a solution.

e, therefore, designed igure .
• n a ordable  generator that is compact, has a clear user interface and is 

ba ery powered and;
• a reusable monopolar handheld, that can be cleaned in the autocla e and by 

.

e e aluated the initial designs of the  and the reusable monopolar handheld with  
surgeons wor ing in  frican countries,  of surgeons indicated that this design could 
impro e the way they perform electrosurgery in clinical practice. espite the successful 
response of future end-users, this study also re ealed challenges that occur while designing 
equipment for s. hile we aimed for low-cost equipment, the front-end de elopment 
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costs of this design were still high and resulted in a barrier to de elop a full functioning 
prototype. n addition, we decided to use cables for the monopolar handheld that are more 
robust and can withstand chemical cleaning processes, which were a slightly more expensi e 
option compared to other cables made from cheaper materials. he use of local a ailable 
materials, for complex equipment such as the , remains a challenge especially when 
aiming for   or  mar ed equipment. he newly designed  requires mostly of 
the shelf components, and will gi e guidance by error codes if maintenance is required. 

ut without an electrical analyser and enough bac ground in electrical engineering, close 
interaction with the medical de ice company will still be required to enhance sustainable 
use. dditionally, electrosurgery will always depend on the use of accessories, that although 
being robust still need a part the tip  that will require replacement e ery once in a while. 

urthermore, the number of times that our design of the monopolar handheld can be 
reused still has to be tested. 

SOCIETAL IMPLICATIONS
Global surgery 
o increase worldwide access to safe surgery, strategic in estments from di erent actors 

are required in the near future . lthough patients do not di er globally; late diagnosis, 
due to limited awareness or inadequate health care systems, in uences the complexity 
of surgical treatments. ll surgeries require, functioning high quality equipment on 
which the professionals can rely and all patients want to be treated in the best possible 
way. rgani ations such as the ollege of urgeons of ast entral and outhern frica 

 wor  hard to increase wor force capacity of district hospitals in ub- aharan 
frica. n some countries clinical o cers are trained to perform surgical procedures, 

showing comparable clinical outcomes to surgeries performed by fully trained surgeons 
. he a ailability of reliable surgical equipment in district hospitals should increase 

simultaneously to an increase in wor force capacity, to eep patients as close as possible to 
their homes for basic surgical treatment, and a oid o erly crowded referral facilities . 

Gap & mismatch
his thesis re ealed that there is a gap in a ailability of essential equipment for surgical 

care. owe er, this gap will not be reduced by supplying hospitals with large numbers 
of surgical equipment that were originally de eloped for the se ng in s. n the past, 
huge numbers of surgical equipment and many other types of medical de ices  ha e been 
donated by western parties to hospitals in s , . ome of this equipment was 
well recei ed and highly appreciated by partners in s to establish surgery programs. 

owe er, a lot of this equipment was already bro en when it reached the hospitals or 
stopped wor ing at the point spare parts or a new stoc  of consumables were required, 
resulting in piles of unused equipment igure . . esides, the fact that there is a gap in 
a ailability, it can also be concluded that there is a mismatch between the equipment that 
is a ailable on the mar et and the needs in s, as was also concluded by the  in 

anaging the mismatch  for medical technology in s in general . ontext-specific 
equipment that is designed for the specific needs in s needs to become commercially 
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a ailable on the mar et to resol e this mismatch. his is a responsibility of medical de ice 
companies, that can be supported in this process by academia and funding from s or 
the . cademia and the  should support in identi fying the needs and directi ons 
of design pro ect. dditi onally, they should support medical de ice companies in their 
a  empts to tac le the mar ets in s. nce, context-specifi c equipment is on the mar et 
it should also reach the target group and be accepted meaning  used to its purpose , to 
translate designs into inno ati ons . 

Context-specifi c design
hile currently many basic supplies are lac ing in hospitals in s, it might seem a 

bridge too far to design complex high-end technology for this context. owe er, we 
belie e that design pro ects should also e ol e around more complex technology for, for 
example, laparoscopic surgery. urgical residents from  are trained in performing 
laparoscopic surgery and the willingness to implement this type of surgery globally is large. 

enefi ts for pati ents and cost-e  ecti eness of implementati on of laparoscopic surgery ha e 
been reported . owe er, barriers to laparoscopic equipment sti ll exist, including the 
high costs of equipment . 

he design of context-specifi c equipment as s for designers that understand the context 
they design for. his is challenging, because the context of use in s is unfamiliar for 
the large proporti on of biomedical engineers and medical de ice companies that de elop 
medical equipment that originate from high-income countries s . he medical de ice 

Figure 7.1: Obsolete equipment that is waiti ng for disposal. Part of it was already obsolete when it was received 
as a donati on by the hospital.
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company -re , published a blog about what they learned from a phototherapy de ice for 
rural clinics in s, that in the end did not meet the context of use they designed it for 

. his practical example, highlights again the importance on understanding the context 
of use. ow with the rising recognition of the need for health technologies for s, 
traditional biomedical engineering design pro ects should be supported by guidelines to 
identify needs and context-specific design requirements to ensure the de elopment of 
context-specific designs that are fit for use in s. eros y et al. , ohedas et al. 

 and ar estani et al.  published context-specific designs of medical equipment 
designed for this context based on ethnographic research to determine contextual factors 

, , . hese studies pro ide a template for the use of design ethnography in the design 
of medical de ices for s. owe er, they do not pro ide a step-by-step approach, nor 
did they gi e a comprehensi e o er iew of contextual factors to consider during design 
pro ects for s. 

randa- an et al.  pro ide a comprehensi e o er iew of contextual factors to 
consider during a design pro ect of medical technologies for s . lthough, this study 
pro ides a good starting point towards a context-specific design approach, we decided to 
de elop our own approach specifically for the design of surgical equipment that focusses 
on the entire design process. e ad ocate, for the identification of a clear need before 
the start of a design pro ect. ased on for example, the guidelines of the  anaging 
the mismatch document, scientific research, or a request from an  or end-users. ur 
approach does not focus on how to identify this need, but aims to pro ide guidance in the 
phases that result a er the need-identification phase hase  in our design approach . 

he context-dri en design approach gi es guidance to biomedical engineering design 
pro ects, showing which contextual factors should be identified that should be translated 
into context-specific design requirements and e entually into prototypes. e focused on 
specific contextual factors in our design approach and we included therefore less contextual 
factors compared to the framewor  that was de eloped by randa- an et al.   that 
remains broad in terms of the number of contextual factors they included, as they target 
all medical technology that is de eloped for s. he medical technology they included 
can also be for example target point-of care diagnostics that are directly used by patients 

. ontextual factors that were included by randa- an et al.  are for example, the 
capacity of hospitals to follow-up patient treatment, the communication between patient 
and hospital or the religions or cultural beliefs. hese contextual factors might be aluable 
when designing technology for point-of-care diagnosis, but will to a lesser extend in uence 
the context-design requirement of surgical equipment and were therefore not included in 
our o er iew of contextual factors. dditionally, we also ad ocate in our context-dri en 
design approach for consideration of the e entually en isioned implementation strategy, 
since this can in uence the design requirements. n addition, we ad ocate for close 
interaction with end-users during each phase of the context-dri en design approach.

oth our design approach, as the framewor  de eloped by randa- an et al. , 
require field research to explore contextual factors that in uence design choices. or 
the department of iomechanical ngineering of the el  ni ersity of echnology, this 
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meant that we had to extend our traditional research practice in the field of iomedical 
ngineering, to an ethnographic approach to understand not only the clinical use of surgical 

equipment, but also how equipment is procured, maintained and if and how users are 
trained. e collected data on these contextual factors through both quantitati e sur eys  
and qualitati e research inter iews and obser ations  methods.  combination of those 
research methods was used to ensure triangulation of our research findings.

e see the de elopment of the context-dri en design approach as an incremental 
process, that will impro e by implementing experiences of future design pro ects. ach 
design pro ect will e entually lead to new insights on the design approach. y pursuing 
the design pro ect presented in hapter  based on the context-dri en design approach 
we identified that most of the context-specific design requirements are determined in 

hase . , where contextual factors such as  the operating theatre processes anaesthesia, 
sterili ation, maintenance and storage , the a ailable team, equipment and infrastructure 
were identified. espite, the fact that most of the context-specific design requirements 
resulted from hase . , we obtained ery aluable information from other phases. or 
example, by detailing the surgical equipment ourney to understand when, where and why 
barriers during use occur. his is a research tool that we adopted from current patient 
ourney mapping  and rapid rural appraisal methods , and has shown to be helpful 

during a design pro ect, but also during research to understand current handling of medical 
technology shown in hapter . 

er the first application of the context-dri en design approach hapter , we identified 
that the design approach should emphasi e that the current daily use of equipment for 
example, which se ng and mode  can re eal important information. aily use is a contextual 
factor that should be added to the design approach in a future iteration. dditionally, the 
design approach presented in hapter  does currently not include categories such as, 
clinical e aluation, manufacturing and implementation, which are important steps of the 
inno ation cycle . e ad ocate for the de elopment of equipment according to the 
same standards as equipment de eloped for s, and by a lac  of local medical de ice 
regulations, equipment should comply to  or  regulations. owe er, as described by 

eighbour et al.  se eral requirements are in direct con ict with the conditions in 
s . ow and if, this is a barrier that is encountered during design pro ects during the 

clinical e aluation and implementation phase requires future research. e hope that design 
pro ects will publish their good and bad experiences regarding certification processes in 
di erent s, as this is an important category to include in the design approach. o guide 
these a empts, able .  presents categories that we en ision to be added to the context-
dri en design method presented in hapter  in the future. 

n general, we belie e that the use of the context-dri en design approach within this 
study has shown that it is a good basis to use during design pro ects on context-specific 
surgical equipment. owe er, more research to alidate our context-dri en approach is 
required. e currently use the design approach to de elop a ideo laryngoscope for s, 
to study how useful the context-dri en approach is when applied to a di erent type of 
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tion o

hase dentify a clear need 
for certain surgical 
equipment in a specific 
context

se input of scientific research, s or local end-users 

hase nsure a proper 
understanding of the 
context of global surgery 

nswer the following questions and use the o er iew 
gi en in ig. .

• hat barriers are encountered by patients 
see ing for surgical care  

• hat type of health care facilities are targeted
• hat surgical procedures are performed
• s anesthesia, sterili ation and maintenance 

pro ided and how is it organi ed
• ho is in ol ed during procurement and usage of 

equipment
• ho is part of the team pro iding surgery, and 

how are they trained
• s the infrastructure wor ing properly water, 

electricity, etc.
• hat equipment is a ailable and used  f 

una ailable  hat is the reason why equipment is 
una ailable  tc.

Phase 2 etermine the 
implementation strategy 
and design requirements

etermine based on hase  
• ill equipment be bought, donated or leased by 

the hospital
• ow will the relationship between the pro ider of 

the equipment and the hospital be during usage 
and disposal of equipment  

• hat costs are feasible
• hat is required to ma e the de ice durable 

to withstand high temp, humidity, power 
uctuations

• hat type of accessories are required 
consumables or re-usable

• ow will maintenance and repair be organi ed  

hase ct • esign and built and test prototypes in close 
interaction with local end users 

• stablish partnerships

hase esting and  or  
certification

• erform functionality test and clinical trials 
• btain  or  appro al 

hase anufacturing • etermine the required manufacturing 
techniques and at which location this should be 
performed

hase mplementation and 
e aluation

• ssess the wide spread implementation of the 
context-dri en design

Table 7.1: The context-driven design method presented in Chapter 5 including additional categories that we 
envision to be added in the future. 
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medical equipment. o study its ability to be translated to other design pro ects, we highly 
encourage other biomedical engineering design teams to use the context-dri en design 
approach and re ect on its practicality. dditionally, we hope that this will result in more 
publications on contextual information as our publications of hapter -  and hapter  
to increase the amount of data that is a ailable for other design pro ects in this field. e 
do not belie e that this is a replacement for collaboration with local partners, but it can be 
a contribution to the body of nowledge regarding this type of research.

ranslation of technology between s and s has shown to not always lead to 
optimal results, but translation between s and di erent se ngs with s should be 
researched further to understand how design should tac le these di erences. hen the 
design of the  that we propose in hapter  will be built into a wor ing prototype in the 
future, implementation in arious clinical se ngs in s can result in data if these designs 
actually impro ed surgical practice. ata on for example, how o en the equipment is used, 
what type of maintenance is required and if inhouse maintenance was su cient  and if 
extra training of end-users was required, should be collected. his is useful information to 
alidate if the context-dri en design approach results in surgical equipment that fits the 

context of use in s. 

esigns should become commercially a ailable to reach the target population, which 
is a process that o en encounters many barriers . here are di erent routes that 
could be explored. iamedica, rbutus, ifebox and  lobal ealth are enterprises 
that de eloped equipment for medical needs in s. arge medical de ice companies 
such as, hilips, eneral lectrics and  ha e a few products that are specifically 

targeting s. ther medical de ice companies are currently leasing equipment to 
hospitals in s, where they pro ide ser icing and ha e contracts whereby hospitals 
buy a fixed number of consumables on a yearly basis. mmerling et al.  propose 
a pay-per-use model to ensure that both the medical de ice company and the hospital 
share responsibility in that equipment is used . his is, to our nowledge, currently not 
done by any medical de ice company and could be an interesting test case. ome medical 
de ice companies directly sell equipment to hospitals; howe er, the role of distributors 
cannot be neglected when aiming to implement equipment in s. ore literature on 
dissemination of context-specific medical technology in arious s by medical de ice 
companies, will be a aluable asset to the body of nowledge regarding implementation of 
context-specific design. 

BME for LMICs 
or the last four years, we ha e been expanding our networ  in enya and surrounding 

countries. ur partners such as, enya a ni ersity and  had a massi e contribution 
to this research. e cannot highlight enough how important these local partners are in the 
de elopment of context-specific surgical equipment. t has been an in estment in terms of 
both time and money to establish frui ul relationships with mutual benefits. owe er,, to 
ensure mutual benefits in design pro ects as presented in hapter , is easier said than 
done. espite our good intentions, we cannot assure that the inno ations we wor  on will 
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e entually reach the participants of our studies. ur e orts in establishing relationships 
with local partners resulted in arious shared authorship of papers included as chapters 
in this thesis. e hope that future pro ects from the el  ni ersity of echnology and 
others  in this field will continue to support the de elopment of biomechanical engineering 
in both s and s.

e pro ided a list of context-specific design requirements for the , that can hopefully 
be used in other design pro ects as an example. his list, together with the list published by 

orrester et al. , could be a starting point of a general list of design requirements 
for surgical equipment in s to guide both procurement, design and implementation. 

he orld ederation of ocieties of naesthesiologists  published a general list of 
performance standards for anaesthetic equipment in s for the same purposes . 

rgani ation such as the  or , together with biomedical engineers, should 
ta e the lead in establishing of standards for surgical equipment for safe surgery worldwide. 

esearch on the implementation of our designs and the surgical head light of ife box could 
support in the de elopments of these standards.

ohedas et al.  ha e described design ethnography as an engineering tool and 
ad ocated for implementing  this type of design into biomedical engineering education 
to enhance the design of context-specific equipment . n the other hand, biomedical 
engineering is still a small research field in s with limited focus on design. ocal design 
expertise should be supported by collaborati e programs between uni ersities. xisting 
programs are for example  the inno ation in lobal ealth echnologies lab  at orth-
western ni ersity in cooperation with the ni ersity of ape own, and two igerian 

ni ersities he ni ersity of badan  and the ni ersity of agos . u e ni ersity 
de eloped an education program with a erere ni ersity in ganda, where  students 
from both uni ersities wor  collaborati ely on global health design pro ects . he 

 pro ect is a uro- frican open biomedical engineering e- la orm for inno ation 
through education pro ects, bringing together uropean and frican uni ersities . he 
pla orm aims to share ideas on concepts, design files, documentation, source codes and 
results with other engineers. he program ta es design teams through a stepwise approach 
that follows uropean safety regulations. nother example is the ma erspace of the 

ni ersity of airobi collaborates with enya a ational ospital on the de elopment of 
medical equipment, which is supported by the hilips foundation and . dditionally 
to education, support systems in terms of funding, incubators and local manufacturing 
are required. ohnson and ohnson launched their second frica inno ation challenge 
that supports no el ideas and start-ups with   and training to support inno ation in 
healthcare solutions in the region. 

BME in LMICs
he field of global surgery has changed drastically in a few years. irst, there was limited 

recognition, then it started with surgical missions by expatriate surgeons, followed by the 
establishment of local education systems and many surgeons that went abroad to recei e 
their specialist training. ecently, more local surgical training and specialist programs are 
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established for example, by  in se eral frican countries , including training 
on laparoscopic surgery . ately, the biomedical engineering community has also 
gained more a ention for the sub ect. iomedical engineering conferences, such as the 
nternational ociety for edical nno ation and echnology, are focusing within their 

conference program also on technology for global health, the same holds for ournal 
such as the ournal of iomedical ngineering that are about to publish a special issue 
on technologies for s. he role of biomedical engineers in increasing a ailability of 
surgical equipment goes beyond that of the design of context-specific equipment. n , 
the  foundation, u e ni ersity and ngineering orld ealth rgani ation de eloped 
a  curriculum that was implemented in wanda that resulted in more producti e 

s resulting in less equipment being out of ser ice. ngineering orld ealth has 
de eloped together with the e eloping orld ealthcare echnology aboratory of u e 

ni ersity, a  library with open-source boo s, manuals and publications rele ant to 
 training, particularly in s. 

Equipment in other global health projects 
Computerised Maintenance Management Software (CMMS)
n this thesis we identified, the complex process to ensure a ailability of surgical equipment, 

showing that this depends on more than the equipment itself. nderstanding the context 
of use is not only required when designing context-specific surgical equipment, but is also 
aluable during the de elopment of other technologies supporting medical equipment in 

s. e used a similar approach, as described in hapter  and , for the de elopment 
of a omputeri ed aintenance anagement ystem  presented in ppendix 

, that we de eloped together with the  eaching and eferral ospital  in 
ldoret, enya. n hapters  and , of this thesis, the need for a context-specific  

so ware was identified to eep trac  of hospitals in entory, maintenance and planned 
pre enti e maintenance schedules.  so ware that is currently a ailable is o en too 
complex and demands a high-le el of computer s ills. he context-specific  so ware 
was de eloped by iomechanical ngineering students of el  ni ersity of echnology in 
close collaboration with the  department of , ensuring that the so ware would 
comply to their needs and le el of computer s ills. he so ware is currently implemented 
by the   department. ow, we are exploring ways to ma e it a ailable open source 
and exible so other hospitals in the region can implement it too.

Treatment of cervical cancer
hen we, for example, in the future aim to extend the current ersion of the context-

dri en design approach for medical technologies used in health clinics it is important 
to understand barriers to medical equipment use in this context. he research that 
we conducted together with the emale ancer oundation to increase a ailability of 
equipment required for treatment of cer ical cancer in rural areas in s pro ided us the 
opportunity to learn about equipment use in rural health clinicals and limitedly equipped 
hospitals. 
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arriers to the use of equipment for treatment of cer ical cancer were identified during 
the e aluation of screen-and-treat programs of cer ical cancer in rural areas in s 

, , that are implemented in arious regions by the utch  the emale ancer 
oundation. hese barriers include  di culties with the 2 supply chain, sensiti ity of the 

equipment and limited access to maintenance resulting in delay of treatment, because the 
medical de ice company in s need to be consulted. ith a multidisciplinary team of 
tropical doctors, gynaecologists, program managers and biomedical engineers we loo ed 
for possible alternati es to the currently used equipment for cryotherapy ppendix . 

ryotherapy is a treatment method that uses cold to destroy premalignant cer ical lesions. 
n alternati e treatment method is thermal coagulation. quipment to treat premalignant 

cer ical lesions with thermal coagulation by heating  has been commercially a ailable for 
years, howe er, it recei ed limited a ention of the global community. he equipment for 
thermal coagulation is small, lightweight and does not require a supply chain of 2 or 
other medical gasses.

ryotherapy is widely endorsed by the  for treatment of precancerous cer ical lesions in 
, howe er, barriers to implementation in clinical practice in s are underreported in 

literature. dditionally, a small surgical procedure loop-electrosurgical excision procedure 
, has become the common treatment modality in s, eliminating the demand for 

research into other treatment modalities. he high incidence of cer ical cancer in s 
results in a large need for screen-and-treat programs in this se ng. t is, therefore, highly 
beneficial to research the di erences between cryotherapy and thermal coagulation in 
terms of treatment e ecti eness and how they fit into the context of use during screen-
and-treat programs. 

hermal coagulation has been recently implemented in se eral s and the emale 
ancer oundation suggested, in close consultation with the , that more data is 

required to support widespread implementation of this treatment modality.  meta-
analysis was conducted ppendix  to assess the e ecti eness of thermal coagulation 
and cryotherapy in s. he meta-analysis re ealed that both treatment modalities 
are e ecti e for treatment of premalignant cer ical lesions in s. his finding has 
supported the start of a randomi ed control trial in three frican countries, to compare 
these two treatment modalities in clinical practice. esides treatment e ecti eness, 
patient satisfaction, acceptance of the equipment by the health care wor ers, maintenance 
and how the equipment handles the challenging infrastructure will all be assessed during 
this study. 

PRACTICAL IMPLICATIONS
he main findings of this thesis are rele ant for all actors that aim to increase global 

a ailability of surgical equipment to enhance access to safe surgery worldwide. enerally, 
this thesis showed that it is a complex process to ensure a ailability of surgical equipment 
and that this depends on more that the technology itself. arriers to a ailability are 
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encountered at di erent moments during the lifespan of surgical equipment, accordingly 
design pro ects for context-specific equipment should consider contextual factors during 
design. ased on the findings of this thesis, practical implications for di erent actors are 
formulated, with a main focus on hospitals in enya, which are expected to be for a large 
extend translatable for other s in frica and sia.

ni ersities and training institutions in both s and s should contribute in terms of 
facilitating research, inno ation and training. s shown in this thesis, detailing the context 
of use in s requires in estments in both time and money, which is not a ailable for 
e ery design pro ect wor ing on inno ations. y publishing rele ant findings open access , 
design requirements and their rationale, academia could contribute to the amount of data 
that is a ailable in literature. ollaboration, with medical de ice companies and s to 
ensure implementation of de eloped solutions is highly recommended. he field of  
and  education is growing in many s and could be supported by e orts from 
educational programs in s. 

edical de ice companies should become more acti e and more aware of the use of their 
medical equipment in s in order to reduce barriers in ol ing spare parts, consumables 
and training. dditionally, they could be a large contributor to inno ations in this field. 

here is a large mar et for medical equipment that is currently underexploited, but it will 
require in estments in terms of both time and money to ensure a headway in the mar et 
in s. e eral international medical de ice companies are expanding their mar ets in 
the regions by collaborations with go ernments and training institutions, and will hopefully 
be followed by others. 

unding agencies and in estors should gi e inno ation a push by funding research, 
inno ations and enterprises de eloping inno ations for global health. ot only in the 
de eloping phase, but equally important during the commerciali ation and implementation 
phase. 

ocal go ernments should support hospitals in sustainable use of surgical equipment 
by de eloping guidelines on donations, requirements during the tendering process and 
certification of medical equipment. he enyan go ernment has ta en a leading role in this 
field by implementing a program in  public hospitals, where they implement brand new 
equipment for intensi e care units, diagnostic imaging and operating theatres. 

o ernments can be supported in their a empts by the , that published se eral 
compendia on health technologies for low-resource se ngs to pro ide an o er iew of 
technologies that can ha e a large impact on global access to medical treatment. 

ospitals, s and surgical organi ations such as  and the urgical ociety of 
enya  should share best-practices and lessons learned regarding equipment procurement 

and equipment use. he establishment of a general list of performance standards for 
surgical equipment for s could be a good starting point for this. 
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sers surgeons, s, nurses etc.  should become aware of the increasing number 
of a empts to de elop equipment that fits their needs and could push for their 
implementation in clinical practice, so it can impro e their daily a empts to treat patients 
globally. dditionally, they should play an acti e role in identifying the needs and the design 
requirements for equipment that is de eloped in the future.
 

espite the unique roles of the actors that we addressed in the pre ious paragraphs, 
we belie e that increasing a ailability of surgical equipment requires a multidisciplinary 
approach and we ad ocate for collaborations between di erent actors as much as possible.

LIMITATIONS 
uring this entire thesis we used triangulation to ensure data saturation was reached. 
owe er, our data on surgical equipment a ailability is based on self-reported data by 

a endees of large surgical conferences the annual meetings of  and . he 
main data sources used in hapters  and , were data that we collected by sur eying 
respondents of multiple frican countries that isited these conferences. his has 
shown to be an e cient way of data collection, but leads to data that is less reliable 
than when a ailability was determined by side isits of hospitals in di erent countries, 
including countries outside of the  region with less established surgical systems. 

ccordingly, we as ed for a ailability of surgical equipment, this does not necessarily mean 
that equipment is also used in clinical practice. f equipment is a ailable, but not used 
which can occur due to arious reasons, as described in this thesis , we can still consider 

the equipment as una ailable because it is not used to treat patients. his is something 
that future research regarding a ailability must consider, for example, by identifying how 
o en equipment is used e ery day, only by specialist, etc. . econdly, by collecting data 
by sur eying a endees of these large conferences, rural clinics are underrepresented 
in our data. he inter iews that were conducted during side isits in hapter , and the 

s that were sur eyed during side isits in hapter  were conducted to ensure that 
findings from our conference sur ey data were confirmed. owe er, we did not include 
non-users in our study and all hospitals that we isited were on a tra el distance of airobi 
or ombasa in enia, introducing spatial-biases by underrepresentation of rural hospitals 
as in our sur ey data. his has most li ely led to higher numbers of equipment a ailability 
in hapters  and . n addition, the surgical equipment ourney that was identified in 

hapter  might underrepresent barriers percei ed in rural hospitals. he issues regarding 
maintenance will probably be larger when no s are a ailable or sterili ation might be 
organi ed di erently without access to sterili ers. ithin hapter , data on contextual 
factors in uencing the designs for electrosurgery for global surgery were collected by 
the use of di erent research methods sur eys, inter iews and obser ations  by three 
researchers. esign choices were based on triangulation of these three data sources. 

espite being based on experiences of current users of electrosurgery, we are confident 
that the designs will match se ngs that currently not use electrosurgery, but will do so 
in the future.  large number of our participants had experience with wor ing in rural, 
less equipped facilities, so they could relate to wor ing en ironments in these se ngs, 
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that were indirectly included in the contextual factors that we collected. e aimed to 
accurately detail equipment usage and barriers to a ailability in this thesis by the research 
methods that are reported in hapter -  and . dditionally, during the fi e months that 
we spend in enya a lot of nowledge on the field was gathered in a non-structural ma er 
by informal con ersations with surgeons, medical pro iders, medical de ice companies, 
distributors of medical equipment, s, sta  of uni ersities and s, that was not 
reported in this thesis. 

he design of the electrosurgical unit and the monopolar handheld presented in hapter 
 could not be built into wor ing prototypes because of budget constraints, showing that 

high front-end de elopment costs pursue a barrier to de elopment of context-specific 
equipment. e hope that increased awareness of the need for context-specific equipment 
will result in more funding opportunities to o ercome this barrier.

he title of this thesis towards increased global a ailability of surgical equipment for 
surgical care  was chosen because we are aware that we included the first phases of 
introducing inno ations of surgical equipment in s. owe er, the steps following 
the finali ation of the designs manufacturing, certification and implementation  were 
not included in the design approach that we presented in hapter . ccordingly, these 
steps were not included in hapter  for the designs of the  and monopolar handheld, 
despite their importance. y pursuing these future steps and implementation in arious 

s, translation of the designs to other se ngs can be researched and this can be used 
to impro e the context-specific design approach presented in hapter  and able . . 

espite these limitations, insights in current gaps in hospitals  needs to pro ide surgery 
and the a ailable resources, barriers to a ailability of surgical equipment and how 
context-specific surgical equipment should be designed are pro ided in this thesis. hese 
are of alue for the global health community, policy ma ers, health wor ers, the global 
community of biomedical engineers and medical companies to assist in their e orts to 
increase surgical capacity worldwide. he research presented in this thesis is one of the 
first research pro ects focussing on surgical equipment in s. espite, the presence 
of surgical capacity studies and a few papers on barriers to use of medical equipment in 

s, we identified a gap in literature regarding data on a ailability of specific types of 
surgical equipment, percei ed barriers specifically for surgical equipment and a empts to 
increase a ailability, for example by context-specific design. o ensure that our a empts 
to increase global a ailability of surgical equipment fills existing clinical gaps, we started 
by researching the context of use thoroughly, a er which we in a later phase started a 
context-specific design pro ect. 

y publishing our findings open access  we hope that more data on for example, what 
type of surgical equipment could benefit from context specific design and what contextual 
factors to study, is a ailable for similar pro ects in this field. dditionally, although we started 
this pro ect without any contacts in s, the fieldwor  that was conducted resulted in a 
solid networ  in arious s that is expected to be ery useful in future pro ects.   
Future research directions 
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ncreased global a ailability of surgical equipment is required to increase global access to 
surgery, and therefore, an important aspect of reaching the goals set for uni ersal health 
co erage and sustainable de elopment goal . he increasing awareness for the need for 
global surgery, and the role of health technologies and biomedical engineering in this field 
is promising for the future. he department of iomechanical ngineering of the el  

ni ersity of echnology aims to wor  on arious technologies for global surgery in the 
upcoming years. ne of the future goals is the de elopment of low-cost robust laparoscopic 
equipment, to enhance widespread implementation of laparoscopic surgery. dditionally, 
we aim to further de elop the context-dri en design approach. e belie e that the first 
steps in achie ing these goals were ta en during the wor  presented within this thesis. 

y combining research in global surgery, biomedical engineering, and design we aimed to 
pro ide insights in current practices and how design for the context of use in s should 
loo  li e. e aimed to pre ent the implementation of inappropriate medical technology 
that does not align with the context of use in s hospitals. e established a large 
networ  of surgeons, s, uni ersities and organi ations wor ing in arious countries in 

ub- aharan frica and hope that the de eloped context-dri en design approach will be 
used as a basis to wor  towards increased global a ailability of surgical equipment. 
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iomedical engineering equipment technicians wor place in a large hospital in enya.

K E N YA
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urgeon wor ing in enya pro iding feedbac  on one of the initial designs of the context-specific 

electrosurgical unit.
K E N YA
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Appendix A

osting, . ., leischer, . ., rexhage, ., abriels, ., . ooden, ., hebutu , ., helagat, ., auben, 

. . . ,  an elman, . , omputeri ed aintenance anagement ystem  for hospitals in low-

resource se ngs- a case in a large national referral hospital in enya

mi ed or i ation 

Computerized maintenance management 
system (CMMS) for hospitals in low-
resource settings - a case in a large 
national referral hospital in Kenya
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ABSTRACT
espite its rele ance in impro ing the quality of healthcare systems, healthcare technology

management in low- and middle-income countries s  has recei ed li le a ention of
go ernments and international organi ations. p-to-date and reliable information 
concerning medical equipment enables both the hospital management sta  and 
biomedical equipment technicians s  to carry out their tas s, but also supports 
procurement decisions. omputeri ed aintenance anagement ystems  ha e 
been successfully implemented in high-income countries s  to easily access this type 
of information. owe er, modern  so ware systems require s ills and computer 
specifications that are not a ailable in  hospitals.

he aim of this paper is to present a context-specific  that we co-created together 
with s of oi eaching and eferral hospital  in ldoret, enya using oogle 

ri e. e only included the functions that the sta  of  will use to reduce the 
complexity of the so ware.  combination of heets and orms within oogle ri e has 
pro en to be a good starting point for a context-specific .
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INTRODUCTION 
he quality of healthcare in low- and middle-income countries s  is limited by the lac  

of functional healthcare equipment.  number of barriers that are consistent for arious 
s ha e been reported, including lac  of finances, lac  of spare parts, the need for 

consumables and a lac  of trained biomedical equipment technicians s - . n an 
a empt to sol e this shortage, large amounts of medical equipment ha e been donated 
from high-income countries s  to s, but these donation o en come without 
manuals, spare parts and consumables .  n entory and maintenance records in s 
are mostly paper-based, ma ing them hard to access and analy e. he combination of these 
types of donations and paper-based record- eeping systems leads to high rates of non-
functional equipment. p-to-date and reliable information concerning medical equipment 
enables both hospital management and s to carry out their tas s, but also supports 
procurement decisions . 

omputeri ed aintenance anagement ystems  ha e been successfully 
implemented in s to easily access this information. espite its rele ance in impro ing 
the quality of healthcare systems, healthcare technology management has recei ed li le 
a ention of go ernments and international organi ations in s. lso, modern  
so ware requires s ills and computer specifications that are not a ailable in  hospitals. 

martphone based applications can o er user-friendly systems for healthcare technology 
management, but expensi e data rates combined with lac  of i i and incompatibility with 
older phones ma e them unfeasible solutions.

 context-specific  tailored to the needs and capacity of hospitals in  could 
pro ide a solution. herefore, the aim of this pro ect is to co-create  so ware in a 
collaboration between biomedical engineering students from the etherlands and s 
in a large enyan hospital.

METHOD
uthors , ,  and  all spent a period of  wee s in the oi eaching and eferral 
ospital  in ldoret, enya between eptember  and pril  to co-create 

 so ware together with s in . he hospital has  beds, one main 
 department, and six sub-departments at di erent locations within the hospital e.g., 

 and operating theatres . ll s departments ha e access to a des top computer 
that is connected to the internet.  

irst, the requirements of the so ware were detailed, to ensure that all functions that the 
s and management sta  required were included. ext, based on these requirements 

a first ersion of the so ware was created in oogle ri e. n the third phase an equipment 
registration system was created and both  and equipment users were trained to use 
the so ware.  
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Figure A.1 Workfl ows of equipment entry (top) and maintenance request (bott om) in Google Drive CMMS. Green 
blocks represent Google Sheets and blue blocks are Google Forms. BMET = biomedical equipment technician, PPM 
= planned preventati ve maintenance
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RESULTS
Requirements

he so ware should be compatible with locally a ailable computers, so ware and 
networ s. lso, it should match the experience and s ills of healthcare sta , s and 
management sta .

e found that a context-specific  for clinical practice in s should pro ide the 
following functionalities

• n in entory of the a ailable equipment
• n in entory of maintenance reports and the ability to analy e these
• nhancement of easy communication between healthcare sta  and the 

maintenance sta  s
• er iew of maintenance required per type of equipment to optimi e 

procurement strategies 
• reation of planned pre entati e maintenance  and calibration schedules 

as well as recording its execution

Software development
hese requirements were incorporated into fi e sheets in oogle ri e, which are discussed 

below. hese sheets are combined with a general oogle orm to request equipment 
maintenance and oogle orms for each piece of equipment that ser e as ob cards. igure 

.  pro ides an o er iew of how these elements interact for two wor ows; entry of new 
equipment and maintenance of existing equipment.  

Portfolio
n o er iew of all equipment a ailable within the hospital is pro ided, including their 

actual status in use, need for repair, need for , need for calibration, disposal , their 
location, the responsible engineer and the lin s to the maintenance records for specific 
pieces of equipment. or each piece of equipment there is also a lin  to a ob card based 
on a oogle orm that can be printed as a hard copy file when required. 

Maintenance history 
n o er iew of all wor  done by s repairs,  and calibration  and the costs is 

stored in the maintenance history. dditionally, the down time per piece of equipment and 
an o er iew of the wor  done by each  is pro ided.  search function is pro ided to 
filter the maintenance history for example on, specific types of equipment, departments 
as ing for a ser ice request, and s.

Planned preventive maintenance (PPM) and calibration
he  schedule include all medical equipment that is included in the por olio of the 

hospital and pro ides an o er iew of the tas s per . 
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Calibration
n this sheet, an o er iew of tas s per  is pro ided as well as the required elements 

and results of the calibration for each piece of equipment.

Statistics
ased on data from the or olio and aintenance history an o er iew of the following 

information is pro ided
• umber of functional equipment
• umber of ser ice requests
• umber of equipment that is obsolete
• umber of equipment waiting for parts, appro al on disposal etc. 
• er iew of equipment status
• osts for procurement and repair

Implementation
oth s and equipment users were trained to use the so ware. aterproof stic ers 

with a unique code for reference in the so ware were created. n a -month period  
pieces of equipment were registered in the so ware and  maintenance requests were 
made.

CONCLUSION
any hospitals in s do not ha e access to  so ware, due to a current mismatch 

between a ailable commercial or open source so ware and the resources in these hospitals. 
he aim of this paper was to present a context-specific  that was co-created by 

students from el  ni ersity of echnology and  sta  of  in oogle ri e. e 
only included the functions that the sta  of  will use, to reduce the complexity of the 
so ware. he so ware is used regularly by  employees and therefore using oogle 

ri e has pro en to be a good starting point for a context-specific . 

ne of the requests of the hospitals is to include an option to use text messages to do a 
ser ice request and to notify s on repair, maintenance or calibration issues. he use 
of oogle ri e has limitations in terms of robustness, pri acy and guaranteed functionality 
with updates, and the hospital has therefore decided to implement the so ware into their 
own  system. owe er, this is not an optimal solution for widespread implementation 
in s. e are currently loo ing for a commercial partner or  to support future 
de elopments of the context-specific  to ensure it will be accessible on the long term 
for other hospitals in the region. 
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Appendix B

de ouw, ., osting, . ., utgrin , ., e ers, . ., eters, . . .,  eltman, . . .  systematic 

re iew and meta-analysis of thermal coagulation compared with cryotherapy to treat precancerous cer ical 

lesions in low-and middle-income countries. International Journal of Gynecology & Obstetrics.

P ished as

A systematic review and meta-analysis of 

thermal coagulation compared with cryotherapy to 

treat precancerous cervical lesions in 

low- and middle-income countries
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ABSTRACT
hermal coagulation is gaining popularity for treating cer ical intraepithelial neoplasia  

in screening programs in low- and middle-income countries s  due to una ailability of 
cryotherapy. he ob ecti e of this study is to assess the e ecti eness of thermal coagulation 
for treatment of  lesions compared with cryotherapy, with a focus on s.

apers were identified from pre ious re iews and electronic literature search in ebruary 
 with publication date a er . ublications with original data e aluating cryotherapy 

or thermal coagulation with proportion of cure as outcome, assessed by colposcopy, biopsy, 
cytology, and or isual inspection with acetic acid , and minimum  months follow-up. 

ooled proportions of cure are presented stratified per treatment modality, type of lesion, 
and region.

ooled cure proportions for cryotherapy and thermal coagulation, respecti ely, were .  
 , . - .  and .   , . - .  for  ; .   , . - .  and 

.   , . - .  for  - ; and .   , . - .  and .   , 

. - .  for -positi e lesions. or thermal coagulation of  -  lesions in s 

.   , . - . .

e could conclude based on these results that both cryotherapy and thermal coagulation 
are e ecti e treatment modalities for  lesions in s.
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INTRODUCTION
hermal coagulation is gaining popularity for treating cer ical intraepithelial neoplasia 

 in cer ical cancer screening programs in low- and middle-income countries s  
due to una ailability of gas and high maintenance for cryotherapy.

er ical cancer is one of the leading cancers among women worldwide, with an estimated 
  new cases and   deaths each year . he burden of cer ical cancer 

disproportionately a ects s, where  of cases occur . creening programs aim to 
pre ent cer ical cancer by timely treatment of precancerous cer ical lesions. n resource-
constrained se ngs, the  recommends see-and-treat screening programs where 
women are screened and treated in a single isit with the loop-electrosurgical excision 
procedure  or cryotherapy .

he number of s with national screening programs has increased o er the years, but 
co erage remains low . here are numerous factors in uencing upta e of screening 
programs, including lac  of s illed healthcare wor ers, lac  of equipment, and other health 
system challenges. n important logistical constraint for the sustainability of see-and-treat 
programs is maintenance of cryotherapy de ices and the lac  of a ailability of refrigerated 
gas, owing to its high importation and purchase costs and large-si e cylinders needed for 
transport to treatment sites , . his a ects the a ailability of treatment during screening, 
and thus the success of screen-and-treat programs. 

hermal coagulation is an alternati e ablati e technique using electricity to destroy the 
premalignant cer ical lesions by heating. he de ice is small and lightweight, ma ing it 
practical for use in an outpatient se ng with minimal complications. hese ad antages are 
particularly important in rural and outreach se ngs , .

n  and , au aget et al.  and olman et al.  published separate meta-
analyses analy ing the e cacy of cryotherapy and thermal coagulation to treat  
lesions in mainly high-income countries, demonstrating cure proportions of .   

, .   , and .    for cryotherapy, and    and   -  
for thermal coagulation. owe er, data from s included in pre ious meta-analyses of 
thermal coagulation were limited to one paper from ingapore and one from ndia , . o 
assess the e cacy of thermal coagulation in s, more data from these se ngs should 
be re iewed. s di er from high-income countries in terms of healthcare structures 
and patient population, therefore e cacy may not be equal; for example, -positi ity 
rates are higher in s than in urope and orthern merica, consequently with higher 
pre alence and recurrence of  lesions .

he aim of the present systematic re iew and meta-analysis was to assess the e ecti eness 
of thermal coagulation to treat  lesions compared with cryotherapy, with focus on 

s.
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MATERIALS AND METHODS
apers were identified using two strategies   identified papers from the pre ious meta-

analyses , , which included papers until  and , respecti ely, were re iewed 
according to the inclusion and exclusion criteria described below; and  an electronic 
literature search was conducted to identify new rele ant papers published a er .

Search strategy
n electronic literature search ebruary  was performed in ub ed, mbase, eb 

of cience, ochrane ibrary, regional databases, and oogle cholar with assistance from 
a medical librarian.  wide range of definitions are used in the literature, therefore di erent 
eywords were included to co er all related publications supplementary information  

 seems specific to the search performed in ub ed. lease clarify if these eywords 
were used across all databases . apers with a publication date before  were excluded 
to a oid o erlap with the existing meta-analyses. n oogle cholar, no date limitation was 
used because this database had not been searched in the meta-analyses of au aget et al. 

 and olman et al. .

Eligibility criteria
itles and abstracts of all papers were re iewed by three researchers , ,  for 

rele ance and presence of original data. he remaining papers were re iewed by three 
researchers , ,  and retained if the following criteria were met  cure proportion 
was the outcome measure and was defined by colposcopy, biopsy, cytology, and or isual 
inspection with acetic acid isual inspection with ugol iodine . ytology and 
pathology are not always a ailable to measure treatment outcome in s; instead, 
screening is frequently performed by  or . s such, papers defining cure proportion 
with - or  technique were considered.

apers not based on original data or with insu cient data on cure proportion and follow-
up were excluded. ollow-up duration had to be  months or more a er initial treatment, 
sample si e more than  patients, and loss of patients a ending follow-up not more than 

. ryotherapy for  -  had to be pro ided with the double-free e method, and the 
treatment procedure had to be performed for no other reason than for treating , nor 
be pro ided simultaneously with other treatment. n case of discordant results, consensus 
was reached among four researchers , , , .

Risk of bias assessment
tudy quality was assessed using a component approach . n nown  status of 

screening participants and loss to follow-up of greater than  were considered high ris  
of bias. tudies using cytology or histology to assess outcome were considered low ris  of 
bias compared with -based outcomes. he eligibility criteria described abo e aimed to 
eliminate studies with ery poor study quality.
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Data extraction
or all rele ant identified papers, a data extraction sheet was completed in xcel icroso ; 
ichmond, , . ll extracted data were erified independently by two researchers 

 and  or . he following items were collected  author; year of publication; 
country; study year; study se ng; study design; age of patients; case definition  
grade or ; case confirmed by biopsy; endocer ical in ol ement;  status of 
patients; treatment pro ider; treatment procedure single double free e for cryotherapy; 
temperature, duration, and number of applications for thermal coagulation ; number 
of patients treated; number of patients a ending follow-up; number of patients cured; 
follow-up duration; definition of cure negati e , cytology, colposcopy, or biopsy ; 
single isit see-and-treat approach; pain; ad erse e ects; and fertility outcome. ure rates 
were defined as a proportion with the number of women with negati e , negati e 
cytology, negati e colposcopy, or negati e biopsy at a minimum of  months  follow-up 
duration di ided by the number of women a ending follow-up. herefore, the terminology 
proportion cured  or cure proportion  was used instead of cure rate .

Statistical analysis
ooled cure proportions with  confidence inter als were the primary outcome. ure 

proportions were pooled in a random e ects model. nalyses were stratified by treatment 
modality cryotherapy ersus thermal coagulation . f both - and -months  follow-up 
data were a ailable, -months  follow-up data were used as this is the recommended 
follow-up duration for detection of persistent disease a er initial treatment . tudies 
were stratified per  grade  ,  - , or  outcome  and region urope, 

orth merica, outh merica, frica, and sia . n a sensiti ity analysis, the e ect of 
follow-up a endance on cure rates was assessed comparing studies with -  and 
more than  follow-up a endance.

he degree of heterogeneity among studies was assessed by calculating  statistic alues  
-  represented mild heterogeneity, -  moderate heterogeneity, and more 

than  large heterogeneity. ublication bias was assessed by means of isual assessment 
plo ng cure proportions against sample si e. ecause the number of studies was small, 
testing on publication bias was not indicated. orest plots were created using  ersion 

.  tata orp , ollege tation, , .

RESULTS
Papers identified via literature search

he electronic search yielded a total of  unique references from ub ed n , 
mbase n , eb of cience n , ochrane ibrary n , regional databases 
n , and oogle cholar n . n additional search in clinical trial registers and 
ournal databases yielded no additional publications.
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er re iewing the title and abstract of all papers,  rele ant papers were identified on 
cryotherapy and  on thermal coagulation. er full-text re iew,  papers on cryotherapy 
and se en on thermal coagulation were eligible for inclusion. 

ince publication of the meta-analysis by au aget et al. , no new papers on cryotherapy 
from orth merica or urope ha e been published, therefore these regions were excluded 
from further analysis for cryotherapy.

Papers from previous meta-analyses
au aget et al.  included  studies from sia, frica, or outh merica in their meta-

analysis on cryotherapy. n the present re iew, fi e of these studies were excluded owing 
to sample si e of less than  patients, recurrence not specified per  grade, single-
free e technique for  -  lesions, or no original data - . he remaining  studies 
conducted in frica n , sia n , and outh merica n  were included in the present 
re iew.

117 

Figure 1: Flowchart summarizing literature search and inclusion of studies  

Data from included papers 
In total, data from 26 studies of 14 355 patients treated with cryotherapy and 15 studies of 4864 
patients treated with thermal coagulation were included. Most papers were published in the last 10 
years and described treatment by cryotherapy. Table 2 provides a summary of the papers. The 
distribution of patients with CIN 1, CIN 2-3, and VIA-positive lesions between studies on cryotherapy 
and thermal coagulation was unequal. Most papers on cryotherapy treated patients with CIN 1 
lesions, whereas most papers on thermal coagulation treated patients with CIN 2-3 lesions. Follow-up 
attendance was similar, however, studies using the VIA-approach had lower follow-up attendance 
compared with studies with biopsy- or cytology-based follow-up methods. 

Papers retrieved from PubMed, EMBASE, 
Web of Science, Cochrane Library and 

regional databases published after 2010  
(n = 445) 

Exclusion of irrelevant 
publications based on review 
title and abstract (n = 397) 

    

Thermal coagulation Cryotherapy 

Relevant papers retrieved 

(n = 28) (n = 20) Exclusion based on 
duplication with meta-analysis 
Sauvaget (n = 3) 

Exclusion based on 
duplication with meta-analysis 
Dolman (n = 5) 

Relevant papers for detailed assessment 

(n = 25)  (n = 15) Exclusion based on: 
- 4 no original data
- 1 sample size <25 patients
- 1 follow-up attendance

<50%
- 2 insufficient data to

calculate cure rates
Total (n = 8) 

Exclusion based on: 
- 2 duplicate in search results
- 2 no original data
- 1 insufficient data on

patient selection and
follow-up

- 1 loss to follow-up >50% 
- 1 sample size <25 patients
- 7 insufficient data to

calculate cure rates
Total (n = 14) 

Eligible papers from literature search 

(n = 11)  (n = 7) 

Eligible papers previous meta-analyses 
[Dolman and Sauvaget] 

(n = 15)  (n = 8) 

Papers included in review 

(n = 26) (n = 15) 

Figure 1: Flowchart summarizing literature search and inclusion of studies
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olman et al.  included  studies in their meta-analysis on thermal coagulation. or the 
present re iew, fi e of these studies were excluded owing to follow-up duration of less than 

 months, insu cient data to calculate cure rates, and cure rates not di erentiated per  
grade - . he remaining eight studies conducted in sia n , orth merica n , 
and urope n  were included in the present re iew.

igure  pro ides an o er iew of the included papers from the literature search and 
pre ious meta-analyses. able  pro ides the details and references of the  included 
papers , , - . n o er iew of the excluded studies is pro ided as supplementary 
information  - . 

Data from included papers
n total, data from  studies of   patients treated with cryotherapy and  

studies of  patients treated with thermal coagulation were included. ost papers 
were published in the last  years and described treatment by cryotherapy. able  
pro ides a summary of the papers. he distribution of patients with  ,  - , 
and -positi e lesions between studies on cryotherapy and thermal coagulation was 
unequal. ost papers on cryotherapy treated patients with   lesions, whereas 
most papers on thermal coagulation treated patients with  -  lesions. ollow-up 
a endance was similar, howe er, studies using the -approach had lower follow-up 
a endance compared with studies with biopsy- or cytology-based follow-up methods. 

ryothera y herma  oa ation

r o  st dies  tota

r o  st dies rom  n   

r o  st dies ith sin e isit n   

r o  st dies ith data on ositi e atients 
n

  

r o  atients ith o o  data

   n   .  .

   n   .  .

 ositi e n   .  .

o o  a endan e median  ran e .  .  - .  .  - 

   .  .  - .  .  - 

   .  .  - .  .  - 

 ositi e .  .  - . .  .  - .

o o  d ration n  

  months  .  .

  months  .  .

 issin   . -

Table 2: Summary of included studies
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3.4. Risk of bias assessment
f the  included papers on cryotherapy,   pro ided data on the  status of 

participants. wenty  papers reported a follow-up a endance of more than . ai 
et al.  dd this reference chronologically to the list and renumber accordingly  defined 
cure at follow-up as absence of   lesions and did not include recurrence or persistence 
of   and   lesions. f the  included papers on thermal coagulation,  status 
was reported for   papers. le en  papers had a follow-up a endance of 
more than . isual assessment of cure rates in order of sample si e did not suggest 
publication bias.

3.5. Efficacy of treating CIN lesions
igure  and supplementary information  and  demonstrate the pooled cure proportions 

for cryotherapy in s  .   , . - .  for  , .   , . - .  for 
 - , and .   , . - .  for -positi e lesions. igure  and supplementary 

information  and  show the pooled cure proportions for thermal coagulation  .  
 , . - .  for  , .   , . - .  for  - , and .   , 

. - .  for -positi e lesions. he pooled cure proportion for thermal coagulation in 
s only was .   , . - .  for  -  lesions supplementary information 

.
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Figure 2: Cure proportions for CIN 2-3 lesions treated with cryotherapy grouped by region.
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ensiti ity analysis showed higher proportions of cure for cryotherapy papers with follow-
up a endance of more than  for both   and  -  lesions supplementary 
information . 

HIV status
or both treatment modalities, only two studies published cure proportions for -positi e 

patients specifically. upplementary information  presents all studies with cure rates for 
-positi e patients. ata on outcome of -positi e patients specifically was too limited 

to allow statistical testing. 

Treatment technique and provider
n contrast to cryotherapy studies conducted in the s and s that ma e up most 

of the papers in the re iew by au aget et al. , almost all cryotherapy papers used the 
internationally recommended double-free e technique. hree papers did not specify the 

Heterogeneity between groups: p = 0.007
Overall  (I^2 = 81.6%, p = 0.0);

Rogstad

Subtotal  (I^2 = .%, p = .)

Parry Smith
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Figure 3: Cure proportions for CIN 2-3 lesions treated with thermal coagulation grouped by region
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treatment procedure. 
or thermal coagulation, treatment procedures aried with temperatures ranging from -

 and treatment duration from -  seconds. ll studies used repeated treatment 
cycles with a maximum of four cycles per patient. ue to the heterogeneity in treatment 
procedures and patient populations, there were insu cient data for statistical testing of 
the e ect of treatment protocol on cure rate. 

n  out of  papers on thermal coagulation, treatment was pro ided by physicians. 
ryotherapy was more frequently pro ided by nurses n  or by nurses and physicians 

n .

Pain, adverse effects, and fertility
ain during and a er treatment was discussed in se en papers  on thermal 

coagulation. hree papers  reported mild cramps or pain in , , and  of 
patients. n contrast, ogstad et al.  stated treatment is painful without further details. 

arry- mith et al.  reported routine use of local anesthesia for thermal coagulation. 
aud et al.  reported a heat sensation in the agina for  in  patients during treatment. 

wel e papers  on cryotherapy reported pain, arying from . - .  of patients 
complaining of mild pain and cramps during treatment to less than  experiencing se ere 
pain or cramps. et et al.  reported routine use of oral analgesics a er cryotherapy in 
ndonesia.

d erse reactions and complications were reported inconsistently and rarely for both 
treatment modalities. upplementary information  shows the ad erse reactions reported 
in   thermal coagulation and   cryotherapy papers. ertility outcomes and 
pregnancy outcomes were also rarely reported. or each treatment modality, three papers 
mentioned subsequent pregnancies in treated patients, and three of these papers reported 
normal outcomes.

DISCUSSION
Main findings

he present re iew aimed to compare the e ecti eness of thermal coagulation ersus 
cryotherapy with focus on s because the sustainability of cer ical cancer screening 
programs in s is impaired by practical and technical challenges with cryotherapy. 

ccording to our findings, both cryotherapy and thermal coagulation are e ecti e 
treatments for  lesions based on cure proportions, ranging from .  to .  for 

-positi e lesions, .  to .  for  , and .  to .  for  -  lesions. 

ur findings suggest a di erence between the treatment e ecti eness for    
lesions in fa our of thermal coagulation. owe er, when comparing the e ecti eness of 
both treatment modalities in s only, the proportion of cure was similar  .  for 
cryotherapy and .  for thermal coagulation. 
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ure proportions in -positi e patients did not suggest a higher ris  of treatment 
failure compared with the o erall target population, but data on this topic were limited 
and pre ious studies ha e shown increased ris  of treatment failure , . atients  
experiences of pain, ad erse e ects, and obstetric outcomes were inconsistently reported. 

or both treatment modalities, patient acceptability appeared to be good without routine 
use of local anaesthesia, and both treatment modalities were reportedly safe. reatment 
modalities should be selected based on local a ailable resources in s to achie e high 
upta e of direct treatment in a single- isit approach.

Interpretation
he cure proportions were comparable to pre ious re iews of cryotherapy .  for  , 

.  for  , .  for   lesions, and . - .  for all  grades , although they 
were slightly lower compared with a pre ious meta-analysis of thermal coagulation .  
for   and .  for  -  lesions  , , . he lower proportions of cure found for 
thermal coagulation can be explained by an increased number of papers from s in the 
present re iew .  retrospecti e analysis of thermal coagulation in angladesh, ra il, 
and ndia by essa et al.  found cure proportions ranging from  to  for  -  
lesions. his paper was not included in the present re iew owing to more than  loss to 
follow-up.

urthermore, we employed a di erent strategy to assess study quality and used stricter 
inclusion criteria, excluding studies with follow-up duration of less than  months and 
sample si e smaller than  patients. t is unli ely though that the stricter inclusion criteria 
explained the di erence in pooled cure proportions. he studies excluded from the pre ious 
meta-analysis, ussein et al.  and de ristofaro et al. , represented  patients with 

  and  patients with   lesions. 

n contrast to pre ious re iews, we included outcomes of -based programs. he presented 
pooled proportion of cure for -based programs might be an o erestimation of the actual 
proportion of cure at follow-up due to o er-diagnosis of precancerous lesions with -
assessment and thus o ertreatment of patients without cytological- or histological-pro en 

 lesions , . ost single- isit programs in s are based on  screening. he 
follow-up a endance for -based programs included in this re iew was -  and 
is li ely e en lower in programs not in ol ed in research. he cure proportions reported 
underline the importance of follow-up a endance to detect persistent or recurrent lesions 
as early as possible. 

cross the studies, reported cure proportions in frica, sia, and outh merica were low 
compared with urope and orth merica. ost studies in urope and orth merica 
are conducted in tertiary hospitals, with physicians and specialists pro iding diagnosis 
and treatment in well-controlled screening programs, where bigger lesions are frequently 
treated with ablati e techniques such as . nother explanation is the higher pre alence 
of  infection in parts of frica, sia, and outh merica. ost studies did not detail the 
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-positi ity rate of their patients, nor did they pro ide details on their proportion of cure. 
his is a shortcoming in the currently a ailable data and an important field of research 

because -positi e patients are at increased ris  of cer ical cancer and treatment failure 
, , , . esides  infection,  infection is more pre alent in s . n ub-

aharan frica and outh merica, the pre alence of  in women with normal cytological 
findings was  and . , respecti ely, compared with .  in urope. he higher 
pre alence of  in the general population, in ub- aharan frica especially, might lead to 
a lower  clearance and higher reinfection rate a er treatment , , . 

he present re iew included papers with cure proportion as the primary outcome and is not 
representati e of all literature published on pain, ad erse e ects, fertility outcomes, and 
obstetric outcomes.  systematic re iew of the ad erse e ects and benefits of cryotherapy 
found that complications such as ma or bleeding and organ damage are extremely rare 

.  but had low-quality e idence . here are currently no re iews on the ad erse 
e ects of thermal coagulation. i iano et al.  reported, in a study in ameroon, a mean 
isual analogue score of .   .  during treatment. 

 ochrane re iew  found an increased ris  of premature deli ery in women with 
 lesions, with a lower relati e ris  for ablati e techniques  . ;  , . - .  

compared with excisional techniques  . ;  , . - . . owe er, e idence is of 
low quality and mainly based on retrospecti e studies. ngoing documentation of ad erse 
e ects and pregnancy outcomes is important but di cult to achie e in practice.

Limitations
e a empted to identify all papers published on cryotherapy and thermal coagulation for 

treatment of  lesions, with focus on s. owe er, there are limitations to the data 
and findings presented. apers published before  on cryotherapy in s might ha e 
been missed because au aget et al.  used less inclusi e eywords in their literature 
search cer ical intraepithelial neoplasia,  ,  and cryotherapy  and regional 
databases were not included. e belie e this di erence will be minimal, based on our 
literature search with  unique references identified in regional databases, of which only 
one abstract was found to be rele ant and the full article did not meet the inclusion criteria. 

espite recent publications on thermal coagulation from sia, frica, and outh merica, 
most studies ha e been conducted in urope and orth merica. ata on cryotherapy 
from s exceed that of thermal coagulation, both in number of studies and sample si e. 

he studies show great heterogeneity in terms of sample si e, treatment protocol, and 
follow-up duration. dditionally, not all papers detailed the achie ed follow-up duration, 
loss to follow-up, or included only patients a ending follow-up isits in their data. his 
might lead to misinterpretation of cure proportions. ensiti ity analysis found higher 
cure proportions for cryotherapy papers with greater than  follow-up a endance, 
demonstrating the impact of follow-up on reported cure proportions. e found few 
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studies with nonphysician clinicians as treatment pro iders. t is important that more data 
are collected from programs with nonphysician clinicians because this will be the reality for 
most women screened in low-resource se ngs.

Future recommendations
n future, more -based screening programs will be implemented in s, with higher 

treatment rates expected due to higher sensiti ity of  testing compared with  
and cytology . his approach will yield greater health benefits than -based programs 
in low-resource se ngs where cer ical cancer incidence is high .  widely a ailable, 
acceptable, and e ecti e treatment method is necessary. hermal coagulation is a promising 
alternati e to cryotherapy with comparable proportions of cure, which will enhance the 
sustainability of screening programs in s and ma e a significant contribution to the 
fight against the burden of cer ical cancer worldwide. e recommend that more studies 
including randomi ed controlled trials are conducted to compare thermal coagulation and 
cryotherapy in s to assess e cacy, safety, and pro ider and patient experience. or 
practical implications, future studies should focus on the ris  of treatment failure in -
positi e patients for both treatment modalities, the e ect of di erent treatment protocols 
for thermal coagulation on proportions of cure, and report pain and ad erse e ects 
consistently. 
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SUPPLEMENTARY INFORMATION
Supplementary information S1. Keywords used in the PubMed 
literature search. In other databases the same keywords were used, 
commands were adjusted to the specific database.

 er i a  ntrae ithe ia  eo asia esh   er i a  intrae ithe ia  neo asia t  
 er i a  intrae ithe ia t   er i a  intra e ithe ia t   t  
 terine er i a  eo asms esh   er i a  ma i nan ies t   

er i a  ma i nan y t   er i a  neo asia t   er i a  neo asm t  
 er i a  neo asms t   er i a  t mor t   er i a  t mo r t   

er i a  t mors t   er i a  t mo rs t   er i a  eo asms t   
er i a  eo asm t   er i a  eo asia t   er i a  an er t   
er i a  ar inoma t   er i a  an ers t   er i a  ar inomas t  

D ntrae ithe ia t   ntra e ithe ia t   intrae ithe i t   ntra
e ithe i t  

D 
thermo oa ation t   thermo oa at t   thermo oa at t   

therma  oa ation t   therma  oa at t   therma  a ation t   
therma  a at t   e tro oa ation esh noe   e e tro oa ation t  

 e e tro oa at t   e e tro oa at t   thermos r ery t   
thermos r t   e e tro a tery t   e e tro a ter t   semm t   

o d oa ation t   o d oa ati t   a ati e t  
 

ryothera y esh   ryothera y t   ryothera t   o d thera y t  
 ryos r ery esh   ryos r ery t   ryos r t

Proefschrift_21nov_zwart.indd   164Proefschrift_21nov_zwart.indd   164 21-11-19   11:5221-11-19   11:52



A
p

p
e

n
d

ix
 B

165

Supplementary information S2. Overview of studies included in 
previous meta-analyses but excluded from the present study

reatment e ion t dy eason or e sion

ryothera y frica eiman, ingle free e technique, insu cient 
data to calculate cure proportion 

dewole, ample si e  patients, cure 
proportion not specified per -
grade

hiren e, ame study population as hiren e 

lumenthal, o original data

ewis, ample si e  patients at follow-
up

herma  oa ation urope ussein, ollow-up duration  months

assidy, nsu cient data a ailable to assess 
quality and cure proportion

e ristofaro, nsu cient data a ailable to assess 
quality and cure proportion

oodman, ollow-up duration  months

ure proportion not specified per 
-grade
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Supplementary information S3. Cure proportions for CIN 1 lesions 
treated with cryotherapy grouped by region.

Heterogeneity between groups: p = 0.639
Overall  (I^2 = 96.9%, p = 0.0);

Wesley

Cremer

Subtotal  (I^2 = 98.1%, p = 0.0)

Poomtavorn

Asia

Africa

Bhatla

Vet

StudyID

Sankaranarayanan
Nene

Luciani

Chumworathayi

Subtotal  (I^2 = .%, p = .)

Subtotal  (I^2 = 68.4%, p = 0.0)
Firnhaber

South America
Aerssens

Omigbodun

Tai

Doh
Olatunbosun

Singh

2013

2010

2009
2009

2012

year

2007
2008

2008

2010

2017

2008

1991

2017

1999

Publication

1992

1988

93.8 (88.5, 97.7)

93.0 (88.0, 96.1)

96.6 (82.8, 99.4)

94.2 (86.6, 99.1)

100.0 (84.5, 100.0)
95.5 (78.2, 99.2)

90.4 (85.2, 93.9)

ES (95% CI)

81.4 (78.7, 83.8)
96.4 (94.3, 97.7)

91.8 (88.4, 94.2)

96.4 (82.3, 99.4)

91.0 (84.6, 95.9)

95.6 (87.4, 99.9)
99.0 (94.4, 99.8)

83.6 (71.7, 91.1)

85.7 (65.4, 95.0)

98.9 (98.6, 99.1)

97.5 (91.3, 99.3)
83.3 (55.2, 95.3)

86.7 (70.3, 94.7)

100.00

7.00

5.67

57.83

5.21
5.28

7.04

Weight

7.33
7.26

7.21

5.62

19.23

22.94
6.78

6.36

5.21

7.39

6.65

%

4.30

5.71

93.8 (88.5, 97.7)

93.0 (88.0, 96.1)

96.6 (82.8, 99.4)

94.2 (86.6, 99.1)

100.0 (84.5, 100.0)
95.5 (78.2, 99.2)

90.4 (85.2, 93.9)

ES (95% CI)

81.4 (78.7, 83.8)
96.4 (94.3, 97.7)

91.8 (88.4, 94.2)

96.4 (82.3, 99.4)

91.0 (84.6, 95.9)

95.6 (87.4, 99.9)
99.0 (94.4, 99.8)

83.6 (71.7, 91.1)

85.7 (65.4, 95.0)

98.9 (98.6, 99.1)

97.5 (91.3, 99.3)
83.3 (55.2, 95.3)

86.7 (70.3, 94.7)

100.00

7.00

5.67

57.83

5.21
5.28

7.04

Weight

7.33
7.26

7.21

5.62

19.23

22.94
6.78

6.36

5.21

7.39

6.65

%

4.30

5.71

  
40 60 80 100
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Supplementary information S4. Cure proportions for VIA-positive 
lesions treated with cryotherapy grouped by region.

Heterogeneity between groups: p = 0.000

Overall  (I^2 = 95.5%, p = 0.0);

Africa

South America

Subtotal  (I^2 = .%, p = .)

StudyID

Denny

Starks

Subtotal  (I^2 = .%, p = .)

Asia

Levinson

Chigbu

Phongsavan

Chumworathayi

Subtotal  (I^2 = .%, p = .)

Chigbu

year

2010

2014

2013

2017

2011

Publication

2008

2014

92.8 (85.6, 97.7)

86.0 (83.3, 88.4)

ES (95% CI)

98.8 (97.9, 99.4)

96.4 (93.1, 98.2)

94.7 (85.7, 99.6)

92.9 (81.0, 97.5)

87.7 (76.8, 93.9)

88.3 (79.3, 93.7)

85.5 (82.6, 88.0)

96.2 (93.4, 98.4)

93.2 (88.0, 96.3)

100.00

29.24

Weight

15.60

15.01

43.37

12.39

13.13

13.72

%

15.51

27.40

14.64

92.8 (85.6, 97.7)

86.0 (83.3, 88.4)

ES (95% CI)

98.8 (97.9, 99.4)

96.4 (93.1, 98.2)

94.7 (85.7, 99.6)

92.9 (81.0, 97.5)

87.7 (76.8, 93.9)

88.3 (79.3, 93.7)

85.5 (82.6, 88.0)

96.2 (93.4, 98.4)

93.2 (88.0, 96.3)

100.00

29.24

Weight

15.60

15.01

43.37

12.39

13.13

13.72

%

15.51

27.40

14.64

  40 60 80 100
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Supplementary information S5. Cure proportions for CIN 1 lesions 
treated with thermal coagulation grouped by region.

Heterogeneity between groups: p = 0.693
Overall  (I^2 = 76.7%, p = 0.0);

Joshi

Rogstad

Asia

Parry Smith
Loobuyck

Javaheri

StudyID

Subtotal  (I^2 = 86.0%, p = 0.0)
McCarthy

Subtotal  (I^2 = .%, p = .)

Singh

Europe

North America

2013

1992

2015
1993

1981

year

2016

1988

Publication

91.4 (84.9, 96.4)

90.9 (72.2, 97.5)

80.0 (58.4, 91.9)

93.6 (88.6, 96.5)
97.1 (95.2, 98.3)

95.7 (79.0, 99.2)

ES (95% CI)

90.9 (81.5, 97.4)
79.5 (64.5, 89.2)

89.4 (80.3, 96.2)
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Supplementary information S6. Cure proportions for VIA-positive 
lesions treated with thermal coagulation grouped by region.

Heterogeneity between groups: p = .

Overall  (I^2 = .%, p = .);

Campbell

Africa

Oga

Subtotal  (I^2 = .%, p = .)

StudyID

2016

2016

year

Publication

90.1 (87.0, 92.8)
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ES (95% CI)
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43.08

100.00

Weight
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Supplementary information S7. Cure proportions for CIN 2-3 lesions 
treated with thermal coagulation in low- and middle-income 
countries.

Heterogeneity between groups: p = 0.444

Overall  (I^2 = 0.0%, p = 0.6);

Singh
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Supplementary information S8. Sensitivity analysis of cure 
proportions for studies with follow-up attendance of 50%-75% and 
greater than 75%.

Supplementary information S10. Reported adverse eff ects and 
complications, specifi ed by number of studies reporting and 
percentage of patients aff ected.
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Supplementary information S7. Cure proportions for CIN 2-3 lesions treated with thermal coagulation in 
low- and middle-income countries. 

Supplementary information S8. Sensitivity analysis of cure proportions for studies with follow-up attendance 
of 50%-75% and greater than 75%.

Follow-up attendance 50-75%
Cure proportion (95% CI)

Follow-up attendance >75%
Cure proportion (95% CI)

Cryotherapy CIN 1 0.826 (0.802 – 0.847) 0.973 (0.968 – 0.977)
CIN 2-3 0.744 (0.686 – 0.794) 0.827 (0.795 – 0.854)
VIA 0.915 (0.874 – 0.943) 0.898 (0.879 – 0.914)

Thermal coagulation CIN 1 0.848 (0.699 – 0.930) 0.937 (0.914 – 0.954)
CIN 2-3 0.925 (0.915 – 0.934) 0.892 (0.745 – 0.959)

Supplementary information S9. Cure proportions stratifi ed per 
lesion and treatment modality for HIV-positive patients.
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Supplementary information S9. Cure proportions stratified per lesion and treatment modality for HIV-
positive patients. 

 Cryotherapy Thermal coagulation 
 CIN 1 CIN 2-3 CIN 1 CIN 2-3 VIA 
Chumworathayi, 2010 

Asia, nr of patients = 2 
0.83 

(0.19 – 0.99) 
- - - - 

Firnhaber, 2017  
Africa, nr of patients = 99 

0.98 
(0.92 – 0.995) 

- - - - 

Chirenje, 2001 

Africa, nr of patients = 42 
- 0.60 

(0.44 – 0.73) 
- - - 

De Vuyst, 2014 
Africa, nr of patients = 79 

- 0.77 
(0.67 – 0.85) 

- - - 

Smith, 2017 
Africa, nr of patients = 73 

- 0.69 
(0.57 – 0.78) 

- - - 

Joshi, 2013 
Asia, nr of patients CIN 1 
= 22;  CIN 2-3 = 23  

- - 0.91 
(0.70 – 0.98) 

0.87 
(0.67 – 0.96) 

- 

Campbell, 2016 

Africa, nr of patients = 12 
- - - - 0.96 

(0.60 – 1.00) 
Oga, 2016 
Africa, nr of patients = 120 

- - - - 0.82 
(0.74 – 0.88) 

 
 

Supplementary information S10. Reported adverse effects and complications, specified by number of 
studies reporting and percentage of patients affected. 

 Cryotherapy Thermal Coagulation 
 Nr of studies % of patients Nr of studies % of patients 
Watery vaginal discharge  4 29 – 92.4 1 16 
Heavy/malodorous vaginal discharge 7 <1 – 9.3 3 <1 – 2.4 
Purulent/offensive discharge 2 17.3 – 68.2 - - 
Mild vaginal bleeding 7 <1 – 4.7 3 <1 – 2 
Prolonged bleeding after treatment 1 40 - - 
Cervical infection 5 <1 – 2 1 1 
Cervical stenosis 1 <1 1 1 
Fever 3 <1 - - 
PID - - 1 1 
Vasovagal reaction 1 <1 2 <1 
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SUMMARY
he need for surgery in low- and middle-income countries s  is tremendous; more 

people die from treatable surgical conditions than from tuberculosis, malaria and  put 
together. espite the large need in s, less than  of all surgeries are recei ed by 
the poorest one-third of the world s population. o perform surgery, health wor ers, such 
as surgeons, nurses and medical o cers are essential. ools and surgical equipment are 
crucial too, as are running water and electricity. lso, anesthesia, sterili ation, storage and 
maintenance are needed for a functioning operating theatre.  crucial barrier to surgical 
care in s is the limited a ailability of surgical equipment, which results in delays and 
cancellations of surgeries on a daily basis. lso, limited a ailability has been reported as 
a barrier to implementation of basic surgery as well as laparoscopy in s. arriers to 
a ailability of medical equipment in s include e.g., high costs, lac  of consumables 
and spare parts, and limited access to maintenance. edical equipment that is a ailable 
is o en donated from high-income countries s  to s or procured by hospitals in 

s. owe er, this equipment is o en designed for use in s and does not fit the 
context of s, which introduces challenges during use in s. 

he o erall aim of this thesis is to study the current use of surgical equipment in s, in 
order to understand how to increase global a ailability of surgical equipment in the future. 

ne of the strategies that is studied more thoroughly, is the design of context-specific 
surgical equipment. s many areas in frica feel the burden of limited access to surgery, we 
ha e used hospitals in fri a as a case, with a main focus on enya. 

his thesis consists of two main parts. n the first part, the context of use and barriers to 
a ailability of surgical equipment in hospitals in ub- aharan frica are studied in order 
to understand what is required to increase a ailability. lthough pre ious studies ha e 
identified barriers to a ailability of equipment in s, li le is nown about the specific 
types of surgical equipment that cause di culties and the root causes of these di culties. 
n the second part of this thesis, a context-dri en design approach is presented that can 

be used to collect contextual factors when designing context-specific surgical equipment 
for s. n addition, the use of our design approach during the de elopment of an 
electrosurgical unit  and monopolar handheld for hospitals in ub- aharan frica is 
presented.

he a ailability and the main barriers to a ailability of surgical equipment were studied 
in hospitals in di erent countries in ub- aharan frica, with a main focus on enya.  
sur ey among  surgeons wor ing in  frican countries, re ealed that  of district 
hospitals represented in our study had basic surgical equipment required for essential 
surgery, compared to  of pri ate and  of public referral hospitals. his means 
that still a part of the a ailable equipment remains una ailable for all types of hospitals. 

hen equipment is una ailable, this can either mean that equipment is not present within 
the hospital, or equipment is a ailable but not in use, and therefore also una ailable. 

hroughout our studies, both surgeons and biomedical equipment technicians s , 
indicated high costs, limited training, lac  of consumables, water, energy or repair, and 
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old and o erused equipment as barriers to a ailability of surgical equipment. en when 
equipment is a ailable, it still remains a precarious situation to sustain this a ailability 
when consumables and spare parts are not accessible or when access to maintenance is 
missing. ccess to maintenance for surgeons that participated in our studies n  aried 
from - , re ealing that -  of hospitals had no access to repair when required. 

dditional barriers encountered by s n  included  unawareness of management 
sta  on planned pre enti e maintenance or inadequate s ills or tools to pro ide large 
maintenance issues on complex equipment, such as the electrosurgical unit  or 
laparoscopic equipment. he need for consumables for example accessories required for 
electrosurgery  are a barrier because they are costly and prone to brea age, resulting in 
unintended reuse and frequent maintenance issues. n addition, donated equipment that 
is already obsolete when arri ing at the recei ing hospitals only results in extra wor  for the 

s, when they ha e to organi e the bureaucratic and timely  disposal process, instead 
of increasing the number of a ailable equipment. 

n the first two chapters we identified that it is a complex process to ensure a ailability 
of surgical equipment and that a ailability depends on more that the equipment itself. 

herefore, additional data on procurement, training, use, complications and maintenance 
were collected while studying the a ailability of electrosurgical units s  and laparoscopic 
equipment in  frican countries. his re ealed that despite their a ailability which was 
larger for s than for laparoscopic equipment , access to maintenance, training and 
consumables were not always in place. his results in the precarious situation in which 
equipment is momentarily a ailable, but its a ailability is di cult to sustain in the long 
term, for example, when a new set of consumables or repair is required. 

esides increasing the understanding of barriers to a ailability of surgical equipment, we 
identified potential inter entions to increase a ailability in the future, such as  more policies 
on donations, procurement of durable context-specific equipment, more uni ersity-trained 
biomedical engineers, and more on-site training for s and end-users e.g., surgeons 
and nurses , increased a ailability of robust equipment, and a more acti e role of medical 
de ice companies in s. hese inter entions call for action from di erent actors related 
to the field of medical equipment, from policy ma ers, to academia, biomedical engineers 
and medical de ice companies. 

n the second part, a context-dri en design approach is presented that can be used to 
collect contextual factors when designing context-specific surgical equipment for s. 
n addition, the use of our design approach during the de elopment of an electrosurgical 

unit  and monopolar handheld for hospitals in ub- aharan frica is presented. he 
need for context-specific medical equipment for global health is widely ac nowledged. 

owe er, not much information on successfully accepted designs of surgical equipment 
for this context is a ailable. hile the importance of understanding the context of use 
during design of medical de ices is rising, only limited practical guidance for biomedical 
engineering design pro ects is a ailable. e de eloped a context-dri en design approach 
for surgical equipment based on design ethnography. ur context-dri en approach consists 
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of four phases   the identification of a clear need,  research of the context of use by 
identifying contextual factors, that result in  a set of context-specific design requirements, 
and  that should be translated into prototypes by an iterati e process in close interaction 
with end-users e.g., surgeons, s, nurses . etailing contextual factors is an important 
part of the context-dri en design approach resulting in aluable information to determine 
context-specific design requirements, that e entually can be used to de elop prototypes. 

e ad ocate for close interaction during each phase of the design process with end-users 
to ensure acceptance of the final designs.

uggestions for which surgical equipment should be redesigned were gi en by surgeons 
n  that participated in our studies included for example  reusable  accessories, 

robust s, and the need for portable sterili ers. hese suggestions together with the 
fact that s were only a ailable for  of the district hospitals made us decide to use 
the  as a case to test our context-dri en design approach. dditionally, the  is an 
important type of equipment used during both open and laparoscopic surgery. 

e used the context-dri en design approach to redesign the  and monopolar handheld 
for use in hospitals in ub- aharan frica. n order to collect the contextual factors and to 
recei e feedbac  on the designs we conducted se eral field trips to hospitals in enya. he 
following conclusions were drawn from identifying the contextual factors  

 s are o en una ailable for each operating theatre and are transported between 
operating theatres, and should therefore be small and portable;

 ot all se ngs such as blend and fulgurate  of the high-end  generators are 
used; cut and coagulation are enough for most surgeries;

 ospitals recei ing power from the national grid and bac up generators su er from 
power interruptions a few times per wee , ranging from se eral minutes to longer, 
de ices should withstand this and preferably, interact with this situation in a proper 
manner; 

 ccessories are insu cient a ailable and therefore reused and cleaned in  in 
between surgeries;

 raining for users especially nurses  on electrosurgery is limited and more guidance 
on installation and safe use should be pro ided on the machine or in the operating 
theatre;

 aulty use of  accessories results in delays that can be easily pre ented by 
clearer error coding on the  to guide users in finding an appropriate solution.

e, therefore, designed
• n a ordable  generator that is compact, has a clear user interface and is 

ba ery powered and;
• a reusable monopolar handheld, that can be cleaned in the autocla e and by 

.

e e aluated the initial designs of the  and the reusable monopolar handheld with 
 surgeons wor ing in  frican countries and  of surgeons indicated that these 
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designs could impro e the way they perform electrosurgery in clinical practi ce. e see the 
de elopment of the context-dri en design approach as an incremental process, which will 
impro e by implementi ng experiences of future design pro ects. ach design pro ect will 
e entually lead to new insights on the design approach.

ased on the fi ndings of this thesis, practi cal implicati ons for di  erent actors are 
formulated, with a main focus on hospitals in enya, which are expected to be for a large 
extend translatable for other s in e.g. frica and sia. nsights in current gaps in 
hospitals  needs, barriers to a ailability of surgical equipment and how context-specifi c 
surgical equipment should be designed are pro ided in this thesis. hese are of alue for 
the global health community, policy ma ers, health wor ers, the global community of 
biomedical engineers and medical companies to assist in their e  orts to increase surgical 
capacity worldwide.
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SAMENVATTING
e raag naar chirurgie in lage-en middenin omenslanden s  low- and middle-income 

countries  is groot. eer mensen o erli den door ie tes die chirurgisch te behandelen i n 
dan door tuberculose, malaria en aids bi  el aar. ndan s de grote raag, omt maar  
an het totaalaantal wereldwi d uitge oerde operaties ten behoe e an de armste groep 
an de wereldpopulatie. m operaties te errichten is medisch personeel nood a eli , 
oals bi oorbeeld chirurgen, anesthesiologen en erpleeg undigen. aarnaast i n 

instrumenten, chirurgische apparatuur, water en ele triciteit nodig. aar oo  anesthesie, 
sterilisatie, opslag en onderhoud dienen beschi baar te i n. en grote barri re oor het 
bieden an chirurgische org is de geringe beschi baarheid an chirurgische apparatuur in 

s wat dageli s leidt tot uitstel en ertraging an operaties. arri res die aan de geringe 
beschi baarheid an chirurgische apparatuur ten grondslag liggen i n onder andere  hoge 
osten, geringe aanwe igheid an gebrui sarti elen en reser eonderdelen en weinig 

mogeli heden tot het uit oeren an onderhoud. hirurgische apparatuur die wel aanwe ig 
is, is aa  gedoneerd door hoge-in omenselanden of elf aangescha  door ie enhui en in 

s. adeel an de e apparatuur is dat de e ontworpen is oor hoge-in omenselanden 
en aa  niet past bi  de gebrui scontext in s, wat gebrui suitdagingen ople ert. 

et doel an dit proefschri  is om te analyseren hoe chirurgische apparatuur momenteel 
gebrui t wordt in s om o in aart te brengen hoe de wereldwi de beschi baarheid 
in de toe omst erbetert an worden. m dit doel te berei en i n de huidige 
beschi baarheid an essenti le chirurgische apparatuur en de barri res tot het gebrui  
hier an geanalyseerd op basis an ragenli sten en semigestructureerde inter iews onder 
chirurgen en technische staf wer aam in erscheiden ie enhui en in fri a. aarnaast 
wordt onder ocht hoe een context-gedre en design aanpa  bi draagt aan het ontwerpen 
an chirurgische apparatuur die beter aansluit bi  de context in s. rote delen an 
fri a onder inden de nadelige ge olgen an de geringe toegang tot chirurgische org, 

daarom stelt dit proefschri  ie enhui en in fri a centraal, waarbi  de focus ligt op enia. 

it proefschri  bestaat uit twee delen. et eerste deel richt ich op het gebrui  en de 
barri res ten op ichte an chirurgische apparatuur in ie enhui en in fri a om te begri pen 
wat er nodig is om de beschi baarheid te erhogen. oewel eerder onder oe  de globale 
barri res ten op ichte an gebrui  an medische apparatuur in de e context beschri , i n 
de achterliggende redenen die resulteren in barri res oor specifie e soorten chirurgische 
apparatuur onderbelicht. ata er ameld onder  chirurgen die wer aam i n in  
erschillende fri aanse landen laat ien dat op regionaal ni eau  an de essenti le 

chirurgische apparatuur aanwe ig is. n pri - en academische ie enhui en lag dit aantal 
op respectie eli   en . it bete ent dat een deel an de essenti le chirurgische 
apparatuur niet beschi baar is in de erscheidene categorie n an ie enhui en in de e 
landen. edenen hier oor i n dat apparatuur simpelweg niet aanwe ig is in het ie enhuis, 
of dat appratuur ondan s dat het aanwe ig is niet gebrui t wordt of gebrui t an 
worden . edenen gege en door owel chirurgen als door de technische staf betre en  
hoge osten, weinig tot geen training o er gebrui  en onderhoud, gebre  aan gebrui s- 
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en reser eonderdelen en de eelal oude apparatuur. o  als chirurgische apparatuur 
wel aanwe ig is in het ie enhuis, is het moeili  om de e oor operaties beschi baar te 
houden als gebrui s- en reser eonderdelen of onderhoud niet beschi baar i n. o  i n 
gebrui sarti elen duur, waardoor e aa  hergebrui t worden ondan s dat e daar niet 
oor ontworpen i n. it an leiden tot on eilige situaties oor owel de chirurg als de 

pati nt. 

n on e erschillende studies lag de beschi baarheid an onderhoudsmogeli heden oor 
apparatuur oor de respondenten tussen de - , wat aantoont dat oor -  geen 
onderhoudsmogeli heden had als apparatuur dit behoe . aarnaast is eel gedoneerde 
apparatuur al stu  op het moment dat het arri eert, wat resulteert in extra wer  oor de 
technische staf omdat het ontmantelen an de e producten een ti dro ende en dure lus 
is.  

it proefschri  laat ien dat het beschi baar houden an chirurgische apparatuur een 
complex proces is. eschi baarheid behelst meer dan alleen de aanwe igheid an de 
apparatuur omdat erschillende aspecten dit be n loeden. specten oals bi oorbeeld 
wel e apparatuur er wordt aangescha , training, gebrui , complicaties en beschi baarheid 
an onderhoud. m de e aspecten in aart te brengen oor twee belangri e typen 

chirurgische apparatuur in ie enhui en in  fri aanse landen is data er amelend onder 
 respondenten, owel onder chirurgen als technische staf. it de e data blee  dat de 

beschi baarheid an ele trochirurgie hoger ligt dan an laparoscopische apparatuur, en dat 
belangri e aspecten oals onderhoud, training en gebrui sonderdelen niet o eral aanwe ig 
i n. it leidt tot de situatie dat apparatuur wel aanwe igheid is, maar de beschi baarheid 

op de lange termi n niet gegarandeerd an worden omdat de e in ster e mate a angt an 
al de e aspecten. en an de doelen die we beogen met dit proefschri  is dat men ich 
er an bewust wordt dat beschi baarheid an chirurgische apparatuur an ele aspecten 
a an eli  is, die allen meegenomen dienen te worden ti dens het implementatie proces. 

aarnaast, i n binnen dit onder oe  erschillende strategie n in aart gebracht die 
unnen bi dragen aan het erhogen an de wereldwi de beschi baarheid an chirurgische 

apparatuur. oals het in oeren an regelge ing oor donaties an hoge-in omenslanden 
naar s, het aanscha en an chirurgische apparatuur die beter aansluit bi  de context 
an gebrui  in s, het opleiden an uni ersitair getrainde biomedische technologen en 

meer training oor de technische staf wer aam in ie enhui en, robuuster ontwerp an 
apparatuur en een actie ere rol an medische bedri en in de e context. it raagt om 
actie an erschillende actoren wer aam in en gerelateerd aan de medische sector oals 
beleidsma ers, uni ersiteiten, biomedische technologen en medische bedri en. 

et tweede deel an dit proefschri  presenteert een context-gedre en ontwerp aanpa  
waarbi  contex actoren geanalyseerd worden al orens de context-specifie e apparatuur 
ontworpen wordt. aarnaast presenteren we een oorbeeld an het gebrui  an de e 
aanpa  ti dens het ontwerp an een ele tro chirurgisch apparaat en een herbrui baar 
gebrui s oorwerp dat hier oor nood a eli  is, een ele trisch mes, oor ie enhui en in 

fri a. 
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e bewustwording dat het begrip an de context ti dens het ontwerpen an context-
specifie  apparatuur oor s nood a eli  is neemt toe onder biomedische technologen 
en medische bedri en, al is er nog weinig o er beschre en in de literatuur. r i n daardoor 
oo  weinig pra tische leidraden oor ontwerppro ecten beschi baar. n dit proefschri  
presenteren wi  een context gedre en ontwerp aanpa  bestaande uit ier fasen gebaseerd 
op etnografische onder oe smethoden   identificeren an de raag,  het analyseren 
an de erschillende contex actoren,  het opstellen an een li st an eisen en dan  

het ma en en testen an prototypes. e nadru  binnen de e methode ligt ster  op het 
meenemen an de eindgebrui er ti dens el e fase an het ontwerpproces, om te orgen 
dat het uiteindeli e ontwerp goed aansluit bi  de gebrui erscontext. 

e respondenten ti dens on e studies in fri a ga en erschillende suggesties oor het 
herontwerp an chirurgische apparatuur oor de e context waaronder  robuuste ele tro 
chirurgische apparatuur, herbrui bare gebrui sarti elen met name oor ele trochirurgie, 
ma eli  te er oeren sterilisatieapparatuur en betaalbare apparatuur oor laparoscopische 
chirurgie. e e suggesties en de geringe beschi baarheid an ele trochirurgie in regionale 
ie enhui en hee  de grondslag gelegd oor een ontwerppro ect rondom het ergroten an 

de toegang tot ele trochirurgie oor ie enhui en in fri a. lectrochirurgie is daarnaast 
een belangri  toepassing ti dens laparoscopische chirurgie.  

e hebben op basis an de context gedre en ontwerp aanpa  context factoren geanalyseerd 
en daarnaast hebben we op erschillende momenten ti dens het ontwerpproces feedbac  
an eindgebrui ers wer aam in enia ge regen. 
 le trochirurgie is niet alti d beschi baar oor el e operatie amer, de apparatuur 

wordt daardoor aa  an de ene amer naar de andere er oert, en moet daar oor lein 
en compact i n; 

 iet alle opties an moderne apparatuur wordt gebrui t, de functies om te sni den 
en te coaguleren i n de meest gebrui te instellingen en daardoor oldoende;

 r omen aa  onderbre ingen op het ele triciteit netwer  oor, apparatuur moet 
hier bestand tegen i n, en daarnaast op de uiste manier met de e situaties omgaan;

 ebrui sarti elen i n niet o eral oldoende aanwe ig en worden daardoor 
hergebrui t en schoongemaa t in chemische middelen;

 edisch personeel wordt weinig getraind in het gebrui  an ele trochirurgie en 
handleidingen oor eilig gebrui  moet daarom duideli  ichtbaar i n op het apparaat; 

 edisch personeel moet ondersteund worden in het oplossen an 
eel oor omende fouten om ertraging en ge aarli e situaties te oor omen. 

e e conclusies hebben geleid tot een set an context specifie e ontwerp eisen waarna 
ontwerpen oor de olgende producten i n gemaa t

 en betaalbaar ele tro chirurgisch apparaat, met een duideli e interface dat 
ti dens stroomuit al wer t op een ba eri  

 en herbrui baar gebrui sarti el, het ele trisch mes, dat bestand is tegen het 
schoonma en met stoom en met chemische middelen.
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e e ontwerpen hebben we ge alueerd met  chirurgen wer aam in  fri aanse 
landen, waarbi   erwacht dat de e ontwerpen een positi e e in loed op hun 
mogeli heden om chirurgische org te erlenen unnen hebben in de toe omst. e ien 
het ontwi elen an de e ontwerp aanpa  als een incrementeel proces waarbi  de el  
pro ect weer tot nieuwe in ichten in het gebrui  an de methode al ople eren. 

at het een complex proces is om beschi baarheid te garanderen an chirurgische 
apparatuur en dat dit meer behelst dan alleen de aanwe igheid an apparatuur is een an 
de belangri ste conclusies an dit proefschri  . arri res oor het gebrui  an chirurgische 
apparatuur worden onder onden op erschillende momenten ti dens de le ensduur. et 
is daardoor an groot belang dat erschillende contex  actoren worden meegenomen 
als chirurgische apparatuur specifi e  oor de e context ontworpen wordt. n dit 
proefschri   i n erschillende strategie n uitgediept om beschi baarheid an chirurgische 
apparatuur wereldwi d te erhogen, in de meeste ge allen gefocust op enia, maar de 
erwachti ng is dat de e oor een groot deel o ergenomen unnen worden oor andere 

lage- en middenin omens landen in fri a en i . e erschillende in ichten die worden 
gepresenteerd, naast het oorbeeld an context specifi e  ontwerpen oor de e context 
i n an waarde oor de global health community, beleidsma ers, medische personeel, 

biomedische technologen en medische bedri en om hen te ondersteunen in het erhogen 
an de wereldwi de beschi baarheid an chirurgische apparatuur. .
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TOWA R D S  I N C R E AS E D  G LO BA L AVA I L A B I L I T Y O F 

S U R G I CA L EQ U I P M E N T

R O O S  M A R I E K E  O O S T I N G

The need for surgery in low- and middle-income countries (LMICs) is 
tremendous; more people die from treatable surgical conditions than 
from tuberculosis, malaria and HIV put together. A crucial barrier to 
surgical care in LMICs is the limited availability of surgical equipment, 
which results in delays and cancellations of surgeries on a daily basis. 
The overall aim of this thesis is to study the use of surgical equipment 
in LMICs, in order to understand how to increase global availability of 
surgical equipment in the future. One of the strategies that is researched 
more thoroughly, is the design of context-specific surgical equipment. 
As many areas in Africa feel the burden of limited access to surgery, we 
have used hospitals in Africa as a case study, with a main focus on Kenya.
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