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A B S T R A C T   

Background: Hospital-at-Home (HAH) is a valid alternative for in-hospital stay for a wide variety of clinical in-
dications. Occult myocardial injury, associated with acute illness, mainly occurs in patients with a background of 
non-obstructive coronary disease. The aim of this study was to describe the prevalence of this phenomenon in our 
HAH population. 
Methods: A retrospective description and analysis of data collected for patients admitted to the Sheba beyond’s 
HAH services during 14 months. 
Results: During a period of 14 months (7/10/21–6/12/22), blood troponin measurements were available for 213 
patients (median age 78 years, 52% males) hospitalized mainly for infectious causes. The median HS (highly 
sensitive) troponin level was 7.7 ng/L (IQR = 13.2 ng/L) (the normal upper limit is 12 ng/L) with 31% of all 
patients demonstrating an abnormally increased troponin level (68/213). Of all patients, 64% had a background 
diagnosis of a cardiovascular disease (138/213), of whom, 49% had abnormal HS troponin levels (68/138). No 
patient suffered from acute cardiac function deterioration and no patient died during their hospital-at-home stay. 
Conclusion: The prevalence of occult myocardial injury amongst elderly patients admitted to hospital-at-home 
stay for diagnoses other than myocardial infarction is relatively high but it is not associated with worse short- 
term clinical outcomes.   

1. Introduction 

Home hospitalization is currently a well-established alternative for 
in-hospital stay in a wide variety of clinical indications. Previous pub-
lications present the satisfactory outcomes in the Hospital-at-Home 
(HAH) setting [1,2]. Currently, approved and widely accepted in-
dications for HAH include several infectious diseases such as mild to 
moderate COVID-19 infection, other viral and bacterial pneumonia, 
urinary tract infections and cellulitis. Patients suffering from exacerba-
tions of chronic diseases including Chronic Obstructive Pulmonary 
Disease (COPD) and Congestive Heart Failure (CHF) are also considered 
eligible for HAH [3–5]. Accepted contraindications for this setting 
include patients with respiratory insufficiency and those with hemody-
namic instability. Myocardial damage is generally accepted as a 

contraindication for patients’ monitoring and treatment at home. 
Nevertheless, COVID-19 patients, that were the first patients’ population 
to be treated, worldwide, in the HAH settings, demonstrated a large 
proportion of myocardial injury and involvement [6]. 

Myocardial damage which is not associated with acute coronary 
obstruction, appearing most often during a non-cardiovascular disease, 
is also known as Type II Acute Myocardial Infarction (AMI) [7]. It is 
more common amongst elderly patients and is associated with a rela-
tively high one-year mortality and higher incidence of 30-days major 
cardiovascular events [8,9] compared to those without evidence of 
myocardial injury. Causes of Type II AMI include various stress-states 
such as sepsis, accounting for at least 19% of cases [9]. Amongst 
several other risk factors, high blood troponin measurements are 
defining, the risk of Type 2 AMI patients for worse clinical outcomes 
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[10]. 
In Sheba Beyond we established a HAH service utilized for acute-care 

patients with the intention to support and serve as an alternative for in- 
hospital stay of acutely ill patients, suffering from the aforementioned, 
widely accepted HAH indications. We have already published previous 
case reports regarding the safety and feasibility of this model [11]. 
During home-hospitalizations of complicated patients we collected 
various physiologic parameters, amongst others, patients’ troponin 
blood levels. These measurements are not routine during in-hospital stay 
but are part of our efforts for thickening their safety measures during 
their stay at home. The aim of this study was to describe the prevalence 
of occult myocardial damage amongst these patients, representing Type 
II AMI. 

2. Methods 

2.1. Patients’ selection and troponin tests 

Patients’ data were collected from the electronic medical records 
(EMR) of patients admitted to Sheba-Beyond HAH service between 
October 2021 and December 2022. Patients aged 18 and above, who 
underwent at least one blood troponin measurement during their home 
hospitalization, met the inclusion criteria for this study. Our exclusion 
criteria included patients with type 1 AMI (S-T elevation MI) but no such 
patients appeared during the study period. 

Troponin is routinely measured for each patient upon admission, and 
during further laboratory follow-up, based on clinical requirements. 
Venous blood samples were drawn by certified nurses and transported 
from each patient’s residence to the laboratory in a cold, temperature- 
insulating container. For determining a normal troponin result, we 
used the Sheba medical center’s HS (highly sensitive) troponin I kit 
parameters [Beckman Coulter (Access hsTnI (High Sensitivity Troponin 
I Assay) 3rd Generation)], in which troponin values of 0–12 ng/L are 
considered within the normal range. All patients went through routine, 
12-lead electrocardiography in order to exclude type 1 acute myocardial 
infarction (e.g., ST – segment elevation). Occult myocardial damage was 
defined as positive/elevated HS troponin levels without clinical corre-
lates (such as angina pectoris) and/or electrocardiographic evidence of 
acute myocardial ischemia. 

2.2. Statistical analysis 

Normally distributed continuous variables are reported as the mean 
± SD (standard deviation), while continuous variables with markedly 
skewed distributions are reported as the median and interquartile range 
(IQR, 25th to 75th percentile). The Shapiro–Wilk test was used to test for 
normality. For statistical analyses, the statistical software ‘R’ was used. 
For measuring the linear relationship between continuous variables, we 
used Pearson’s correlation coefficient. Patients’ records were addressed 
after an institutional review board approved patients’ data analysis 
(Institutional Review Board approval # 8828-21-SMC). 

3. Results 

During a period of 14 months (7/10/21–6/12/22), 213 eligible pa-
tients who were admitted to the Sheba-Beyond’s HAH service was 
included in the study. The median age was 78 years (IQR = 19). 111 
patients were females (52%). The most frequent hospitalization diag-
nosis was moderate to severe COVID-19. 

The median troponin level was 7.7 ng/L (IQR = 13.2 ng/L). Overall, 
31% of all patients admitted had an abnormal troponin result (68/213). 
64% of all patients had a background diagnosis of a cardiovascular 
disease (138/213), of whom, 49% had abnormal troponin level (68/ 
138). Most abnormal troponin values were recorded upon admission, 
during the first day of their HAH period. Patients’ characteristics ac-
cording to their blood troponin levels are presented in Table 1. Patients 

with pathologically elevated levels of troponin had significantly higher 
blood levels (median 37 ng/L (IQR = 55) vs. 5.3 ng/L (IQR = 4.1); p <
0.0001), they were older (median 86 vs. 74 years, p < 0.01), and had 
significantly higher frequency of cardiovascular disease on their back-
ground (86% vs. 54%; p < 0.01). Regression analysis presented in Fig. 1 
show a statistically significant increase in the likelihood of positive 
troponin values as patients become older. The regression becomes more 
evident with increasing statistical significance in those patients with 
background cardiovascular morbidities. In the group of patients who 
had abnormal troponin level, there was no statistically significant rela-
tionship between age and troponin (p-value = 0.3299, Pearson coeffi-
cient 0.11). In the group who had normal troponin, there was a 

Table 1 
Patients’ characteristics according to troponin levels.  

Patients’ characteristics Normal Troponin 
(N = 145) 

Abnormal Troponin 
(N = 68) 

P value 

Patients’ demographics 
Age; years (median 

(IQR)) 
74 [12] 86 [13] <0.01 

Gender (% males) 44 56 0.13 
Background diagnoses 
Cardiovascular (%) 54 86 <0.01 
Hematological/ 

Malignant (%) 
21 33 0.08 

Neurological/Psychiatry 
(%) 

13 19 0.3 

Metabolic/Endocrine (%) 45 54 0.2 
Autoimmune/ 

Inflammatory (%) 
15 7 0.15 

Respiratory (%) 14 11 0.6 
Laboratory Parameters 
Troponin (ng/L) (median 

(IQR)) 
5.3 (4.1) 37 (55) <0.0001 

Positive COVID-19 PCR 
(%) 

88 72 <0.01 

Hospitalization Characteristics 
Length of Stay (days, 

median (IQR)) 
2 [2] 3 (2.25) <0.01 

Urgent referral to in- 
hospital stays 

0 0 NA 

Mortality (%) 0 0 NA  

Fig. 1. Regression analysis for positive troponin and age, according to pres-
ence/absence of background cardiovascular morbidity. 
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statistically significant positive relationship between age and troponin 
level (p-value = 0.0003178, Pearson coefficient 0.29). Surprisingly, a 
larger percentage of patients with positive troponin levels had primary 
hospitalization diagnoses other than COVID-19 infection (with 88% vs. 
72%; p < 0.01). The median length of hospitalization stay was one day 
longer for those with elevated troponin (3 days vs. 2; p > 0.01). No 
patient died during their HAH stay, regardless of their blood troponin 
levels. 

4. Discussion 

The global implementation of HAH alternative to in-hospital stays is 
essential. However, it should not occur until the safety of HAH settings is 
ensured. Objective assessment of clinical outcomes during and after 
HAH hospitalizations is critical. Additionally, when including more 
severely ill patients in HAH programs, it is crucial to consider potential 
options for deterioration. One such potential complication is occult 
myocardial damage, which can manifest during acute non- 
cardiovascular diseases. No previous study has addressed this impor-
tant issue so far. 

In the current study we show that occult myocardial injury, as 
indicated by increased blood concentration of troponin, performed by a 
highly sensitive kit [13–15], is indeed frequent in the HAH patients’ 
population. As expected, we show that it is more frequent amongst 
elderly patients and even more so amongst elderly patients with chronic, 
cardiovascular morbidities in their background. Surprisingly, 
non-COVID-19 patients had more frequent myocardial damage, in 
contrast to previously published data relating to a high prevalence of 
myocardial injury in this group of patients [16,17]. This could be 
partially explained by the fact that the clinical presentation and 
aggressiveness of COVID-19 serotypes during this study duration tended 
to be more subtle. 

Diagnosis of occult myocardial damage during HAH stay is important 
both in the short- and in the long-term management of patients: in the 
long-term, it is established that type 2 AMI patients bare higher risk for 
subsequent acute coronary obstruction and may benefit from further, 
coronary-risk stratification after recovering from their acute illness [18, 
19]. Furthermore, these patients are at increased risk for 
non-cardiovascular re-hospitalizations [20]. Therefore, this group of 
patients should be referred, upon discharge from HAH stay for further 
cardiovascular workup. In the short-term, it is established that these 
patients have a higher risk for cardiovascular mortality and increased 
risk for MACE (Major Cardiovascular Events) during their hospitaliza-
tion and shortly after discharge [19]. These patients’ risk for MACE and 
mortality would be aggravated by concurrent electrolyte disturbances 
[12] (e.g., hypokalemia that bares increased risk for arrythmia during 
myocardial ischemia [21,22]) and pending arrythmias (e.g., prolonga-
tion of QTc (QT-corrected) [23], predisposing to potentially catastrophic 
ventricular arrythmias. These insights should impose actions on behalf 
of HAH services organizations: troponin levels should be monitored and 
accordingly, with respect to the service capacity and capabilities, should 
be referred to the in-hospital setting or monitored for electrolyte dis-
turbances and/or cardiac conduction anomalies during their hospital 
stay. In an upcoming publication by our group, we describe the high 
frequency of electrolyte disturbances amongst HAH patients’ population 
and the quest to validate 6-lead ECG applications that would enable 
frequent, self-ECG monitoring by patients at their homes. 

5. Conclusion 

In the current study we found a significant prevalence of occult 
myocardial damage amongst patients admitted to the HAH service, even 
when their primary hospitalization diagnoses are non-cardiovascular. In 
light of the above, we emphasize the importance of routine troponin 
measurements in this population. As HAH environment is globally 
advocated, incorporating this practice to the HAH routine is crucial, 

potentially helping to identify patients at higher risk of clinical deteri-
oration. For elderly patients with background cardiovascular diagnoses 
the recommendation for troponin follow-up becomes essential. Also, we 
recommend that whenever clinically appropriate, post-discharge coro-
nary investigations should be included in the follow-up of these patients. 

6. Limitations 

This was a single-center study and the milieu of patients was ho-
mogenous, according to our inclusion criteria for HAH eligibility. 
Therefore, larger, multi-center studies, that will sample larger and 
heterogenous patients’ populations are warranted. 
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cardiac involvement in home-based recovered coronavirus disease 2019 (COVID- 
19) patients: a retrospective observational study, Ir. J. Med. Sci. 191 (5) (2022 Oct 
1), 2057–62, https://pubmed.ncbi.nlm.nih.gov/34714493/. (Accessed 15 July 
2023). 

[7] N.R. Smilowitz, P. Subramanyam, E. Gianos, H.R. Reynolds, B. Shah, S.P. Sedlis, 
Treatment and outcomes of type 2 myocardial infarction and myocardial injury 
compared to type 1 myocardial infarction, Coron. Artery Dis. 29 (1) (2018) 46, 
pmc/articles/PMC5722665/. (Accessed 15 July 2023). 

[8] N. Furie, A. Israel, L. Gilad, G. Neuman, F. Assad, I. Ben-Zvi, et al., Type 2 
myocardial infarction in general medical wards: clinical features, treatment, and 
prognosis in comparison with type 1 myocardial infarction, Medicine (United 
States) 98 (41) (2019 Oct 1). https://journals.lww.com/md-journal/Fulltext/20 
19/10110/Type_2_myocardial_infarction_in_general_medical.18.aspx. (Accessed 5 
March 2023). 

[9] S. Gupta, S.R. Vaidya, S. Arora, A. Bahekar, S.R. Devarapally, Type 2 versus type 1 
myocardial infarction: a comparison of clinical characteristics and outcomes with a 
meta-analysis of observational studies, Cardiovasc. Diagn. Ther. 7 (4) (2017 Aug 
1), 34858–34358, https://cdt.amegroups.com/article/view/14605/html. 
(Accessed 5 March 2023). 
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