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ACTIVA: Automatic Control in Total Intra Venous Anesthesia 
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•  Maintenance phase (surgical phase) 
•  Patient waking up 
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CHAPTER 4 CONTROL SYSTEM IMPLEMENTATION

4.1 Components of the control system

Figure 4.1: Diagram of the control system instrumentation.

Figure 4.2: Picture of the ACTIVA control system in the operating room.
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System components 

5.   Sensor’s cable is used to connect the BIS Quatro sensor to the BISx device. 
6.   BISx is the device that performs the required calculations in order to obtain the BIS index from the 

raw EEG waves read by the sensor 
7.   PodCom cable is used to connect the BISx device to the monitor 
8.   Monitor Drager Infinity Delta (Dragerwerk,Lübeck,DE) provides the BIS signal and other patient’s 

parameters to the control algorithm. 
9.   Three USB to RS232 DB9 serial adapter cables are required in order to allow the communication of 

the personal computer with monitor and syringe pumps.  

1.   Personal computer with ACTIVA 
software 

2.   Syringe pumps (Graseby 3500 - 
Smiths Medical, London, UK).  

1.  Syringe pumps represent the 
control system’s actuators.  

2.  They are driven by the 
control algorithm.  

3.  Two pumps are required, one 
for propofol and one for 
remifentanil. 

3.   Venous Line Access for drug’s 
infusion (should be dedicated, or if 
not possible must be as close as 
possible the venous catheter to 
avoid boluses)  

4.   BIS Quatro sensor is the control 
system’s sensor. It is composed by 
4 electrodes placed on the 
patient’s forehead that read EEG 
waves. 



4.2 ACTIVA control software

Figure 4.10: Screen shot of the ACTIVA GUI during runtime operation.

4.2.1 ACTIVA Graphical User Interface

The ACTIVA Graphical User Interface has been developed in close collaboration with

the anesthesiologists of the Unità Operativa Anestesia e Rianimazione 2 of Spedali Civili

di Brescia. The goal of this collaboration was to provide medical sta↵ with an intuitive,

easily understandable and usable tool. By following their suggestions the GUI, and con-

sequently the control system, has been designed in order to guarantee flexibility. Indeed,

the system has some parameters that the anesthesiologist can change in order to person-

alize the system on the basis of his/her experience and preferences. These parameters can

also be changed in order to adapt the system behavior to the patient characteristic or to

particular type or phase of surgery. Anyway when the software is started these parameters

are set to default values that are well suited for a wide range of situations.

The ACTIVA interface is constituted by a single window whose layout is shown in Figure

4.10. The GUI is divided in three main parts: initialization, control and monitoring. The

initialization part is shown in detail in Figure 4.11. This part contains the initial settings
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Giancarlo (scheduled for electrochemoterapy)    

Age: 74 Weight: 71 [kg]  Height: 170 [cm] 

TT: 123 [sec] BIS NADIR (before incision): 30 

BIS 40-60: 82.94 [%] wake up Time : 7 min 30 sec 

min BIS (after incision): 35  max BIS: 78  

ASA: 3 

Propofol  7,4 mg/kg/h 

Remifentanil 0,13 ϒ/Kg/min 

114 mg  
as bolus 

100 ϒ 
as bolus 

38 minutes of automatic control 

Case 1 

On his left side 



No vasopressor administered 
No pre-medication 

71 82 Mean heart rate 65 

Mean blood pressure 72 133/67 111/64 

Heart rate & Blood pressure 

Mean BIS:48 



Annamaria (scheduled for skin cancer melanoma and  sentinel limph node biopsy) 

TT: 4 [min] 

Age: 65 Weight: 77 [kg]  Height: 169 [cm] 

BIS NADIR (before incision): 38 

BIS 40-60: 88.62 [%] wake up Time: 9 min and 24 sec 

min BIS (after incision): 35 max BIS: 64 

ASA: 2 

100 mg  
as bolus 

100 ϒ as 
bolus 

Propofol  6,3 mg/kg/h 

Remifentanil 0,19 ϒ/Kg/min 

82 minutes of automatic control 

Case 2 

Fentanyl 100 ϒ pre-med  



Ephedrine 10 mg 

Mean blood pressure 66 
155/92 100/75 

76 75 

Heart rate & Blood pressure 

Mean heart rate 63 

Mean BIS:47 



Elisabetta (scheduled for toe skin cancer melanoma and  sentinel limph node biopsy) 

min BIS (after incision): 26  

Age: 60 Weight: 60 [kg]  Height: 162 [cm] 

TT: 68 sec BIS NADIR (before incision): 29 

max BIS: 64 

BIS 40-60: 82.7 [%] wake up Time: 8 min and 12 sec 

ASA: 2 

104 minutes of automatic control 

94 mg  
as bolus 

85 ϒ as 
bolus 

Propofol  6,8 mg/kg/h 

Remifentanil 0,2 ϒ/Kg/min 

Case 3 



81 90 

No vasopressor administered 
No pre-med 

144/74 133/69 

Heart rate & Blood pressure 

Mean heart rate 65 

Mean blood pressure 74 

Mean BIS:47 



Giuseppe (scheduled for dorsal skin cancer melanoma and  sentinel limph node biopsy) 

Age: 67 Weight: 83 [kg]  Height: 173 [cm] 

TT: 82 sec BIS NADIR (before incision): 31 

min BIS (after incision): 32  max BIS: 68 

BIS 40-60: 84.92 [%] wake up Time: 14 [min] 

ASA: 2 

40 minutes of automatic control 

114 mg  
as bolus 

100 ϒ as 
bolus 

Propofol  5,53 mg/kg/h 

Remifentanil 0,11 ϒ/Kg/min 

Pre-med with: 
100 Υ fentanil 
1 mg midazolam 

Case 4 



No vasopressor administered 

57 73 

144/86 100/70 

Mean heart rate 58 

Mean blood pressure 66 

Heart rate & Blood pressure 

Mean BIS:46 



Rosario (scheduled for torax skin cancer melanoma and axillary sentinel limph node biopsy) 

Age: 50 Weight: 78 [kg]  Height: 178 [cm] 

TT: 108 sec BIS NADIR (before incision): 30 

min BIS (after incision): 30  max BIS: 66 

BIS 40-60: 84.93 [%] Wake up Time: 6 min and 36 sec 

ASA: 2 

102 minutes of automatic control 

114 mg  
as bolus 

115 ϒ as 
bolus 

Propofol  5,27 mg/kg/h 

Remifentanil 0,11 ϒ/Kg/min 

Case 5 



No vasopressor administered 
No pre-med 
 

55 58 

111/77 100/71 

Mean heart rate 54 

Mean blood pressure 72 

Heart rate & Blood pressure 

Mean BIS:45 



Competitors: BIS on target (%) 
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Compared with manual control, we observed a differ-
ence of 24.6% (95% CI, −20.5% to 69.7%; I2 = 0.96, Figure 3) 
in the percentage of time a given variable was maintained 
in the desired range using an automated system. However, 
this difference was not statistically significant (P = 0.14).

In addition, all articles investigated the number of epi-
sodes that the BG was above or below the required target 
range; 1 trial45 found more hyperglycemic episodes in the 
standard care group (11 vs 1), whereas no episodes of hypo-
glycemic events occurred in either group. In another trial,36 
the authors did not observe hypoglycemic events in the 
automated group. One trial23 found a statistically significant 
reduction of the number of hypoglycemic episodes in the 
automatic group (P = 0.04). Performing subgroup analyses, 
we observed that automated systems decreased the percent-
age of time of inadequate control in comparison to manual 
control. (Mean difference = -12.3%; 95% CI, -18.6% to -6.1%, 
P = 0.0009). However, this difference was not statistically 
significant (P = 0.25)

The remaining 8 articles22,26,29,32,42–44,46 compared the accu-
racy of closed-loop insulin delivery systems with pump 
insulin therapy in patients with type 1 diabetes mellitus. 
Six trials22,26,29,32,42,43 enrolled children. Different types of 
pumps were used: CSII in 3 trials,22,32,43 sensor-augmented 
pump therapy in 2 trials,42,44 standard open-loop insulin 
therapy in 2 trials,26,29 and intraperitoneal open-loop insulin 
delivery in 1 trial.46 Table  1 illustrates the different target 
ranges selected for the BG in these trials. Seven23,26,29,32,42–44 
of 8 articles were randomized crossover trials; patients were 
randomly assigned to receive closed-loop insulin infusion 
or pump therapy and then switched to the other therapy. 
All trials provided the primary outcome of this review; in 
6 trials,22,26,29,32,42,46 this outcome was the primary end point.

Compared with manual control, automated systems 
increased the percentage of time a given variable was main-
tained in a desired range by 21.2% (95% CI, 11.5%−30.9%; 
I2 = 0.96, P = 0.001 as shown in Figure 4). In all studies, the 
length of time was longer in the automated control group. 

This difference reached statistical significance in 6 tri-
als.22,29,32,43,44,46 All articles provided data corresponding to 
the secondary outcome of this review. In 3 articles,22,42,44 the 
authors found a statistically significant reduction of episodes 
of hypoglycemia in the automated group. In the remaining 
articles, even if not statistically significant, the number of epi-
sodes of hypoglycemia or hyperglycemia was higher in the 
control groups. Performing subgroup analyses, we observed 
that automated systems decreased the percentage of time of 
inadequate control (below or above the target range) of BG 
compared with the manual group by −6.5 % (95% CI, −11.3% 
to −1.8%, I2 = 0.92, P = 0.010; Figure 5).

Closed-Loop Control of Ventilation
Eight trials24,25,28,30,33,37,47,52 determined the accuracy of closed-
loop systems compared with manual control of ventila-
tion. Newborns were enrolled in 4 trials.24,25,30,52 All studies 
included patients who required mechanical ventilation or 
supplemental oxygen. In 6 trials,24,25,28,30,33,52 the study design 
consisted of 2 consecutive observational periods on auto-
mated and manual controls. In the remaining 2 trials,37,47 
patients were randomly assigned to either automated or 
clinician control. One study47 specifically investigated the 
weaning period. Closed-loop control with an automated 
Fio2 adjustment was used in 5 trials.24,25,30,33,52 In 3 stud-
ies,28,37,47 the authors investigated the feasibility of closed-
loop systems for pressure support ventilation to maintain 
the patient in an acceptable ventilation zone (based on tidal 
volume, respiratory rate, end-tidal CO2 values). In 5 tri-
als,24,25,30,33,52 the controlled variable was Spo2. In the other 
3 trials,28,37,47 respiratory rate, tidal volume, and end-tidal 
CO2 were used as target variables; desired target ranges are 
shown in Table 1. In manual control groups, the percentage 
of time that the given variable remained within the desired 
range was significantly reduced (mean difference: 12.8%; 
95% CI, 1.5%–23.1%; I2 = 75%, P = 0.03; Figure 6). In all stud-
ies, the length of time was longer in the automated control 
group, and this difference reached statistical significance in 

Figure 2. Forest plot presenting the percentage of time a given target (bispectral index or SE) was maintained within the desired range in 
closed-loop delivery systems (automated control) in comparison with manual control. The diamond represents the pooled results while the 
horizontal line represents the 95% confidence interval (CI).
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MDAPE, and GPI values in the McSleepy group for control
of hypnosis. The MDPE is a signed value which represents
the direction (undershoot or overshoot) of the PE. In the
McSleepy group, we found an MDPE of 25.9 (4.3%)
(26.8/25.0) for the BIS controller indicating that the
median BIS was 5.9% below the target, and an MDAPE of
11.0 (2.6%) (10.5/11.5), indicating that 50% of the measured
BIS were within 11.0% of the target BIS. The performance
parameters of our study are similar to those obtained in
the study of Liu and colleagues:15 (MDPE¼26.9%; MDAPE¼
11.4%, Wobble¼8.7%). However, so far, no defined limits of
these parameters exist for automated delivery systems. Liu

and colleagues6 have demonstrated that MDPE, MDAPE,
and wobble values may mislead the interpretation of the
system evaluation, if taken alone. Therefore, we calculated
a score that integrates performance parameters, the GPI,
that is inversely proportional to the MDAPE, wobble, and
the percentage of time of inadequate control, a high GPI in-
dicating a better performance.3

While the closed-loop administration of propofol to
control BIS has been validated by several studies,3 6 – 8 15 16

the choice of the controlled variable for the closed-loop infu-
sion of opioids is still debated. However, haemodynamic vari-
ables are most often studied to titrate opioid infusions.9 – 11

Table 3 Dose and modifications of drugs and extubation time. *Significant difference at 0.05 level (two-tailed). Data are presented as mean (SD)
(95% confidence interval), analysed using the Mann–Whitney U-test

McSleepy group (n593) Control group (n593) P-value

Mean propofol dose (mg kg21 min21) 115 (30) (109/121) 108 (25) (103/113) 0.0801

Modifications of propofol doses (times h21) 67 (18) (63/71) 6 (8) (4/8) ,0.0001*

Mean remifentanil dose (mg kg21 min21) 0.21 (0.11) (0.19/0.24) 0.19 (0.09) (0.17/0.20) 0.0742

Modifications of remifentanil doses (times h21) 28 (8) (26/29) 4 (5) (3/5) ,0.0001*

Total rocuronium dose (mg kg21) 1.1 (0.5) (1.0/1.2) 1.1 (0.6) (1.0/1.2) 0.6230

Time to extubation (min) 10.1 (4.7) (9.2/11.1) 13.7 (8.8) (11.9/15.4) 0.0013*

Table 2 Controller performance. *Significant difference at 0.05 level (two-tailed). Data are presented as mean (SD) (95% confidence interval),
analysed with Student’s t-test and the Mann–Whitney U-test for parametric and non-parametric continuous data using XLSTAT 2011. MDPE,
median performance error; MDAPE, median absolute performance error; GPI, global performance index

McSleepy group (n593) Control group (n593) P-value

BIS

MDPE (%) 25.9 (4.3) (26.8/25) 210.8 (11.9) (213.3/28.4) 0.0003*

MDAPE (%) 11.0 (2.6) (10.5/11.5) 15.4 (10.4) (13.3/17.5) 0.0001*

Wobble (%) 9.0 (2.5) (8.5/9.5) 9.4 (4.4) (8.5/10.3) 0.4261

Divergence (% min21) 20.06 (0.10) (20.08/20.04) 20.07 (0.17) (20.1/20.04) 0.3658

GPI 4.4 (0.8) (4.2/4.6) 3.5 (1.6) (3.2/3.8) ,0.0001*

Analgoscore

MDPE (%) 0.3 (1.4) (0.0/0.6) 0.4 (1.6) (0.0/0.7) 0.5909

MDAPE (%) 1.7 (0.9) (1.5/1.8) 1.8 (1.0) (1.6/2.0) 0.2088

Wobble (%) 1.4 (0.6) (1.3/1.5) 1.3 (0.6) (1.2/1.4) 0.4536

Divergence (% min21) 20.10 (0.20) (20.14/20.06) 20.98 (7.45) (22.53/0.57) 0.2810

GPI 7.2 (1.1) (6.9/7.4) 7.2 (1.0) (7.0/7.4) 0.2822

Table 4 Overshoot or undershoot of BIS values (% time of maintenance period). *Significant difference at 0.05 level (two-tailed). Data are
presented as mean (SD) (95% confidence interval), analysed using the Mann–Whitney U-test

Maintenance McSleepy group (n593) Control group (n593) P-value

Bispectral index

BIS,40 (%) 30.1 (12.1) (27.6/32.6) 41.2 (17.8) (37.6/44.8) ,0.0001*

BIS,35 (%) 10.6 (8.5) (8.9/12.3) 20.5 (14.7) (17.5/23.5) ,0.0001*

BIS,30 (%) 3.3 (4.8) (2.3/4.3) 7.5 (8.2) (5.9/9.2) ,0.0001*

BIS.60 (%) 1.9 (2.1) (1.5/2.3) 3.4 (4.5) (2.5/4.3) 0.0051*

Closed-loop TIVA BJA
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Competitors: Propofol and remifentanil doses Competitors 

Hemmerling 
McSleepy 

included thoracic, hepatobiliary, gastrointestinal, urologic, gynecologic, and otorhinolaryn-
gologic surgeries (Table 1).

Patients’ characteristics were also similar in the induction phase between the two groups,
and no significant differences were observed between the two groups when comparing the in-
duction target concentrations of propofol and remifentanil, as well as induction time (Table 2).

The mean dose of propofol was similar between the two groups during the maintenance
phase (P>0.05). But the mean target concentration of propofol in the closed-loop group was
lower than that in the opened-loop group. To maintain the BIS value in an adequate range dur-
ing anesthesia, the frequency of propofol regulation in the closed-loop group (31.55±9.46 times/
hr) was observed higher than that in the opened-loop group (6.84±6.21 times/hr) (p = 0.000).
The doses of remifentanil and rocuronium were similar in the two groups (Table 3).

The mean GS were 22.21±8.50 and 27.19±15.26 in the closed-loop and opened-loop groups
during the maintenance phase, respectively (p = 0.009) (Table 4 and Fig 2). With regard to the
proportion of time that BIS was between 40 and 60, the higher proportions were observed in
the closed-loop (84.11±9.50%), while the lower was found in the opened-loop group (79.92
±13.17%) (p = 0.016) (Table 4 and Fig 3). Fig 4 is a sample of the result of the trends of BIS and
calculated target concentrations of propofol in the two groups. (The original files are available
as supporting information; see S1 BIS Data Report and S2 BIS Data Report.) PE, MDPE, and
MDAPE were significantly lower in the closed-loop group compared with the opened-loop
group. However, the Wobble scores were similar between the two groups. Over-anesthetization
events were fewer in the closed-loop group compared with the opened-loop group, while only

Table 3. Comparison of anesthetic procedures between the two groups during the maintenance phase.

Closed-loop (n = 89) Opened-loop (n = 86) P

Maintenance time (min) 199.3±96.2 202.5±101.0 0.832

Propofol

Mean dose (mg/kg!h) 5.28±1.32 5.52±1.29 0.230

Mean target concentration (μg/ml) 2.32±0.58 2.56±0.57 0.006

Adjusted times (/h) 31.55±9.46 6.84±6.21 0.000

Remifentanil

Mean dose (μg/kg!h) 11.14±3.08 11.05±3.30 0.848

Mean target concentration (ng/ml) 5.01±1.25 4.87±1.22 0.465

Adjusted times (/h) 2.62±2.06 3.61±2.68 0.007

Rocuronium

Mean dose (mg/kg!h) 0.59±0.18 0.58±0.18 0.770

Time of dose added (/h) 2.80±0.90 2.84±1.16 0.771

Blood loss >500ml n (%) 11(12) 15(17) 0.345

Average transfusion volume (ml/kg!h) 9.77±3.56 10.07±4.15 0.606

Blood pressure adjustment n (%) 30(33) 34(40) 0.440

Tramadol (mg/kg) 2.03±1.27 2.05±1.08 0.889

Time to tracheal extubation (min) 8.9±4.0 9.2±4.0 0.579

Data are presented as mean ± SD; or number (%).
Closed-loop = automated control of propofol infusion group guided by the bispectral index; Opened-loop = manual control infusion group guided by the
bispectral index.

doi:10.1371/journal.pone.0123862.t003

Closed-Loop Control Better than Open-Loop Control of Profofol
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Liu 
Concert CL 

ACTIVA: 
Propofol 6,3 mg/Kg/h 

Remifentanil 0,15 ϒ/Kg/min 

6,9 

0,21 

5,3 

0,19 



Why Automatic Control in TIVA? 
 
•  AC can decrease the anesthesiologist’s workload  

 C. Dussaussoy et al. J Clin Monit Comput (2014) (28:35–40)  

 
•  BIS on target may decrease postoperative delirium and cognitive decline 

 Matthew T.V. Chan et al. (J Neurosurg Anesthesiol 2013;25:33–42)  

•  AC is clinically feasible in pediatric patients  
 G. A. Orliaguet et al. (Anesthesiology 2015; 122:759-67)  

 
•  AC is clinically feasible in obese patients  

 N. Liu et al. British Journal of Anaesthesia 114 (4): 605–14 (2015)  

 
•  AC may outperform manual administration of propofol and remifentanil in 

critically ill patients with deep sedation  
 Morgan Le Guen et al. Intensive Care Med (2013) 39:454–462  

 
•  AC can avoid unnecessary deep anesthesia   

 Monk T et al. Anesth Analg 2005;100:4 –10  
 Lindholm M et al. Anesth Analg 2009;108:508 –12  
 Leslie K et al. Anesth Analg 2010;110:816 –22  
 Kertai M et al. Anesthesiology 2010;112:1116–27  

 



ACTIVA: Automatic Control in Total Intra Venous Anesthesia 
 
Conclusion 
 
•  Simulator Mode can be usefull to understand the system and for training 
 
•  Clinical study is approved by ethics committee and by Italian Health Department: 

•  Primary outcome is safety 

•  First clinical data are encouraging 
 

Thanks to ACTIVA team (past and present):  
Dr. F. Padula, Dr. G. Vivacqua, Dr. L. Merigo, Dr. M. Schiavo, Dr.ssa L. Persico, Dr. F. Bonomi 

Prof. A. Visioli, Prof. N. Latronico 
Thanks to Plastic Surgery Division at Spedali Civili di Brescia 
Please contact us at massimiliano.paltenghi@asst-spedalicivili.it 
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SEE YOU NEXT YEAR… 
MAYBE 

HANDS ON SESSION: 
ACTIVA!!?? 


