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Abstract
Objectives: Hemodynamic disturbances are the causative mechanism in half the perioperative 
strokes following Carotid Endarterectomy (CEA). Nevertheless, insight into individual 
hemodynamics after discharge is lacking. We assessed the feasibility of daily post-discharge Blood 
Pressure (BP) self-measurements at home following CEA and analyzed BP-trend patterns as well as 
patient experiences.

Methods: Thirty CEA-patients (age 68 ± 8 years; 87% male) measured BP at home twice daily for 
30 days with an ambulatory BP-monitor. Exclusion criteria: Modified Rankin Scale score >2 or 
no access to Wi-Fi. BP-values were transmitted to an online dashboard on a web application. If 
individually determined systolic target BP exceeded by ≥ 15% an alert was generated, and patients 
were requested to visit the outpatient clinic after 4 consecutive alerts. After 30 days, patients 
completed a survey regarding their experiences and perceived feasibility of home BP-monitoring. 
Adherence to the monitoring protocol, BP time-series, and any interventions were scored.

Results: Post-discharge, four adverse events occurred; bleeding requiring surgery (n=1), TIA (n=1), 
myocardial infarction (n=1), readmission due to stress-related hypertension (n=1). None of the 
patients had four consecutive BP-measurements exceeding the BP threshold. Patient adherence was 
high; 24 patients provided ≥ 90% of the expected BP-measurements. Eight patients visited their 
general practitioner with concerns regarding their observed BP-values, in two leading to changes in 
anti-hypertensive therapy. Over 90% of patients experienced home BP-monitoring as positive and 
all except one recommended adding home BP-monitoring to standard care. Median intra-individual 
variability of systolic and diastolic BP of all patients was 12.7 mmHg and 7.4 mmHg, respectively. 
No significant differences in systolic BP variability or absolute values were found between patients 
with a post-discharge event and those without.

Conclusion: Postoperative home BP-monitoring was feasible and well-accepted by CEA-patients. 
Future studies need to address the clinical gain of home BP-monitoring in early detection of patients 
at risk for postoperative hemodynamic complications.
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Introduction
In patients with severe carotid artery stenosis undergoing Carotid Endarterectomy (CEA), 

cerebral autoregulation is often disturbed, making cerebral perfusion dependent on Blood Pressure 
(BP). Hemodynamic disturbances, i.e. hypertensive and hypotensive episodes, are the believed 
causative factor for perioperative strokes following CEA in at least half of patients, and may occur 
up to 30 days after surgery [1,2]. Therefore, tight perioperative BP-control is an essential component 
of stroke prevention after CEA.
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Despite the importance of in-hospital perioperative BP-
management, little is known of BP changes in the first weeks after 
CEA. Self-measurement of BP at home could close this knowledge 
gap and help to target patients who are most at risk. It might also 
allow earlier recognition of deterioration and early intervention.

In this pilot study, we asked CEA-patients to perform BP-
measurements twice daily at home during the first 30 days after 
discharge and observed BP remotely. The primary aim was to assess 
feasibility and patient experiences with daily BP self-measurements. 
The secondary objective was to gain insight into postoperative BP-
trends.

Methods
Subjects

This study was approved by the local ethical committee 
(NL59854.041.17, 17-177/D). Written informed consent was obtained 
in patients undergoing CEA between October 2017 and July 2018 at 
a tertiary referral vascular center, University Medical Center Utrecht, 
the Netherlands. Exclusion criteria: Modified Rankin Scale score >2 
or no access to wireless internet.

Study design
The study was a prospective feasibility-study including 30 

CEA-patients. Since a formal power calculation was not feasible 
due to the lack of preliminary data, a sample size of 30 was 
estimated for explorative analysis. Patients received an ambulatory 
BP monitor (OMRON HEM-9210T, Healthcare CO. Lt., Kyoto, 
Japan) transmitting BP-values to a secured online dashboard via 
telemonitoring (Luscii Vitals, Luscii Healthtech BV, Amsterdam, The 
Netherlands) on an iPad (Apple Inc., Cupertino, CA, USA). Patients 
were trained to record BP twice daily at rest (every morning and 
evening), for 30 days after hospital discharge. Researchers had access 
to an online clinician dashboard to review patients’ measurements 
over time. In case of a missing BP-measurement, a reminder was 
sent. For each patient, a systolic BP upper limit was determined based 
on the magnitude of postoperative increase of cerebral blood flow 
measured by Transcranial Doppler (TCD). An alert was generated 
if BP exceeded this threshold with ≥ 15%. Two researchers (LF and 
MB) checked the BP-measurements daily. If four consecutive alerts 
were generated (i.e., exceedance of systolic BP threshold >two days), 
patients were requested to visit the vascular surgery outpatient clinic. 
At the end of the study, patients’ experiences and perceived feasibility 
of home BP-monitoring following CEA was assessed by a telephone 
survey. The survey consisted of 14 items divided into four categories; 
‘Hospital admission’ (3 items), ‘Perceived health’ (2 items), ‘Patient 
experience’ (7 items) and ‘Usability’ (2 items). (Supplemental data, 
Table 1). Patients’ adherence to the monitoring protocol, BP time 
series, and any interventions were also scored.

The costs incurred for telemonitoring 30 study-patients for one 
month following hospital discharge were €76 per patient (total: 
€2280). This includes one telemonitoring month (application + 
clinicians’ dashboard, €13.50 ppm), iPad lease (€29.50 ppm) and the 
acquisition costs of ten home BP-monitors (total: €990). These costs 
will likely vary when implemented in actual clinical practice.

Statistical analyses
Descriptive statistics were used to analyze the primary outcome 

and summarize patients’ experience and satisfaction measures. 
Percentage of agreement was calculated by the percentage of patients 

scoring on a four-point Likert scale.

BP changes, patient adherence, BP time series and number of 
interventions are presented as mean (± SD) or median (interquartile 
range), as appropriate, and categorical variables as n (percentage). 
Intra-individual variability of BP was calculated for each patient over 
the 30-day monitoring period (± SD). Proportion of hypertensive 
episodes (BP >systolic upper limit) were calculated.

Subgroup analyses were performed based on the presence of 
postoperative hemodynamic complications, postoperative admission 
to a high-care unit and overall postoperative complications. P-value 
<0.05 was considered statistically significant.

Results
Patient population

Of 42 eligible patients, 34 gave informed consent. Four patients 
withdrew before the monitoring period started due to postoperative 
ADL-dependency (n=2) or unwillingness to perform measurements 
(n=2). In total, 30 CEA-patients (87% males, 68 ± 8 years) completed 
the BP-monitoring period at home.

Neurological outcome
In-hospital, two patients (7%) developed postoperative 

cerebral hyperperfusion (TCD>100% increase), one patient had 
a postoperative bleeding requiring surgery (3%) and one patient 
suffered a TIA (3%). Five patients (17%) were admitted to a high-
care unit for prolonged monitoring of hemodynamic parameters. 
Post-discharge, four patients experienced an adverse event of which 
two were hemodynamic events; readmission due to stress-related 
hypertension and postoperative bleeding requiring surgery (Table 1).

Patient experience
Patients reported a very positive (57%) or slightly positive 

experience (33%) with BP-monitoring at home. Usability of home 
BP-monitoring was found to be ‘very easy’ by most patients (91%). All 
except one of the patients would recommend home BP-monitoring as 
part of the standard of care after CEA (Figure 1).

Measurement adherence
Patient adherence to home BP-measurement was high; 24 

patients provided ≥ 90% of the expected BP-measurements. Home 
BP-monitoring increased awareness of adequate BP control. Eight 
patients visited their General Practitioner (GP) for concern regarding 

Figure 1: Feasibility of home BP-monitoring.
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observed BP-values, leading to changes in anti-hypertensive therapy 
in two patients.

In 13 patients (43%) there was at least one systolic hypertensive 
measurement (BP >systolic upper limit) and in 3 patients (10%) BP 
exceeded the systolic threshold by >15%. However, in none of the 
patients, four consecutive BP-measurements exceeded the individual 
systolic BP threshold. The average number of reminders sent to the 
patient as a result of a missing BP-measurement was 4.2. Median 
intra-individual variability of systolic and diastolic BP of all patients 
was 12.7 mmHg and 7.4 mmHg, respectively. Variability (10.5 mmHg 
vs. 13.1 mmHg) and absolute values (136 mmHg vs. 139 mmHg) 
of systolic BP-measurements did not significantly differ between 

patients with an event post-discharge and those without (Figure 2).

Discussion
Within this feasibility study, postoperative home BP-monitoring 

was well-accepted - and even recommended - by CEA-patients. This 
is the first step towards closing the knowledge gap of BP changes in 
the first four weeks following CEA. Besides, home BP-monitoring led 
to increased patient awareness resulting in self-intended visits to GP 
and BP-therapy changes.

The study design is unique. By implementing home BP-
monitoring to postoperative care, we expanded postoperative care 
to the home setting. This new concept of care enables daily remote 
monitoring of BP-measurements by healthcare providers with the 
possibility to intervene, if deemed necessary. Hereby improved 
quality of care and safety is pursued as well as creating more patient-
centered care by active participation and insight in own health.

Over the past years, home BP-monitoring has been shown to 
improve BP control in hypertension treatment [3]. Although the 
rise of telemonitoring as a novel approach and an alternative for 
protocolized follow-up, it is primarily used for chronic conditions 
while adoption in postoperative care is still in its infancy [4-6]. 
Implications on cost savings are still largely to be determined.

Use of telemonitoring in a selected high-risk postoperative 
patient group might reduce the need for outpatient visits or enable 
the detection of hemodynamic complications in an early stage. If 
such early detection and intervention could prevent post-discharge 
neurological complications and prevent hospital readmissions, the 
benefits of telemonitoring are likely to outweigh costs. In addition, 
patient satisfaction with postoperative BP telemonitoring was high; 
higher perceived safety and reduced insecurity is the most likely 
reason why patients recommended home BP-self measurements after 
hospital discharge to become standard of care.

Although home BP-monitoring seems suitable for a large 
group of patients, awareness is needed for possible unintended 
consequences when patients see their BP-values twice daily. One 
patient experienced stress because his BP was higher than expected. 
As a result, stress-related hypertension occurred, and for safety 
reasons, he was readmitted. However, the overall results show a very 
positive experience with remote monitoring at home.

All patients (n=30)

Age 69 (50-93)

Male 26 (87)

Risk factors

Hypertension 26 (87)

Hyperlipidaemia 19 (63)

Diabetes 5 (17)

Coronary artery disease 10 (33)

Peripheral arterial disease 9 (30)

Smoker(current/ex) 25 (83)

Symptomatic 27 (90)

Ipsilateral stenosis

50%-70% 2 (7)

>70% 28 (93)

Contralateral stenosis

Occlusion 3 (10)

>70% 6 (20)

50%-70% 5 (17)

<50% 16 (53)

Shunt-use 1 (3)

Medication

Statins 26 (87)

Antiplatelets 27 (90)

Anti-coagulants 3 (10)

Antihypertensives 24 (80)

≥ 2 drugs 14 (47)

Postoperative events

In-hospital:

Bleeding 1 (3)

TIA 1 (3)

Post-discharge:

Bleeding 1 (3)

Myocardial infarction 1 (3)

TIA 1 (3)

Stress-related hypertension 1 (3)

BP-related GP-visit 8 (27)

BP-related medication change GP 2 (7)

Table 1: Baseline characteristics.

Data in median (range), number (%), GP: General Practitioner

Figure 2: Intra-individual variability of systolic BP.
Green dots: intra-individual variability expressed as standard deviation 
of systolic blood pressure of patients without a postoperative event.
Red dots: intra-individual variability expressed as standard deviation of 
systolic blood pressure of patients with a postoperative event
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Limitations
First, patients were included in a tertiary referral center which 

may not represent all CEA-patients. However, only five patients 
stated that their main reason not to participate was the anticipated 
burden of BP-monitoring for 30 days. Second, it was not possible 
to add chosen side per BP-measurement (left or right arm) in the 
application. This may have influenced the intra-individual BP-
variability, regardless of the instruction to perform BP-measurements 
only on the arm that is known to provide the highest BP readings. 
Finally, no conclusions can be drawn on our observation of no 
significant differences in postoperative BP-patterns between patients 
with and without postoperative events, since the study lacked the 
necessary statistical power to detect such differences. Therefore, we 
suggest addressing post-CEA BP-trends, variability and changes 
compared to preoperative BP as crucial new research questions.

Conclusion
Postoperative home BP-monitoring is well-accepted and even 

recommended by CEA-patients. Future larger studies need to address 
the potential clinical gain of home BP-monitoring in early detection 
and management of patients at risk for postoperative hemodynamic 
complications.

Sources of Funding
Project was funded by eHealth & Applied Data Analytics in 

Medicine (ADAM) project, UMC Utrecht, The Netherlands.
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