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Abstract

Objectives

To identify the preventability, determinants and causes of unplanned hospital readmissions

within 30 days of discharge using a multidisciplinary approach and including patients’

perspectives.

Design

A prospective cross-sectional single-center study.

Setting

Urban teaching hospital in Amsterdam, the Netherlands.

Participants

430 patients were included. Inclusion criteria were: age� 18 years, discharged from one of

seven participating clinical departments and an unplanned readmission within 30 days.

Methods

Residents from the participating departments individually assessed whether the readmis-

sion was caused by healthcare, the preventability and possible causes of readmissions

using a tool. Thereafter, the preventability of the cases was discussed in a multidisciplinary

meeting with residents of all participating departments and clinical pharmacists. The primary

outcome was the proportion of readmissions that were potentially preventable. Secondary

outcomes were the determinants for a readmission, causes for preventable readmissions,
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the change in the final decision on preventability after the multidisciplinary meeting and the

value of patient interviews in assessing preventability. Differences in characteristics of

potentially preventable readmissions (PPRs) and non-PPRs were analyzed using multivari-

able logistic regression.

Results

Of 430 readmissions, 56 (13%) were assessed as PPRs. Age was significantly associated

with a PPR (adjusted OR: 2.42; 95%, CI 1.23–4.74; p = 0.01). The main causes for PPRs

were diagnostic (30%), medication (27%) and management problems (27%). During the

multidisciplinary meeting, the final decision on preventability changed in 11% of the cases.

When a patient interview was available, it was used as a source of information to assess

preventability in 26% of readmissions. In 7% of cases, the patient interview was mentioned

as the most important source.

Conclusion and implications

13% of readmissions were potentially preventable with diagnostic, medication or manage-

ment problems being main causes. A multidisciplinary review approach and including the

patient’s perspective could contribute to a better understanding of the complexity of read-

missions and possible improvements.

Introduction

Unplanned readmissions are a stressful and disappointing event for both patients and health-

care professionals. Also, unplanned readmissions within a month after discharge can be used

as a parameter of quality of care [1,2]. Readmission rates above the benchmark have even been

used as financial penalties for healthcare institutions [3]. Using readmission rates as a quality

parameter illustrates a belief that readmissions are avoidable and a sign of insufficient care,

and this assumption is being questioned [4,5,6]. Researchers argue that not all readmissions

are preventable and that the proportion of potentially preventable readmissions (PPRs) would

be a better parameter of quality of care, rather than the total number of readmissions [6].

Focusing on PPRs would also identify areas of improvement [4]. Measuring preventability,

however, poses some challenges since it lacks a clear definition and objective measuring tool.

This causes confusion in methodology and comparability of study results, possibly explaining

the wide variety in reported preventable readmissions [5–10]. In a review on hospital admis-

sions considered avoidable, a preventability proportion between 5% and 79% was reported [7].

In most studies, a preventability assessment is performed by one or more attending physi-

cians [7]. Their assessment may be limited to looking for causes mainly within their own

department and clinical specialty. Although still a subject of debate, a multidisciplinary

approach may help to capture the patient’s complexity in terms of comorbidities, polyphar-

macy, nursing care, or social and psychological needs [7,9,11]. Within this multidisciplinary

approach, the preferred method to examine harm due to care is the patient’s chart review [2],

as opposed to only using discrete data obtained from hospital systems. By using the patient’s

chart as a source, all relevant information is accessible. Additional information from, for exam-

ple, nurse or physician summaries or from the patient himself may play an important role in

assessing preventability [7,9,11].
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Most studies on the causes and preventability of readmissions are performed in the United

States and the United Kingdom [7], while availability of preventability rates for other Euro-

pean countries is limited.

Therefore, the aim of the current study is to assess the preventability, determinants and

causes, of unplanned hospital readmissions within thirty days of hospital discharge, using a

multidisciplinary approach and including patients’ perspectives. Also, potential preventive

actions were assessed.

Research design and methods

Study design and setting

A cross-sectional single-center observational study was conducted from 15 July 2016 until 30

April 2017. Patients were included after being admitted to a teaching hospital in Amsterdam,

the Netherlands. Inclusion criteria were: unplanned readmissions of adult patients (� 18

years) within thirty days after discharge from an earlier admission (index admission = IA)

from one of the participating departments: cardiology, gastroenterology, internal medicine,

neurology, psychiatry, pulmonology and general surgery. Participating departments were

selected based on the highest number of unplanned readmissions during previous years. Only

a patient’s first readmission was included.

Exclusion criteria were: patients who were transferred to another hospital during IA and

patients who left the hospital against medical advice during IA. Furthermore, a readmission

was excluded if it was deemed unrelated to the IA.

The study was approved by the Advisory Committee Scientific Research of OLVG hospital

(Advies Commissie Wetenschappelijk Onderwijs). Informed consent was obtained from

patients for the interview and to contact the community pharmacist or general practitioner for

additional information (e.g., on medication adherence).

Study process and data collection

Screening of readmissions. A list of unplanned readmissions was generated within the

hospital information system showing all readmitted patients within thirty days of discharge.

This list was manually screened by the study coordinator, who was a medical doctor, for inclu-

sion, during week days. The study coordinator initially assessed if the readmission was related

to the IA. This was double checked by the resident of the department of the IA. If the two assess-

ments were not in agreement, the case was discussed in a multidisciplinary meeting (see below).

Assessments by residents. After inclusion criteria were met, the resident of the discharg-

ing department during the IA was asked to assess the IA and readmission using a review tool. The

purpose of the resident review tool was to structure the assessment process of the residents, mak-

ing the scoring process more uniform across departments and to facilitate possible discussion.

The review tool consisted of a semi-structured questionnaire. Admission diagnoses and the pres-

ence of contributing factors to the readmission were noted (S1 and S2 Tables). Then, causation

was scored using a six-point scale (S3 Table). Causation was defined as the extent to which the

provided care during IA, and the subsequent outpatient follow-up care provided by the hospital,

caused the readmission. A score� 4 was defined as a causal readmission, on a scoring scale of 1

to 6 [12,13]. Subsequently, preventability was assessed for readmissions with a causation

score� 4, on a scoring scale of 1 to 6 (S3 Table). A readmission was considered preventable if cer-

tain action(s) (not) taken during IA or subsequent outpatient follow-up care provided by the hos-

pital could have prevented the readmission, taking into consideration relevant current guidelines.

If a readmission received a preventability score of four or higher, causes and possible pre-

ventive actions were noted in free text fields. The causes were based on the following
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categories: surgery, procedural, nosocomial infection, medication, diagnostic, management or

system error (S4 Table).

For determination of causality and preventability, the residents received the discharge letter

of the IA, the admission notes of the readmission and a transcript of the patient interview,

including a summary. For additional information, the residents could consult the patient file

in the hospital information system. In the resident review tool, residents noted which informa-

tion was used to assess preventability (e.g., patient interview, nurse summary, discharge letter)

and which information was crucial.

Assessments by multidisciplinary meetings. The resident-reviews were evaluated by the

research coordinator and a clinical pharmacist. All reviews that scored� 4 on preventability

or that seemed unclear were selected to be discussed during a multidisciplinary meeting

attended by all residents of the participating departments. During these meetings, consensus

on the preventability was assessed, resulting in the definitive preventability score. Again, a

score of� 4 represented the assessment by the group, that a readmission was potentially pre-

ventable with an estimated chance of> 50% (S3 Table).

Secondly, during these meetings the reasons why the readmission was deemed preventable,

the causes of the preventable admission and possible interventions that could have prevented

the readmission were discussed. To assess the additional value of the multidisciplinary meeting

in assessing preventability, the research coordinator documented how often the preventability

score changed due to the multidisciplinary meeting.

Residents’ training. All participating departments and the hospital pharmacy supported

the study with at least one resident to complete the reviews.

All residents received a group training prior to the start of the study regarding the review

process and tool. A manual was available to guarantee consistency in the review process. The

resident review tool was developed based on previous studies and expert opinion [12–14].

In accordance with previous studies [15], all residents could verify their conclusions with a

senior professional. The first month of this study was a pilot phase to evaluate the feasibility

and reliability of the screening, interview and review process. Based on the outcome of the

pilot, several minor adaptations were made. The readmissions that were included during the

pilot phase, were included in the final analysis.

Patients’ interview. Upon inclusion, the patient or the caregiver was interviewed during

admission. If the patient was already discharged, patients were contacted by phone. A maxi-

mum of three telephonic attempts were made.

The patient perspective was explored by a trained medical student, using a semi-structured

interview guide. The structured patient interview guide was developed based on the available

literature and expert opinion [16–21]. The topics addressed were: patient consultation with

general practitioner, adherence to medical advice (e.g., medication, life style and dietary

restrictions), presence of social support and patient’s perspectives on preventability of the

readmission. Additionally, information on socio-demographic characteristics and health liter-

acy (scoring scale 0–4,) using the “Set of Brief Screening Questions” [19,21], was gathered.

Readiness for discharge and the self-perceived health status were documented using the B-pre-

pared questionnaire [20]. To assess the value of the patient interview, the number of times that

the patient interview was used as a source to assess preventability was extracted from the resi-

dent review tool.

Outcomes

The primary outcome was the proportion of readmissions that was assessed as potentially pre-

ventable (causality score� 4 and preventability score� 4).
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The secondary outcome variables considered the determinants for a PPR compared to a

non-PPR and causes of PPRs. The additional value of multidisciplinary meetings and the

patient interview in assessing preventability was evaluated. Finally, potential preventive actions

were assessed.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) version 21.0 (IBM Analytics) was used.

Categorical variables are reported as frequencies. Normally or non-normally distributed con-

tinuous variables are reported as the mean with the standard deviation (SD) or median with

the interquartile range (IQR), respectively, unless stated otherwise.

Multivariable logistic regression analysis was used to compare PPRs and non-PPRs and

assess determinants, adjusting for possible confounding. The determinants assessed were

socio-demographic data and admission characteristics. A manual stepwise forward logistic

model was used. Possible confounders (p< 0.2) were entered consecutively into the model.

When the β-coefficient changed� 10%, the contribution was considered relevant and the con-

founder remained in the model. Crude and adjusted odds ratio’s (ORs) with 95% confidence

intervals (95% CIs) and p-values were calculated.

For the preventive actions, a qualitative data exploration was used, independently assessed

by EK and EU. Themes were identified to categorize these interventions.

Results

A total of 646 readmissions were screened. Of these readmissions, 94 (15%) were considered

to be unrelated to the IA. This resulted in the assessment of 552 (85%) related readmissions for

430 unique patients. Table 1 shows the patient characteristics and admission characteristics.

Included patients had a mean age of 63 years (SD 17.6) and gender was equally divided

between PPRs and non-PPRs.

Causality and preventability scoring

Of 430 first readmissions, 201 (47%) had a causation score of� 4. Fifty-six readmissions were

subsequently considered to be preventable during multidisciplinary meetings (13% of the

included 430 readmissions in total).

Determinants for PPR

Patients with a PPR were significantly older than patients with a non-PPR (62 years versus 69

years, p = 0.011). Older age (i.e., older than 65 years) was significantly associated with a PPR

(unadjusted OR 1.9 (95% CI 1.0–3.6; p = 0.049); adjusted OR 2.42 (95% CI 1.23–4.74;

p = 0.01). All other characteristics in Table 1 showed no significant difference between PPRs

and non-PPRs.

Causes of potential preventable readmissions

Fig 1 shows the causes of potential preventable readmissions. The most reported causes were

diagnostic (30%), medication (27%) and management (27%) problems.

Multidisciplinary meetings

Thirteen multidisciplinary meetings were held to discuss 106 (25%) of 430 readmissions. The

group discussion resulted in an increase of the preventability in five cases (5%) and a non-pre-

ventable conclusion in seven (7%). Thus, in 11% of the cases, the multidisciplinary meeting
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resulted in a change in the final preventability conclusion. In another twenty cases (19%), a

change in the score was made but without consequences for the final preventability

conclusion.

Table 1. Patient and admission characteristics (n = 430).

Characteristics Total population n = 430 Non-preventable readmissions n = 374 (87%) Preventable readmissionsa n = 56 (13%)

Patient characteristics
Age in years, mean (SD) 62.9 (17.6) 62 (17.5) 68.5 (17.3)

Male, n (%) 211 (49.1) 180 (48.1) 31 (55.4)

Language barrier present, n (%) 88 (20.5) 79 (21.1) 9 (16.1)

Living alone, n (%) 203 (47.2) 176 (47.1) 27 (48.2)

Discharged to home, n (%) 376 (87.4) 329 (88) 47 (83.9)

� 2 previous hospital admissions, n (%) 60 (14) 55 (14.7) 5 (8.9)

Index admission characteristics
Unplanned admission, n (%) 334 (77.7) 291 (77.8) 43 (76.8)

Duration of stay in days (range) 4 (2–9.3) 4.5(2–9) 4 (1.3–11.8)

� 3 medication changes, n (%) 184 (42.8) 157 (42) 27 (48.2)

� 5 medicines at discharge, n (%) 312 (72.6) 270 (72.2) 42 (75)

Medication reconciliation at discharge, n (%) 201 (46.7) 179 (47.9) 22 (39.3)

Discharge on Saturday or Sunday, n (%) 63 (14.7) 54 (14.4) 9 (16.1)

Discharge letter sent� 2 days, n (%) 120 (27.9) 103 (27.5) 17 (30.4)

Planned post-discharge outpatient visit, n (%) 367 (85.3) 323 (86.4) 44 (78.6)

Time until readmission, days (range) 9 (4–17) 10 (4–18) 7 (2–13)

a Potential preventable readmissions as assessed in the multidisciplinary meetings

https://doi.org/10.1371/journal.pone.0229940.t001

Fig 1. Causes of potentially preventable readmissions. Causes of preventable readmissions as decided in the multidisciplinary

meetings (n = 56).

https://doi.org/10.1371/journal.pone.0229940.g001
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Patient interviews

Two-hundred and twenty-seven interviews (53%) were conducted: 200 with the patient and 27

with a caregiver. An interview was not available for 203 (47%) patients. Causes were cognitive

and/or physical problems (n = 34), severe illness (n = 23), a language barrier (n = 29), death

(n = 13), unwillingness to participate (n = 39) or failed attempts to contact the patient (n = 50),

as well as miscellaneous causes (n = 15).

Table 2 shows the results of the patient interviews, divided by non-PPRs versus PPRs (based

on the definitive outcome determined during the multidisciplinary meeting). Some tentative

results were that patients with a PPR had consulted the general practitioner more often, expected

less often that they would be readmitted, and more often had a poor self-experienced health status.

Agreement on preventability as considered by the patient (or their carer) and as determined

by the consensus score in the meeting by the health care professionals occurred for 19 of 56

(34%) of the cases.

The patient interview was mentioned 15 times as a crucial source to assess preventability

(7% of 227 interviews). The patient interview was also mentioned 60 times as a secondary

source and more often in PPRs (PPRs vs non-PPRs: 36% vs 11%, p = 0.07).

For information on all sources used by the residents, see S1 Data.

Preventive actions

Table 3 shows the synopsis of themes based on the free text fields on the suggested preventive

actions of 56 PPRs. Over half of readmissions were deemed preventable by more comprehen-

sive diagnostic assessment and closer monitoring of and acting on insufficient responses to

treatment.

Discussion

This study identified that 13% of readmissions are potentially preventable. Age was signifi-

cantly associated with a PPR (adjusted OR: 2.42; 95% CI 1.23–4.74; p = 0.01). The main causes

Table 2. Results of patient and/or carer interviews (n = 227). The results are divided by non-preventable readmissions (non-PPRs) versus potentially preventable read-

missions (PPRs) based on the multidisciplinary group discussion of caregivers.

Population with a complete interview n = 227 Non-PPRs n = 196 (86.3%) PPRs n = 31 (13.7%)

Patients interviewed, n (%) 200 (88.1) 174 (88.8) 26 (83.9)

Dutch nationality, n (%) 141 (62.1) 122 (62.2) 19 (61.3)

Low education level, n (%) 41 (18.1) 35 (17.9) 6 (19.4)

Social support available, n (%) 189 (83.3) 162 (82.7) 27 (87.1)

Poor self-experienced health status, n (%) 86 (37.9) 71 (36.2) 15 (48.4)

Inadequate health literacya, n (%) 51 (22.5) 44 (22.4) 7 (22.6)

B-Prepared, mean scoreb ±SD 16.7 ± 4.2 16.6 ± 4.3 16.9 ± 3.6

Patients reported dietary and lifestyle advice, n (%) 72 (31.7) 67 (34.2) 5 (16.7)

Patients reported adherence to dietary and lifestyle restrictions 49 (68.1) 45 (67.2) 4 (80.0)

Visited general practitionerc, n (%) 104 (45.8) 86 (43.9) 18 (58.1)

Discharged prematurely, n (%) 84 (37) 72 (36.7) 12 (38.7)

Preventive actions possible, n (%) 106 (46.7) 92 (46.9) 14 (45.2)

Expected readmission, n (%) 54 (23.8) 53 (27) 1 (3.2)

aInadequate health literacy based on score that ranges from 0–4. “Low” was set at a score of 2 or lower. SBSQ questionnaire used19,21.
bB-Prepared score that ranges from 0–22, a higher score represents a higher level of perceived preparedness20.
cThe patient visited a general practitioner between the index admission and readmission.

https://doi.org/10.1371/journal.pone.0229940.t002
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for PPRs were diagnostic, medication and management problems. A multidisciplinary review

approach changed the final conclusion on preventability in 11% of cases. The patient interview

was crucial for drawing a conclusion in 7% of readmissions and used as a source to inform the

review in 26% of readmissions.

The percentage of preventable readmissions, 13%, was lower than expected [7]. However,

most previous studies were performed in the USA. The causes for this difference may be due

to patient mix, the definition of preventability and the context of the study. Our findings are

consistent with a recent European study, which was partly conducted in The Netherlands and

found 14% of readmissions to be preventable [22].

Readmitted patients were significantly older than non-readmitted patients. No other deter-

minants were found in this study. Other studies reported different determinants for preventable

readmissions, which could be due to differing patient mix, sample size and how preventability

was assessed in the different studies [23–25]. Further research into the determinants is needed.

Three main causes for PPRs were found: diagnostic (e.g., misdiagnosis or delayed diagno-

sis), medication (e.g., incorrect prescription or use) and management problems (e.g., inade-

quate discharge planning or integrated care/transition of care issues). These finding were

largely comparable with the results of van Walraven et al [14]. The multidisciplinary approach

of using residents from seven departments and pharmacists might explain the main causes

that were found in this study; a multidisciplinary approach is likely to contribute to a broader

view on the patient’s symptoms and care needs. Interdepartmental, integrated care issues and

medication errors were recognized by the different members of the team. Previous studies

using a multidisciplinary approach are limited [15,23,26,27] and, to our knowledge, none of

them specifically described the added value of this approach. The multidisciplinary meeting

resulted in a modification of the final conclusion on preventability in 1 in 9 cases. These find-

ings underline the value of the multidisciplinary approach; it is helpful to more comprehen-

sively assess readmissions, considering the complexity of most patients, especially the elderly,

and the number of patients readmitted within thirty days to other departments [24].

The patient interview was crucial for residents in assessing preventability in 1 in 14 cases.

We did not systematically assess which specific information in the patient interview was of

crucial value for the preventability assessment. To our knowledge, only one study in pediatric

patients systematically assessed the value of the patient’s perspective [3]. Future studies should

also take this into account. Also, the perspectives of primary care providers should be included

[4,9]. Currently, readmissions are used to monitor quality of hospital care; therefore, prevent-

ability is often assessed from a hospital’s perspective. However, patients and primary care pro-

viders report on other issues regarding readmissions as compared to hospital care providers

[28].

Table 3. Possible interventions to prevent readmissions according to residents (n = 56).

Intervention categories Number (%)

1. Broader differential diagnosis and/or additional investigation needed 12 (21%)

2. More strict evaluation of treatment outcome (and if applicable, action upon treatment outcome) 10 (18%)

3. A more adequate work-up/assessment of symptoms, complaints and/or care need. 9 (16%)

4. Medication policy (e.g., other medicine(s), slower or quicker dose changes) 7 (13%)

5. Consultation of another specialized care provider and/or another hospital department 7 (13%)

6. Longer length of stay/observation time at index admission 6 (11%)

7. Better communication with other care providers 2 (4%)

8. Better patient education 2 (4%)

9. Unclassifiable 1 (2%)

https://doi.org/10.1371/journal.pone.0229940.t003
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A strength of this study is the inclusion of a broad range of departments, including a multi-

disciplinary approach and the patient’s perspective. However, limitations also need to be dis-

cussed. Firstly, although we included patients prospectively, the retrospective assessment of

preventability could result in hindsight and recall bias. However, the time between inclusion

and the review of cases was short, and the influence of hindsight bias was discussed during the

multidisciplinary meetings. Secondly, not all readmission cases were discussed during the mul-

tidisciplinary meetings in order to increase the practical feasibility of this research. Inclusion

was determined by subjective assessment by a member of the discharging department. This

could lead to non-inclusion of patients who might have had a PPR, thus preventable readmis-

sion cases could therefore have been underestimated.

However, the coordinating researcher and clinical pharmacist did additional checks and

included readmission cases for the multidisciplinary meeting if questions arose. Thirdly, the

coordinating researcher screened reviews for inconsistencies and protocol compliance. How-

ever, the interrater agreement was not calculated—instead regular multidisciplinary meetings

were conducted to obtain consensus—a senior consultant could be asked for input and a

group training was provided, an approach consistent with Auerbach et al [29]. Previous studies

have also worked with residents as reviewers [30,31].

Conclusion and implications

In conclusion, one in eight readmissions were regarded potentially preventable. Patients with

PPRs were older. Diagnostic, medication or management problems were major causes of

PPRs. A multidisciplinary review approach and including the patient’s perspective could

contribute to a better understanding of the complexity of readmissions and possible

improvements.
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