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Background: Sepsis survivors often suffer from new morbidities. Current rehabilitation therapies are not tailored to their specific needs. The perspective of sepsis survivors and their caregivers on rehabilitation and aftercare is insufficiently understood. We aimed to assess how sepsis survivors in Germany rated the suitability, extent and satisfaction with rehabilitation therapies that they underwent in the year following the acute sepsis episode.

Methods: Prospective mixed-methods, multicenter study among a cohort of adult ICU-treated sepsis survivors and their caregivers. Interviews were conducted 6 and 12 months after ICU discharge by telephone and comprised closed as well as open-ended questions. Primary outcomes were the utilization and patient satisfaction with inpatient and outpatient rehabilitation and post-sepsis aftercare in general. Open-ended questions were analyzed according to the principles of content analysis.

Results: Foun hundred interviews were performed with 287 patients and/or relatives. At 6 months after sepsis, 85.0% of survivors had applied for and 70.0% had undergone rehabilitation. Among these, 97% received physical therapy, but only a minority reported therapies for specific ailments including pain, weaning from mechanical ventilation, cognitive deficits of fatigue. Survivors were moderately satisfied with the suitability, extent, and overall results of received therapies and perceived deficits in the timeliness, accessibility, and specificity of therapies as well as deficits in the structural support frameworks and patient education.

Conclusion: From the perspective of survivors who undergo rehabilitation, therapies should already begin in hospital, be more appropriate for their specific ailments and include better patient and caregiver education. The general aftercare and structural support framework should be improved.
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Highlights




• Current inpatient rehabilitation for sepsis survivors in Germany is mostly provided in neurological rehabilitation facilities.

• Therapies mostly focus on physical impairments, whereas less than a quarter of therapies address other ailments, such as pain, weaning from mechanical ventilation, psychological ailments or fatigue.

• Sepsis survivors perceive the suitability, extent, and outcome of rehabilitation therapies as moderately positive.

• Survivors and caregivers describe unmet needs regarding sepsis knowledge, timely rehabilitation, and structural support frameworks for aftercare.



Introduction

Sepsis survivors frequently suffer from long-term sequelae and a reduced health-related quality of life (1, 2). Among older US-Americans, 59.3% of sepsis survivors experienced a worsened cognitive and/or physical function after sepsis (1). An analysis of nationwide German health claims data found that 74.3% of sepsis survivors suffered from new diagnoses and 31.5% were newly dependent on nursing care (3). Many survivors are unable to return to work and require assistance in the activities of daily living (4). Effective treatments and standards for rehabilitation to mitigate long-term impairments are still scarce (5). This likely contributes to the many survivors reporting dissatisfaction with the care and support services provided after hospital discharge as pointed out in an international survey amongst 1,731 respondents from 41 countries (6). Improvements of post-sepsis care and the development of specialized follow-up programs for sepsis survivors are therefore urgently demanded by the World Health Organization and the International Sepsis Forum (5, 7).

Rehabilitation programs are one important measure of post-sepsis care. They can help survivors to regain their functional independence and to reintegrate into normal life as fully as possible - one of the most important domains of their health-related quality of life (8). In the German health care system, patients can apply for medical rehabilitation at their health insurance that determines its type, duration, scope, starting date and implementation. Only rehabilitation institutions which have a service provision contract with health insurance can provide inpatient services (9). Inpatient rehabilitations usually have a duration of 3–4 weeks and provide specialized therapies depending on the subspecialty of the rehabilitation facility. Due to lack of specialized post-sepsis rehabilitation facilities, sepsis survivors are usually treated in neurological, cardiac or orthopedic rehabilitation facilities. In addition, patients have the option of receiving outpatient rehabilitation treatments, such as speech and language, physical or occupational therapy with a varying frequency. To date, we lack knowledge about the current rehabilitation treatment practices after sepsis and how they would best address the needs of sepsis survivors and their caregivers.

We therefore aimed to (i) assess the use of and satisfaction with inpatient and outpatient rehabilitation of sepsis survivors, as well as (ii) to describe the unmet needs of survivors and caregivers.



Materials and methods

This prospective mixed-methods study was approved by the Institutional Review Boards of the Friedrich-Schiller University Jena (2018-1223-Bef) and Charité Universitätsmedizin Berlin (EA4/060/19).


Patient cohort

All adult Intensive Care Unit (ICU) patients with sepsis were recruited between January 2019 and September 2020 from two tertiary care ICUs (medical and surgical specialties, Jena University Hospital and Charité Universitätsmedizin Berlin). Eligible patients were identified from daily screening of the electronic health records and the database of the “Mid German Sepsis cohort” (MSC). Inclusion criteria were age ≥18 years and the diagnosis of sepsis requiring ICU admission. Sepsis was defined by organ dysfunction due to infection (10). The criteria used are reported in Supplementary material S1. Furthermore, patients enrolled in the MSC were invited to participate in our survey study. The MSC is a large prospective cohort of sepsis survivors, who were consecutively enrolled into the MSC after receiving sepsis treatment on one of the five ICUs in Mid Germany (University Hospitals Halle, Leipzig, Jena, Helios Hospital Erfurt, Zentralklinik Bad Berka) between April 2016 and November 2018. For details on the MSC, we refer to the study protocol and cohort profile (11, 12). All patients who were not fluent in German were excluded from the study. To participate in the study, written informed consent by the patient or a legal guardian was required. Each patient was contacted at least twice after hospital discharge with an invitation to participate.



Data collection

Demographics and clinical characteristics of participants were extracted from electronic health records by trained study nurses (Jena University Hospital, MSC patients) or by database inquiries (Charité Berlin). Interviews were scheduled within a six-week time frame after 6 months (follow-up 1) and 12 months (follow-up 2) post discharge from the ICU. Interviews were conducted with patients, relatives or legal representatives by trained physicians or students by telephone and comprised closed as well as open-ended questions (Supplementary material S2). Answers were documented immediately during telephone interviews. Patients who missed the first follow-up interview were eligible to participate in the second follow-up interview.



Outcomes

We investigated the utilization and patient satisfaction with inpatient and outpatient rehabilitation and post-sepsis aftercare in general. We assessed the range of subspecialties of rehabilitation facilities study used by our study participants, which therapies they received during their rehabilitation and how these addressed the needs of their subjective physical, psychological or cognitive impairments. The satisfaction with rehabilitation and aftercare was assessed with three items. Patients rated (1) suitability of the rehabilitation therapy, i.e., whether overall rehabilitation was suited to their impairments, (2) extent, i.e., whether the extent of therapy received was sufficient and (3) satisfaction with the outcome of rehabilitation. Answers were assessed by a 4-point-Likert-Scale ranging from 1 = ‘does not apply’ to 4 = ‘does apply’. The ratings were obtained for aftercare and rehabilitation in general, as well as for each specific impairment for which a rehabilitation therapy was performed. We assessed predictors of satisfaction with aftercare at 12 months post-sepsis among patients that received rehabilitation. Potential predictors were identified by literature search and included extent and suitability of aftercare, age, sex, employment state, number of comorbidities according to the Charlson Comorbidity Index (CCI), maximum Sepsis-related organ failure assessment score (SOFA score), hospital length of stay and use of outpatient therapies. For the CCI, only 17 of the 19 comorbidities were used to calculate the score, as in a subsample no data were available for leukemia and malignant lymphoma. In order to check whether the score of the truncated form was reliable, the correlation between the score of the truncated CCI and the complete CCI was calculated for the subsample with data for all 19 comorbidities (r = 0.99). Furthermore, we investigated associations between health-related quality of life as assessed by the EQ-5D-3L (13) and the satisfaction with aftercare, and nursing care dependency and satisfaction with aftercare at 12 months post-sepsis. Unmet needs of patients and their caregivers were assessed by open-ended questions.



Analyses

Continuous data are reported as means with standard deviations and medians with interquartile ranges [IQR]. For categorical variables, we calculated proportions. To identify predictors of the patients’ satisfaction at 12 months post-sepsis, we performed a multiple linear regression analysis in R (14) using the R package lavaan (15). Standardized regression coefficients (β) from these analyses were reported with 95% confidence intervals and p-values. For the full model, we used R2 as indicator for explained variance. We applied a significance level of α = 0.05. Full Information Maximum Likelihood [FIML, (16)] was used to handle missing data in the regression analysis. To investigate the association between health-related quality of life assessed by the EQ-5D-3L and the satisfaction with aftercare 12 months post-sepsis we calculated Pearson’s correlation. For the association between nursing care dependency and satisfaction with aftercare 12 months post-sepsis a two-sample t-test was conducted. Unmet needs of survivors and caregivers were collected by using open-ended questions. Based on these, replies were analyzed according to the principles of content analysis (17) by two independent social scientists using the MAXQDA software (18). If one interviewee named more than one complemented deficit or wish, only one was counted to avoid double counting.




Results

Out of 1,536 screened patients with ICU treated sepsis, 855 survived the hospitalization. Among them, 307 provided informed consent to participate in our study (Figure 1). 20 patients were lost to follow-up. In the remaining 287 patients, 400 interviews were performed with patients and/or relatives (227 at 6 months and 173 at 12 months after ICU discharge). 113 patients were interviewed consecutively at 6 and 12 months post ICU discharge, while 114 and 60 patients participated in either 6- or 12-months interviews, respectively. 68.8% of interviews were conducted with the patients, 21.3% with their caregivers and 10.1% with both.
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FIGURE 1
 Flow of patient inclusion.


Patients’ demographics and post-sepsis characteristics are provided in Tables 1, 2. The median age of participants was 65 (IQR 17) years, 67.2% were male. Half of patients were treated for septic shock (50.2%). The median maximum SOFA score was 11 (IQR 5), and 88.2% of patients received mechanical ventilation (Table 1). At 6 (and 12 months) after hospital discharge, 85.0% (89.6%) of patients had returned home while 7.9% (5.8%) were living in nursing homes and 48.9% (49.7%) of patients were dependent on formal or informal nursing care (Table 2). At 6 months, the mean EQ-5D-3L visual analogue scale (VAS) was 55.0 ± 24.0 (standard deviation, SD) and the mean utility score 0.62 ± 0.35 (SD). At 12 months, mean EQ-5D-3L VAS and utility score remained unchanged [55.3 ± 25.5 (SD) and 0.61 ± 0.37, respectively].



TABLE 1 Patient demographics and clinical features.
[image: Table1]



TABLE 2 Post-sepsis characteristics of survivors.
[image: Table2]


Rehabilitation: Utilization and patient satisfaction

At 6 months post-sepsis, 80.6% (n = 183) of survivors had applied for inpatient rehabilitation while 63.9% (n = 145) had actually received inpatient rehabilitation. At 12 months post-sepsis, these proportions increased to 85.0% (application) and 70.0% (completed rehabilitation). Overall, 6.9% of rehabilitation applications were rejected by health insurance providers at 12 months post-sepsis.

Patients mostly applied for rehabilitation for physical impairments (Table 2). Patients who had received inpatient rehabilitation were most often treated in rehabilitation facilities with neurological focus (43.2%, Figure 2A). Common rehabilitation therapies included: 96.7% physical therapy, 60.7% occupational therapy, and 40.1% rehabilitation sports (Figure 2B). Figure 2C shows impairments addressed by rehabilitation therapies. Rehabilitation most often addressed survivors’ physical impairments (97.3%), and less often other impairments, ranging from pain (8.6%) to difficulties with normal activities/fatigue (23%). Of note, psychological problems (17.6%) and weaning from ventilation (12.9%) were rarely addressed.

[image: Figure 2]

FIGURE 2
 (A) Specialties of inpatient rehabilitation utilized by sepsis survivors (combined for 6 and 12 months interview). (B) Therapies received in rehabilitation by sepsis survivors (combined for 6 and 12 months interview). (C) Impairments of sepsis survivors addressed during the rehabilitation (combined for 6 and 12 months interview).


Overall rating of suitability, extent and outcome of rehabilitation therapies received at 6 and 12 months was moderately positive (mean 3.2 [SD 1.1] to 3.4 [SD 1.0] on a scale from 1 [negative] to 4 [positive]; Figure 3). Respondents also rated therapies for specific ailments moderately positive (mean between 3.0 and 3.8), with the highest rating for weaning from mechanical ventilation (mean 3.8 [SD 0.4] to 3.6 [SD 0.7] and the lowest rating for pain and psychological impairments (mean 3.0 to 3.3, Figure 3). Likewise, rating for inpatient and outpatient aftercare in general was similar (mean 3.3 [SD 1.0], to 3.2 [SD 1.0], Figure 3).

[image: Figure 3]

FIGURE 3
 Rating of satisfaction with fit, extent and outcome of (A) rehabilitation by impairment and (B) rehabilitation and aftercare in general (combined for 6 and 12 months interview).


At 6 months (and 12 months) post-sepsis, 51.5% (52.6%) of survivors received outpatient rehabilitation therapies, respectively. Physical therapy (44.9%), occupational therapy (15.0%) and speech and language therapy (9.2%) were most common therapies. The median duration of these therapies was 20 IQR = 46 days.



Satisfaction with aftercare

Average rating of suitability, extent, and satisfaction with aftercare at 6 and 12 months was also moderately positive (mean 3.1–3.3, Figure 3). In the multiple linear regression, we found that suitability and extent of aftercare were significantly associated with satisfaction with aftercare at 12 months post-sepsis (β = 0.149, p = 0.008, and β = 0.827, p < 0.0001, respectively). Age, gender, the number of comorbidities according to Charlson Comorbidity Index, employment state, maximum SOFA score, hospital length of stay and the provision of outpatient rehabilitation therapies were not associated with the patients’ satisfaction with aftercare (Table 3). The model explained 92% of the variance of 12-months satisfaction with aftercare (R2 = 0.92). Moreover, 12-months satisfaction with aftercare was slightly positively correlated with EQ-5D-3L VAS at that time point (r = 0.28). We found that the satisfaction with aftercare did not differ significantly between groups with (3.1 ± 1.1 [SD]) and without (3.2 ± 1.1 [SD]) need for formal or informal nursing care (p = 0.701). Average satisfaction with aftercare were similar at 6 and 12 months in patients that participated in both interviews (3.2 ± 1.1 and 3.1 ± 1.1, respectively).



TABLE 3 Standardized regression coefficients, p-values and 95%-confidence intervals from the multiple linear regression analyses for the outcome satisfaction with aftercare at 12 months after ICU discharge (n = 122).
[image: Table3]



Unmet needs of survivors and caregivers

Eighty-Nine patients, their relatives or legal representatives named perceived unmet needs and deficits in rehabilitation and/or aftercare of sepsis. Supplementary Table S1 lists unmet needs as they were mentioned in the interviews including their definitions. They divide into three core categories: unmet needs regarding (a) sepsis knowledge, (b) in-patient rehabilitation after hospital discharge, and (c) aftercare and structural support frameworks (Figure 4). Most of the statements were classified within the category “in-patient rehabilitation after hospital discharge,” and the most frequent mentioned unmet need was patient education about sepsis in the category “sepsis knowledge” Moreover, a prompt further treatment after hospital discharge, the need for out-patient structural non-medical support frameworks, the need of structures for medical aftercare as well as appropriate measures during in-patient rehabilitation care were wished by more than ten interviewees.

[image: Figure 4]

FIGURE 4
 Categorized unmet needs in post–acute rehabilitation and aftercare.





Discussion

This mixed-method study assessed how sepsis survivors experienced rehabilitation and aftercare in Germany. At 6 months after sepsis, 85.0% of survivors had applied for rehabilitation therapy and 70.0% had undergone such therapy at the time of the interview. Given that specific rehabilitation therapies for sepsis sequelae do not exist in Germany, most therapies addressed physical impairments and were provided in neurological facilities although sepsis survivors typically suffer from a range of new cognitive, psychological and physical problems. Less than a quarter of sepsis survivors received specific therapies for their other ailments, including pain, weaning from mechanical ventilation, psychological ailments or fatigue.

Survivors reported overall moderately positive satisfaction with the suitability, extent, and overall results of the rehabilitation, but also perceived deficits in the provision of sepsis-specific in-patient rehabilitation and aftercare and demand better structural support frameworks and patient education. Satisfaction with aftercare is determined by its extent and suitability to a large degree. Given the broad spectrum of possible post-sepsis impairments (2), the high risk of rehospitalization (19) and the life-changing impact of sepsis on survivors and caregivers (20), the lack of structured aftercare and support might prolong recovery (21) and even increase long-term mortality (22). Thus, these results of our study underscore the necessity of improvements in these areas. Our results also have important implications with regard to Covid-19 survivors, as a considerable proportion of Covid-19 patients were affected by sepsis in the acute phase of their disease (23) and long-term impairments after similar and potentially overlapping (24). Therefore, knowledge and experiences from rehabilitation of sepsis survivors can be transferred to COVID-19 survivors (25), which similarly can profit from multidisciplinary rehabilitation for cognitive, psychological and physical impairments (24, 26).

The deficits perceived by survivors are in accordance with an international survey among 1731 sepsis survivors, in which respondents reported their dissatisfaction with the provision of support services in their sepsis and post-sepsis care, particularly with the lack of psychological counseling, education related to post-sepsis symptoms and social services support (6). Similarly, a qualitative study among sepsis survivors and their caregivers in the UK and the US found that the lack of awareness of post-sepsis symptoms and barriers in the access of health care providers and ancillary services after discharge are major challenges perceived (20). These deficits may arise from lacking awareness of the needs of sepsis survivors (20) and the fact that comprehensive post-acute structures are missing, including education, assessment, and rehabilitation facilities. To date, evidence on effective sepsis-specific aftercare is still scarce and isolated strategies examined in previous research, such as post-intensive care ambulances or case-management approaches, did not prove effective to improve psychological impairments or health-related quality of life in sepsis survivors (27, 28). Effective case-management alone did not achieve a change in utilized rehabilitation measures probably because of the lack of suitable measures (27). However, in line with the most recent research, survivors may benefit from structured post-sepsis bundles in outpatient care (22), such as optimization of medication, screening for common impairments and preventable causes of deterioration, and advanced care planning, and post-acute inpatient rehabilitation (29). Moreover, patients may also benefit from an increased provision of follow-up care in existing health care structures.

Our results expand the current knowledge on the use and satisfaction with rehabilitation. Although the rehabilitation system in Germany is unique for instance by the fact that most rehabilitation therapies are conducted in specialized inpatient facilities (30), our study also generates insights valuable for other countries and rehabilitation systems. On the one hand, sepsis survivors suffer from diverse and often overlapping new cognitive, psychological and physical impairments after the acute disease, which require multidisciplinary as well as specific rehabilitation therapies. Rehabilitation tailored toward physical impairments, such as neurological rehabilitation, may therefore not sufficiently address the rehabilitation needs of sepsis survivors. On the other hand, if patients received rehabilitation, subjective patient satisfaction with the rehabilitation was high, even if the rehabilitation only addressed some of the survivors’ impairments. A survey study amongst patients that had received inpatient rehabilitation in Germany found that the general atmosphere (admission procedures, accommodation, catering, service, organization and nursing care) at the rehabilitation facility was the most important contributor to patient satisfaction, followed by the success of the rehabilitation and the quality of the medical care received (31). Considering these findings, high satisfaction perceived by sepsis survivors may be driven by other factors beside the concordance with post-sepsis impairments, which warrants further investigation to better understand contributors to patient satisfaction with post-sepsis rehabilitation and care.

The strengths of our study include the survivor cohort which was identified by a complete screening of ICU patients of two tertiary care hospitals and the Mid-German Sepsis Cohort. By using a mixed-method approach, we were able to complement findings from closed questions with specific perspectives of sepsis and caregivers. Our results deepen the understanding of post-sepsis aftercare and can help to inform patients and families, caregivers, medical professionals and health policy makers on the needs of sepsis survivors regarding rehabilitation, aftercare and patient education.

However, the following limitations need to be considered. First, our study only included patients, relatives, caregiver and legal guardians, who gave informed consent for participation (around one third of eligible sepsis survivors). This may have introduced a selection bias toward patients with less severe sepsis manifestations (12) and limits the generalizability of results. It may also be a possible explanation for the considerably higher proportion of survivors that received post-acute inpatient rehabilitation in our study (70.0%) compared to the findings of a population-based health claims study in Germany (5.5% with discharge to rehabilitation). Above that, our study included ICU-treated sepsis survivors, why our data cannot be generalized to all sepsis survivors including survivors after sepsis treated on regular wards. Second, we assessed the concordance of rehabilitation therapies and new impairments by assessment of self-reported sepsis sequelae, thus we cannot rule out a certain information bias (self-reporting bias). Third, we lack information on the underlying diseases of patients, that may have caused the initial acute care hospitalization and may have contributed to the choice of rehabilitation facilities (e.g., heart attack – cardiopulmonary rehabilitation). Fourth, our study was partly conducted during the COVID-19 outbreak, which may have influenced the use and availability of rehabilitation therapies and aftercare. Fifth, our study did not include a control group, thus we cannot conclude if our observations are sepsis-specific. Further observational studies are needed to investigate to which degree the needs of sepsis survivors differ from other survivors of critical illness or other acute, life-threatening illnesses such as stroke and myocardial infarction.



Conclusion

Sepsis-specific, interdisciplinary rehabilitation and aftercare, structural support and education may be important measures to improve survivors’ satisfaction with post-sepsis rehabilitation and aftercare. As prerequisite, effective elements of structured post-sepsis aftercare need to be defined and necessary structures within the health system established.
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