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The spread of coronavirus disease 2019 (COVID-19) through-
out the globe has forced a change in how routine medical
care is delivered. Patients with heart failure (HF) alongside
those with other cardiovascular co-morbidities are at
increased risk of morbidity and mortality from COVID-19.1,2

In Mainland China, the case fatality rate for patients with
cardiovascular disease was 10.5%, with 4.2% of cardiovascu-
lar disease cases comprising 22.7% of all deaths.3,4 This has
resulted in a move to reduce in-person evaluation (IPE), as
travel to hospitals and other healthcare facilities poses a risk
to patients in contracting the disease. At the same time,
because of increased inpatient workload, healthcare profes-
sionals are being redeployed from commitments in ambula-
tory settings to cope with patients admitted with COVID-19,
forcing cardiologists to increase the capacity of their virtual
clinics to manage patients from afar.

As cardiologists, we have a large and successful experience
in remote monitoring of HF patients using a range of technol-
ogies: from telephone consultation to implantable and
wearable technologies.5,6 However, remotely monitoring pa-
tients with end-stage HF, treated with durable left ventricular
assist devices (LVADs), may prove difficult. The mainstay of
management includes (i) determination of fluid balance;
(ii) frequent bloodwork to exclude anaemia from haemolysis
or bleeding and adequacy of anticoagulation; and (iii) interro-
gation of device settings and optimization of pump speeds.
There is a paucity of reports on how these patients can be
managed from afar.7

Transitioning these patients to virtual care models has
proven to be a challenge for the advanced HF community
due to the more severe underlying HF condition. Moreover,
these patients will wait longer for heart transplant, as
programmes remain suspended for all but the highest risk
patients. Here, we describe the transition of care for LVAD
patients at the Toronto General Hospital in Ontario, Canada.

We moved a large volume of HF patients to virtual patient
consultations using the Ontario Telehealth Network (OTN), a
provincial platform for secure telephone and video

consultation with patients. This follows a similar scheduling
to IPE visits, where patients are given a fixed appointment
time to present for review through telehealth medicine and
videoconferencing. Interactions are recorded in a clinic letter,
and medications can be prescribed by contacting the
patients’ pharmacy directly. While this can be useful for
reviewing a patient’s symptoms, it allows little examination
other than inspection, unless there is coordination with a
healthcare provider at the other site. However, if this is
conducted between the physician and the patient at home,
limited data are provided. It can also be difficult to track pa-
tient weight changes during single telehealth visits, without a
means of recording a trend of changes and knowing which
symptoms were associated with changes in weight. Fluid
balance remains key to ensure adequate preload to prevent
low-volume left ventricular suction events.

To improve this, our team used the Medly program, an in-
dividualized, rules-based, stand-alone application that allows
patients and clinicians to monitor patient’s HF disease state.
The use of Medly has been shown to reduce HF and
all-cause hospitalizations with improvement in HF-related
quality of life.6 The Medly program uses a mobile telephone
application, a scale, and a blood pressure cuff to track each
patient’s weight, vital signs, and symptoms on a daily basis.
Unlike a typical HF patient, LVAD patients are unable to
record vital signs unless they have access to Doppler
ultrasound monitoring for mean arterial pressure. Some of
our LVAD patients do have access to a Doppler for this
monitoring. LVAD patients also comment on symptoms of
fever, driveline infection, new bleeding, or neurological
symptoms. They are aware that if they develop any of these,
they require urgent evaluation in a hospital setting. Cognitive
and neurological evaluation are assessed during the OTN
virtual consultation with patients and support persons. Based
on the data, Medly provides specific real-time patient
self-management alerts using a clinically validated
algorithm.6,8 These alerts are also forwarded to the patient’s
care team for review by a nurse practitioner and the primary
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physician. Decisions are made by the care team to adjust
medications, act on symptoms, or trigger IPE if acute decom-
pensation is suspected. The goal is to help patients stay well,
prevent HF exacerbations, and allow patients to remain out
of hospital.

Our novel solution is to combine remote monitoring data
from Medly with virtual patient consultations (through OTN)
to optimize clinical care and reduce the number of LVAD
patients requiring ambulatory visits to the Toronto General
Hospital. This has helped better assess patients’ symptoms
(such as orthopnoea, paroxysmal nocturnal dyspnoea, or pe-
ripheral oedema) and maintain a thorough assessment of
fluid balance, allowing early intervention with the reinforce-
ment of lifestyle advice on fluid and sodium restriction and
alteration in diuretic dosing.6

Our patient population includes 35 patients treated with
a range of devices, including HeartMate™ II Left Ventricular
Assist System (Abbott; Chicago, IL, USA), HeartMate™ 3
(Abbott), and the HeartWare™ HVAD™ (Medtronic;
Minneapolis, MN, USA). Initially, we planned to transition
patients with destination therapy LVAD to telemonitoring
visits. With COVID-19 numbers rising, we have now enrolled
all LVAD patients for remote non-invasive monitoring,
including bridge to transplant and bridge to candidacy pa-
tients who are typically seen on a monthly basis (Table 1).
The care of these patients now includes a scheduled virtual
clinical encounter and tracking their disease trajectory daily
using Medly remote monitoring. Through this process, we
aim to intervene earlier to prevent HF decompensation
and hospital admission.

These monitoring data are combined with routine labora-
tory tests to monitor blood counts, electrolytes, creatinine,
and international normalized ratio. Traditionally, we perform
echocardiograms every three months to reassess heart func-
tion, aortic valve disease, LVAD cannula flows, optimize pump
speed, and evaluate for complications like right ventricular
failure or presence of intracardiac clots (at cannula site or
otherwise). We have delayed these assessments during the
peak of COVID-19 to avoid unnecessary travel in stable
patients.

There are patient limitations to remote monitoring. They
require ability to operate a computer for OTN visits or

operate a telephone for phone visits. They must be able to
operate the Medly application on their cellular phone or tab-
let. Primarily, these individuals must be English speaking or
have access to a translator to be able to communicate
remotely with the healthcare team and to understand the
management ‘prompts’ from Medly. All of our LVAD patients
have a support person able to assist them during this time of
remote monitoring, which can be particularly helpful should
the patient have any long-term cognitive deficits from a
previous stroke, which has a higher prevalence in this popula-
tion of HF patients.

Further limitations of remote management of patients
with LVADs remain the interrogation of the device to ascer-
tain the cause of any alarms, or device dysfunction, which
can only be conducted in person. This is very different to
most cardiovascular implantable electronic devices, such as
pacemakers and implantable cardioverter defibrillators,
which can be securely reviewed and interrogated remotely
through dedicated paired radio frequency or Bluetooth trans-
mitters. Despite the two largest manufacturers in the LVAD
market having their own proprietary monitoring networks
(Medtronic CareLink™ and Abbott Merlin.net™), these
technologies are not available to HF patients with LVAD. Na-
tionally, a minority of patients currently utilize remote moni-
toring of cardiovascular implantable electronic devices.9 This
prevents the integration of physiological trends, such as intra-
thoracic impedance and an objective measure of daily activ-
ity, being used as part of the patient assessment. While it is
unlikely that there will be a solution to this during the current
pandemic, this should be an area for technological innovation
for the management of patients with advanced HF, as the use
of LVADs continues to increase.

Even with the benefits of telemonitoring, LVAD patients
with acute decompensation, active bleeding, syncope, or
other concerning symptoms will still require IPE and potential
hospital admission. However, we hope that through daily
monitoring with Medly, many complications may be avoided.
Diuretic medications may be titrated from home, and fever or
infections may be managed as an outpatient by ordering
blood cultures at an outpatient laboratory if the patient is
otherwise clinically stable. We are exploring the ability to in-
corporate questions into the Medly algorithm for these

Table 1 Patient care schedule for Toronto General Hospital LVAD programme

LVAD patient population
Routine care schedule

(before COVID-19 outbreak)
Revised care schedule

(since COVID-19 outbreak)

Destination therapy 1. Quarterly in-person evaluation with
echocardiogram

1. Quarterly virtual patient consultation
2. Echocardiography deferred

Bridge to candidacy 1. Monthly in-person evaluation
2. Echocardiogram every 3 months

1. Monthly virtual patient consultation
2. Enrolment onto Medly program

Bridge to transplant 1. Monthly in-person evaluation
2. Echocardiogram every 3 months

1. Monthly virtual patient consultation
2. Enrolment onto Medly program

Recent LVAD implantation
(first month)

1. Weekly in-person evaluation 1. Weekly in-person evaluation
2. Enrolment onto Medly program

COVID-19, coronavirus disease 2019; LVAD, left ventricular assist device.
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LVAD-specific symptoms. Another possibility is to combine
our remote monitoring data with direct haemodynamic mon-
itoring for LVAD patients using the CardioMEMS HF System
(Abbott Vascular), which has been shown to improve HF hos-
pitalizations in patients with New York Heart Association Class
III symptoms over 18 months of follow-up.5,10 At Toronto
General Hospital, we currently do not have any LVAD patients
with a CardioMEMS implantable device.

Ultimately, the implementation of remote monitoring
allows us to provide accelerated care to our LVAD patients
in this time of global pandemic. However, a limitation of this
protocol is that we do not yet know if there will be any ad-
verse effects or events related to providing virtual care. Prior
to the pandemic, we were following five LVAD patients with
Medly with no adverse events noted.

In times of crisis and stress on an already overburdened
medical system, innovative solutions are required to continue
to provide high-quality care for patients. Tracking LVAD pa-
tients using remote monitoring systems and following

objective data may help to guide our management and pre-
vent unnecessary HF decompensation and visits to hospital.

Acknowledgement

All authors contributed to the conceptualization and writing
of the manuscript.

Conflict of interest

None.

Funding

None.

References

1. Clerkin KJ, Fried JA, Raikhelkar J, Sayer
G, Griffin JM, Masoumi A, Jain SS,
Burkhoff D, Kumaraiah D, Rabbani L,
Schwartz A, Uriel N. COVID-19 and Car-
diovascular Disease. Circulation. 2020;
141: 1648–1655.

2. Chen T, Wu D, Chen H, Yan W, Yang D,
Chen G, Ma K, Xu D, Yu H, Wang H,
Wang T, Guo W, Chen J, Ding C, Zhang
X, Huang J, Han M, Li S, Luo X, Zhao J,
Ning Q. Clinical characteristics of 113
deceased patients with coronavirus dis-
ease 2019: retrospective study. BMJ
2020; 368: m1091.

3. The Novel Coronavirus Pneumonia
Emergency Response Epidemiology
Team. The epidemiological characteris-
tics of an outbreak of 2019 novel corona-
virus diseases (COVID19) in China.
Chinese Journal of Epidemiology 2020;
41: 145–151.

4. MadjidM, Safavi-Naeini P, Solomon SD,
Vardeny O. Potential Effects of

Coronaviruses on the Cardiovascular
System. JAMA Cardiology 2020. Online
ahead of print: https://doi.org/
10.1001/jamacardio.2020.1286

5. Brahmbhatt DH, Cowie MR. Remote
management of heart failure: an over-
view of telemonitoring technologies.
Card Fail Rev 2019; 5: 86–92.

6. Ware P, Ross HJ, Cafazzo JA, Boodoo C,
Munnery M, Seto E. Outcomes of a heart
failure telemonitoring program imple-
mented as the standard of care in an
outpatient heart function clinic:
pretest-posttest pragmatic study. J Med
Internet Res 2020; 22: e16538.

7. Reiss N, Schmidt T, Müller-von
Aschwege F, Thronicke W, Hoffmann J-
D, Röbesaat JI, Deniz E, Hein A, Krumm
H, Stewing FJ, Willemsen D, Schmitto
JD, Feldmann C. Telemonitoring and
medical care of heart failure patients
supported by left ventricular assist de-
vices—the Medolution project. Stud

Health Technol Inform 2017; 236:
267–274.

8. Seto E, Ross H, Tibbles A, Wong S, Ware
P, Etchells E, Kobulnik J, Chibber T,
Poon S. A mobile phone-based
telemonitoring program for heart failure
patients after an incidence of acute de-
compensation (Medly-AID): protocol
for a randomized controlled trial. JMIR
Res Protoc 2020; 9: e15753.

9. Cheung CC, Deyell MW. Remote moni-
toring of cardiac implantable electronic
devices. Can J Cardiol 2018; 34:
941–944.

10. AbrahamWT, Stevenson LW, Bourge RC,
Lindenfeld JA, Bauman JG, Adamson
PB, CHAMPION Trial Study Group.
Sustained efficacy of pulmonary artery
pressure to guide adjustment of chronic
heart failure therapy: complete
follow-up results from the CHAMPION
randomised trial. Lancet 2016; 387:
453–461.

2142 Editorial

ESC Heart Failure 2020; 7: 2140–2142
DOI: 10.1002/ehf2.12845

https://doi.org/10.1001/jamacardio.2020.1286
https://doi.org/10.1001/jamacardio.2020.1286


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


