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Technology is integral part of medicine
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Technology has a different evolution speed

e Information retrieval from distant monitors and devices
 Vendor dependent device operation

 Technical obstacles for advanced workflow management

e Limited flexibility in the selection and combination of systems
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{ Robotic systems for surgery

 Master-slave systems e (Semi-) autonomous systems

lCCGS © Intuitive, Transenterix, Avatera, Stryker, Smith & Nephews
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Current evidence for robotic systems

e Operation times
e Operative costs

 Blood loss

e Complication rates
 Hospital stay length
 Transfusion rate

» Be aware that that the safety and effectiveness of using robotically-assisted surgical
devices in mastectomy procedures or in the prevention or treatment of cancer has
not been established.

ICCAS FDA, Feb 28, 2019
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Imaging and cooperative robots

: © Siemens Artis Zeego
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Imaging and cooperative robots

|CCGS Bieck et al. 2017
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- FDA-approved Al-algorith

FDA APPROVALS FOR ARTIFICIAL INTELLIGENCE-
BASED ALGORITHMS IN MEDICINE
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AlveCor  detection of atrial fibrillation
QbCheck  diagnosis and treatment of ADHOV

InPen  determining insulin dosage

[ ultrasound imoge diagnosis

OneDrop Bioad Glucose quantification of blood glucase levels
CantobMobile  memory assessment for the elderly

Arterys  candiacMRI analysis

EnsoSleep

AmMCAD-US  analysis of thyroid nocues

QuantX cancer detection

Cardiclogs  arrhythmia screening

medical

BioFlux  detectingarrhythmias.
Baylabs  echocardiogram anclysis

Vizal  stroke detectionon CT

Arterys  liver andlung cancer diagnesis on CT and MRI

Empatica

Cox

Medtronkc  predicting blood glucose changes

Idx  detection of dicbetic

Iometrix | MRl braininterpretation

Imagen X-ray wrist frocture diagnosis.

NeuralBot  transcranial Doppler probe pasitioning

MindMotion GO motion capture for the elderly

Dreated menagng Type | diobetes

POGO blood glucose monitoring systemn

Zebra Medical Vision coronary artery calcfication algerithm -'
FerriSmart  quansification of liver iron concentration

ICAD  breast density viamammogprahy
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Aidoc g
PhysiQ Heart Rhythm Module | detection of atrial fibrillation.
Apple detection of atrial fibrillation

RightEye Vision System ying!
LepuMedical  detecting arrhythmias

MaxQ  oauteintracranial hemarrhage triage aigorithm
ScreenPoint Medical docision support for mammegrams
ProFound Al detection and diagnosis of suspicious esions

ReSET-O

Verlly  ECG feature of the Study Watch
Paige Al dlinicol-grading in pathology Z

CureMetrix breast concer detection on mammograms [ — A
AfveCor  six-lead smartphons ECG

Zebra Mesical Vision  chest X-ray analysis

Aidoc  flagging pulmonary embolism

Koios Medical decision support in breast cancer

CanonMedicol €T noise reduction
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Current research areas

e Anaesthesia management

* Risk for postoperative pain, nausea, and respiratory depression

* Predict hypotension, hypoxemia
 Surgery

* Prediction of procedure times and anticipation of risk situations

* Decrease human-technology interaction, Automatic documentation
 Administration

* Decrease non-value-adding activities
* Provide KPIs

ICCas
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Situation aware biomedical technologies

lC@S Neumuth et al. 2009, Franke et al. 2015
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Situation aware biomedical technologies

Surgical Process Navigator
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- Medical device interoperability @I ez 1107330701
' Igz(l) ISO/IEEE 11073-20702
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Hyperspectral Imaging

Medizin ist unsere Berufung

|CCGS Eggr;gifﬁtsklinikum
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Hyperspectral imagung for tissue perfusion

a) Patient with postop.  b) and c) Patients without postop.

Pathological bowel perfusion insufficiency perfusion insufficiency
a) c)
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Medizin ist unsere Berufung

Jansen-Winkeln et al. Chirurg 2018
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HSI-based discrimination of thyroid and parathyroid

in vivo thyroid and parathyroid
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But surgery is just one option ...
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= Digital patient models for decision-making

|CCC]S Cypko et.al. 2017
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Prediction and clinical decision support

Patient

Max Mustermann

Alter

56 Jahre

Geschiecht

Mannlich

Hauptdiaghose

Larynxkarzinom

Histologie
Plattenepithelkarzinom
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Transoral laser microsurgery or

total laryngectomy for recurrent
squamous cell carcinoma of the
larynx: Retrospective analysis of
199 cases.
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CONCLUSION: TLM is an option in early and in' s
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2017 Wiley Periodicals, Inc. H

2017.
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The digital footprint
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Numeric vs. symbolic process models

Surgical Numerical Symbolic
Workflow models models

(digital footprint)
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‘ Model generalization

Single cases Merged model
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Model analysis: workflow assessment

Preparation Capsulorhexis Lens Removal Sl . SRimeEl el Completion
Implantation Healon

l—l—\

(model filtered with
threshold 5%)

ICCAS
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paracentesis
paracentesis knife
cornea

inject
healon
chamber ant

capsulorhexis
rhexis cannula
capsula lentis

cut
lancet clear cut
cornea

excision material
utrata‘s tweezers
capsula lentis

Neumuth et al. 2011 59



Model analysis: workflow assessment

Preparation Capsulorhexis Lens Removal Sl . SRimeEl el Completion
Implantation Healon
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paracentesis
paracentesis knife healon
cornea chamber ant

capsulorhexis
rhexis cannula
capsula lentis

cut
lancet clear cut
cornea

inject
vision blue
Phase Capsulorhexis or T
Cataract interventions:
Generic process models

for outpatient (n=51) and

irrigate excision material

sauter cannula — utrata’s tweezers
chamber ant capsula lentis

(model filtered with
threshold 5%)
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Model analysis: resource impact estimation

e [ LAP [avg=sdev] TEL [avg=+sdev] P-value
*"”'2"“_"”3‘" Total intervention time 01:41:05+£00:21:56 01:36:47+00:17:08 p =0.045
i e noar Phases Preparation 00:42:31+00:16:56 00:38:44+00:07:34 p = 0.05
| Dissection 00:18:49+00:10:44 00:13:18£00:06:40 p = 0.05
o T Reconstruction 00:33:25+00:10:08 00:37:32+£00:07:44 p = 0.05
T Conclusion 00:06:194+00:01:49 00:07:12+00:02:22 p > 0.05
FeLam Subphases Reconstruction hiatus suture 00:09:15+00:07:22 00:06:54+00:01:50 p > 0.05
L ot Reconstruction collar stitches 00:08:25400:02:13 00:10:49400:03:32 p > 0.05
et Wrap creation 00:03:00400:00:44 00:04:45+£00:05:10 p=0.014
o Reconstruction Fundoplication suture 00:12:43£00:02:31 00:15:32£00:03:13 p = 0.05
e —— U I bisas f} ’
- i, | e | S
[ nsam 1o maan T100M et Nissen fundoplication, animal study
laparoscopic cases vs. telemanipulator-assisted cases (each n=12)

with forcaps, nsscde ard Pread
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Model analysis: technology requirements

Opening of
the skin

Preparation of
muscle tissue

Removal of inter
vertebral disc

Bone removal
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Completion
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n=14 Unit i Max

Time Frame hh:mm:ss 00:45:08  00:22:23 01:13:43 00:13::
Iterations activity 15.2 7 27 6.3
(OVIQVIEICL IV clifo I H IS 00:19:55  00:12:40 00:32:11 00:06:25

Neumuth et al. 2009
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Summary

e Robots have arrived in ORs
e Alin the OR has not yet arrived

 Technologies have digital footprints that enable continuous ebM
without cognitive biases

If you can't measure it, you can't improve it.
(Peter F. Drucker)
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Thank you.

Prof. Dr. Thomas Neumuth

Innovation Center Computer Assisted Surgery (ICCAS)
thomas.neumuth®@iccas.de
www.iccas.de, Twitter: @iccaslLeipzig
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