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Formula One and its 
Contributions to Healthcare
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the need for speed
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Jenson Button 

@ProfMJElliott martin.elliott@gosh.nhs.uk 



“To understand the intensity of  driving 
an F1 car, you have to be in it. When 
you're driving a 750hp machine at 
200mph, the noise and the vibrations are 
incredible.  

The G-force when you take big corners is 
like someone trying to rip your head off.  

You hit the brakes, and it feels as if  the 
skin is being pulled off  your body.” 

Jenson Button 
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teamwork
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teamwork safety
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teamwork safety big data analytics
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teamwork safety big data analytics rapid prototyping
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teamwork safety big data analytics rapid prototyping logistics
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“…the transfer from the operating theatre to the 
intensive care unit is one of the most difficult stages 
in the care of a child.” 

      

 p. 214, Learning from Bristol (2001)
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Objective: To study the role of human factors on surgical outcomes, with a
series of 243 arterial switch operations performed by 21 surgeons taken as a
model. 

Methods: The following data were collected: patient-specific and procedural
variables, self-assessment questionnaires, and a written report from a human
factors researcher who observed the operation. The relationship of patient-
specific variables to outcomes (death and death and/or near miss) was used
to develop a multivariable baseline model to analyze the role of human fac-
tors after adjustment for these variables. 

Results: The overall mortality was 6.6% with 24.3% of cases resulting in
death and death and/or near misses. The self-assessment questionnaires were
found to be unhelpful. Major and minor human failures were extracted from
the written report. Major negative events were potentially life-threatening
failures, whereas minor events were failures that, in isolation, were not
expected to have serious consequences. Major events were closely related to
death (P < .001) and death and/or near misses (P < .001). Appropriate com-
pensation, however, sharply reduced the risk of death (P = .003). The total
number of minor events was also closely related to both death and death
and/or near misses (P < .001). 

Conclusion: The study highlights the role of human factors in negative surgi-
cal outcomes. Even in the most eventful circumstances, however, appropri-
ate human factors defense mechanisms can lead to a successful outcome.
(J Thorac Cardiovasc Surg 2000;119:661-72)
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accurate, cross-checked 
handover is critical
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handover is critical
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6.8 secs
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If they can do it, 
why can’t we?
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Professor Sid Watkins
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Dave ‘von’ Ryan
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Dr Ken Catchpole Maranello
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Nigel Stepney 1958 -2014
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Nigel Stepney 1958 -2014

“..I was amazed 
at how clumsy 

and informal the 
hospital 

handover was.”
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Nigel Stepney 1958 -2014

“..I was amazed 
at how clumsy 

and informal the 
hospital 

handover was.”
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“..and I couldn’t 
work out who 

was in charge.”
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Round Table Talks
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Round Table Talks
map process
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Round Table Talks
map process

imagine
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Round Table Talks
map process

imagine
plan
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Round Table Talks
map process

imagine
plan

mentally 
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our process map was 10x 
more complicated than  

Round Table Talks
map process

imagine
plan

mentally 

@ProfMJElliott martin.elliott@gosh.nhs.uk 



leadership
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leadership
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leadership
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leadership
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leadership
unclear who was in charge
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leadership anaesthetist ➡ intensivist 
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task sequence

clear rhythm, defined order
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task sequence

clear rhythm, defined order
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task sequence

clear rhythm, defined order

inconsistent and non-sequential
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task sequence

clear rhythm, defined order

Three Logical Phases 
1. equipment and technology 
2. information 
3. discussion and plan
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task allocation
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task allocation

erratic and informal
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task allocation

specific roles allocated
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predicting and planning

FMEA
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predicting and planning

FMEA
severity (S) or effect

occurrence (O) or likelihood
detection (D) or effectiveness
Risk Priority Number (RPN)

@ProfMJElliott martin.elliott@gosh.nhs.uk 



predicting and planning

FMEA

S x O x D = RPN 

severity (S) or effect
occurrence (O) or likelihood

detection (D) or effectiveness
Risk Priority Number (RPN)
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predicting and planning

informal inconsistent risk assessmentFMEA

S x O x D = RPN 

severity (S) or effect
occurrence (O) or likelihood

detection (D) or effectiveness
Risk Priority Number (RPN)

@ProfMJElliott martin.elliott@gosh.nhs.uk 



predicting and planning

application of  FMEA

FMEA

S x O x D = RPN 

severity (S) or effect
occurrence (O) or likelihood

detection (D) or effectiveness
Risk Priority Number (RPN)
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predicting and planning

application of  FMEA

FMEA

S x O x D = RPN 

severity (S) or effect
occurrence (O) or likelihood

detection (D) or effectiveness
Risk Priority Number (RPN)

42 page document
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discipline and composure

minimal speech, calm demeanour 
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discipline and composure

many simultaneous conversations

minimal speech, calm demeanour 
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discipline and composure

limited and structured communication

minimal speech, calm demeanour 
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discipline and composure

limited and structured communication

minimal speech, calm demeanour 
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checklists
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checklists
did not exist
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checklists

became mandatory
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speaking up
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speaking up
fear of  speaking up
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speaking up

positive encouragement to speak up
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briefing
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briefing
good
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briefing

better
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situational awareness
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situational awareness

no-one watching the big picture
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situational awareness

anaesthetist and intensivist share role
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training and repetition
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training and repetition
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training and repetition

not practiced
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training and repetition

rehearsed, practiced 
 and, for new staff,  

at induction
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debrief and review
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debrief and review
not debriefed
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debrief and review

all perfomance monitored,  
handovers analysed weekly
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Patient handover from surgery to intensive care:
using Formula 1 pit-stop and aviation models to
improve safety and quality

KEN R. CATCHPOLE PPhhDD*, MARC R. DE LEVAL MDMD†,
ANGUS MCEWAN FRCAFRCA‡, NICK PIGOTT FRCPCHFRCPCH§, MARTIN
J. ELLIOTT MD, FRCSMD, FRCS– , ANNETTE MCQUILLAN BSCBSC†,
CAROL MACDONALD BSCBSC† AND ALLAN J. GOLDMAN§
*Nuffield Department of Surgery, University of Oxford, Oxford, †Great Ormond Street Hospital
for Children NHS Trust, London, ‡Department of Anaesthesia, Great Ormond Street Hospital
for Children NHS Trust, London, §Cardiac Critical Care, Great Ormond Street Hospital for
Children, London, –Cardiothoracic Surgery, Great Ormond Street Hospital for Children NHS
Trust, London, UK

Summary
Background: We aimed to improve the quality and safety of handover
of patients from surgery to intensive care using the analogy of a
Formula 1 pit stop and expertise from aviation.
Methods: A prospective intervention study measured the change in
performance before and after the implementation of a new handover
protocol that was developed through detailed discussions with a
Formula 1 racing team and aviation training captains. Fifty (23 before
and 27 after) postsurgery patient handovers were observed. Technical
errors and information omissions were measured using checklists, and
teamwork was scored using a Likert scale. Duration of the handover
was also measured.
Results: The mean number of technical errors was reduced from 5.42
(95% CI ±1.24) to 3.15 (95% CI ±0.71), the mean number of
information handover omissions was reduced from 2.09 (95% CI
±1.14) to 1.07 (95% CI ±0.55), and duration of handover was reduced
from 10.8 min (95% CI ±1.6) to 9.4 min (95% CI ±1.29). Nine out of
twenty-three (39%) precondition patients had more than one error in
both technical and information handover prior to the new protocol,
compared with three out of twnety-seven (11.5%) with the new
handover. Regression analysis showed that the number of technical
errors were significantly reduced with the new handover (t = )3.63,
P < 0.001), and an interaction suggested that teamwork (t = 3.04,
P = 0.004) had a different effect with the new handover protocol.
Conclusions: The introduction of the new handover protocol lead to
improvements in all aspects of the handover. Expertise from other
industries can be extrapolated to improve patient safety, and in
particular, areas of medicine involving the handover of patients or
information.

Correspondence to: Dr K. Catchpole, Nuffield Department of Surgery, The John Radcliffe, Headington, Oxford OX3 9DU, UK
(email: ken.catchpole@nds.ox.ac.uk).

Pediatric Anesthesia 2007 17: 470–478 doi:10.1111/j.1460-9592.2007.02239.x
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ĿǾŇĐǾŇ -- Ǻfțěř șųřģěǿňș čǿmpŀěțěđ ǻ șįx-ħǿųř ǿpěřǻțįǿň țǿ fįx țħě ħǿŀě įň ǻ bǿỳ'ș
ħěǻřț, Ǻňģųș MčĚẅǻň șųpěřvįșěđ ǿňě ǿf țħě mǿřě đǻňģěřǿųș pħǻșěș ǿf țħě přǿčěđųřě:
țřǻňșfěřřįňģ țħě fřǻģįŀě țħřěě-ỳěǻř-ǿŀđ fřǿm șųřģěřỳ țǿ țħě įňțěňșįvě čǻřě ųňįț.

Țħǿųșǻňđș ǿf șųčħ "ħǻňđǿffș" ǿččųř įň ħǿșpįțǻŀș ěvěřỳ đǻỳ, ǻňđ đěvǻșțǻțįňģ mįșțǻķěș
čǻň ħǻppěň đųřįňģ țħěm. Țħįș ǿňě ẅěňț ǿff ẅįțħǿųț ǻ ħįțčħ, țħǻňķș țǿ pįț-șțǿp
țěčħňįqųěș ǿf țħě Fěřřǻřį řǻčě-čǻř țěǻm.

"İț ẅǻș șmǿǿțħ. Ẅě đįđň'ț mįșș ǻňỳțħįňģ," șǻįđ Đř. MčĚẅǻň, ǻ șěňįǿř ǻňěșțħěșįǿŀǿģįșț ǻț
Ģřěǻț Ǿřmǿňđ Șțřěěț Ħǿșpįțǻŀ fǿř Čħįŀđřěň. Ħįș řǿŀě ǻș ŀěǻđěř ǿf țħě ħǻňđǿff ẅǻș pǻřțŀỳ
mǿđěŀěđ ǻfțěř Fěřřǻřį'ș "ŀǿŀŀįpǿp mǻň," ẅħǿ ųșěș ǻ ŀǻřģě pǻđđŀě țǿ đįřěčț đřįvěřș țǿ țħě
pįț.

İň ǿňě ǿf țħě mǿřě ųňŀįķěŀỳ čǿŀŀǻbǿřǻțįǿňș ǿf mǿđěřň měđįčįňě, Břįțǻįň'ș ŀǻřģěșț
čħįŀđřěň'ș ħǿșpįțǻŀ ħǻș řěvǻmpěđ įțș pǻțįěňț ħǻňđǿff țěčħňįqųěș bỳ čǿpỳįňģ țħě
čħǿřěǿģřǻpħěđ pįț șțǿpș ǿf İțǻŀỳ'ș Fǿřmųŀǻ Ǿňě Fěřřǻřį řǻčįňģ țěǻm. Țħě ħǿșpįțǻŀ
přǿjěčț ħǻș běěň įň pŀǻčě fǿř țẅǿ ỳěǻřș ǻňđ ħǻș ǻŀřěǻđỳ ħěŀpěđ řěđųčě țħě ňųmběř ǿf

This copy is for your personal, noncommercial use only. To order presentationready copies for distribution to your colleagues, clients or customers visit
http://www.djreprints.com.
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mįșħǻpș.

Țħě čħǻŀŀěňģě ǿf mǿvįňģ ǻ pǻțįěňț țǿ ǻňǿțħěř ųňįț, ǿř țǿ ǻ ňěẅ
țěǻm đųřįňģ ǻ șħįfț čħǻňģě, įș ǻň ǿŀđ ǿňě. İň 1995, ǿňě mǻň įň
Fŀǿřįđǻ ħǻđ țħě ẅřǿňģ ŀěģ ǻmpųțǻțěđ ǻfțěř ǻ fŀųbběđ ħǻňđǿff. "İf
ỳǿų țřǻňșfěř ǻ pǻțįěňț țǿ țħě İČŲ ǻfțěř șųřģěřỳ ǻňđ țħě věňțįŀǻțǿř
įșň'ț řěǻđỳ, ỳǿų'řě řěǻŀŀỳ řįđįňģ ǿň țħě ěđģě" ǿf pǻțįěňț șǻfěțỳ,
șǻỳș Ǻŀŀǻň Ģǿŀđmǻň, ħěǻđ ǿf țħě pěđįǻțřįč įňțěňșįvě čǻřě ųňįț ǻț
Ģřěǻț Ǿřmǿňđ Șțřěěț Ħǿșpįțǻŀ ǻňđ ǻ čħįěf ǻřčħįțěčț ǿf țħě
ħǿșpįțǻŀ'ș čǿŀŀǻbǿřǻțįǿň ẅįțħ Fěřřǻřį.

Ǻ 2005 șțųđỳ fǿųňđ țħǻț ňěǻřŀỳ 70% ǿf přěvěňțǻbŀě ħǿșpįțǻŀ
mįșħǻpș ǿččųřřěđ běčǻųșě ǿf čǿmmųňįčǻțįǿň přǿbŀěmș, ǻňđ

ǿțħěř șțųđįěș ħǻvě șħǿẅň țħǻț ǻț ŀěǻșț ħǻŀf ǿf șųčħ břěǻķđǿẅňș ǿččųř đųřįňģ ħǻňđǿffș.

Ǻměřįčǻň ħǿșpįțǻŀș ǻřě șțǻřțįňģ țǿ įmpřǿvě țħě ẅǻỳ țħěỳ țřǻňșfěř pǻțįěňțș. Ǻș įň Břįțǻįň,
țħěỳ ǻřě bǿřřǿẅįňģ įđěǻș fřǿm fįěŀđș mǿřě șķįŀŀěđ įň țħě ǻřț ǿf ħįģħ-řįșķ ħǻňđǿffș,
įňčŀųđįňģ ǻvįǻțįǿň, șpǻčěfŀįģħț ǻňđ țħě mįŀįțǻřỳ. Ŀǻșț ẅěěķ țħě Řǿỳǻŀ Čǿŀŀěģě ǿf Șųřģěǿňș
ǿf Ěňģŀǻňđ ǻňđ Đř. Ģǿŀđmǻň'ș ħǿșpįțǻŀ ħěŀđ ǻň įňțěřňǻțįǿňǻŀ čǿňfěřěňčě ǿň țħě șųbjěčț.
Ǿňě ǿf țħě șpěǻķěřș ẅǻș ǻ Břįțįșħ șųbmǻřįňě čǿmmǻňđěř ẅħǿ șpǿķě ǻbǿųț ŀěșșǿňș fřǿm
țħě Ķųřșķ, țħě Řųșșįǻň șųbmǻřįňě țħǻț șǻňķ įň 2000.

Ķǻįșěř Pěřmǻňěňțě ǿf Čǻŀįfǿřňįǻ, ǻ ħěǻŀțħ șỳșțěm ẅįțħ 37 měđįčǻŀ čěňțěřș ǻňđ 8.6
mįŀŀįǿň měmběřș, ħǻș ǻ ħǻňđǿff měțħǿđ bǻșěđ ǿň ǻ čħǻňģě-ǿf-čǿmmǻňđ șỳșțěm
đěvěŀǿpěđ fǿř ňųčŀěǻř șųbmǻřįňěș. Ǻț Țřįňįțỳ Měđįčǻŀ Čěňțěř įň Řǿčķ İșŀǻňđ, İŀŀ., ňųřșěș
ǻňđ đǿčțǿřș ǻčțųǻŀŀỳ "pǻșș țħě bǻțǿň": Țħěỳ pŀǻčě đǿčųměňțș ẅįțħ ķěỳ pǻțįěňț
įňfǿřmǻțįǿň įňșįđě ǻ pŀǻșțįč bǻțǿň ǻňđ pǻșș įț ǿň đųřįňģ ǻ pǻțįěňț ħǻňđǿff.

Ǻ fǻčįŀįțỳ įň Șț. Jǿșěpħ'ș Ħěǻŀțħ Șỳșțěm įň Ǿřǻňģě, Čǻŀįf., ųșěș ǻ měțħǿđ įț čǻŀŀș "Țįčķěț țǿ
Řįđě" -- ǻ șěřįěș ǿf qųěșțįǿňș ǻbǿųț țħě pǻțįěňț'ș měđįčǻțįǿňș, įňfěčțįǿňș ǻňđ ǿțħěř
měđįčǻŀ įșșųěș, țħǻț ħǻvě țǿ bě ǻșķěđ ǿf ǻ pěřșǿň țřǻňșfěřřįňģ țħě pǻțįěňț běțẅěěň
đěpǻřțměňțș. Bŀǿųňț Měmǿřįǻŀ Ħǿșpįțǻŀ įň Mǻřỳvįŀŀě, Țěňň., ěňčǿųřǻģěș įțș șțǻff țǿ
"Jųșț Ģǿ ŇŲȚȘ," ǻň ǻčřǿňỳm fǿř ǻ fǿųř-șțěp ħǻňđǿff řǿųțįňě įț řěčǿmměňđș (Ňǻmě,
Ųňįqųě įșșųěș, Țųběș, Șǻfěțỳ).

Řěčěňț țřěňđș ħǻvě įňčřěǻșěđ țħě řįșķ đųřįňģ ħǻňđǿffș. Ǻ ňųřșě șħǿřțǻģě měǻňș mǿřě
ħǿșpįțǻŀș ǻřě ħįřįňģ țěmpǿřǻřỳ șțǻff. Běčǻųșě ǿf ňěẅ řųŀěș, měđįčǻŀ įňțěřňș ǻřě ǻŀșǿ
ẅǿřķįňģ fěẅěř ħǿųřș, ẅħįčħ mǻķěș șħįfț čħǻňģěș -- ǻňđ țħěřěfǿřě ħǻňđǿffș -- mǿřě
fřěqųěňț. Ǻț țħě șǻmě țįmě, șǿmě șųřģěǿňș ẅǿřķ įň ŀǻřģěř țěǻmș ǻňđ čǿňňěčț pǻțįěňțș țǿ
ǻň ěvěř-ģřǿẅįňģ țǻňģŀě ǿf ẅįřěș ǻňđ țųběș.
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Hamilton, L.

earlier talent discovery
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safety
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Cliff Allison 1960 
Monaco

Hans Herrmann 1959 
AVUS German Grand Prix

safety
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motor racing is dangerous
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motor racing is dangerous

Le Mans 1955
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Le Mans 1955
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FIRE!
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FIRE!
Bandini, 1967

Williamson, 1973

Petersen, 1978
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“medical 

facilities were 
haphazard in 
the extreme; 

you just 
crossed your 
fingers and 
hoped you 

would not have 
an accident on 
certain tracks”
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Imola 1994
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Rubens Barrichello
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Imola 1994

Rubens Barrichello Roland Ratzenberger
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Imola 1994

Rubens Barrichello Roland Ratzenberger Ayrton Senna
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Jules Bianchi 2014
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Formula One remains Dangerous

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Formula One remains Dangerous

@ProfMJElliott martin.elliott@gosh.nhs.uk 



Formula One remains Dangerous

but they have made it much safer
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Le système TECPRO a été installé :

 

the TECPRO system has been installed :

Sur le Grand Prix de MONACO F1 depuis 2005, à la
chicane «Sortie du Tunnel», à l'entrée et à la sortie des
stands.

At the MONACO Grand Prix F1 since 2005  for the
protection of the nouvelle chicane (after the Tunnel’s exit),
at the enter and the exit of pitlane.

Since 2005 on PAUL RICARD High Tech Test Track
circuit at different turns, using different types, depending
on track configuration and the subsequent level of impact
in case of exit of a vehicle.

Sur le circuit PAUL RICARD High Tech Test Track, depuis
début 2005. Plusieurs virages de configurations différentes
ont été équipés en fonction du risque d’impact.

 

11

Sur le circuit de MONZA en 2006 dans les virages «La
Parobolica» et la chicane «2em Lesmo» 

 

At the MONZA circuit  for « La Parobolica » curve and the
« 2° Lesmo » chicane.

Sur le circuit F1 de BARCELONE, dans le virage «la
nouvelle chicane»

 

At the BARCELONA Grand Prix F1 for the protection of
the Nouvelle Chicane.
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the TECPRO system has been installed :

Sur le Grand Prix de MONACO F1 depuis 2005, à la
chicane «Sortie du Tunnel», à l'entrée et à la sortie des
stands.

At the MONACO Grand Prix F1 since 2005  for the
protection of the nouvelle chicane (after the Tunnel’s exit),
at the enter and the exit of pitlane.
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in case of exit of a vehicle.

Sur le circuit PAUL RICARD High Tech Test Track, depuis
début 2005. Plusieurs virages de configurations différentes
ont été équipés en fonction du risque d’impact.

 

11

Sur le circuit de MONZA en 2006 dans les virages «La
Parobolica» et la chicane «2em Lesmo» 

 

At the MONZA circuit  for « La Parobolica » curve and the
« 2° Lesmo » chicane.

Sur le circuit F1 de BARCELONE, dans le virage «la
nouvelle chicane»

 

At the BARCELONA Grand Prix F1 for the protection of
the Nouvelle Chicane.

Carlos Sainz,  
Sochi 2015

Romain Grosjean 
Sochi 2015
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passenger protection cages

seat belts

disc brakes

regenerative braking

safer fuel tanks

aerodynamics

electronics & sensors

better fuels

stronger, lighter materials

less engine friction

better tyres

better suspension

comfort 
reliability 
speed 
efficiency 
safety 
automation

health?
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safer cars, safer roads, less harm
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safer cars, safer roads, less harm

but less hearts to transplant
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Vertica Big Data
Analysis

Free Trial. Run On Prem, in
Cloud or on Hadoop. True

Flexibility.

Formula One cars generate terabytes of data at each race.

In 2012, Red Bull Racing and its
driver, Sebastian Vettel, entered the
final race of the season, needing only a
top-3 finish to win their third straight
world championship. But on the first
lap, Vettel was clipped from behind,
damaging his car and sending him
into a spin that put him in last place.

“Immediately, we thought race over,”
said Peasland.

But within a second of the accident,
the engineers snapped into their
action plan, first checking the car’s
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SAP HANA Monitoring http://stillbrandworks.com/sap/pit-wall/
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“80% of  what happens in a 
hospital is completely 
predictable.  

We need to free the 
intellectual capacity of  the 
staff  to sort out the vital 
20% that is unpredictable”

Peter van Manen
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Real-‐time	  Adaptive	  &	  Predictive	  
Indicator	  of	  Deterioration

Dr Heather Duncan 
Professor David Lowe 
Dr Peter van Manen



Proof	  of	  concept

20	  Intensive	  Care	  beds 1	  ambulance	  trolley 4	  cardiac	  beds

Young	  Lives	  
Health	  Foundation	  funded	  
~3000	  patients	  recruited	  
Some	  cardiac	  arrests	  predictable	  
Some	  unplanned	  extubation	  predictable	  
Trends	  needed	  in	  PICU	  
Smart	  alarms	  can	  work

RAPID	  pilot	  
Wellcome	  HICF	  funded	  
41patients	  recruited	  
Wireless	  monitoring	  possible



SpO2	  model	  distance

Continuous,	  modified	  PEWS

Redefining	  
predictable

Heart	  rate
Pulse	  rate
Pulse	  oximetry	  or	  
SpO2

Respiratory	  rate

Blood	  pressures

-‐60	  min -‐30	  min



T21	  child	  with	  pulmonary	  hypertension	  

Unplanned	  extubation	  at	  7.06
First	  warning	  at	  5.26	  	  
Wakes	  up	  at	  6.26

Not	  visible	  with	  bedside	  monitoring	  but	  could	  we	  predict	  this	  in	  future?
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 modern children’s hospital even more complicated than F1

 hospital teams change, often daily

 to be able to innovate and make change, the culture must be right

self-criticism, willingness to learn, willingness to changeHeather Duncan
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News Contact Us Request a T3 Demo

T3
The Tracking, Trajectory, Trigger (T3) intensive care unit software solution allows researchers and quality improvement teams in the ICU to

aggregate data from multiple sources, store it for analysis, and view the streaming data in real-time.

System features include:

Customizable display of physiologic parameters over entire patient stay

Capability to host multiple clinical algorithms in real-time

Configurable annotation

Web-based visualization that may be used on any standard browser or mobile device

Minimal IT footprint

Software-only solution – no new bedside hardware required

Highly reliable and robust operation

Auditable data storage

T3 is currently installed in multiple academic hospitals and is being used by ICU researchers to analyze clinical data and develop novel

algorithms.

T3 Overview

T3 Overview

Risk Analytics
Etiometry has developed a novel mathematical architecture to convert physiologic data into actionable clinical information. The system utilizes

sophisticated physiologic models to assign probabilities to specific clinical states. This allows clinicians to properly evaluate patients in a manner

that is consistent with traditional human diagnostics.
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Boston, Toronto and GOSH
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Figure 1. 
Two printed replicas of the poly lactic acid surgical prototypes after being printed.
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3D printing surgical instruments: Are we there yet?

Timothy M. Rankin, MD1, Nicholas A. Giovinco, DPM2, Daniel J. Cucher, MD1, George 
Watts, PhD3, Bonnie Hurwitz, PhD1,4, and David G. Armstrong, MD, PhD, DPM2

1University of Arizona

2Southern Arizona Limb Salvage Alliance

3University of Arizona Cancer Center

4Office of the Senior Vice President of Health Sciences

Abstract

Background—The applications for rapid prototyping have expanded dramatically over the last 

20 years. In recent years, additive manufacturing has been intensely investigated for surgical 

implants, tissue scaffolds, and organs. There is, however, scant literature to date that has 

investigated the viability of 3D printing of surgical instruments.

Materials and Methods—Using a fused deposition manufacturing (FDM) printer, an army/ 

navy surgical retractor was replicated from polylactic acid (PLA) filament. The retractor was 

sterilized using standard FDA approved glutaraldehyde protocols, tested for bacteria by PCR, and 

stressed until fracture in order to determine if the printed instrument could tolerate force beyond 

the demands of an operating room.

Results—Printing required roughly 90 minutes. The instrument tolerated 13.6 kg of tangential 

force before failure, both before and after exposure to the sterilant. Freshly extruded PLA from the 

printer was sterile and produced no PCR product. Each instrument weighed 16g and required only 

$0.46 of PLA.

Conclusions—Our estimates place the cost per unit of a 3D printed retractor to be roughly 

1/10th the cost of a stainless steel instrument. The PLA Army/ Navy is strong enough for the 

demands of the operating room. Freshly extruded PLA in a clean environment, such as an OR, 

would produce a sterile, ready to use instrument. Due to the unprecedented accessibility of 3D 

© 2014 Published by Elsevier Inc.

Address for Correspondence: Nicholas A. Giovinco, DPM Director of Education Southern Arizona Limb Salvage Alliance 
University of Arizona College of Medicine PO box 245072 Tucson, AZ 85724 ngiovinco@gmail.com Ph: (520) 626-1349 Fx: (520) 
626-8140. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Author's Contributions: Study conception and design: TMR, NAG. Data Collection:TMR, NAG, GW, BH. Analysis and 
interpretation of data: TMR, NAG, GW, DJC. Writing the manuscript: TMR, DJC. Critical revision: TMR, NAG, DJC, BH, GW, 
DGA. Approving the final version of the manuscript: TMR, DJC, NGA, DGA.

Disclosures: none

HHS Public Access
Author manuscript
J Surg Res. Author manuscript; available in PMC 2015 June 15.

Published in final edited form as:
J Surg Res. 2014 June 15; 189(2): 193–197. doi:10.1016/j.jss.2014.02.020.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Printed in 90 mins,  
and 10% of cost of steel

3D printed army/navy retractor 

1st 3D printed racing car
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3D Printing in Medicine: Sutrue's Surgical
Prototypes
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The device Home The device

 About the device

The Sutrue device is a mechanical stitching device for
Doctors, Surgeons, Vets and Dentists to use in place of
manual stitching. The device comes in 2 different forms, the
handheld version and the Endoscopic version for keyhole
surgery. There are currently 2 versions of the handheld
device (pictured left), a small 26mm needle and a large 48mm
needle and the endoscopic version currently uses a 24mm
needle.

 In the next phase of development the intention is to expand
this range to 5 handheld and 2 endoscopic needle sizes for
testing and trials. This will allow for testing in a range of

disciplines including Surgical, Veterinary and Dental.
 

 

The endoscopic version will also come in 2 variants, a trocar
version (left) that is articulated for control of the head during
use (also applicable to robotic surgery) and a “free drive”
version that can be used with forceps to control the direction
of the suture (bottom left).
 

 

Basically this means that the 2 version can be used with either the current keyhole or robotic machinery
surgeons are used to, or can be a “barebones” version where the section driving the needle alone is inserted
with a flexible drive shaft for power.

 

 

 

 

 

How it works

The main difference with the Sutrue device is the method the needle is driven and
the fact that size doesn’t matter.

The device works by using a unique drive mechanism that approaches the
problem with a “many hands” technique, which uses several sets of tension
rollers to drive the needle.

The mechanism can apply to any size needle (within reason) as can be seen in
the 2 images on the left with 2 very different needle sizes and types using the
same fundamental mechanism.

 

The Sutrue mechanism is currently going through the patent process and has

HOME THE DEVICE ABOUT US GALLERIES INVESTMENT

www.sutrue.com
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personalised prosthetics 
rapid size-matched (3D print rapid prototyping) 

nanotechnology designed POSS-PCU external stent;

human cells will adhere to it

courtesy of Alex Sefailian and Clare Crowley, UCL, London
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Research

Commercialising medical device innovation

According to the FDA, a
vast majority of
investigational
products never make it
through clinical
approval and market
adoption.
— Jon Johnson

New medical devices take a long time to reach the market – and
many never make it. Jon Johnson, a researcher at Cambridge’s
Institute for Manufacturing, is looking at ways of making the
process of commercialisation more efficient.

Biotechnology and healthcare developments
require huge financial and resource investment,
indepth research and clinical trials.
Consequently, these developments involve a
complex multidisciplinary structure, which is
inherently full of risks and uncertainty. Jon
Johnson, a researcher in the Institute for
Manufacturing, is looking at the process by
which medical devices are taken from early
concept through to commercialisation, including
technology confidence, early testing, investment implications, and regulatory
compliance.

The feasibility stage of medical device design is critical, and there is currently little
guidance for practitioners to navigate this inherently complex set of activities. In a
similar fashion to hightech industries, the medical sector has huge incentives to
increase development efficiency, reduce time to market and increase profits. The
medical industry has unique requirements, including extensive science and
technology management, considerable testing, clinical trials and regulatory

a waste:  
of time, energy, talent and money

http://www.cam.ac.uk/research/news/commercialising-medical-device-innovation
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some products do get to market
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“Don't forget anything at home”
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Logistics
  100,000 miles per season 
  100 hotel rooms per race 
  100 tonnes of stuff, spares, tools 
  telecommunications 
  tyres, fuel, oil, coolant, food 
  drivers 
  the cars

the race always starts on time
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the pursuit of excellence
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