
(1)MATERIAL AND METHODS  

(1.1)Healthcare system  
The urban healthcare sector wherein deployment of Home Hospitalization/Early 
Discharge was carried out includes the Hospital Clinic as reference center, two general 
hospitals and 19 primary care centers run by different healthcare providers.  
 
(1.2)ICT-support for HH/ED  
(1.2.1)Patient-centered management (adaptive case management)[1]. Cover a variety 
of stages: i) case identification; ii) case evaluation, iii) work plan definition; iv) follow-up 
event handling; and, v)  discharge. Case identification refers to the patient’s information 
required at the entry point. Case evaluation includes assessment of the patient to 
determine his/her eligibility for Home Hospitalization/Early Discharge and to capture the 
information required for the next step, work plan definition. The work plan consists on a 
set of both timed and non-timed tasks, led by a team of healthcare professionals, 
aligned with the aims of the Home Hospitalization/Early Discharge. Follow-up and event 
handling correspond to the execution of the working plan. It is of note that the 
continuous patient’s assessment every day may lead to changes in the working plan 
triggered by unexpected events. Finally, the case is prepared for his/her discharge from 
the Home Hospitalization/Early Discharge. 
(1.2.2)Enhanced patient accessibility (support center). It is one of the main access 
points for patients, caregivers and professionals and it plays a central role for three 
specific functions: (i) patient’s triage, (ii) promoting patient self-management, and, (iii) 
management of remote monitoring. The tele-operator in the Support Centre receives 
different types of requests (health issues, administrative problems and social support 
requests) that are solved by health professionals of the Integrated Care Unit. The 
system is operational only for target patients that are managed by programs following 
well-standardized interventions and providing a patient-centered care. Home 
Hospitalization/Early Discharge is one of the program. 
 
(1.3)Characteristics of the HH/ED program  
(1.3.1)Structure 
It was based at the Integrated Care Unit, a transversal organization created in 2006 to 
foster coordinated care patients through the deployment of Integrated Care Services. It 
is a transversal department under the Medical and Nursing directions of the Hospital 
Clinic. Its mission was to provide support to the different medical specialties and to 
facilitate the bridging between the hospital-based specialized care and the community 
after hospital discharge.  
(1.3.2)Professional profile 
The central Home Hospitalization/Early Discharge program was carried out by 
specialized hospital teams. It was composed by one internal medicine physician, four 
full-time Registered Nurses with special training, plus one part-time Registered Nurse 
with special training, two part-time administrative officers with special training attending 
the call center as well as a PhD, RN coordinator. 
Seventy percent of Registered Nurses with special training are nurse plus Master and 
all of them have worked at least 15 years at the hospital (Intensive Care Unit or 



Emergency room) before moving to the Integrated Care Unit. The internal medicine 
physician has worked 10 years at the hospital (Internal Medicine ward, Emergency 
Room and Intensive Care Unit). All of professionals needed at least 3 months in our 
Unit, for additional training. 
(1.3.4)Organizational issues  
The Home Hospitalization/Early Discharge program was initiated early 2006, as a 
prolongation of previous pilot experiences with chronic respiratory patients[2–5]. The 
real deployment was initiated in patients with chronic respiratory disease and heart 
failure because of previous experience. Several hospital departments progressively 
joined the program diversifying patients’ characteristics and worked with the Home 
Hospitalization/Early Discharge team in a joint protocol using the clinical guidelines of 
each specialty.  
The program was open from Monday to Sunday, between 8.00 am and 09:00 pm. The 
period for patients’ inclusion in the Home Hospitalization/Early Discharge program was 
from 09:00 am to 05:00 pm, from Monday to Friday, wherein the internal medicine 
physician was present at the Integrated Care Unit. Incidences occurring from 05:00 to 
09:00 pm and during the weekend were attended by the Registered Nurses with special 
training that had access to doctors on duty. For incidences between 09:00 pm to 08:00 
am, patients could either leave a voice message or contact directly one of the 
specialists on duty through the call center.  
 
(1.4)Intervention 
(1.4.1)Patient eligibility and decision process for inclusion  
Patient eligibility was assessed in the emergency room (Home Hospitalization) or 
in the general ward (Early Discharge). Candidates were identified by the physicians 
of the respective units and posterior contact with the Home Hospitalization/Early 
Discharge team (physician and case manager (Registered Nurses with special training), 
who verified the patient's eligibility for Home Hospitalization/Early Discharge using a 
standard protocol at the time of enrollment. The time between the patient identification 
and patient assessment by the Home Hospitalization/Early Discharge team did not 
exceed 2 hours. 
(1.4.2)Assessment 
The essential information was grouped into five dimensions[6], namely: i) socio-
demographics [7] ii) health team and system related factors [7];  iii) characteristics of 
patient’s chronic conditions and Primary diagnosis[8–11] ; iv) risk factors and 
treatment[12] and, v) patient dependence factors (SF-36[13], Barthel Index[14]) (Tables 
1, 1S, 2, 2S, 4S). Additional information was obtained from the patient electronic health 
records following the current legislation on access and confidentiality of the clinical data. 
Assessment and follow-up were carried out using the Information and Communication 
Technology platform described in detail in[15].Thirty days after discharge, patients and 
caregivers were administered a questionnaire on satisfaction with the Home 
Hospitalization/Early Discharge program via telephone[7] .  
(1.4.3)From hospital to home  
Patients were transferred to home by ambulance on the same day of the evaluation 
after installing at home the equipment needed during Home Hospitalization/Early 
Discharge period. The program provides home equipment (oxygen, non invasive 



mechanical ventilation, nebulizer, pump, glucometer, etc) and offers the possibility to 
performing some tests at home (forced spirometry, etc), intravenous treatment (continue 
by pump or discontinue), measurements (blood or fluids testing), dressing and drains. 
Pharmacological treatment at home was prescribed by the Home Hospitalization/Early 
Discharge physician and prepared by the hospital pharmacy. The time elapsed between 
the end of the patient’s evaluation and his/her arrival at home with all logistics ready for 
Home Hospitalization/Early Discharge did not exceed 4 hours.  
(1.4.4)Home intervention 
At the time of arrival at home, a telephone call to the patient was made by the 
Registered Nurse with special training. All patients received basic therapeutic 
educational material. The interventions were planned following the international 
guidelines for each diagnostic group. The program was conducted with a patient-
oriented approach wherein management of co-morbid conditions and adherence to 
therapy had central roles. The home visits included: i) assessment of patient clinical 
status; ii) control of co-morbid conditions; iii) revision of the treatment plan including 
dressings and administration of intravenous treatment if prescribed; iv) reinforcement of 
therapeutic education and adherence; v) checking of the equipment installed at the 
patient’s home; and, vi) assessment of environmental conditions. Remote patient self-
monitoring (pulse oximeter, spirometer, scale and glucometer) were available to 
incorporate in the individualized plan. 
The specific home-based interventions during the Home Hospitalization/Early Discharge 
period were: (i) intravenous therapies in 54%; ii) peripheral blood sampling for biological 
analysis in 53%, iii) transient oxygen therapy, 39% of the cases and nebulizer therapy in 
24%; (iv) complex dressings and care in 21%; (v) arterial respiratory blood gas 
measurements in 13%; (vi); and; (vii) forced spirometry in 10% of the cases. Discharge 
from Home Hospitalization/Early Discharge could be related to improvement, cure, 
hospital admission or death. 
(1.4.5)Enhanced coordination of professionals across healthcare tiers 
Hospital infrastructure: department ward, emergency room area and laboratories. One 
physician of each specialized department provided support to the Home 
Hospitalization/Early Discharge team, if needed  
Services providers:  

a) During Home Hospitalization/Early Discharge: Companies providing respiratory 
equipment therapies, if needed.  

b) After Home Hospitalization/Early discharge. Primary care and palliative care 
team, the complex frail patient program and the outpatient clinic from the hospital 
to ensure transitional care. All services were coordinated by the Integrated Care 
Unit.  

 
(2)RESULTS 
(2.1)Classification of diagnoses and clustering by diagnostic groups  
As part of the disease classification process, up to 850 different ICD-9-CM coding[9] 
were included in the Home Hospitalization/Early Discharge, as main or secondary 
diagnoses. It is of note that 455 of them (54%) were chronic conditions. All 850 ICD-9 
entities were grouped by biological systems[11]. The allocation of each admission into a 
specific subgroup was performed considering the principal diagnosis at admission. 



Patients were grouped in five diagnostic groups. ICD9 -CM coding corresponding to 
each of these groups is indicated below: 
Respiratory: 491.1, 491.20, 491.21, 491.22, 491.9, 496, 492.0, 492.8, 491.03, 493.02, 
493,01, 493,91, 493.92, 516, 516.8, 518.81, 277.02, 494.1, 519.0, 519.9, 519.8, 599.0, 
486, 486.6, 507.0,  502.0, 786.3, 786.39, 518.89, 516.31.  
Acute illness:  466, 486, 488, 599, 590.1, 682, 009.0, 513, 012.0, 415.1, 421.0, 560, 
338.3, 451.89, 453.4, 507.0, 572.0, 576.1, 285, 601.0, 682.0, 682.6, 682.9, 707.1, 
733.13, 733.19, 780.6, 999.31, 338.3, 787.91, 287.4, 711.9, 494.1, 487.  
Post-surgery: 414, 424, V58.73, v58.78, V49.72, 733.15, 444, 553, 730, 250.7, 416.8, 
427.31, 440.02, 442.0, 445.5, 958.3, v49.7, v58.7, 86.83, 715.96, 415, 733.14, v69.09, 
958.3, 688.83, 998.59, 32.3, 60.5, 51,23, 569.81, 746.4, 569.81, 746.4, 440, 576.1, 
425.4, 394.2, 396.3, 579.3, 604.9, v66, v55.3, v84.15, 996.76, 580.9, 576.22, 580.9, 
542, 442, 997.49, 730, 566, 423.9, 395.0,  557, 414.0, 553.  
Cardiology: 410, 448, 428-429, 446.5, 402, 414.01, 416, 404.91, 424.1, 427, 398.91.  
Oncology:  486, 288.03, 488, 484.8, 513, 516, 560, 009.0, 053.9, 287.4, 288.0, 388.3, 
415.1, 419.21, 543.2, 453.4,  484.6, 507.0, 576.1, 590.1, 682.0, 682.6, 682.9, 729.30, 
780.6, 786.3, 787.91, 999.31, 225.2, 999.31, 787.91, 196.8, 287.4, 711.9, 53.9, 338.3. 
 
(2.2)HH/ED readmissions 
Comparisons between patients re-admitted within 30 days after Home 
Hospitalization/Early Discharge and those who did not, allowed identification of several 
variables showing a significant associations with early re-admissions, namely:  men 
(p=0.001); older age (p<0.001), ex-smoker (p<0.001); number of co-morbidities 
(p=0.006), Charlson Index[8] (ref) (p<0.001); Cardiology (p<0.001), Oncology (p<0.001), 
sedentary lifestyle (p<0.001), low health-related quality of life (SF-36[13]; physical, 
p=0,007)  history of previous use of hospital resources, such as Emergency Department 
visits (p<0.001) and hospital admissions (p<0.001) and were follow up by palliative 
home care programs before Home Hospitalization/Early Discharge admissions 
(p=0.050). 
We observed that patients re-admitted within 30 days after Home Hospitalization/Early 
Discharge required more intravenous treatment (p<0.001), blood test (p=0.007) and 
more nebulizer therapy (p=0.030) at home (Table 2S).  The analysis was evaluated for 
the entire study group, as well as for Home Hospitalization and Early Discharge 
separately. 
(2.3)Analysis of other MAST dimensions[16] (Table 4S) 
Patients’ perspectives - The patient’s rejection rate for inclusion to the program was 
kept at a level of 18% throughout the study period. It is of note, however, that both 
patients and caregivers accepting to participate showed a high rate of satisfaction: 99 % 
of the subjects reported that the treatment received was very good. Moreover, 90% of 
the patients and 94% of the caregivers stated that they would repeat the experience if 
needed.  
Professionals’ perspectives - Initial common resistances to implementation from both 
Hospital and Primary Care staff markedly decreased over time. Hospital-based 
specialists fear to lose beds; whereas primary care professionals look at the Home 



Hospitalization/Early Discharge program as intrusive. In contrast, professionals of the 
Home Hospitalization/Early Discharge team showed high degree of satisfaction 
throughout the deployment period. 
Organizational and regulatory aspects –The re-engineering process initiated in 2006 
through an innovative program fostering collaboration between specialized and primary 
care and the creation of the Integrated Care Unit facilitated the deployment of Home 
Hospitalization/Early Discharge, as explained in detail in[15]. The entire integrated care 
program deployed in NEXES enforced the bridging between hospital and community 
care throughout the study period.  
Technologies – From the Information and Communication Technology standpoint, the 
four major lessons learnt during the study period were: i) interoperability at a health 
system level, across levels of care and among providers, is a must to optimize the 
program; ii) remote monitoring used by professionals visiting patient-home showed high 
efficacy and it was a source of cost-containment; iii) patient self-monitoring showed 
limited potential because of two main factors: the acute condition of the patient and the 
short available learning period, and, iv) interactive tools such as videoconference and 
the patient personal health folder[17] seem to be useful to reinforce remote support, but 
we were unable to optimize these two Information and Communication tools during the 
project lifetime. 
(2.4)Economic analysis 
The economic analysis included the impact of Home Hospitalization/Early Discharge on 
both healthcare provider and at health system level. 
The Home Hospitalization/Early Discharge program admitted between 303 and 559 
patients per year over a ten-year period, from 2006 to 2015. Table 3S displays the 
costs of the different items and reimbursement per year. 
The Home Hospitalization/Early Discharge was highly efficient when the economic 
analysis is done at health system level due to an average saving of 6 in-hospital days 
per patient. Indirect costs were not included because of: 1) the payer perspective 
adopted; 2) the fact that the need for an additional care was a criterion of exclusion of 
the program, and 3) because the majority of informal careers are retired spouses. 
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Table 1S. Main diagnoses of HH/ED admissions	
  

 
Legend. Files correspond to diagnoses (within parenthesis ICD9-CM classification). 
Figures correspond to prevalence higher than 1%. Chronic Obstructive Pulmonary 
Disease (COPD). Discharges, total number of discharges (within parenthesis % total 
discharges, percentage of patients referred to the total number of discharges of Home 
Hospitalization and Early Discharge. 
 
 
 
 
 



Table 2S. Risk factors of HH/ED readmissions at 30 days post discharge 

 
Legend. Data are expressed as mean ± standard deviation for qualitative variables and 
number (percentage) for discrete variables. It is expressed as median (25-75th 
Percentile) in quantitative variables with extreme values. ¥Chi2 test or Fisher's exact 



test were used for the comparison of proportions. *The Mann-Whitmey U test was used 
for variables not normally distributed. Home Hospitalization (HH), Early Discharge (ED), 
Emergency Room Department (ER), Body Mass Index (BMI), Continuous Positive 
Airway Pressure (CPAP), Bilevel positive airway pressure (BIPAP), The Short Form (36) 
Health Survey (SF-36). 
 
 
 
Table  3S. Economic analysis at provider level 

 
 



Table 4S. Analysis of other MAST dimensions  

 


