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La tecnologia in medicina è l'applicazione della conoscenza e delle abilità sotto 
forma di dispositivi, farmaci, vaccini e procedure per risolvere problemi di salute e 
migliorare la qualità della vita
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PARADIGMA DIGITALE IN CHIRURGIA 

OPEN- MIS –ROBOTICA 

REMAKEBLE

JOURNEY OF PROGRESS       
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Robotica ….ORGINI ANTICHE 
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Robotica in Italia 
da dove veniamo e chi siamo

PRIMATI ITALIANI

Robotica Industriale

Robotica Riabilitativa

Robotica Chirurgica
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RICERCA in ROBOTICA :
ITALIA  ed EUROPA  ALL’AVANGUARDIA



ROBOT IN CHIRURGIA 

I PRIMI TENTATIVI DI CHIRURGIA ROBOTIZZATA 
ANNI ‘80

1983 ARTHROBOT : the world's first surgical robot ,for orthopedic procedures
developed  and  used for the first time in Vancouver  

1985 PUMA 560: used for a brain biopsy by CT-guidance.

1988 PROBOT:   developed at Imperial College (London) used to  perform 
prostatic surgery.

1992 ROBODOC/ AESOP : first surgical robot approved  by the FDA 
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FDA APPROVAL
CARDIOTHORACIC SURGERY/GENERAL SURGERY

THE  MASTER-SLAVE TELEMANIPULATOR “CONCEPT “   

da Vinci System
by Intuitive 

TIMELINE OF SURGICAL ROBOTIC DEVELOPMENTS

Origins	of	Robotic	Surgery:	From	Skepticism	to	Standard	of	Care	JSLS. 2018 Oct-Dec; 22(4Tra
di

tio
na

l 

MIS

ZEUS System
(by computer motion)

2000

TELESURGERY

MIS IM
PROVEMENTS 

2 SURGICAL SYSTEMS , THE ZEUS AND THE DA VINCI BOTH DEVELOPED TO OVERCOME THE  TECHNICAL 
LIMITATIONS OF MIS

ANNI 90s

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6261744/


F W Mohr  Department of Cardiac Surgery, 
University of Leipzig, Germany.

Loulmet D, Aupecle B, et al. Computer assisted open heart surgery. First case operated on with success CR. Acad Sci III. (1998) 321:437–42.
 
Mohr FW, Falk V, Diegeler A, Walther T, Gummert JF, Bucerius J, et al. Computer-enhanced “robotic” cardiac surgery: experience in 148 patients. JThorac 
Cardiovasc Surg. (2001) 121:842–53
 
Melfi FMA, et al. Early experience with robotic technology for thoracoscopic surgery. Eur J Cardiothorac Surg 2001;21:864-8.

Bonatti J, Schachner T, Bonaros N, Laufer G, Kolbitsch C, Margreiter J, et al. Robotic totally endoscopic coronary artery bypass and catheter based coronary intervention 
in one operative session. Ann Thorac Surg. (2005)

Melfi FMA, et Al. Robotically assisted lobectomy: learning curve and complications. Thorac Surg Clin 2008;18:289-95, vi-vii.

Park BJ, et al Cost comparison of robotic, video-assisted thoracic surgery and thoracotomy approaches topulmonary lobectomy. Thorac Surg Clin 
2008;18:297-300

History of Robotic Surgery 

In 1994, ZEUS Robotic Surgical System 
 
 
 
 
 
 
 
 
 
Robots Helping Surgeons: The da Vinci and ZEUS System 
                                                                      By FDA 

Chronological Events  
First Robotic Assisted heart bypass using da Vinci surgical System. 
 
 
 
 
 
 
 
 
 
 Dr Friedrich Wilhelm; Leipzig Heart Center, Germany 1998  
 
 
 
 
 
 
 
 
 
 

Chronological Events  
First all-robotic-assisted Kidney transplant. 

 
 

 
 
 

 
 
 
 

Dr. Stuart Geffner, Santa Barbara Medical Center, New Jersey 2009  

History of Robotic Surgery 

In 2000, The da Vinci Surgical System 
 
 
 
 
 
 
 
 
 
Robots Helping Surgeons: The da Vinci and ZEUS System 
                                                                      By FDA 

 

I PIONIERI 
DELLA CHIRURGIA ROBOTICA

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Mohr+FW&cauthor_id=11204392
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SCALING 
/TREMOR  FILTER 

ERGONOMIC

MAGNIFICAZIONE 
DELL’IMMAGINE 
(10 volte quella normale)

MAGGIORE
PRECISIONE

DESTREZZA 
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§TUMORI LOCALMENTE AVANZATI

§PREGRESSI TRATTAMENTI (CT/RT/Immunot/Surgery)

§PAZIENTI AD ALTO RISCHIO (ASA III- IV)

SLEEVE RIGHT UPPER  LOBECTOMY 



VATS or minimally invasive surgery 
(including robotic-assisted approaches) 
should be strongly considered for patients 
with no anatomic or surgical 
contraindications, as long as there is no 
compromise of standard oncologic and 
dissection principles of thoracic surgery. 

THE AMERICAN COLLEGE OF CHEST PHYSICIANS GUIDELINES
THE NCCN GUIDELINES 

RACCOMANDANO UN APPROCCIO MIS E ROBOTICO NEI PAZIENTI AFFETTI DA PATOLOGIA NEOPLASTICA

 



L'APPROCCIO ROBOTICO È PIÙ EFFICACE PER TASSO DI CONVERSIONE, ESTENSIONE 
DELLA LINFOADENECTOMIA, PER RISPOSTA PATOLOGICA COMPLETA



GLOBAL DIFFUSION  >8.200 ROBOT 
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13 MIL PTS

66.000 SURGEONS

34.000 PEER PUBLICATIONS 

100% TOP H. CANCER



ITALIA

CRESCITA ESPONENZIALE DELLE PROCEDURE 
ROBOTICHE IN EUROPA



ITALY

3
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CHIRURGIA ROBOTICA TORACICA IN EUROPA

y = 89,545e0,3205x

R² = 0,9865

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

30% /LAST 3 YEARS 
EXPONANTIAL IN

CREASING NUMBER OF ROBOTIC THOR. P
ROCEDURES RANGING FROM 5 

THOUSAND CASES TO 55 THS IN
 JUST 10 YEARS



RIPRODUCIBILITA’anatomical dissection

PRECISIONE

QUALITA’ DELLA  CHIRURGIA
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OPEN LOBECTOMY ROBOT  LOBECTOMY

AS SHOWN 



Bronco-vascular Sleeve

REPRODUCIBILITA’
PRECISIONE 



Velez-Cubian et Al, Cancer Control 2015;102(

 
 

OFFICIAL 

12 
 

metastases were improved during robotic-assisted lobectomy for non-small-cell lung 

cancer, as demonstrated by an overall 30% upstaging rate, including a 19% nodal 

upstaging rate, in the cohort. 

 
 

Cost effectiveness: 

Data from US studies indicates open thoracotomy remains the most costly out of the 

three options with longer hospitalisation, intensive care and respiratory therapy use. 

The cost of RATS increases the minimal invasive surgery (VATS) cost by 3000 to 

4500 USD per case. The key cost drivers of RATS were the capital costs, followed by 

cost of specific consumables (Swanson et al 2014, Deen et al 2014).  Park et al, 

2008 report further additional costs due to additional procedures undertaken for 

RATS cases. Current evidence is largely cost–comparisons of direct peri-operative 

costs. More studies are needed for evaluating the cost effectiveness and long term 

clinical benefit to the patients. 

 

 Documents  which  have  informed  this  Policy 6
 

NHS England Clinical Commissioning Policy: Robotic-Assisted Surgical Procedures 

for Prostate Cancer  

 

 Date  of  Review 7
 
This document will be reviewed when information is received which indicates that the 

policy requires revision.   

L'upstaging e’ una misura della qualità dell'intervento chirurgico. 
Tassi elevati di upstaging  implicano una maggiore capacita’ di valutare più linfonodi fornendo un forte strumento prognostico.

Nodal upstaging is a surrogate measure of the quality of the surgery. 
Higher rates of nodal upstaging are preferred and the ability to assess more nodes provides a strong 
prognostic tool. 

QUALITA’ DELLA  CHIRURGIA upstaging



F.MELFI

COMPUTER INTEGRATED 
SURGERY

THIS REFLECTS THE TREMENDOUS TECHNOLOGICAL DEVELOPMENTS EVER MORE INTEGRATED 

TO PERFORM INCREASINGLY COMPLEX PROCEDURES  

IL ROBOT E’ SOLO UNO degli  ELEMENTI DI UN VASTO
 SISTEMA  PROGETTATO PER L’ALTA QUALITA’ DELLA 
CHIRURGIA 



AI
to identify anatomical AORTA variations 
starting from real CTscan images

3D
 

V
IR

T
U

A
L 

R
E

C
O

N
S

T
R

U
C

T
IO

N

A
I

GLIMS OF THIS INTEGRATED PLATFORMS SUCH A 



23

QUALITY OF VISION
STABLE,3D, HD, X10
AUGMENTED (FIREFLY)

PRECISION
NO TREMOR
7 DEGREES OF FREEDOM

ADVANCED INSTR.  STAPLER ENERGY
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RESEZIONEPOLMONARI 
MAGGIORI
           
MEDIASTINO RES                 
THYMECTOMY                    

  
        

(median age 56 y- range 19-81) 

2926
  
  195
  267

aa 2001(2014)-2023

3388 pts  



*singola metastasi intracranica 

5 YEAR  OS > 90% THE STAGE 1 
MEAN OS STAGE RANGING FROM 82 MONTHS TO 68 MONTHS FOR STAGE IV

1-year
2-year

3-year 5-year

I 99.3% 98.5% 98.5% 98.5%

II 97.4% 93.8% 93.8% 93.7%

III 91.3% 85.1% 73.1% 73.1%

IV 84.7% 66.7% 52.1% -

RESULTATI
(SOPRAVVIVENZ

A) 

os



COMPLICAZIONI 
INTRAOPERATORIE 

 

8 (0.6%)

year procedure Intaoperative 
complcation

Conversion note

2002 Upper right 
lobecomy 

Calcified lymph-node Yes 

2004

2006

Lower left 
lobectomy

Upper left 
lobectomy

Instrument 
Spatula detached

Bleeding  artery 
Posterior segmental 
artery g 

No

Yes
Traction of the lobe 

2008 Lower right 
lobectomy

Bleeding apical artery No

2011 Left lower 
lobectomy

Vein laceration
Using the hoock

No

2003
Right Upper 
Lobectomy Stapler malfunction Yes 

During proctoring

2014 Lymphadenectom
y 

Tracheal lesion No
During proctoring

**
2009 Thymectomy

Mediastinum 
infiltration Yes

PERIOD  2001-2015



89 Surgical  teaching

DUAL SURGICAL CONSOLE
where the master can teach each surgical step

VIRTUAL AND FISICAL SIMULATION
increasly being incorporated into surgical teaching programme
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TRAINING CHIRURGICO
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….. ADVANCED EDUCATIONAL PLATFORMS TO DISSEMINATE THE SURGICAL  TECHNIQUE NO LONGER IN A  "ONE TO ONE WAY " BUT 
"ONE TO A THOUSAND". 
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q 143 MILLION 
SURGERIES/ANNUALLY/NEEDS 

q 2.2 MILLION EXTRA 
•

SURGEONS/ANAEST/OBSTETR/ 
NEEDS
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University of Pisa

UN RUOLO CRUCIALE NEL RIDURRE IL DIVARIO TRA DOMANDA /OFFERTA DI INTERVENTI CHIRURGICI. 

TRAINING Digitale 



      

FUTURE PROSPETTIVE 



NUOVE PIATTAFORME 
to increase precision and reduce invasiveness. 

TRANSENTERIX
ION ENDOLUMINAL SYSTEM
AURIS ROBOTIC ENDOSCOPY SYSTEM 
PROCEPT
REVO-I 
PORT ORIFICE ROBOTIC TECHNOLOGY 
MEIDCAROID 
VERSIUS 
AVRA 
SP
HUGO

SP SYSTEM



TRAPIANTO POLMONARE 
ROBOTICO



      

Robotics becomes Science

Jet Propulsion Laboratory (JPL) of NASA for tactile sensorization of the hand of the rescue robot RoboSimian

TO INCREASE 
INFORMATION FEEDBACK 
TO SURGEON USING AS 
SENSOR THE FBG
(FIBER BRAGG GRATING )

TACTILE SENSING 
TO ENABLE 
INTERACTION 
ABILITIES



      



      

Massari, L., Fransvea, G., D'Abbraccio, J., Filosa, M., Terruso, G., Aliperta, A., ... & Oddo, C. M. (2022). Functional mimicry of Ruffini receptors with Fiber 
Bragg Gratings and Deep Neural Networks enables a bio-inspired large-area tactile sensitive skin.
Nature Machine Intelligence 2022

COLLABORATIVE TASKS STARTING FROM  DEEP 
LEARNING IN WHICH THE ROBOT LEARNS FROM THE 
HUMAN TEACHING EXECUTING THE TRAIECTORY TRAINED 
BY THE HUMAN EXAMPLE WITH A SAFE INTERACTION 
WITH THE ROBOT ARM TROUGH TACTILE FEEDBACK

FROM DEEP LEARNING ….
TO COLLABORATIVE TASKS 



      

THE ARTIFICIAL SKIN
 AI MODEL

RILEVAMENTO TATTILE 
PER IDENTIFICARE 
LA FORZA APPLICATA E 
LOCALIZZARE IL CONTATTO



SENSORE FBG IMPIANTABILE PER IL MONITORAGGIO CONTINUO DELL'ATTIVITÀ 
CARDIACA

D. Ferraro, G. D’Alesio et al. (2021), IEEE Sensors Journal



CONCLUSION

THE DIGITAL SURGERY  
IS A CULTURAL TRANSFORMATION 
OF TRADITIONAL SURGICAL CARE. 

HOWEVER……………….
ROBOTS HAVE THE POTENTIAL TO 
IMPROVE PATIENT CARE by 
ASSISTING, BUT NOT REPLACING 
THE SURGEON



BUON ANNO ACCADEMICO






