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Purpose: Early readmission rate has been regarded as an indicator of in-hospital and post-

discharge quality of care. Evaluating the contributing factors is crucial to optimize the

healthcare and target the intervention. In this study we evaluated the potential for preventing

30-day hospital readmission in a cohort of older patients and identified possible risk factors

for readmission.

Patients and methods: Diagnosis-Related Group (DRG) codes of patients consecutively

hospitalized for acute disease in the Geriatrics Unit of the University Hospital of Pisa within

a 1-year window were recorded. All the patients had received a comprehensive geriatric

assessment. Crossing and elaboration of the DRG codes was performed by the Potentially

Preventable Readmission Grouping software (3M™ Corporation). DRG codes were classified

as stand-alone admissions (SA), index admissions (IA) and potentially preventable read-

missions (PPR) within a time window of 30 days after discharge.

Results: In total, 1263 SA and 171 IA were identified, with an overall PPR rate of 11.9%.

Hospitalizations were significantly longer in IA and PPR than SA (p<0.05). The more

frequent readmission causes were acute heart failure, pulmonary edema, sepsis, pneumonia

and stroke. In acute heart failure a nonlinear U-shaped readmission trend (with nadir at 5

days of hospitalization) was observed while, in all the other DRG codes, the PPR rate

increased with increasing length of hospitalization. Comprehensive geriatric assessment

showed a significantly lower degree of disability and comorbidity in SA than IA patients.

At stepwise regression analysis, a high degree of disability and comorbidity as well as the

diagnosis of sepsis emerged as independent risk factors for PPR.

Conclusion: Addressing PPR is crucial, especially in older patients. The adequacy of

treatment during hospitalization (especially in cases of sepsis) as well as the setting of a

comprehensive discharge plan, accounting for comorbidity and disability of the patients, are

essential to reduce PPR.

Keywords: potentially preventable readmission, length of stay, multidimensional geriatric

assessment, older patients, frailty

Introduction
Early readmissions represent an ongoing and worldwide challenge in clinical

settings, being a huge social and economic burden, especially in older people.1–3

One of the first studies on readmissions, which can be seen as an indicator of both

prognosis and quality of care, was done in the UK, evaluating hospital readmissions

within 28 days from discharge over 17 years. The readmission rate, in elective and

emergency settings, increased in 1985 compared to 1968, possibly because of the
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shorter length of stay and managerial reasons.4 One of the

possible reasons of early readmission has been identified

as poor management of early follow-up after discharge.2 In

addition to poorer health status and chronic diseases,5

markers of frailty and disability have been identified as

risk factors for readmission in an older population.6 That

was confirmed in a systematic review, which identified

morbidity and disability as risk factors for readmission,

together with prior admissions and duration of hospital

stay.7 Considering the complexity of the geriatric patient

and the negative impact of readmissions on the prognosis,

a full exploratory evaluation of the older patients, compre-

hensive multidisciplinary approach and post-discharge

plan, is necessary to address the main risk factors for

readmission and reduce readmissions themselves. The

aim of the current study was to evaluate the 30-days read-

missions in a cohort of geriatric patients consecutively

discharged from the Geriatrics Unit of the University

Hospital of Pisa, from 1 July 2016 to 30 June 2017. The

major endpoint of the study was to identify potentially

preventable readmissions (PPR) by using either powerful

clinical grouping logic (Potentially Preventable

Readmission Grouping software, 3M™ Corporation) or

comprehensive geriatric assessment, aiming to target

areas for potential improvement of care quality, and to

identify predictive factors of readmission. We also com-

pared the readmitted patients with the ones admitted only

once, without any re-entry within 30 days from discharged

(“stand-alone” admissions, SA). We hypothesized that

addressing potentially preventable readmissions, espe-

cially in the oldest old population, could identify patients

who need early follow-up and a comprehensive discharge

plan, accounting for the disability and comorbidity of the

patient. We believe it is essential that policymakers seek

input from real world data to improve collaboration

between administrators, clinicians and information tech-

nology specialists for a useful transition between emer-

gency and longitudinal care.

Materials And Methods
Cases’ Selection
All the patients consecutively admitted for acute disease

and discharged from the Geriatrics Unit between July 2016

and June 2017 were enrolled. At admission, according to

the University Hospital of Pisa policy, each patient gave

written informed consent to anonymous use of clinical

data; informed consent was provided by the legally

authorized delegate in cases of patients who were tempora-

rily or permanently without capacity. The study protocol

was approved by the Institutional Ethics Committee. The

30-days re-admissions from July 2016 onward were retro-

spectively analyzed crossing the data collected from the

Hospital Discharge Register containing the Diagnosis-

Related Group (DRG) codes. Patients discharged from

the Geriatrics Unit and readmitted in any surgical or reha-

bilitation unit, deceased patients and those discharged

against medical advice were excluded. Non-preventable

readmissions, related to advanced and metastatic malig-

nancy, poly-trauma, burns, psychiatric diseases, abuse sub-

stances and palliative care were also excluded, since the

condition itself is a risk factor for multiple admissions,

while our focus was on acute disease. The above-men-

tioned conditions were either identified in the medical

history, or newly diagnosed.

Admissions’ Classification Protocol
Crossing and elaboration of the DRG codes were per-

formed by the potentially Preventable Readmission

Grouping software (3M™ Corporation, Salt Lake City,

Utah USA). The key was to determine which readmissions

were clinically preventable. The 3M™ software identifies

Potentially Preventable Readmissions (PPR) based on

clinically precise criteria. It determines whether a read-

mission is clinically related to a prior one based on the

patient’s diagnosis and procedures in the prior admission

and the reason for readmission. Thus, the Index

Admissions (IA) represent the initial admissions generat-

ing the chain of PPR. Conversely, hospitalizations were

considered “stand-alone” (SA) when the cause of the sub-

sequent admissions was not related to the prior admis-

sions, and not potentially preventable.

The 3M™ software uses clinical logic to determine the

likelihood that a readmission could be clinically related to a

prior admission and excludes prior admissions for clinically

unrelated conditions such as trauma, cancer and burns. The

software operates according to the All-Patient-Refined-

Diagnosis-Related Group (APR-DRG) code, in order to stra-

tify the admissions and verify the connection between the

initial and the subsequent admissions. The APR-DRG code

system is comprehensive of subclasses of progressive sever-

ity and defines the burden of clinical severity, quantified as

the resources employed in the course of the hospital care. In

detail, a matrix composed by 314 rows for the APR-DRG

codes of the candidate admissions and 314 columns for the

APR-DRG codes of the subsequent admissions was
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generated to identify the chain of IA and related PPR. Each of

the 98,596 matrix cells represents a unique combination of

the burden of the resources employed in the course of the

initial and the following admissions. This matrix system was

validated by a panel of specialists, who examined at least

twice each of the 98,596 cells and identified 32,230 cells

(33%) as the minimum cut off for assessing the relationship

between IA and PPR. In computing the PPR rate, the

numerator is the number of PPR chains and the denominator

the number of candidate admissions. Examples of PPR are

defined by one or more factors as follows: i) prosecution or

repetition of the same cause or a condition strictly related to

IA; ii) acute worsening of a chronic condition potentially

following a therapy given during the IA or in the immediate

follow-up; iii) surgical procedure to solve or prosecute the

therapy set during the IA; iv) surgical procedure to solve an

unpredictable complication of treatment set during the IA.

Patients’ Assessment
The Geriatrics Unit of the University Hospital of Pisa admits

only acute older patients from the emergency department

(ED). All the patients received comprehensive geriatric

assessment within 24 hours from admission, administered

by trained geriatricians. Comprehensive geriatric assessment

– exploring cognitive and functional areas, nutritional status

and comorbidities –– was obtained using the following ger-

iatric scales: Cumulative Illness Rating Scale (CIRS),

Activities of Daily Living (ADL), and Instrumental

Activities of Daily Living (IADL) (as referred before hospi-

talization), Short Portable Mental Status Questionnaire

(SPMSQ),Mini Nutritional Assessment (MNA) [categorized

in dichotomous variables (malnutrition or risk of malnutri-

tion and normal)], and the Confusion Assessment Method

(CAM). The results of comprehensive geriatric assessment

were recorded in a database together with demographic data,

length of hospital stay, and discharge diagnoses.

Statistical Analysis
Statistical analysis was performed by using SPSS 21.0

statistical software package (IBM Corporation, Armonk,

NY, USA). Continuous variables are expressed as mean

±SD, ordinal variable as median and range and categorical

variables as percentage. Normally distributed parameters

were analyzed by t-test, while Kruskal-Wallis test was

used for not normally distributed parameters. Spearman

correlation was used for either continuous or dichotomous

variables. Analysis of variance was used to compare con-

tinuous normally distributed variables, whereas the χ2 test

was used for categorical or dichotomous variables.

Stepwise backward multivariate logistic regression analy-

sis, with significance limit at p<0.05 for each covariate to

be removed from the model, was also performed. The aim

of the logistic regression model is to determine the odds

ratios for any variable included into the model, and to

display the predicted probability of a positive outcome

for each observation in the data. The lowest and highest

value of the covariate pattern represents the extreme

values of the probability of early readmission (marginal

risk). Statistical significance was assigned for p<0.05.

Results
Potentially Preventable Readmission

Grouping Software Analysis
We analyzed 1929 DRG codes. Among these, 289 (15%)

were excluded due to the following conditions: 143 had

active cancer (metastatic or not), 137 died during admission,

five went to other Units and four voluntarily resigned

(Figure 1). The remaining 1640 admission codes were clas-

sified by the software as follows: 1263 SA (77.0%), 171 IA

(10.4%), and 206 PPR (12.6%). The 171 IA generated 206

PPR since 142 patients (83.0%) were readmitted once, 24

(14.0%) twice, four (2.4%) three times and one (0.6%) four

times. Thus, the PPR rate (IA/SA+IAx100) was 11.9%.

Demographic data and length of hospital stay of the patients

as classified by the software are described in Table 1. In

detail, age was similar in the three groups (SA, IA and

PPR), while the median length of hospital stay was signifi-

cantly longer in the IA and PPR groups compared to the SA

group (6 [2–14] vs 5 [4–6] days, p<0.05) (Table 1). The

prevalence of men was slightly more frequent in the IA and

PPR groups than in the SA group (45.6% vs 44.6%),

although not reaching statistical significance. However, two

distinct trends of PPR rate were observed according to DRG

codes. In detail, the rate of re-hospitalization showed a U

shape in DRG code 127 (acute heart failure), progressively

increasing with the length of hospital stay either shorter and

longer than 5 days while, in all the other DRG codes, a

progressive rise of PPR rate with increasing length of hospi-

talization was observed (Figure 2).

The five most frequent DRG codes observed in the IA

group, inducing 39.7% of all PPR, are shown in Figure 3.

Among them, DRG code 127 (heart failure) was asso-

ciated with a significantly higher number of multiple read-

missions (1.61 PPR generated by each IA) compared to the

other four more frequent DRG codes (087 [pulmonary
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oedema], 576 [sepsis], 089 [pneumonia], 014 [stroke]) that

generated a mean of 1.2 PPR for each IA (p<0.05).

Comprehensive Geriatric Assessment
Almost three quarters (74.3%) of the hospitalized patients

were older than 80 years and showed a high burden of comor-

bidity (mean CIRS-C score 5.3) with moderate disability

(mean ADL score 2.7; mean IADL score 2.3) and mild/mod-

erate cognitive impairment (mean SPMSQ score 4.8)

(Table 2). However, when comparing patients in the IA and

SA groups significant differences in all the geriatric scale

scores were obtained. In detail, patients in the IA group

showed higher disability (p<0.001 for both ADL and IADL),

burden and severity of comorbidities (p<0.05 and p<0.01 for

CIRS-C and CIRS-S, respectively), cognitive impairment

(SPMSQ, p<0.01) and malnutrition (MNA, p<0.05).

Moreover, the overall prevalence of delirium (either hyper-

or hypo-kinetic) was significantly higher in patients of the IA

group (6.4% positive CAM vs 3.1% in the SA group, p<0.05).

PPR Risk Factors
Stepwise regression analysis was performed in order to find

potentially predictive factors of early readmission. PPR was

the dependent variable and age, sex, each geriatric scale score

Table 1 Demographic Data And Length Of Hospital Stay (days) According To The PPRG (Potentially Preventable Readmissions

Grouping) Software Classification

Total SA IA PPR

DRG codes 1640 1263 (77.0%) 171 (10.4%) 206 (12.6%)

Males 738 (45.0%) 563 (44.6%) 78 (45.6%) 94 (45.6%)

Females 902 (55.0%) 700 (55.4%) 93 (54.4%) 112 (54.4%)

Age (mean±SD) 84.6±7.4 84.0±7.4 84.4±7.2 84.9±7.1

Length of hospital stay (median and range) 5 (1–32) 5 (4–6) 6 (2–14)* 6 (2–14)*

Note: *P<0.05 Vs SA.

Abbreviations: DRG, Diagnosis-Related Group; SA, Stand-alone Admissions; IA, Index Admissions; PPR, Potentially Preventable Readmissions.

Figure 1 Flowchart of inclusion and exclusion criteria.

Abbreviations: DRG, Diagnosis Related Groups; PPR, Potentially Preventable Readmissions; PPRG, Potentially Preventable Readmissions Grouping; IA, Index Admission;

SA, Stand Alone admissions.
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and the five most frequent DRG codes were included as

covariates. At the end of the analysis, among geriatric scores

the lowest tertile of degree of disability (ADL score 0–1)

emerged as the most significant independent risk factor for

early re-hospitalization (OR 2.06 [95% CI 1.34–3.16],

p<0.001) followed by the highest quartile of the severity of

comorbidity (CIRS-S >2.38) (OR 1.73 [95% CI 1.02–2.93],

p<0.05) while, only the DRG code 576 (sepsis) maintained a

significant independent association with PPR (OR 2.56 [95%

CI 1.31–5.00], p=0.01) (Table 3). Accordingly, we can define

two extreme risk phenotypes of PPR: “lowest risk phenotypes”

in the case of ADL score 5–6, CIRS-S<1.84, female sex, DRG

other than sepsis (6.7% risk of readmission); “highest risk

phenotypes” in cases of ADL score 0–1, CIRS-S >2.38, male

sex, and diagnosis of sepsis (30.1% risk of readmission).

Discussion
The overall early readmission rate of our cohort of geriatric

patients (mainly oldest old) hospitalized for acute disease

was slightly less than that generally reported by the literature

(11.9% vs 14–20%), possibly because in the current study

only PPR and not all early readmissions were analyzed.8–11

Interestingly, 17% of the IA resulted in multiple PPR and the

DRG code 127 (acute HF) generated the highest number of

multiple readmissions (1.61 PPR by each IA).

Figure 2 Rate of potentially preventable readmissions. (A) Cardiovascular diseases;

(B) Other diseases.

Abbreviations: PPR, Potentially Preventable Readmissions; DRG, Diagnosis Related

Group.

Figure 3 More frequently DRG codes in IA and PPR groups.

Abbreviations: IA, Index Admission PPR, Potentially Preventable Readmissions

DRG, Diagnosis-Related Group.

Table 2 Comprehensive Geriatric Assessment Of Patients In IA

And SA Groups

SA (n=1263) IA (n=171) p

Females (%) 56.9 54.6 ns

Age (mean±SD) 84.0±7.4 84.4±7.2 ns

CIRS-S (mean±SD) 2.0±0.6 2.2±0.6 <0.01

CIRS-C (mean±SD) 5.0±1.9 5.5±1.8 <0.05

ADL (mean±SD) 3.1±2.5 2.2±2.4 <0.001

IADL (mean±SD) 2.8±2.8 1.8±2.3 <0.001

SPMSQ (mean±SD) 4.3±3.5 5.2±3.5 <0.01

Malnutrition [n (%)] 316 (25.0) 71 (41.5) <0.05

Delirium [n (%)] 39 (3.1) 11 (6.4) <0.05

Abbreviations: IA, Index Admissions; SA, Stand-alone Admissions; CIRS-S,

Cumulative Illness Rating Scale - Severity; CIRS-C, Cumulative Illness Rating Scale -

Comorbidity; ADL, Activities of Daily Living; IADL, Instrumental Activity of Daily

Living; SPMSQ, Short Performance Mental Status Questionnaire; ns, not significant.

Table 3 Independent Risk Factors For Potentially Preventable

Readmissions

Readmission Phenotype Odds Ratio CI 95%

Min Max p

ADL

[5–6] 1

[2–4] 1.47 0.91 2.37 NS

[0–1] 2.06 1.34 3.16 <0.001

CIRS-S

≤1.84 1

1.84–2.08 1.11 0.65 1.91 NS

2.08–2.38 1.34 0.78 2.32 NS

>2.38 1.73 1.02 2.93 <0.05

Sepsis (DRG 576) 2.56 1.31 5.00 0.01

Abbreviations: ADL, Activities of Daily Living; CIRS-S, Cumulative Illness Rating

Scale-Severity; DRG, Diagnosis Related Group; NS, not significant.
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As a whole, five DRG codes accounted for almost 40% of

all PPR but, by multivariate regression analysis, only the

DRG code 576 (sepsis) along with the presence of severe

disability (ADL score 0–1) and a high degree of comorbid-

ities (CIRS-S score>2.38) emerged as significant indepen-

dent risk factors for PPR. Accordingly, a recent review on

long-term outcome after sepsis showed high rates of weak-

ness, cognitive impairment, hospital readmission, and late

death in sepsis survivors.12 Patients’ age did not affect the

rate of PPR, possibly since the age distribution of the cohort

was limited and most of the patients were ultra-octogenarian.

Interestingly, age did not represent a risk factor for early

readmission also in a surgical cohort with only 14.9% of

the patients older than 65 years.13 However, it is worth noting

that the overall prevalence of early readmissions was small

(8.2%) and a large number of readmissions were mainly due

to confounding issues of substance abuse or homelessness.10

Although the substantially shorter (5 days) median length of

hospital-stay of our cohort, it resulted in significantly longer

in both IA and PPR than in SA patients (p<0.05), suggesting

that the reduction of the length of hospital stay may reduce,

rather than increase, the risk of PPR. However, a peculiar

figure was observed in the case of acute HF (DRG code 127),

characterized by a nonlinear U-shaped PPR rate according to

the length of hospital stay (with the nadir at 5 days), while in

all the other DRG codes, PPR rate progressively increased

with increasing length of stay. This finding is in line with the

results of a multicenter cohort study of 58,230 older HF

patients (median age 80 years) conducted in Canada between

April 2003 and March 2012.14 A short length of stay after

hospitalization for HF was associated with increased rates of

cardiovascular and HF readmissions but lower rates of non-

cardiovascular readmissions, while a long length of stay was

associated with increased rates of all types of readmission

and mortality.14 The underlying reasons for the peculiar trend

observed in our patients with HF are complex. The possible

role of non-cardiovascular diseases, as reported in the

literature,15,16 is unlikely, given the high burden of comor-

bidities of most of our patients, regardless of HF. On the other

hand, increased risk of readmission with a short length of

stay may be explained by persistent congestion, or not opti-

mized medications and transitional care.17 This suggests that

case-mix severity and factors such as inadequate transitional

care and coordination of services,18,19 and lack of access to

outpatient services might be responsible for repeated hospi-

talization. Accordingly, a recent retrospective cohort study

from Ontario, Canada, showed that among patients who

received emergency care for HF, obtaining follow-up within

1 week of discharge from the emergency department may be

associated with reduced rate of subsequent admission and

death, regardless of the length of hospital stay.20 Besides

these considerations, diverse factors may lead to the continu-

ing higher rate of rehospitaliation with increasing length of

stay, as observed in all the other DRG codes (087, 576, 089,

014). Indeed, in very old patients, frail phenotype, high

burden of comorbidities and various degrees of disability

actually worsen their clinical condition, increasing the length

of hospital stay with associated immobilization, malnutrition,

sleep deprivation, and risk of delirium.21,22 Thus, good clin-

ical practice implies that, in complex and frail older patients,

shorter hospital stay with preservation of psychophysical

autonomy may prevail over complete cure of the underlying

acute disease. Obviously, adequate transitional care and coor-

dination of services are also necessary. Accordingly, disabil-

ity emerged as the more relevant risk factor for PPR in our

cohort. Both ADL and IADL score results were notably

reduced in the IA compared to the SA group, indicating

that a functionally impaired subject is likely to be readmitted

early on. Moreover, we documented a significant higher

prevalence of malnutrition in patients of the IA group com-

pared to the SA group (41.5% vs 25%, respectively, p<0.05).

Only a few studies have focused on malnutrition, which was

linked to longer length of stay, worse clinical outcome and

higher readmission rate.23,24 It is noteworthy that poor nutri-

tional status is part of the frail phenotype, exposing patients

to disability, hospitalizations, and death.25 According to our

findings, a prospective multi-center study demonstrated that

markers of frailty or severe disability assessed by compre-

hensive geriatric assessment were the most important pre-

dictors of early readmission.6 Our results, although in a

smaller cohort, are in line with a recent study conducted on

a geriatric community-dwelling population admitted to a

Medicare hospital over a period of 10 years.9

Besides disability andmalnutrition, cognitive impairment

correlated with the risk of PPR, allows us to shape two

extreme phenotypes, by calculating the marginal probability

of early readmission: one at the highest risk (30.1%, oldest-

old malnourished patient with impaired cognition, important

disability and severe comorbidities) opposed to one at the

lowest risk (6.7%). Thus, an implemented strategy to identify

patients more at risk appears crucial, especially considering

the heavy consequences of PPR. Minimizing delirium,

immobility and distress, together with correct therapy and

discharge plans, should be the aim of in-hospital care, and

taking care of new disabilities and medical deterioration

should be the post-discharge focus.12 Our results, although
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in a small cohort of very old patients, underlie the role of

comprehensive geriatric assessment as the cornerstone to

identify patients at higher risk of PPR. This kind of workup

should lead to a careful discharge plan, adequately support-

ing disabled patients, and follow-up with General

Practitioners and outpatient clinics. As already

demonstrated,26 a trained nurse or a geriatrician in the ED,

providing a first geriatric evaluation and managing the dis-

charge, could reduce PPR, saving frail older patients from a

potentially more dangerous hospital environment. The main

strength of our study is the comprehensivemulti-dimensional

geriatric assessment provided, homogenous among the

patients, administered by consistently trained personnel. A

limitation of the study is the relatively small cohort and,

larger, multicentre studies are necessary to confirm these

findings, using the same geriatric scales’ battery. The selec-

tion of the cohort, limited to the subjects admitted from the

ED and excluding patients with underlying disease certainly

requiring repeated admissions, could be considered a limita-

tion of the study. On the other hand, this represents a suitable

sub-population where strategies for preventing readmissions

should be targeted.

Conclusion
Early hospital readmissions represent a social, medical and

economic challenge worldwide. Given the rising burden of

(end-stage) chronic diseases due to the increasing aging

population, it is crucial to address PPR, especially in the

oldest-old population. The measures that clearly need to be

improved are the adequacy of the treatment during hospi-

talization (especially in cases of sepsis and acute HF) as

well as the setting of a comprehensive discharge plan,

accounting for the disability and comorbidity of the

patient, which represent strong, independent predictive

risk factors for PPR. The current study also provides

evidence to support early follow-up for these patients,

requiring a transition between emergency and longitudinal

care, via collaboration between administrators, clinicians

and information technology specialists.

Abbreviations
DRG, Diagnosis-Related Group; SA, Stand-alone

Admissions; IA, Index Admissions; PPR, potentially

preventable readmissions; APR-DRG, All-Patient-Refined-

Diagnosis-Related Group, CIRS, Cumulative Illness Rating

Scale; ADL, Activities of Daily Living; IADL, Instrumental

Activities of Daily Living; SPMSQ, Short Portable Mental

Status Questionnaire; MNA, Mini Nutritional Assessment;

CAM, Confusion Assessment Method; ED, emergency

department; HF, heart failure.
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