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Background: Infectious complications, especially febrile neutropenia, in hemato-oncological patients are associated with con-
siderable morbidity, mortality and expenses. Remote monitoring of physiological functions and thus early detection of adverse
events via telemedicine could improve the safety of these high-risk patients and save financial resources by shortening the time-to-
antibiotics.
Methods: Patients undergoing active cancer treatment in high risk of acquiring severe infection are selected and enrolled in this
project. Each patient receives a digital blood pressure monitor, an infrared thermometer and a mobile hub (cell phone). In the comfort
of their homes, patients measure their blood pressure/pulse and body temperature regularly or whenever they feel unwell. The obtained
data are encrypted and forwarded via the mobile hub to the password-protected portal. The values registered outside the set-up range
trigger the alarms, which are immediately sent to the designated physician who can check the portal in real-time from any device with
an Internet connection, contact the patient, if need be, and initiate the anti-infective therapy almost instantly after the first symptoms
occur.
Results: Fifty hemato-oncological patients were recruited between March 1, 2018 and August 1, 2020. Two hundred ninety-seven
alarms of body temperature were registered and checked by the physician and patients were contacted in 18.5% of the cases (55/297).
Among these 55 events, 13 required medical assistance, which makes it approximately one-quarter of all conducted telephone
interventions (23.4%) and neither septic shock nor death due to treatment-related toxicity occurred.
Conclusion: Telemedicine seems like a useful tool to improve the safety of high risk hemato-oncological patients when treatment-
related infectious complications are concerned.
Keywords: telemedicine, patient monitoring, hematologic neoplasms, chemotherapy-induced febrile neutropenia, cancer, vulnerable
populations

Introduction
Telemedicine, eHealth or telehealth can be described as the secure and cost-effective utilization of information commu-
nication technologies in support of health and health-related fields, including health-care services, health surveillance,
health information, education and research.1 Another feasible and more simple definition takes telemedicine as a tool to
deliver health care to populations with limited access to care by using telecommunications technology.2

Initially, the concept was developed by the National Aeronautics and Space Administration (NASA) in the 1970s to
assist in the care of astronauts in space and then was gradually implemented in health care systems worldwide.2 One of
the most important advantages that telemedicine brings to the field is the possibility of the remote management of long-
term chronic conditions such as diabetes, heart failure, asthma, chronic obstructive pulmonary disease and last but not
least, cancer, including hemato-oncological diagnoses.3
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One of the most dangerous side effects of anti-cancer chemotherapy is the development of neutropenia, which can be
complicated by life-threatening infection. Febrile neutropenia (FN) is defined as a fever greater than 38.0°C sustained for
longer than 1 hour in patients with absolute neutrophil count (ANC) of <0.5 × 109/L, or expected to fall below 0.5 × 109/L.4,5

Hemato-oncological patients are at greater risk with typically longer periods of neutropenia compared to solid oncology and it
is estimated that more than 80% of these patients will develop fever during at least one cycle of chemotherapy with associated
neutropenia.5 Rapid clinical assessment and administration of broad-spectrum antibiotics is of utmost importance in prevent-
ing serious morbidity and mortality which can reach as high as 20–30% and 10%, respectively.4,6 According to European
Society for Medical Oncology (ESMO) guidelines, the first administration of therapy should be given in the hospital within
1 hour from the admission of a patient with FN.4 A prospective cohort study conducted by Rosa et al set the threshold even
lower, at 30 minutes, and proved that each hour of delay in the time to antibiotics raised the 28-day mortality risk by 18%.7

In our project, we have tried to use telemedicine, in particular the remote monitoring of body temperature, blood
pressure and pulse, to improve the safety of our high-risk patients undergoing active treatment for hematological
malignancies with focus on the early detection and resolution of febrile neutropenia and prevention of serious and
expensive complications such as septic shock. Several studies have been conducted and protocols created to reduce the
time to antibiotics in the hospital setting.6–8 However, we aim to shorten the time to the adequate therapy in the “pre-
hospital period” – to record and promptly manage the onset of clinical symptoms.

Methods
This is a prospective project targeting hemato-oncological patients in high risk of developing severe infectious
complications, including febrile neutropenia, in the Department of Haematooncology, University Hospital Ostrava,
Czech Republic. It started on March 1, 2018 and will continue until December 31, 2022. During the course of the
project, we aim to recruit 100 participants. Eligible patients are those with expected longer periods of neutropenia due to
diagnosis or as a result of cancer treatment including 1) acute leukemia (myeloid, promyelocytic or lymphoblastic) –
during active treatment; 2) malignant lymphoma (Hodgkin and non-Hodgkin) - intensive regimens, salvage regimens, 3
months following autologous stem cell transplantation (ASCT), after CAR (chimeric antigen receptor)-T cell therapy; 3)
multiple myeloma - intensive regimens, regimens including anti-CD38 antibodies, 3 months following ASCT; 4) chronic
lymphocytic leukemia – regimens with fludarabine or obinutuzumab in the first line of therapy; 5) myelodysplastic
syndrome – with associated neutropenia; and 6) others – e.g. very severe aplastic anemia after administration of
antithymocyte immunoglobulin. We also enrolled immunocompromised patients throughout all hematological diagnoses
undergoing active treatment with no particular danger of developing febrile neutropenia, but with history of late-detected
severe infectious complications.

Each potential patient is selected and approached by the designated doctor who performs the initial interview and gets
the patient´s written consent. This usually happens early after the beginning of cancer treatment either during hospita-
lization at the ward or during regular check-up in the outpatient unit. The next step is within the competence of the
designated nurse who educates the patient about the utilization of measuring devices, a schedule of measurements and
hands out the devices. In the comfort of their homes, patients take their blood pressure once daily in the morning
(between 6 am and 10 am) and body temperature twice a day – in the morning and in the evening (between 6 am and 10
am and between 5 pm and 9 pm) and additionally, also whenever they feel unwell.

Contactless measuring is provided by a digital blood pressure monitor (devices used: MD2020, MD4781, Beurer BM
85) and an infrared thermometer (device used: Rycom JXB-182). All devices communicate via Bluetooth with a mobile
hub (cell phone), which encrypts the collected data and automatically forwards them to the National Monitoring Center
(NMC). In fact, the NMC serves as a link between the physician and the patient. Physicians and nurses have access to the
measured values through a password-protected web portal provided by the NMC in real-time from any device with an
Internet connection (see also Figure 1). The biggest advantage is that the values registered outside the set-up range trigger
the alarms which are immediately sent by SMS (short message service) to the responsible staff member who evaluates
the situation and takes action within 30 minutes, if needed. Should the physician need to contact a patient, he/she can
send an SMS directly through the portal or call him/her.
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There are two types of alarms: warning and critical. Critical alarms for blood pressure and pulse are represented by
values of systolic blood pressure (SBP) <90mmHg, diastolic blood pressure (DBP) <50mmHg or >90mmHg and pulse
<40/min or >130/min. A body temperature >37.0°C sets off a warning alarm and >37.9°C sets off a critical alarm. The
values of blood pressure and pulse are considered auxiliary in the process of decision-making.

Should a patient forget to perform a measurement, they are automatically reminded by SMS, which is followed by
a phone call from an NMC staff member. Patients are also able to ring an emergency telephone number to directly report
both software and hardware-related technical issues to the NMC.

Results
Between March 1, 2018 and August 1, 2020, 50 hemato-oncological patients were recruited with a median of 52 years
(19–80). The patient cohort included 22 patients (44%) treated for acute leukemia (acute myeloid leukemia, acute
lymphoblastic leukemia and acute promyelocytic leukemia), 12 (24%) for malignant lymphoma (Hodgkin’s lymphoma
and non-Hodgkin’s lymphoma), 8 (16%) for multiple myeloma, 6 (12%) for chronic lymphocytic leukemia, 1 (2%) for
myelodysplastic syndrome and 1 (2%) for very severe aplastic anemia (see also Table 1).

The median duration of monitoring was 123.5 days (1–720). As of August 1, 2020, from a total of 50 patients, 46%
(23/50) were still being actively monitored, 26% (13/50) had discontinued monitoring due to achieving hematologic
remission, 14% (7/50) had withdrawn consent after various lengths of monitoring periods (1 day to 207 days), 10% (5/
50) had died (none of them of febrile neutropenia) and 4% (2/50) had undergone the initial interview and education, but
did not start the measurements – one due to death, the other one changed her mind and withdrew consent. Two patients
(one with multiple myeloma and one with acute myeloid leukemia) experienced two separate measuring periods due to
relapse.

We registered a total of 168 warning and 129 critical alarms of body temperature in 74% patients (37/50) and 599
critical alarms of blood pressure/pulse in 82% patients (41/50). Among these alerts, six were attributed to incipient febrile
neutropenia and one to severe respiratory infection in an immunocompromised patient. The patients concerned (four
treated for acute myeloid leukemia and two for multiple myeloma) were contacted by the physician and urgent
hospitalization and rapid administration of broad-spectrum intravenous antibiotics were recommended. None of these
patients developed septic shock. Six cases of fever were managed in the outpatient unit – 4 infectious complications
required anti-infective therapy (genital herpes, upper respiratory tract infection) and two patients had already been taking
antibiotics.

The designated physicians checked all 297 alarms of body temperature through the NMC portal and patients needed
to be contacted in 18.5% of the cases (55/297). Among these 55 events, 13 needed medical assistance, as mentioned
above, which although amounting to only 4.4% of all the alarms, constituted approximately one-quarter of all conducted

Figure 1 Schematic depiction of methodology.
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telephone interventions (23.4%). Remaining alarms were associated with measurement errors, broken measuring devices
or incorrect measurement techniques.

Discussion
The blending of information communication technologies and medicine is definitely nothing new. The concept of
telemedicine is ever-changing and expanding. Remote monitoring is not the only practical application. eHealth covers
everyday matters such as electronic prescriptions and the very useful ePACS (electronic Picture Archiving and
Communication System), which enables sharing patient imaging and visual documentation among all the hospitals and
about 25% of the outpatient clinics in Czech Republic.9 With regards to cancer, teleoncology is experiencing a kind of
a boom, especially in the current COVID-19 era, when in-person visit to the oncology centre can be challenging in terms
of potential spread of the virus among the patients and health care professionals as well.10,11 Telehealth solutions are also
making its way into cancer care guidelines.12 Communication technologies are helpful in cancer diagnostics (telepathol-
ogy, telegenetics, teleradiology, etc.), treatment, survivorship care and palliative care.2,13–15 Pharmaceutical clinical trials
might also benefit from telehealth (wearables, mobile technology, sensors) by obtaining more timely data, which should
decrease trial length and lessen drug development costs.16

There are various ongoing and completed clinical studies and projects aiming to determine the benefit of telemedicine
interventions during active treatment in both solid oncology and hemato-oncology. The most important is the electronic
Symptom Management using the Advanced Symptom Management System (ASyMS) Remote Technology (eSMART;
NCT02356081), an international, randomized controlled trial that evaluated the use of mobile phone technology to
manage chemotherapy-related toxicities in people with breast cancer, colorectal cancer, Hodgkin’s lymphoma and non-
Hodgkin’s lymphoma from 12 centres in five European countries (Austria, Greece, Norway, Ireland, Great Britain).17–19

The patients in the intervention arm used a mobile phone application where not only objective values of physiological
functions were registered (e.g. body temperature) but their subjective feelings as well (e.g. fatigue, nausea, anxiety).
eSMART proved favourable in terms of improving anxiety, health-related quality of life, self-efficacy and supportive care
needs. The incidence of neutropenic events was higher in the intervention group, but the rates of hospital admissions and
deaths were comparable between both groups.19 Similar studies are underway also in Canada and Australia.20,21 Another

Table 1 Characteristics of Patient Cohort (by Diagnosis)

Diagnosis Number of Patients (n=50)

Acute leukemia 22 (44%)

Acute myeloid leukemia 13 (26%)

Acute lymphoblastic leukemia 7 (14%)

Acute promyelocytic leukemia 2 (4%)

Malignant lymphoma 12 (24%)

Hodgkin’s lymphoma 6 (12%)

Non-Hodgkin’s lymphoma 6 (12%)

Multiple myeloma 8 (16%)

Chronic lymphocytic leukemia 6 (12%)

Myelodysplastic syndrome 1 (2%)

Other 1 (2%)

Very severe aplastic anemia 1 (2%)
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randomized controlled trial investigated patient-reported symptom monitoring during cancer treatment and proved the
telemedicine feasible in this setting. Health-related quality of life improved in the intervention group, monitored patients
were less frequently admitted to the hospital and remained on chemotherapy longer. However, targeted adverse
symptoms did not include fever or infectious complications.22

As seen above, telemedicine clinical trials often recruit patients suffering from hematologic and solid malignancies
together.17,18,23 Therefore, valid and applicable results specific to hemato-oncology are quite difficult to find. With
regard to the behaviour of diseases, our patients are specific and more prone to acquiring life-threatening infections
due to longer periods of neutropenia.5 That is precisely why we chose to monitor just one, but in our opinion, the most
important, parameter which is potentially severe infection at its beginning. Our goal is to shorten the time-to-
antibiotics, thus maximizing patient safety while making the process as user-friendly and unburdensome as possible.
Access to medical care is not the main problem in the Moravian-Silesian region, but despite thorough patient
education of potential treatment-related toxicities and risks, we found that some patients tend to neglect warning
signals and look for medical attendance with unnecessary delay resulting in worse outcomes and higher medical
expenses.

As expected, several problems arose during the course of the project. There was a rather high proportion of false
alarms registered caused mainly by incorrect measuring techniques (e.g. repeated measuring in a very short time period,
temperature measuring after taking a shower or sunbathing, etc) and technical problems related to measuring devices (e.
g. re-sending previously measured values after restarting the mobile hub, values sent with delay due to switched off
mobile hub, etc). We tried to improve the outcomes by performing a more detailed education at the beginning and also in
the course of monitoring. However, we were able to address only a part of the problem. Technical errors are,
unfortunately, an integral part of remote monitoring technologies and were dealt with by the NMC.24

As mentioned above, the dropout rate was 26% (13/50), which is comparable with other telehealth clinical
trials.19,24 Four patients withdrew consent after a very short monitoring period (1–16 days) because of the difficulties
they faced related to the use of modern technologies. All of these patients could be considered to be in older age range
(66–74 yers). The remaining three patients found requirements of the project too bothersome, thus decided to
discontinue.

Two patients involved in our project, both treated for acute leukemia, experienced febrile neutropenia, which was not
recorded by the measuring devices – one did not switch on the hub, so the values were not sent to the NMC and the other
one presented with the symptoms during regular check-up, after being afebrile in that morning’s measurement. We did
not include these in the overall account of detected cases of febrile neutropenia. Nevertheless, neither of these patients
needed intensive care unit hospitalization or progressed into septic shock.

Conclusion
Preliminary results of our project seem promising despite the high false alarm rate and low number of included
patients and captured events. No septic shock or death associated with treatment-related toxicity has occurred in the
monitored group and that is our primary objective. Remote patient monitoring has been useful in improving the safety
of high risk hemato-oncological patients in terms of early detection and resolution of treatment-related infectious
complications.

The financial cost–benefit analysis is currently being completed. We believe that the final results could help us
implement telehealth interventions in the standard of care for hemato-oncological patients, which would be eventually
funded by the public health insurance in the Czech Republic.
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