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My 
objectives

Gaps in our 
Healthcare System

Role of Sensors in 
Care Delivery

The Data 
Conundrum & Role 
of AI in Healthcare

Future Models of 
Clinical Care



Change is not merely necessary to 
life – it is life
     Alvin Toffler



• Journey across 3 
healthcare systems



US Healthcare  
   System 
•   Big, Fat & Sick!

•   nearly 1/5th of GDP

•   Some concerns
• I’s & O’s
• Culture of margins
• Living Contradiction

• 3 of 4 $- chronic diseases
• Our wellness depends on 

sickness



Cardiovascular Disease Burden & Contributors



Paul’s Story

- 2003
- 71-year-old
- 3 Chronic diseases
- End organ damage
- Hemodialysis for 7 years

 - What went wrong? 



•Main story in medicine is 
finding a tenable life with 
disease

• Bridging gaps between 
patient expectations and 
workings of a busy hospital 

•We are now blessed with - 
• Data
• Unlimited connectivity
• Massive processing power



Future of Care will be - 

• Virtual
• Sensor-aided
• Powered by AI
• Remote monitoring
• Sustainable Workflows



• All knowledge begins with 
the senses

                            -  Emmanuel Kant

• Analog experience = electric 
charge 

• Every cell /every organ – 
operates through a sequence 
of binary codes



• Digitizing the human body 
& digital dashboards

• Automobile equivalent  
Check Engine Light

• Provides the opportunity to 
     monitor, forecast, and
     proactively intervene 



Device-based Sensors
- this is not new!



Stand-alone Implantable Sensors

Brugada J / Singh JP et al. European Heart Journal 2017Merchant F / Singh JP. Circulation EP, 2010:3: 357
Abraham WA et al, Lancet 2015
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resynchronization therapy. Patients were instructed to take daily LAP readings and follow
caregiver instructions. Primary endpoints were freedom from procedure- or device-related
MACNE at 12 months and a composite endpoint of HF hospitalizations and complications
of HF therapy. While the trial expected to include a total of 730 patients, enrollment was
stopped early by the data and safety monitoring board due to an excess of procedure-related
complications. Analysis of the 486 patients who were enrolled prior to termination showed
that freedom from MACNE was 90.6% at 23.9 months follow-up. Furthermore, LAP-guided
HF therapy was associated with a significant 41% reduction in HFH at 12 months [41].
Despite being terminated early, the LAPTOP-HF trial showed the potential of LAP-guided
hemodynamic monitoring and these findings resulted in the development of the V-LAPTM

System (Vectorious Medical Technologies, Tel Aviv, Isreal), a more advanced LAP sensor
(Figure 11).
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Figure 11. The V-LAPTM Left Atrial Pressure Sensor. Used with permission from Vectorious Medi-
cal Technologies, Tel Aviv, Israel. 

The VECTOR-HF (V-LAPTM Left Atrium Monitoring System for Patients With 
Chronic Systolic and Diastolic Congestive Heart Failure) trial is currently ongoing and 
purposes to evaluate the safety, usability and performance of the V-LAPTM System (Clini-
calTrials.gov Identifier: NCT03775161). Eligible are adult patients with chronic heart fail-
ure (at least 6 months) in ACC/AHA Stage C, NYHA Class III or ambulatory Class IV HF 
receiving maximally tolerated guideline-directed medical therapy for HF and guideline-
recommended rhythm management device therapy with at least 1 hospital admission for 
acute worse HF requiring an intravenous diuretic within the last 12 months or elevated 
levels of brain natriuretic peptides. The study will mainly focus on usability and safety, 
defined as the ability to successfully deliver and deploy the V-LAPTM system, and device- 
and/or system-related MACNE up to three months post-procedure, respectively. Second-
ary outcomes include freedom from failure to obtain LAP measurement and concordance 
of the V-LAPTM implant measurement with pulmonary capillary wedge pressure meas-
urement. 

In overview of the left-sided invasive sensors, several studies have shown higher 
procedure-related complication rates. The right-sided invasive sensors such as Cardi-
oMEMS have a very low complication rate, with demonstrated safety in large patient pop-
ulations and low procedure-related risk comparable to a venous procedure. We expect 
that procedure safety in such a vulnerable patient population will be one of the main de-
terminants for the choice between different remote monitoring tools. An overview of de-
vice characteristics and clinical evidence as covered in this review is provided in Table 1. 

Table 1. Overview of main device characteristics and clinical evidence on efficacy and safety. IHM, implantable heart 
monitor; HF, heart failure; RV, right ventricular; PA, pulmonary artery; LA, left atrial; HFH, heart failure related hospi-
talizations; HR, hazard ratio; U.S., United States; U.K., United Kingdom; CI, confidence interval 

 Chronicle IHM CardioMEMS HF System HeartPOD  
Main hemodynamic parame-

ter monitored 
RV pressure  PA pressure LA pressure 

Internal power supply Yes No No 
Anticoagulation required No Yes Yes 

Longest reported follow-up 
time in clinical studies 

17 months  31 months  38 months 

Figure 11. The V-LAPTM Left Atrial Pressure Sensor. Used with permission from Vectorious Medical
Technologies, Tel Aviv, Israel.

The VECTOR-HF (V-LAPTM Left Atrium Monitoring System for Patients With Chronic
Systolic and Diastolic Congestive Heart Failure) trial is currently ongoing and purposes to
evaluate the safety, usability and performance of the V-LAPTM System (ClinicalTrials.gov
Identifier: NCT03775161). Eligible are adult patients with chronic heart failure (at least
6 months) in ACC/AHA Stage C, NYHA Class III or ambulatory Class IV HF receiving max-
imally tolerated guideline-directed medical therapy for HF and guideline-recommended
rhythm management device therapy with at least 1 hospital admission for acute worse
HF requiring an intravenous diuretic within the last 12 months or elevated levels of brain
natriuretic peptides. The study will mainly focus on usability and safety, defined as the
ability to successfully deliver and deploy the V-LAPTM system, and device- and/or system-
related MACNE up to three months post-procedure, respectively. Secondary outcomes
include freedom from failure to obtain LAP measurement and concordance of the V-LAPTM

implant measurement with pulmonary capillary wedge pressure measurement.
In overview of the left-sided invasive sensors, several studies have shown higher

procedure-related complication rates. The right-sided invasive sensors such as Car-
dioMEMS have a very low complication rate, with demonstrated safety in large patient
populations and low procedure-related risk comparable to a venous procedure. We expect
that procedure safety in such a vulnerable patient population will be one of the main
determinants for the choice between different remote monitoring tools. An overview of
device characteristics and clinical evidence as covered in this review is provided in Table 1.



Implantable Sensors
- risk stratify, predict & prevent (narrow AI)

Brugada J / Singh JP et al. European Heart Journal 2017Singh JP et al. Europace 2010 Abraham W/ Singh J et al. J Card Failure 2016



Wearables & Ambient Sensors



Smartphone revolution 

• Numbers are ever-increasing
• Incorporates - medical tool kit

Provides high touch technology
1. Risk, diagnostic & monitoring biomarkers
2. Digital phenotyping of behavioural patterns 
3. Monitor Hypertension, Diabetes, HF 

Parkinson's, asthma, COPD, etc.  
4. Predict cognitive decline, Alzheimer’s, & HF



Paul’s story - II

• Began recovering his heart 
function (LVEF of 45%)
• Still very brittle, on Hemodialysis
• Multiple admissions in 2005 with 

Heart failure
• Noted to have atrial fibrillation & 

NSVT

* No sensor strategies then 



IJC Heart & Vasculature 34 (2021)

Virtual Care – Equitable & Multidisciplinary ?



Heart Failure
• Complex problem
• Commonest cause of readmissions
• Projected expenditure – $70 billion 

by 2030

• Every readmission associated with 
progressive decline

• But device-based sensors can help 
us predict & prevent 



AI Facilitated-Sensor Data Integration
Predicting & prevention

Neurohormonal
+

Myocardial risk 

Heart Failure
Hospitalization

Comorbidities
DM
HT

COPD
AF

Chronic HF

Triggers
Ischemia

Arrhythmias
Infections

Sophisticated 
Sensors

Hemodynamic 
Instability

•  LAP
•  PADP
• Impedance

Inflammatory 
markers

•   CRP
•   IL-6
•   BNP, etc. 

Device Data

Physical Activity
Heart Rate
HRV
Impedance
Heart sounds
Ventilation
Arrhythmias

Merchant F / Singh JP. Circulation EP, 2010:3: 357



The Data Conundrum
You can have data without information, but you cannot have information without data 

                  Daniel Keys Moran



Machine Eyes vs. Human Eyes (Analytical AI)



What about Atrial 
fibrillation ?   

• Atrial Fibrillation
Ø Prevalence
Ø Clinical manifestations
Ø Double whammy*

• AI -ECG – can predict AF, SCD, HF, etc.

• Recognizing the Digital divide

Zinzuwadia A & Singh JP. Lancet Digital 2022 Dec: 4: e856

P



Managing Atrial Fibrillation
Machine Learning + Sensors + AI-ECG + Cloud based Algorithms

Khurshid S & Singh JP, EHJ – DH 2022
PULsE-AI Study,  Hill N et al, EHJ-DH 2022

Attia Z et al, Lancet Sept 2019
Singh JP et al. Eur Heart Journal- DH, May 2022 Maille B / Singh JP et al.  Int J Cardiol. 2021; 331:333-339

Watch-QT Study (MGH) 
Zinzuwadia A & Singh JP. Lancet Digital 2022 Dec: 4: e856



Data, Equity & Implications

Kowalczyk,  L. Dec 2, Boston Globe 2017



Predicting Ventricular Tachycardia / VF

Singh JP, Sleight P, et al. Heart 1997, 77:375 

Laurent F, Singh JP, Marijon E, et al Lancet Digital 2024 (in press) 



Augmented Reality + AI Facilitated mapping 
(A-Fib Ablation) 

Krummen D et al. V-MAP study. Circulation AE 2021Paradigm AF Study  ( Singh JP, MGH) 



What about Paul? 

• Chronic diseases were allowed to 
progress to renal and heart failure
• It was all preventable
• Siloed care – episodic & transactional
• Paul lost many years of his life and his 

youth dealing with disease & our 
healthcare system incurred huge 
expenses!



- Ensuring sustainability & demand for 
value

- Being Digital is different, from being 
digitized 

- Need to redefine the value proposition 
- Transactional to continuous care

- AI-driven logic
- Continued evolution of algorithms
- Exception based care

- MYOD

Fostering the Digital Culture



Remote Monitoring & the Future of Care

• RM - lifecycle of disease

• Synergistic convergence between conventional AI + 
Generative AI + Clinicians

• Chronic care, Readmissions, self management, etc. 

Singh JP.  Medium 2021

High Priority
i) Peri-operative care
ii) Hospital @ Home – PNA, COPD, chronic disease       
iii) Specialty high burden care – HF, AF, DM, etc.

 * Enhancing Systemness



•Chat-GPT & LLM’s (Generative AI)
• Decode datasets & write computer programs
• Summarize information 
• Will have an assistive role in healthcare

• Keyboard liberation
• (ambient notes / draft replies*)

• burnout
• clinical decision tools
• Can predict hospital readmissions

Heart Failure Readmissions
- Narrow AI (via sensors) + conventional AI (ML)   

+ Generative AI 
-    Self-management approaches



Academic 
Medical 
Centers

Status Quo is Untenable

• Innovate & experiment
• Third party vendors – friends 

or foes? 

Top 
stream

Upstream
Specialty 
services

Midstream 
 Chronic Disease 

Management

Mainstream 

Wellness



Disappearing disciplines & Changing 
Workforce? 

Source: Accenture Analysis, 2023

• Technology

• Changing demographics

• Disease mix

• HC service models



Future models of Care

• Shared savings approach

• Streaming services through 3rd party 
vendors

• Disease management models
• Previvor platforms

• Self management strategies

• Uberization of Healthcare
• Asset light approaches to out-patient care, 

research & education across the globe 
• Meeting in the Mediverse
• Global health equity



Systemness
• Connected care stratagem
• Initiating construct for the next 

level of care pathways

Networkness
• Change in the social order of the 

practice of medicine
• Sensor-aided care with generative 

AI – across borders
• Evolving framework
• Era of openness with no borders





THANK YOU

@JagSinghMD


