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Introduction

Over the past two decades, the management of critically ill 
patients has advanced significantly, leading to reduced mortality 
in this patient population. These improvements have resulted 
in the emergence of a new patient population: survivors of acute 
crises who continue to experience severe organ dysfunction. These 
individuals remain dependent on advanced medical technology such 
as mechanical ventilators or hemodialysis and have been termed 
“chronically critically ill” [1]. This population is highly vulnerable, 
with one-year mortality approaching 50% [2-4], and only one in ten 
reaching functional independence one year after their initial illness 
[5-7]. Caring for these patients demands substantial resources: 
although fewer than 10% of critically ill patients develop chronic  
critical illness, they account for 30% of total intensive care unit 
occupancy, and annual hospital costs exceed 20 billion dollars [8]. 

 It is widely recognized that current acute critical illness 
management approaches have many systemic limitations that 
negatively impact the care of chronically critically patients [2,9,10]. 
One of the most important limitations is suboptimal continuity 
of care. Constant team rotations, frequent intra- and inter-facility 
transfers, and interruptions in long-term provider involvement  

 
make it challenging to maintain consistent patient care and effective 
communication with families. Extended hospital stays frequently 
result in primary care physicians losing contact with their patients, 
who then interact with multiple care teams across different 
facilities. These ongoing transitions strain therapeutic relationships 
and complicate discussions about prognosis. In addition, despite 
efforts to maintain consistent and accurate data transmission for 
these patients, the multiple clinical hand-offs often result in loss of 
critical patient information [11-13].

Prior research aimed at improving communication and 
continuity of care between acute hospitals and long-term acute 
care hospitals [LTACHs] has produced mixed results regarding 
patient outcomes and hospital utilization rates [14-17]. These 
interventions typically focused on increasing the amount and 
consistency of information shared with patients, families, and 
providers. Although the studied interventions often achieved 
the goal of enhanced communication [15-19], the impact on 
patient outcomes and therapeutic goals varied [17-21]. Notably, 
interventions that facilitated the bedside team’s ability to establish 
a therapeutic alliance with patients and families were associated 
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with greater changes in patient outcomes and decision-making.

In 2013, the Brigham and Women’s Physician Organization 
(BWPO) allocated seed funds for care redesign projects. Our team 
received funds through this program to develop a new care delivery 
model to address the management challenges for chronically 
critically patients, particularly the challenge of maintaining 
continuity of care. This model involved forming an integrated, 
multidisciplinary team to connect the acute hospital with the 
LTACH. The initiative centered around providing ongoing support 
to clinicians at both sites and establishing long-term therapeutic 
relationships with patients and their families. We hypothesized 
that this approach would improve outcomes for these chronically 
critically ill patients. Here, we describe our approach to the 
longitudinal management of patients with chronic critical illness 
and the results of the program. 

Methods/Approach

The pilot project was designed as a Quality Improvement (QI) 
initiative at the Brigham and Women’s hospital, and as such the 
initial clinical work was not formally supervised by the Institutional 
Review Board (RB) per their policies. The subsequent protocol 
for the research analyses was approved in advance by the IRB. 
The analysis of the results was performed after the completion 
of the initial Quality Improvement pilot program. The Brigham 
and Women’s Hospital (BWH) is a 793-bed tertiary care hospital 
located in Boston, MA. Our care redesign focused on patients 
initially treated in the 20-bed BWH medical intensive care unit 
(MICU) and then transferred to an LTACH. A review of the BWH 
MICU patients previously discharged to the LTACH level of care 
determined that Spaulding Hospital Cambridge (SHC) received the 
largest percentage of MICU patients for post-ICU care. Based on 
these findings, the intervention focused on patients transferred to 
SHC after a MICU hospitalization of at least one overnight stay. Our 
care redesign project was named The Integrated, Patient-Centered 
Care in Chronic Critical Illness (IP4CI). 

Patient Population

The IP4CI program included all patients who received care in 
the BWH MICU for at least one overnight and then were transferred 
to SHC for rehabilitation, except for the lung transplant patients. 
These patients were excluded because these patients had a pre-
existing robust program for post-acute hospital management. The 
control group consisted of all BWH MICU patients with at least 
an overnight stay in the two years before the start of the IP4CI 
program. The acuity of the patients in both groups was assessed 
by comparing the Elixhauser comorbidity index scores and by 
comparing the use of mechanical ventilation and renal replacement 
therapy in both groups of patients. The Elixhauser comorbidity 
index is an established assessment of patient comorbidities and 
has been shown to be predictive of patient prognosis in multiple 
settings [22-26].

Functional Assessment 

We used the Activity Measure Post Acute Care basic mobility 
form (AMPAC) to evaluate the functional status of our patients. 
The short form AMPAC is a well-validated tool [27,28] that uses six 
common activities of daily living to determine functional status: 
turning in bed, moving from the supine to a seated position in the 

bed, moving from bed to chair, sitting in a chair, walking in the room, 
and climbing stairs. Some of the IP4CI patients were so debilitated 
that they could not attempt even the most basic movement scored 
by the AMPAC. We therefore modified the scale to include “0” for 
assessing these extremely weak patients. Our modified AMPAC 
scores ranged from 0 – 24. 

Statistical Analyses

Differences in categorical variables were compared by Fisher 
exact tests. Continuous variables were compared using Student’s 
t-tests. Nonparametric data were compared using the Mann-
Whitney test. Multivariate logistic regression was used to identify 
associations among variables. Differences were accepted as 
significant when P < 0.05. The logistic regression model “goodness 
of fit” was assessed by the Hosmer-Lemeshow test. 

IP4CI Program - Development

Key stakeholders were engaged at both institutions for 
collaborative planning and to align incentives. The primary goals 
were to 1) improve the continuity of care for chronically critically 
ill patients, 2) improve communication between the acute hospital 
and the LTACH, and 3) align the care plan with achievable functional 
and medical goals. During the planning for this project, we focused 
on three areas: needs assessment, procedure development, and 
identification of objective outcomes. 

A needs assessment was conducted using surveys of clinicians 
at both the acute hospital and the LTACH. The results indicated that 
most clinicians at both institutions considered clear communication 
between the acute hospital and LTACH to be an important factor 
in providing care for chronically critically ill patients, and the 
assessment identified notable communication gaps between the 
two facilities.

For the development of this procedure, a new two-person team 
was proposed to maintain communication between the MICU and 
LTACH. This “continuity team” met with clinicians, patients, and 
families prior to transfer from the acute hospital to LTACH in order 
to establish therapeutic goals aligned with the patient’s values. 
After transfer, the IP4CI team promoted continuity by meeting 
with LTACH hospitalists weekly to assess each patient’s progress 
toward these goals and remained in contact with patients and their 
families. Weekly team meetings were held to develop, review, and 
refine processes using feedback from patients and clinicians.

The outcome measures were developed by the stakeholder 
group in conjunction with the BWPO and by identifying consistent 
themes in the discussion with patients. Two outcome targets were 
identified. The first was a 25% decrease in the early readmission 
rate from LTACH to an acute hospital, defined as an admission lasting 
at least 24 hours that occurred within thirty days of discharge from 
the acute care facility. The second outcome was discharge to home 
from the LTACH, which was identified by most of the patients as 
their most important goal. 

IP4CI Approach - Implementation

Figure 1 provides a summary of the IP4CI approach alongside 
a comparison to usual care. To facilitate effective communication 
between the acute facility and the LTACH, several strategies were 
implemented. First, the “continuity team” was charged with 
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facilitating communication between the acute facility and the 
LTACH. Second, we initiated weekly discussions between acute 
care MICU and LTACH clinicians to provide a forum for ongoing 
communication of specific patient information and responses to 
therapy. One of the acute care MICU clinicians was available to 
LTACH providers via pager 24/7 to address questions arising at 
the LTACH and to help with any significant new issues. This same 
physician was also available to the BWH Emergency Department to 
address questions regarding program patients having evaluations 
there and to provide ED physicians with information about the 
care available at the LTACH. Third, following the implementation of 
the IP4CI program, the stakeholders continued to meet weekly to 
review implementation issues and to discuss any areas of concern. 

Prior to the acute hospital to LTACH transfer, the “continuity 
team” met with the clinical team at the acute hospital and also 
provided the patients and families individualized counseling 
regarding the environment and care they would receive while at 
the LTACH. These meetings identified achievable therapeutic goals 
and identified any issues that might hinder a successful LTACH 
transfer. To provide a consistent structure, rigor, and transparency 
to these conversations, the continuity team used the “Serious 
Illness Conversation Guide”, which was developed by the Palliative 
Care Consultation service at the Dana Farber Cancer Institute as a 
guide for physicians discussing life-threatening illness with their 
patients [29]. While initially focused on guiding conversations 
with patients who have a cancer diagnosis, the “Serious Illness 
Conversation Guide” has been successfully adapted for use in other 
life-threatening illnesses [30,31]. These meetings were designed 
to provide transition coaching in preparation for the transfer to 
LTACH, so that the patients and their families were prepared for 
the differences they would experience following transfer from the 
acute hospital to LTACH. 

The continuity team remained in contact with the patients 
and their families after LTACH transfer. Additionally, the continuity 
team maintained regular communication with the LTACH clinicians 
via weekly patient progression reviews and were available via 
email and pager for questions that arose outside of the regular 
conferences. Thus, the continuity team provided the LTACH 
clinicians, the patients, and their families a longitudinal perspective 
on their illness and convalescence. 

Weekly stakeholder operations reviews have proven to be an 

important component of the program. Some issues that impacted 
the effectiveness of the program only became apparent after 
initial implementation. For example, these meetings identified 
that real-time, effective communication with the BWH Emergency 
Department required the development of a specific novel mechanism 
to facilitate these conversations. The regular operations meetings 
also allowed the program to use real-time feedback to “fine tune” 
the operational procedures. Finally, the operations meetings also 
enabled the teams to quickly adjust to hospital organizational 
changes, and to incorporate new team members efficiently. 

Results

Patient Characteristics

Patient characteristics before and during the initiation of 
the IP4CI program are provided in Table 1. Compared to the two 
years prior to the start of the IP4CI program, the distribution of 
patients’ age, gender and ethnicity was not statistically different 
after the initiation of the IP4CI program (Table 1). The BWH is a 
tertiary care facility, and this is reflected in the high Elixhauser 
comorbidity index scores in our patients, which were available for 
110 control patients and the first 250 IP4CI patients. The average 
Elixhauser comorbidity index scores in the control patients (10.25 
± 6.5) and after the IP4CI program (10 ± 7.6) were not significantly 
different. This indicates that patient acuity remained stable before 
and after the IP4CI program was started. There were more patients 
transferred to LTACH on mechanical ventilation following the start 
of the IP4CI program compared to the control period, but this did not 
reach statistical significance. The number of patients transferred to 
LTACH on renal replacement therapy was significantly greater after 
the start of the IP4CI program [P < 0.05] (Table 1).

Program Outcomes

The early (<30 days after acute hospital transfer to LTACH) 
readmission rate back to the BWH MICU in fiscal year 2012, prior 
to the IP4CI program, was 40%. For the first 241 patients followed 
by the IP4CI program, the early readmission rate was 28%. Of note, 
the decreased early readmission rate has been sustained over 
the subsequent years of the program. Together with the stable 
Elixhauser score, as shown above, this indicates that the decreased 
readmission rate achieved by the IP4CI program was not due to any 
decrease in the acuity of the patients sent to LTACH.

Figure 1: Comparison of IP4CI program with current practices.
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The characteristics of the IP4CI patients are outlined in Table 
2. 58 of the 241 patients expired during their LTACH admission. 
Compared to patients who survived their LTACH admission, the 
patients who did not survive had significantly greater rates of 
mechanical ventilation at the time of transfer, more frequent early 
readmission to the acute hospital, more transfers between the 
LTACH and the acute hospital, and a longer length of stay at the 

acute hospital (Table 2). Logistic regression analysis identified 
significant associations between death during LTACH admission 
and the following variables: requirement for mechanical ventilation 
at the time of transfer to LTACH (P <0.05), readmission to the acute 
hospital less than 30 days following transfer to LTACH (P < 0.01), 
and multiple readmissions to the acute hospital from LTACH (P < 
0.01) (Table 2).

Table 1: Patient Demographics before and during IP4CI.

Characteristic MICU to SHC Aug 2011 to July 2013 IP4CI 

Patient number (N) 112 241

Age 59 ± 15.4 60 ± 15.0

Gender

          Male 59 (53%) 137 (57%)

          Female 53 (47%) 104 (43%)

Ethnicity /Race

          White 87 (78%) 200 (83%)

         Black/ African-American 15 (13%) 22 (9%)

          Hispanic 2 (2%) 13 (6%)

          Other 8 (7%) 5 (2%)

Mechanical ventilation at transfer, N (%) 20 (18%) 63 (26%)

Hemodialysis at transfer, N (%) 10 (9%) 48 (20%)

Table 2: Characteristics of the IP4CI cohort

Characteristic Alive (n = 183) Deceased (n = 58) P value

Male, N (%) 106 (58%) 31 (53%) 0.06

Female, N (%) 77 (42%) 27 (47%) 0.13

Age (years), mean ± SD 57.7 ± 15.1 61.3 ± 16.4 0.352

Vent, N (%) 41 (22%) 22 (38%) 0.04*

HD , N (%) 38 (21%) 10 (17%) 0.6

Readmit acute hospital <30d, N (%) 42 (23%) 26 (45%) 0.002*

Multiple transfers to LTACH 26 (14%) 15 (26%) 0.04*

Total LOS at acute hospital, mean ±SD 31.9, 32.4 47.7, 73.2 0.04*

Total LOS at LTACH, mean ±SD 41.5, 49.2 54.9, 95.4 0.19

Abbreviations: N = number of patients, SD = standard deviation, Vent = mechanical ventilator support at time of transfer, HD = hemodialysis at time 

of transfer, d = days, LTACH = long-term acute care hospital, LOS = length of stay, * designates statistical significance with P < 0.05.

30% of the IP4CI patients were discharged directly to home 
from the LTACH. A LTACH admission of at least 30 consecutive 
days was significantly associated with discharge to home (P < 
0.001, Table 3). Additionally, the patients who did not have a 
home discharge had statistically longer lengths of stay at the acute 
hospital (P < 0.05, Table 3). Logistic regression analysis showed 
a significant association (P = 0.004) between a LTACH length of 

stay of at least 30 days and discharge to home. Of note, multiple 
transfers from the acute hospital to LTACH were not correlated with 
discharge to home. 8 of the 73 patients with a home discharge had 
multiple LTACH transfers compared to 33 of 168 patients who were 
not discharged to home. Negative predictors of a home discharge 
included a requirement for mechanical ventilation at the time of 
transfer from the acute hospital (Table 3). 

Table 3: IP4CI Discharge Disposition.

Home Discharge 

(n = 73) 
Not Home Discharge    (n = 168) P value

Age, mean ±SD 56±13.3 60.4±16.5 NS

Male, n (%) 42 (57.5%) 95 (56.5%) NS
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Female, n (%) 31 (42.5%) 73 (43.5%) NS

Vent, n (%) 15 (20.5%) 46 (27.3%) NS

HD, N (%) 12 (16.4%) 32 (19.0%) NS

Readmit <30d, n (%) 8 (11.0%) 60 (35.7%) <0.001

Multiple SHC transfers 8 (11.0%) 33 (19.6%) NS

Total length of stay

Acute hospital 25.1 ±18.4 40.0 ± 49.6 0.015

SHC 36.5 ± 47.3 48.8 ± 70.3 NS

Abbreviations: N = number, SD = standard deviation, NS = not statistically significant, SHC = Spaulding Hospital Cambridge, Vent = mechanical 

ventilation support at time of transfer, HD = hemodialysis at time of transfer, * designates statistically significant with P < 0.05.

The Importance of Functional Outcomes

We tested multiple potential clinical factors to determine 
possible associations with a home discharge. Unexpectedly, factors 
that have been shown to be predictive of outcome in acutely 
critically ill patients, such as serum albumin [32,33] and Provent 
Scores [34], were not predictive of this outcome in our population 
[data not shown]. We next evaluated functional status, which has 
been shown to be a key predictor of clinical outcomes in acutely 
critically ill patients, including stroke survivors and patients 
requiring long-term mechanical ventilation [35-37]. We used the 
AMPAC basic score to compare the functional status of a subgroup 
of 48 IP4CI patients to determine if the functional status at LTACH 
transfer or changes in functional status while at LTACH predicted 
clinical outcome in our chronically critically ill patients. The 48 
patients in this subgroup included 18 patients discharged to home, 
14 patients discharged to a skilled nursing facility [SNF] and 16 
patients who expired during their LTACH admission. 

The initial AMPAC score for all three groups was very low: 11.2 
± 3.7 [average and standard deviation] for patients discharging to 
home, 11.7 ± 3.9 for patients discharging to SNF and even lower 
for patients who expired during their LTACH admission: 6.3 ± 5.6. 
The change in the AMPAC score during the LTACH admission was 
calculated from the Physical and Occupational Therapists’ interval 
assessments, which occurred approximately every two weeks. The 
patients discharged to home had a significantly greater increase in 
their AMPAC score while at LTACH compared to patients who either 
discharged to SNF or who expired during their LTACH admission 
(Figure 2A). As shown in Figure 2B, the AMPAC scores of the three 
groups diverged by the second LTACH assessment, with the patients 
who discharged to home increasing to an average AMPAC 16.9 ±4.6, 
the patients discharging to SNF with a significantly smaller increase 
to 10.3 ±4.4 and the patients who expired during their LTACH 
admission with little change from their admission AMPAC: 5.6 ±2.3 
(Figure 2A & 2B). 

Figure 2: AMPAC analyses.
2A: Maximal AMPAC score changes
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Figure 2: AMPAC analyses.

Discussion

This report introduces an innovative care model for chronically 
critically ill patients: the IP4CI program. This approach utilises a 
dedicated team that coordinates care between clinical staff at the 
acute facility and LTACH to provide a comprehensive, longitudinal 
view of patient progress. Through sustained engagement with 
LTACH clinicians and patients, the IP4CI program improves 
continuity of care for individuals who often experience gaps in 
connection with their primary providers. This high continuity, 
longitudinal approach enhances the development of therapeutic 
relationships with patients and facilitates periodic reassessments 
of the therapeutic plan to maintain alignment between the 
treatment plan and the patient’s goals. By providing ongoing clinical 
support to the LTACH providers, our approach also strengthens the 
collaboration between the acute hospital and the LTACH.

This approach has been well-received by patients, their 
families, and clinicians at both the acute hospital and the LTACH. 
One of the SHC hospitalists told our clinician that with the IP4CI 
program, “you know that you’re never alone”. Additionally, this 
approach has been associated with a sustained decrease in the 
early readmission rate from the LTACH to the acute hospital. Our 
high continuity approach builds on the work of earlier investigators 
who identified the important role of palliative care consultation and 
family communication for critically ill patients [20, 38-47]. While 
several different models are used for such consultation [41], the 
most effective approaches typically involve repeated interactions 
between the consultant and the treatment team and/or family over 
time. In contrast, models that are not characterized by repeated 

interactions have been less effective [17, 19]. We speculate that the 
longitudinal relationship developed between our continuity team 
and the program patients supported effective therapeutic alliances 
and thereby enhanced the care for these chronically critically ill 
patients. 

An unexpected finding was the absence of an association 
between variables previously shown to correlate with outcomes in 
acutely critically patients and clinical outcomes in our cohort. It is 
possible that the differences in our cohort from prior investigations 
were caused by the established chronic critical illness in our 
patients. Thus, it is possible that in such a debilitated population, 
the discriminatory power of the assessments that were predictive 
in acutely critically ill patients was lost. 

Another unexpected finding was the association between a 
LTACH admission of at least thirty days and the eventual discharge 
to home. While this might be caused by healthier patients being 
able to remain at LTACH at least thirty days, we speculate that 
additional factors modulated patient outcomes in our cohort. 
Decreasing the early (<30 day) readmission rate was a primary 
outcome metric of the IP4CI program. Indeed, the clinical support 
provided to the LTACH assisted the LTACH hospitalists in keeping 
patients who otherwise would have been readmitted to the acute 
hospital. We speculate that the association between a LTACH stay 
of at least 30 days and discharge to home could reflect the effects 
of uninterrupted intensive physical and occupational therapy 
provided to the patients at LTACH. The patients at SHC receive 
physical rehabilitation at least five days a week. This sustained 
focus on regaining strength and endurance potentially allowed 
patients to regain functional capacity and to resume enough 
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activities of daily living as to make a discharge to home feasible. 
Our functional data support this contention. All the IP4CI patients 
arrived at LTACH with low AMPAC scores. The patients who were 
discharged to home showed significant and sustained improvement, 
but this improvement became apparent only after approximately 
4 weeks at the LTACH. Previous investigators have also identified 
the functional status as a crucial determinant of patient outcome 
[37,48,49]. Our work builds on their findings by showing that 
sustained improvement in functional status takes several weeks to 
become apparent. Our data also show that both the total amount of 
improvement and the pattern of functional recovery is predictive 
of patient outcome. Based on the results from our patients, we 
propose that having regular physical and occupational therapy 
for at least 30 days contributed substantially to these patient’s 
eventual home discharge. 

There are multiple limitations to our approach, primarily 
related to the question of generalizability. This is the experience of 
a single program. Also, the initial patient population in our IP4CI 
program included only MICU patients, and so this approach may 
not generalize to other chronically critically ill patients.

Our program also possesses multiple strengths. Ironically, 
one of the strengths of our approach is also a limitation. The 
longitudinal approach we implemented depends heavily on the 
relationships between the IP4CI team, the patient, the patient’s 
family, the MICU clinicians, and the LTACH clinicians. This approach 
can therefore be rendered ineffective by the disruption of these 
relationships. We have addressed this limitation in two ways. First, 
the IP4CI team meets weekly to discuss programmatic issues, and 
to facilitate the onboarding of new team members. These meetings 
maintain team cohesion and facilitate the adjustment of processes 
that are not functioning optimally. Second, video conferences are 
used to support IP4CI team participation in family conferences at 
the LTACH. These face-to-face interactions have served as a means 
to maintain direct communication, which is considered important 
for this program. These two approaches have allowed the IP4CI 
team to maintain productive and therapeutic relationships with 
our patients and the LTACH clinicians over their prolonged LTACH 
admissions. Our strong team approach has proven durable and has 
allowed us to sustain this program despite multiple personnel and 
funding changes.

Conclusion

In summary, patients with chronic critical illness are a highly 
vulnerable population with multiple comorbid processes. Their 
care is characterized by frequent changes in healthcare providers. 
The poor continuity of care exacerbates the management difficulties 
for these patients. We present a new care paradigm to improve the 
continuity of care for these patients. Our innovative approach is 
associated with sustained decreases in the early readmission rate 
for LTACH patients without significant changes in mortality rates. 
We propose that an approach that maintains high continuity of 
care for chronically critically patients is feasible and may improve 
outcomes for these patients.
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