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Enhanced external counterpulsation (EECP) is a safe, non-invasive, economic
and effective assisted circulation technique. It not only can improves
multisystem disorders, but also reduces adverse event rates. EECP utilizes
electrocardiogram-gated sequential inflation of cuffs wrapped around patient’s
lower extremities to increase blood flow perfusion of heart, which can improve
myocardial ischemia of patients with coronary heart disease (CHD). Patients
with CHD or heart failure or sleep disorder are suitable to receive EECP. But
there are few reports on super elderly people. This is the first reported case of a
98-year-old patient with CHD, who accepted EECP. Patient was presented to
hospital with complaints of “intermittent chest tightness for 12 years, worsening
for 20 days.” His medical history included lacunar infarction, as well as type 2
diabetes mellitus and hypertension. For the elderly patients reported in this case,
the efficacy of medicine was limited and the surgical risk was high. After
performing a course of EECP, The patient's symptoms of CHD adverse
psychological conditions and sleep quality were improved. This report proved
the effectiveness and safety of EECP to treat such super elderly patients with
CHD, which provided evidence for the clinical application of EECP in such patients.
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1 Introduction

At present, the main treatment methods for coronary heart disease (CHD) are
medicine and percutaneous coronary intervention (PCI), but for super elderly patients,
the efficacy of medicine is limited and the surgical risk is high. Even when patients
with coronary artery disease (CAD) are treated with antianginal medications, and/or
undergo procedures like PCI or coronary artery bypass grafting, the percentage of
those experiencing daily or weekly angina still between 2% and 24% (1). The European
Society of Cardiology Guidelines consider EECP to be one of the two most promising
and easy to implement in daily clinical work among existing treatment options (2).
Enhanced external counterpulsation (EECP) is a safe, non-invasive, economic and
effective assisted circulation technique. It not only can improves multisystem disorders,
but also reduces adverse event rates. EECP utilizes electrocardiogram-gated sequential
inflation of cuffs wrapped around patient’s lower extremities to increase blood flow
perfusion of heart, which can improve myocardial ischemia of patients with CHD (3).
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Therefore, EECP is recommended in treatment or management
guidelines (3-5), but there are few reports on super elderly
people. Here, we reported the case of a 98-year-old patient with
CHD who accepted EECP. No prior reports described patients
of such an advanced age receiving EECP before. The safety and
efficacy of EECP in this population remains unknown. This
report provided evidence for the clinical application of EECP in
super elderly CHD patient. Informed consent was obtained from
the patient for publication of this case report details.

2 Case description
2.1 History and physical exam

The patient is a 98-year-old male, and was admitted to our
hospital due to intermittent chest tightness for 12 years,
worsening for 20 days. He had intermittent chest tightness in the
precordial area without obvious cause since 2011. Each time lasted
about 5 min, which relieved after rest. He was diagnosed with
coronary atherosclerotic heart disease and was discharged after
accepting medicines to relieve symptoms. The above symptoms
recurred intermittently therefore. But 20 days before admission,
the symptoms occurred more frequently and seriously than
before, 4-5 times a day. Each episode lasted about 10 min and
required medication or prolonged rest for relief. The patient had
some past history of CHD, lacunar infarction, type 2 diabetes
mellitus, hypertension. He had no history of genetic diseases, and
no symptoms of anxiety or depression after taking an anxiety and
depression scale assessment. The physical examinations were as
follow: body temperature, 36.6°C; pulse, 80 times/min; respiratory
rate, 20 times/min; blood pressure, 130/70 mmHg.

2.2 Condition analysis

The patient continued to receive medications such as

anticoagulant, antihypertensives, lipid-lowering agents,
gastroprotective agents, vasodilator and others. But the symptoms
had not been fully relieved. Elderly patients with CHD usually have
higher coronary calcium scores, which can mask the true degree of
vascular stenosis (6). The microvascular disease caused by diabetes
may lead to the decrease of glomerular filtration rate (7). Coronary
computed tomography angiography (CCTA) needs to inject iodine
contrast agent. The elderly CHD patients, especially those with
diabetes, are at high risk of contrast-induced nephropathy (8).
Therefore, we did not choose CCTA. We wanted to perform
coronary angiography for him, however, his family members
refused after being informed the relevant risks. Because the patient
was very elderly and they are afraid that he may not be able to
withstand the surgery. To reduce the frequency of chest tightness
and lower the risk of cardiovascular events, we proposed cardiac
rehabilitation. EECP has the effects of relieving symptoms of CHD,
improving cardiac function, reducing the area of myocardial
ischemia, optimizing medication, and improving quality of life. The
patient had been diagnosed with CHD, which is a well-recognized
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indication for EECP. And there were no contraindications found in
the safety assessment, which included basic and specialized
examinations mentioned in the expert consensus (3). Blood routine,
coagulation function, blood lipids, blood glucose, liver and kidney
function, routine electrocardiogram, cardiac color ultrasound, lower
limb vascular ultrasound were basic assessment examinations.
Dynamic electrocardiogram, dynamic blood pressure, and non-
invasive hemodynamic examinations are specialized evaluation
examinations. After obtaining the consent of the patient and his
family members, we decided to give him a course of EECP.

2.3 Protocol

The pressure was set to 0.013 MPa. EECP sessions were
administered for a total of 35h over seven weeks (5 days per
week), with each daily session lasting 1h (divided into two
0.5-hour segments: morning and afternoon). The patient’s vital
signs, including blood pressure, heart rate, and oxygen saturation,
were continuously monitored during each EECP session (Figure 1).

3 Results

Following drugs and EECP, the patient indicated that the
symptom of chest tightness was improved, and his total
duration of chest tightness decreased from a maximum of
100 min/d to a minimum of 0 min/d (Figure 2). At admission,
the patient was unable to ambulate independently. However,
after completing the EECP course, he could walk 5 meters with
railing support or assistance from others. Both the patient and
his family were satisfied with the recovery results and expressed
their commitment to continue with EECP.

The primary clinical evaluations before and after EECP are shown
in Table 1. Regarding cardiac function indicators, results exhibited a
decrease in systolic blood pressure (SBP), while diastolic blood
pressure (DBP) did not change significantly. Ejection fraction (EF)
and fractional shortening (FS) remained stable, whereas cardiac
output, cardiac index and other indicators demonstrated an
increase. In terms of clinical biochemical results, blood lipids and
electrolyte metabolism were improved, urinary bacteria and urinary
microalbumin (UmALB) levels were reduced, myocardial enzyme
indicators were not significantly abnormal. Regarding mental health
assessment scale, scores on anxiety, depression and sleep scales
showed slight but clinically meaningful improvements.

After 6 months of follow-up, the patient had no major adverse
cardiovascular events. Based on the comprehensive comparison of
pre- and post-EECP, the case showed that EECP was both effective
and safe for super elderly patients with CHD.

4 Discussion

In terms of the therapeutic effect, EECP could not only
effectively reduce the frequency and shorten the duration of
chest tightness, but also increase the patient’s walking distance.
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FIGURE 1

Patient’s vital signs were monitored during enhanced external counterpulsation.
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FIGURE 2
The patient’s symptom of chest tightness was improved.

Trend of total chest tightness time per day
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It might be related to the positive effects of EECP on coronary
perfusion and flow (1, 4-7). The study carried out by Michel
et al. (9) revealed that EECP has the ability to boost coronary
artery blood flow velocity and pressure, and also optimize left
ventricular hemodynamics. In Urano’s study (10), EECP could
improve exercise duration and tolerance of CAD patients.

The reduction of SBP which might be due to EECP’s ability to
reduce afterload and total peripheral resistance (11). But the effect
on DBP was not significant (Figure 3). Our case was similar to that
in Alex’s research (12), which demonstrated that EECP can
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increase SBP in patients without significantly affecting DBP or
HR. The change in DBP is not significant, which may be related
to the physical characteristics of EECP that mainly increases
cardiac blood flow perfusion during diastole, in order to avoid
increasing cardiac afterload on systole.

Besides, the EF and FS remain basically unchanged, possibly
because of the reduced counterpulsation pressure. Although
EECP can improve coronary blood flow and increase oxygen
supply, which is beneficial for heart function (3), the “afterload
reduction” effect caused by EECP may mask the detection of
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TABLE 1 Clinical  evaluation
external counterpulsation.

Ciinical evaluation

Blood pressure

before and after enhanced

SBP (mmHg) 139 131
DBP (mmHg) 69 68
Echocardiography

EF (%) 61 63
FS (%) 33 34
Non-invasive Hemodynamic examinations

Cardiac output (L/min) 1.7 4.8
Cardiac index (L/min-nf) 1.1 3
Stroke volume (mL/beat) 225 82.1
Stroke index (mL/beat-n) 14 51
Blood lipids

Triglyceride (mmol/L) 0.74 0.51
Total cholesterol (mmol/L) 3.31 3.21
LDL-C (mmol/L) 1.5 1.26
HDL-C (mmol/L) 1.51 1.59
Apolipoprotein A-I (g/L) 1.16 1.05
Apolipoprotein B (g/L) 0.62 0.51
Lipoprotein (a) (g/L) 0.35 0.23
Serum electrolytes

Mg (mmol/L) 0.66 0.82
K (mmol/L) 2.90 3.50
Ca (mmol/L) 2.06 2.40
P (mmol/L) 0.88 0.96

Urine routine and metabolic panel

Bacteria (/ul) 6,315 12
Red blood cell (/ul) 21 34
UACR (mg/gCr) 34.5 29.1
UmALB (mg/L) 206 12.2
Myocardial enzyme

CK (U/L) 47 49
CK-MB (U/L) 31 39
LD (U/L) 34 35
a-HBDH (U/L) 132 120

Hospital anxiety and depression scale
Anxiety score 2 1

Depression score 2 1

Pittsburgh sleep quality index
Sleep score 4 3

SBP, systolic blood pressure; DBP, Diastolic blood pressure; EF, Left ventricular ejection
fraction; FS, Left Ventricular Fraction Shortening; LDL, Low-density lipoprotein
cholesterol; HDL-C, High-density lipoprotein cholesterol; Mg, Magnesium; K, Potassium;
Ca, Calcium; P, Inorganic phosphate; UACR, Urine albumin creatine ratio; UmALB,
Urinary microalbumin; CK, Creatine kinase; CK-MB, Creatine kinase-MB; LD, Lactate
dehydrogenase; a-HBDH, a-hydroxybutyric dehydrogenase.

substantial improvement in myocardial contractility in the short
term. As a result, a longer treatment duration is required for EF
and FS to exhibit significant changes, especially in patients with
poor baseline conditions or among the super elderly.

Due to the patient’s advanced age and limited mobility, he
couldn’t able to meet the core requirements of the 6-minute
walking test and cardiopulmonary exercise test. If the patient
forcefully attempts, it may lead to falls, fractures, or cardiovascular
events. Non-invasive hemodynamic monitoring (NHM) provides

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2025.1616457

hemodynamic data without requiring exercise, thus avoiding
exercise risks (13). It is suitable for bedridden or weak patients or
those with contraindications to exercise. NHM was therefore used
to evaluate cardiopulmonary function in this patient. It was found
that the patient’s cardiac output, cardiac index, and other
indicators had increased after one course of treatment, which
indicating the decrease in cardiac preload and afterload resistance,
and a recovery in myocardial contractility (14, 15).

Meanwhile, the patient’s blood lipids were regulated, the
exchange and metabolism of blood electrolytes were increased,
and the number of urinary bacteria and urinary microalbumin
were decreased. Research on EECP mainly focuses on the
mechanisms of improving angina, cardiac function, or endothelial
function, while few authoritative studies directly address lipid-
lowering or promoting metabolic exchange and metabolism.
However, EECP can increase blood perfusion to important organs,
improve endothelial function, promote angiogenesis and may
exert potential effects on regulating blood lipid levels and
increasing substance exchange (3). In this case, we observed that
EECP enhanced the frequency of urination in patients, consistent
with precautions described in multiple guidelines (2-5). We
hypothesized that increasing urinary output frequency may
effectively flush the urinary system, thereby reducing the number
of urinary bacteria and urinary microalbumin.

From the safety perspective, all the other myocardial enzyme
values fluctuated within the normal range except for a minor
decrease in a-HBDH, and no adverse cardiovascular events
occurred in the patient after 6 months of treatment. In addition,
the decrease in anxiety and depression scores and Pittsburgh Sleep
Scale score manifested that patient’s quality of life has improved.
It may be related to EECP reduced stress and daytime
dysfunction, improved mood and sleep quality (16, 17). Xiuli Xu’s
research found that EECP can improve the sleep quality and
psychological quality of life of patients with chronic insomnia
(16). Additionally, the patient’s progression from bedridden status
to ambulation with assistance may be attributed to enhanced
exercise tolerance secondary to EECP therapy. It was similar to
the research of Huongrui Yang and LingZhong (15, 18).

Based on the special characteristics of the super elderly, there
are two precautions proposed. Firstly, develop individualized
treatment protocol based on the patient’s condition. The
parameter of this case at the beginning was set as 0.020 MPa, but
the patient complained of pain during EECP (1). Considering
that the patient is 98 years old with multiple basic diseases, and
less subcutaneous adipose and muscle, the parameters are set to
0.013 MPa after repeated adjustments and trials. Although the
parameters are below the guideline range, good therapeutic
effects can still be achieved. Secondly, evaluation before EECP
and safety monitoring during the process. A series of security
assessment need to be performed before EECP to ensure that
patients have no contraindications.

To our knowledge, this is the first report of a case of a 98-year-old
CHD patient who accepted EECP. This case indicates that EECP can
both improve symptoms of CHD and reduce the incidence of adverse
cardiovascular events while alleviating adverse psychological
conditions to improve the quality of life. The case provides ideas
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Trend of blood pressure changes
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and references for the treatment of similar cases, and provides
evidence for the clinical application of EECP in super elderly
coronary heart disease. The limitation is that the patient didn’t
performer the 6-minute walking test and cardiopulmonary exercise
test to evaluate cardiopulmonary function.

For 98-year-old elderly patients undergoing EECP, there
are concerns about physiological vulnerability, risk of complications,
and tolerance issues. Buschman et al. proposed individual shear rate
therapy for lower extremity peripheral artery disease based on EECP
(19). Compared with EECP, ISRT significantly enhanced the
tolerability, safety and efficacy of LEAD patients (20, 21). To ensure
that patient can do cardiac rehabilitation safely, we will consider
performing ISRT for him in the future.
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