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Background

• Saline irrigation changed RF ablation by minimising
char , but it complicates power titration by inhibiting
Temperature feedback

Irrigated RF ablation is delivered in a power mode

• Point by point PVI ablation is challenging by faster
procedure using Balloon

• Despite satisfactory PVI acute success, high
percentage of long term PVI reconnection suggesting
imperfect acute lesion



Design Overview: DiamondTemp™ Ablation System

Temperature 
Sensing

High 
Resolution 

EGM

Diamond 
Cooling

 Six thermocouples
 thermally isolated from 

the RF electrode

 Split tip providing localized, 
electrical information 

 7.5F, 
 4.1 mm catheter tip
 Saline-irrigated 

catheter

 Diamond network at the 
distal tip designed to provide 
heat shunting

 One flow rate : 8 ml/min



Temperature-Controlled RF Ablation

 Each sensor sampled 
Temperature every 20 ms

 System continuously 
monitors highest sensor 
temperature and 
automatically controls the 
power to that temperature

Temperature provides direct feedback of lesion creation.   

Real-time temp monitoring



Real-time and Accurate tissue interface temperature 
recording ( test in bench model) 



Real-Time Temperature control
Adjustment of POWER relative to Contact force (CF)

CF = 10 g CF = 20 g

CF = 30 g CF = 40g

Power – blue
Temp – red

As contact improves, less power (blue line) is needed to reach 
the same temperature target (red line)



Diamond Cooling Mechanism

Diamond Cooling

 The tip is manufactured with 
platinum/iridium and diamond 
components 

 A network of industrial diamond
designed to act as heat shunting material

 Extremely high thermal diffusivity , 
allows quick conduction of thermal 
energy

Heat and cooling transfer is 200-400 times faster 
with diamond  vs platinum/iridium1.

1Brown; Marco (1958). Introduction to Heat Transfer (3rd ed.). McGraw-Hill. and Eckert; Drake (1959). Heat and Mass Transfer. McGraw-Hill.  ISBN 978-0-89116-553-8. 
cited in Holman, J.P. (2002). Heat Transfer (9th ed.). McGraw-Hill.  ISBN 978-0-07-029639-8.



Diamond Cooling
Comparison of Tip temperature with 

a conventionnal open irrigated catheter 

As saline flows through the diamond network, very little heat is 
retained , thereby reducing hotspots at catheter tip



High Resolution Electrode

Center of mapping

DiamondTemp Split distal tip
(bipolar mapping/pacing)

Center of ablation

Up to 8 mm [CB]

Center of mapping

1.1 mm [HRE]

Center of ablation

+
- -

+

Conventional Electrodes
(bipolar mapping/pacing)

Recording of highly localized signals at the center of ablation 
(with minimal far field artifact)

Biosense Webster Thermocool® Catheter 

-



High Resolution Electrogram (HRE) 
linked to this new tip design

Comparison of 2 catheters (DT and CB) placed at the same place 
just inside the isolated RIPV

• No signal on HRE   indicates tip is inside PV (not in LA)

• Well-defined signal on Common bipole falsely indicating tip is in LA , 
which could lead to create a lesion in PV    



DiamondTemp RF Generator

Temp >50oC

Abl 1-2 EGM 
attenuation

9% impedance drop






Summary of Benefits of DiamondTemp Ablation 
System

• Direct measurement of lesion formation , given by Temperature
 Temperature at Electrode-Tissue Interface
 Attenuation of High Resolution EGM during ablation

• Very efficient at delivering RF energy
 Low distal flow rate : higher % of energy delivered to the tissue , 

• Contact Force Sensing is not needed with Temperature control
• Generator adjusts Power to reach therapeutic T°
• If contact force is low, more power delivered to compensate



Clinical Relevance 
of 

DiamondTemp Ablation System



Study TRAC-AF

Indication Paroxysmal Atrial Fibrillation

Study Design Prospective, single-arm, multi-center, non-blinded, feasibility study

Primary Endpoint • Safety: Serious adverse events through 30 days
• Effectiveness: Acute pulmonary vein isolation (PVI)

EP at 3 mths Durable PVI isolation

Total Subjects 70 patients (35 pts DT, 35 pts Control group)

Investigators Petr Neuzil, Vivek Reddy



TRAC-AF

RESULTS
• In the pre-clinical porcine study, Transmurality was observed in  (92.7%) of the 

lesions, mean time/lesion : 13 sec 
• In the clinical study:

– All PVs were successfully isolated; one pericardial effusion did occur in the 
DiamondTemp arm.

– Significantly shorter RF application duration (26 min vs 89 min), and acute 
dormant PV  reconduction (0 vs 14%) were observed for the DiamondTemp
group

– At 3 months, PVI remained 85% of PV pairs , 75 % pts with the DiamondTemp

METHODS
• Pre-clinically, 6 pigs underwent Temp Control ablation (60oC/50 W) until  ~80% 

electrogram amplitude reduction was observed. 
• For the single-center clinical feasibility study, 35 patients underwent PV isolation with 

the DiamondTemp catheter. 
35 pts treated with a Force-sensing catheter were considered the control group.

1Iwasawa J, et al. Temperature-Controlled Radiofrequency Ablation for Pulmonary Vein Isolation in Patients With Atrial Fibrillation. J Am Coll Cardiol. 2017 Aug 1;70(5):542-553.

CONCLUSION
Temperature-controlled irrigated ablation can produce rapid, efficient, and durable PV isolation.



TRAC-AF



TRAC-AF
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Image adapted from Iwasawa et al.1

1Iwasawa J, et al. Temperature-Controlled Radiofrequency Ablation for Pulmonary Vein Isolation in Patients With Atrial Fibrillation. J Am Coll Cardiol. 2017 Aug 1;70(5):542-553.

Comparisons Significance
A vs B p<0.001
A vs C p<0.001

A vs D p<0.001

Temperature-controlled irrigated ablation can produce rapid PV isolation



 Prospective multicenter trial  (New York, Prague , Toulouse)
 70 pts with drug refractory, symptomatic paroxysmal A Fibrillation
 only ablated with the diamond temp catheter
 Point by point VPI in temperature control mode until 75-80% EGM 

reduction

 Results
 VPI in 100% pts
 Mean RF duration /point :  17 sec
 Mean RF ablation time : 19.8 ± 8.6 min 
 Adverse events : pericardial effusion in 1 pt
 Freedom from AF at 6 and 12 Months; 73% (49/67)  and 74 % (26/35)

TRAC AF Starek EHJ 2019



DIAMOND AF

DIAMOND-AF
Patient Population Paroxysmal Atrial Fibrillation
Design 480 subjects, randomized 1:1 vs 

TactiCath™ Quartz Contact 
Force Ablation Catheter 
(Abbott)

Status Active, enrollment complete

Objectives Establish the safety and 
effectiveness of the 
DiamondTemp System for the 
treatment of drug refractory, 
recurrent, symptomatic 
paroxysmal atrial fibrillation in 
patients.

Inclusion Criteria: At least 2 episodes of Parox AFib in the previous 12 mths
Exclusion Criteria:
-LA diameter > 55
-EF < 35%
-BMI > 40 



Ablation Goal
PVI (entrance and exit block) with a 20 min waiting period

Ablation duration determined in
• Diamond Temp group:
by monitoring Temperature curve , attenuation of high resolution 
EGM (75-80% reduction) and impedance drop of 10 ohms

• Tacticath group:
In our group by LSI 5,5 anterior and 4,5 posterior with 30-35 watt 
preset power (by 2 operators)

Adenosine for 81 % pts with reablation in case of reconduction
Follow up
• Trans Tel monitor:  every 15 days after blanking period of 3 

mths or in case of symptoms any time
• Clinic Visit , 12 Lead EKG and 24h Holter monitor

at  3 - 6 - 12 months

DIAMOND  Study (Paroxysmal AF)



Diamond AF (Tonkin cohort)

Tacticath DiamondTemp p value

Patients 29 29
Age , % Male 66 ±9  (72%) 66 ±10   (52%)
PVI acute success 100 % 100 %
Pericardial effusion 2 2

drained 0 1
Procedure
duration(mins)

98,5 ±18 99,3 ±24

RF duration (mins) 22,3 15,8                                      p 0.01
Fluoro duration (mins) 8,3 11,3
LPVI duration (mins) 17,3  ±5 17,1 ±9
LPVI  nb of applications 27 26
RPVI duration (mins) 19,2  ±5 18,3 ±5
RPVI  nb of applications 35 33
Saline infusion 822 cc 293 cc                                p 0.01
VP reconduction/ATP 5/25 (20%) 2/22  (9 %)
Recurrence at 12 mths 4 (13%) 2  (7%)                                  p 0.67

22



FASTR-AF
The FASTR RF Generator utilizes a faster power ramp to reach tissue 
temperature faster

Prospective, single-arm trial, multicenter trial
Presented at HRS 2019

performed at multiple centers in Europe, 
presented at HRS 2019 

1Neužil et al. First-in-Man FASTR-AF Study: Novel Temperature-Controlled FAST Ablation System to Rapidly Create Lesions for 
the Treatment of Persistent and Paroxysmal Atrial Fibrillation. HRS 2019.

ACUTE PROCEDURE RESULTS



DIAMOND AF 2

DIAMOND-AF II
Patient Population Persistent Atrial Fibrillation 
Design 300 subjects, single arm

Status Active, enrolling

Objectives Establish the safety and 
effectiveness of the 
DiamondTemp Ablation System 
(fastr generator) for the treatment 
of drug refractory, symptomatic 
persistent atrial fibrillation in 
patients.

Inclusion Criteria: Symptomatic Persistent AFib > 7 days and less than 12 monthes
Exclusion Criteria:
-LA diameter > 55
-EF < 35%
-BMI > 40 



Diamond AF2 (Persistent AF )
Tonkin cohort

DiamondTemp
Patients 41
Age , % Male 67 ± 6 (80%)
AF duration 7.5 ± 3.2
LA diameter 42 ± 6
PVI acute success 100 %
Linear lesion/ CAFE Ablation 35 (85%)
Adverse Events 1 (2,44%)
TIA 1
Procedure 1h49 ± 18

PVI duration (mins) 30  ± 5
RF duration (mins) 15,8
Fluoro duration (mins) 11,9
Saline infusion 252 ml
Recurrence at 6 mths 3  (7%)



CONCLUSIONS

• Despite the absence of contact force sensing , 
Diamond Temp Catheter provides safe lesion with
less irrigation flow.

• Due to accuracy of tissue Temperature recording
and an improved assessement of lesion titration 
using electrogram attenuation, DT catheter gives an 
effective lesion with less RF ablation time.

• Theses preliminary results need however to be
confirmed by the ongoing studies.



Our Experience in AF ablation 
with Diamond Temp

 85 pts 
 100 % PVI
 Complications:  3 pts  (3,5%)
- 2 pericardial effusion , 1 was drained percuteanously
- 1  TIA
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TRAC-AF



DIAMOND  AF   : Follow up protocol



Poster presented at the Heart Rhythm Society Meeting      May 2017, Chicago, IL



Poster presented at the Heart Rhythm Society Meeting
May 2017, Chicago, IL



TRAC-AF
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RESULTS
• In the pre-clinical porcine study, transmurality

was observed in  (92.7%) of the lesions. 
• In the clinical study:

– All PVs were successfully isolated without 
char or thrombus formation for either group; 
one pericardial effusion did occur in the 
DiamondTemp arm.

– Significantly shorter RF application duration, 
fluoro time, and acute dormant PV  
reconduction were observed for the 
DiamondTemp group (p < 0.001, p<0.001, 
and p=0.024 respectively).

– At 3 months, 84.8% of the PV pairs treated 
with the DiamondTemp catheter remained 
isolated.

METHODS
Pre-clinically, 6 pigs underwent temperature-controlled 
ablation (60oC/50 W) until  ~80% electrogram 
amplitude reduction was observed. 
For the single-center clinical feasibility study, 35 
patients underwent PV isolation with the 
DiamondTemp catheter.
35 pts treated with a standard force-sensing catheter 
were considered the control group.

Image adapted from Iwasawa et al.1

1Iwasawa J, et al. Temperature-Controlled Radiofrequency Ablation for Pulmonary Vein Isolation in Patients With Atrial Fibrillation. J Am Coll Cardiol. 2017 Aug 1;70(5):542-553.

Comparisons Significance
A vs B p<0.001
A vs C p<0.001
A vs D p<0.001

CONCLUSION
Temperature-controlled irrigated ablation can 
produce rapid, efficient, and durable PV 
isolation.





Temperature Sensing
Real-time and accurate tissue interface temperature recording 

• Temperature from each sensor sampled many 
times per second

• System continuously monitors highest sensor 
temperature and automatically controls the 
power to that temperature

• Controls temperature within a tight set range







Platinum / Iridium Tip with Diamond 
Network
• Diamond network - extremely high 

thermal diffusivity 
• Allows quick conduction of thermal 

energy through the diamond shunt 

Diamond Cooling
As saline flows through the diamond network, very little heat is retained 

thereby reducing hotspots at catheter tip

Cross Section of Catheter Tip



High Resolution Electrogram (HRE)
Novel tip design that allow for precise, localized, high resolution 

EGM recording  

DiamondTemp Catheter placed just inside the RIPV

• Note: there is no signal on HRE 
 indicates tip is inside PV or not in left 

atrium
• In contrast, the common bipole shows a 

well-defined signal, falsely indicating 
tip is in left atrium which could lead to 
a lesion created unintentionally in PV



TRAC-AF
DiamondTemp TempeRAture-Controlled and Contact Sensing RF Ablation 
Clinical Trial for Atrial Fibrillation1
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AIM
Evaluate the preclinical and clinical performance of the novel 
DiamondTemp Ablation System (EPIX Therapeutics, 
Sunnyvale, CA).

RESULTS
• In the pre-clinical porcine study, transmurality was 

observed in  (92.7%) of the lesions. 
• In the clinical study:

– All PVs were successfully isolated without char 
or thrombus formation for either group; one 
pericardial effusion (etiology unknown) did 
occur in the DiamondTemp arm.

– Significantly shorter RF application duration, 
fluoro time, and acute dormant PV  reconduction 
were observed for the DiamondTemp group (p < 
0.001, p<0.001, and p=0.024 respectively).

– At 3 months, 84.8% of the PV pairs treated with 
the DiamondTemp catheter remained isolated.

METHODS
Pre-clinically, 6 pigs underwent temperature-controlled ablation 
(60oC/50 W) until  ~80% electrogram amplitude reduction was 
observed. 
For the single-center clinical feasibility study, 35 patients underwent 
PV isolation with the DiamondTemp catheter.
35 pts treated with a standard force-sensing catheter were considered 
the control group.

Image adapted from Iwasawa et al.1

1Iwasawa J, et al. Temperature-Controlled Radiofrequency Ablation for Pulmonary Vein Isolation in Patients With Atrial Fibrillation. J Am Coll Cardiol. 2017 Aug 1;70(5):542-553.

Comparisons Significance
A vs B p<0.001
A vs C p<0.001
A vs D p<0.001

CONCLUSION
Temperature-controlled irrigated ablation can produce rapid, 
efficient, and durable PV isolation.



DiamondTemp™ Cardiac 
Ablation System

• Ablation duration 
determined by 
monitoring 
temperature curve 
and localized, high 
resolution EGM

• RF Generator 
automatically adjusts 
power output based 
on the temperature 
set-point  

• Compatible with 
existing EP Cath-lab 
systems and with the 
EnSite™ Velocity™ 

 S  

1. RF Generator
2. Irrigation Pump
3. Ablation Catheter  

4. Catheter-to-RFG Cable (re-
sterilizable 10x Autoclave) 

5. GenConnect Cable
6. Irrigation Tubing Set



Temperature-Controlled RF Ablation
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 System runs in temperature 
control mode 

 Temperature from each sensor 
sampled every 20 
milliseconds

 System continuously 
monitors highest sensor 
temperature and 
automatically controls the 
power to that temperature

Temperature provides direct feedback of lesion creation.   
Irreversible tissue damage is created at tissue temperatures >50oC1.

1Nath, S. et al. Basic Aspects of Radiofrequency Catheter Ablation. Journal of Cardiovascular Electrophysiology Vol. 5. No. 10. October 1994.

6 thermocouples equally, radially spaced

MAPPING 
ELECTRODES

6

3

2

1

54

Thermocouples 5 and 6 not shown in image

Real-time temp monitoring for intelligent lesion formation



Temperature Sensing
Real-time and accurate tissue interface temperature recording 

• Temperature from each sensor sampled many times per second
• System continuously monitors highest sensor temperature and 

automatically controls the power to that temperature
• Controls temperature within a tight set range



Topics

 Background
 Design Overview

 Temperature Sensing
 Diamond Cooling Mechanism
 High Resolution EGMs

 Temperature vs Power Control in RF Ablation
 Clinical Relevance
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DiamondTemp™ Cardiac 
Ablation System



Diamond Cooling Mechanism

Diamond Cooling

 The DiamondTemp Catheter tip is 
manufactured with platinum/iridium and 
diamond components 

 A network of Chemical Vapor Deposit (CVD) 
industrial diamonds designed to act as heat 
shunting material

 Extremely high thermal diffusivity allows quick 
conduction of thermal energy through the 
diamond shunt network 

Heat and cooling transfer is 200-400 times faster 
with CVD diamond vs platinum/iridium1.

1Brown; Marco (1958). Introduction to Heat Transfer (3rd ed.). McGraw-Hill. and Eckert; Drake (1959). Heat and Mass Transfer. McGraw-Hill.  ISBN 978-0-89116-553-8. cited in Holman, 
J.P. (2002). Heat Transfer (9th ed.). McGraw-Hill.  ISBN 978-0-07-029639-8.



Diamond AF1 (our experience)
Tacticath DiamondTemp

Patients 29 29
Age , % Male 66 ±9  (72%) 66 ±10   (52%)
PVI acute success 100 % 100 %
Epicardial effusion 2 2

Not drained 2 1
drained 0 1

Procedure duration (mins) 98,5 ±18 99,3 ±24
RF duration (mins) 22,3 15,8
Fluoro duration (mins) 8,3 11,3
LPVI duration (mins) 17,3  ±5 17,1 ±9
LPVI  nb of applications 27 26
RPVI duration (mins) 19,2  ±5 18,3 ±5
RPVI  nb of applications 35 33
Recurrence at 12 mths 4 (13%) 2  (7%)
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Saline irrigation revolutionnized RF ablation by minimising
char but it complicated power titration by inhibiting
temperature feedback

Six thermocouples that reflect tissue temperature; allowing
temp controlled irrigated ablation

Thermal feedback for energy titration
Small electrode improve assessement of lesion titration by 
ECG attenuation

Split tip irrigated catheter

Diamond embedded tip for Rapid cooling by virtue of its high
thermal diffusivity



Poster presented at the Heart Rhythm Society MeetingMay 2016, San Francisco, CA



High Resolution Electrogram (HRE)
Novel tip design that allow for precise, localized, 

high resolution EGM recording  

Comparison of 2 catheters (DT and CB) placed just inside the RIPV

• There is no signal on HRE   indicates tip is inside PV (not in LA)

• In contrast, the common bipole shows a well-defined signal, 
falsely indicating tip is in LA , which could lead to a lesion created 

unintentionally in PV    



Study TRAC-AF

Indication Paroxysmal Atrial Fibrillation

Study Design Prospective, single-arm, multi-center, non-blinded, feasibility study

Objective Demonstrate safety/effectiveness of the DiamondTemp Ablation System for 
the treatment of paroxysmal AF

Primary Endpoint • Safety: Serious adverse events through 30 days
• Effectiveness: Acute pulmonary vein isolation (PVI)

Total Subjects 70 patients (35 pts DT, 35 pts control group)

Investigators Petr Neuzil, (Na Homolce, Prague, CZ), Vivek Reddy

Primary effectiveness endpoint was achieved in all 70 subjects (100%) through the 
demonstration of PVI and confirmation 20 minutes after the last delivery of RF.



Iwasawa, J. et. al. 
Temperature-Controlled 
Radiofrequency Ablation for 
Pulmonary Vein Isolation in 
Patients with Atrial 
Fibrillation. JACC. 2017 
70(5):542-53



FASTR-AF
Evaluation of the Safety Profile of the DiamondTemp™ System 
for Fast Treatment of Patients With Atrial Fibrillation

The FASTR RF Generator utilizes a faster power 
ramp to reach tissue temperature faster

RESULTS1

• patients with paroxysmal (n=33) or persistent 
(n=27) AF have been followed 6 months post-
ablation

• Mean RF time for the paroxysmal and 
persistent pts were 9.4 (±3.0) and 19.1 (±9.2) 
mins, respectively. 

CONCLUSION1

safety profile and procedural effectiveness of the novel 
temperature-controlled DiamondTemp Ablation System with 
a FASTR generator for the treatment of paroxysmal and 
persistent AF.

Prospective, single-arm trial  performed at multiple 
centers in Europe, designed to demonstrate the 
feasibility of the FASTR-RF Generator.

1Neužil et al. First-in-Man FASTR-AF Study: Novel Temperature-Controlled FAST Ablation System to Rapidly Create Lesions for 
the Treatment of Persistent and Paroxysmal Atrial Fibrillation. HRS Scientific Sessions, 2019.

ACUTE PROCEDURE RESULTS1



Diamond AF1 (Clinique du Tonkin experience)

Tacticath DiamondTemp

Patients 29 29
Age , % Male 66 ±9  (72%) 66 ±10   (52%)
PVI acute success 100 % 100 %
Pericardial effusion 2 2

Not drained 2 1
drained 0 1

Procedure duration (mins) 98,5 ±18 99,3 ±24
RF duration (mins) 22,3 15,8
Fluoro duration (mins) 8,3 11,3
LPVI duration (mins) 17,3  ±5 17,1 ±9
LPVI  nb of applications 27 26
RPVI duration (mins) 19,2  ±5 18,3 ±5
RPVI  nb of applications 35 33
Recurrence at 12 mths 4 (13%) 2  (7%)
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FASTR-AF
Evaluation of the Safety Profile of the DiamondTemp™ System 
for Fast Treatment of Patients With Atrial Fibrillation

The FASTR RF Generator utilizes a faster power ramp to reach tissue temperature 
faster

RESULTS
• patients with paroxysmal (n=33) or 

persistent (n=27) AF have been followed 
6 months post-ablation

• RF time for the paroxysmal was 9.4 (±3.0) 
and pers AF and 19.1 (±9.2) mins, 

Prospective, single-arm trial  performed at multiple centers in Europe 

1Neužil et al. First-in-Man FASTR-AF Study: Novel Temperature-Controlled FAST Ablation System to Rapidly Create Lesions for 
the Treatment of Persistent and Paroxysmal Atrial Fibrillation. HRS 2019.

ACUTE PROCEDURE RESULTS
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Background
Saline irrigation revolutionnized RF ablation by minimising char ,
but it complicated power titration by inhibiting Temperature feedback
Irrigated RF ablation is delivered in a power mode
Point by point PVI is challenging by rapid Balloon Procedure

Comparison of a Power mode and Temperature mode 
(IWASAWA  JACC 2017, 70 ; 5 : 542-53)

Temperature feedback loop appears essential for power titration to produce
safe and transmural lesion



DIAMOND TEMP ABLATION CATHETER

 Background
 Design Overview

 Temperature Sensing
 Diamond Cooling Mechanism
 High Resolution EGMs

 Clinical Relevance
- Temperature vs Power Control in RF Ablation
- Clinique du Tonkin Experience



DIAMOND AF Study

DIAMOND-AF DIAMOND-AF II
Patient Population Paroxysmal Atrial Fibrillation Persistent Atrial Fibrillation
Design 480 subjects, randomized 1:1 vs 

TactiCath™ Quartz Contact 
Force Ablation Catheter 
(Abbott)

300 subjects, single arm

Status Active, enrollment complete Active, enrolling

Objectives Establish the safety and 
effectiveness of the 
DiamondTemp System for the 
treatment of drug refractory, 
recurrent, symptomatic 
paroxysmal atrial fibrillation in 
patients.

Establish the safety and 
effectiveness of the 
DiamondTemp Ablation System 
for the treatment of drug 
refractory, symptomatic 
persistent atrial fibrillation in 
patients.



DIAMOND AF Studies

DIAMOND-AF DIAMOND-AF II
Patient Population Paroxysmal Atrial Fibrillation Persistent Atrial Fibrillation
Design 480 subjects, randomized 1:1 vs 

TactiCath™ Quartz Contact 
Force Ablation Catheter 
(Abbott)

300 subjects, single arm

Status Active, enrollment complete Active, enrolling

Objectives Establish the safety and 
effectiveness of the 
DiamondTemp System for the 
treatment of drug refractory, 
recurrent, symptomatic 
paroxysmal atrial fibrillation in 
patients.

Establish the safety and 
effectiveness of the 
DiamondTemp Ablation System 
for the treatment of drug 
refractory, symptomatic 
persistent atrial fibrillation in 
patients.
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