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ABSTRACT

Objective To synthesise evidence on risk factors associated
with paediatric unplanned hospital readmissions (UHRS).
Design Systematic review.

Data source CINAHL, EMBASE (Ovid) and MEDLINE from
2000 to 2017.

Eligibility criteria Studies published in English with full-
text access and focused on paediatric All-cause, Surgical
procedure and General medical condition related UHRs were
included.

Data extraction and synthesis Characteristics of the
included studies, examined variables and the statistically
significant risk factors were extracted. Two reviewers
independently assessed study quality based on six domains
of potential bias. Pooling of extracted risk factors was not
permitted due to heterogeneity of the included studies. Data
were synthesised using content analysis and presented in
narrative form.

Results Thirty-six significant risk factors were extracted from
the 44 included studies and presented under three health
condition groupings. For All-cause UHRs, ethnicity, comorbidity
and type of health insurance were the most frequently cited
factors. For Surgical procedure related UHRs, specific surgical
procedures, comorbidity, length of stay (LOS), age, the
American Society of Anaesthesiologists class, postoperative
complications, duration of procedure, type of health insurance
and illness severity were cited more frequently. The four most
cited risk factors associated with General medical condition
related UHRs were comorbidity, age, health service usage prior
to the index admission and LOS.

Conclusions This systematic review acknowledges the
complexity of readmission risk prediction in paediatric
populations. This review identified four risk factors across

all three health condition groupings, namely comorbidity;
public health insurance; longer LOS and patients<12 months
or between 1318 years. The identification of risk factors,
however, depended on the variables examined by each of the
included studies. Consideration should be taken into account
when generalising reported risk factors to other institutions.
This review highlights the need to develop a standardised set
of measures to capture key hospital discharge variables that
predict unplanned readmission among paediatric patients.

INTRODUCTION

Unplanned hospital readmission (UHR) rate
has been recognised as a key performance
indicator for measuring the quality of care
in paediatric healthcare services.! Hospital

Strengths and limitations of this study

» This is the first systematic review of the literature
from 2000 to 2017 on risk factors associated with
paediatric unplanned hospital readmissions.

» The rigorous methodology applied to this systematic
review used a comprehensive electronic databases
search strategy, strict inclusion, exclusion and qual-
ity assessment criteria to synthesise characteristics
of the included studies, examined variables and the
statistically significant risk factors.

» Pooling of extracted significant risk factors was not
possible because the included studies were not ho-
mogeneous due to the different diagnoses, exam-
ined variables and follow-up time frames to identify
readmissions. Therefore, data extracted from the
included studies were synthesised using content
analysis and presented in narrative form.

readmission is defined as subsequent admis-
sions within a specified period after the
initial /index hospitalisation.2 % Paediatric
UHRs rates range from 3.4% to 28.6% and
cost healthcare systems such as UK, USA and
Canada up to $1billion per annum.*
Identification of risk factors associated with
UHRs is increasingly being examined as a
strategy to assist in reducing these rates. A
systematic review'” conducted in 2011, identi-
fied 26 risk predictive models from 30 exam-
ined studies focused on adult general medical
condition related UHRs. Readmission length
of time measures used ranged from 30 days
to 12 months. Overall, the performance of
the 26 models was poor. The most commonly
identified risk factors were medical comorbidity
and wuse of medical services before the index admis-
sion. In a 2016 systematic review,11 limited to
28-day or 30-day readmissions and focused on
adult health conditions, a total of 60 studies
and 73 risk predictive models with inconsis-
tent performance was noted. The predictive
models focusing on general medical condi-
tions showed moderate discriminative ability.
Risk factors cited most frequently for all
UHRs were comorbidities, length of stay (LOS)
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and previous hospital admissions. For condition-specific
readmissions, such as cardiovascular and general medical
diseases laboratory tests and medication were more associ-
ated with readmissions."!

There is only one review'” within the paediatric litera-
ture examining UHRs. This review focused on asthma-re-
lated UHRs and included 29 studies. Five significant
predictive factors, including age <5 years old or adolescent;
being African American; public or no insurers; previous hospital-
isations prior to the index admission; underlying chronic complex
conditions were identified. To date, there is no published
review paper on risk factors associated with UHRs for
general paediatric patients. This paper aimed to systemat-
ically review the current literature on risk factors of paedi-
atric All-cause, Surgical procedure and General medical
condition related UHRs. The objectives were to assess
characteristics of included studies and to synthesise the
identified risk factors.

METHODS

Asystematic review was performed and reported according
to the 2009 PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis) Statement."”

Data sources and search strategy

An electronic database search was carried out using the
CINAHL, EMBASE (Ovid), MEDLINE to identify studies
published from 2000 to 2017. The key search terms
included (‘Readmission’ or rehospitali* or readmission*
or readmit* or re-admission®) AND (child* or infant* or
toddler* or bab* or newborn* or neonat* or school age*
or preschool or paediatric* or pediatric* or kid* or boy*
or girl*) OR (adolescen* or teen* or youth or juvenile*
or young person* or young people*) (see online supple-
mentary appendix for full search strategy).

Inclusion/exclusion criteria

Articles eligible for inclusion were those published in
English with full-text access. The focus of the included
studies was paediatric patients with UHRs. Eligible studies
were published in peerreviewed journals with details of
study design clearly stated and reported statistical anal-
ysis procedure/s. Abstract only references were excluded.
Studies that included patients discharged from rehabilita-
tion health services but readmitted to acute hospitals were
excluded from this systematic review as it only focused
on hospital readmission following discharge from acute
healthcare services. Newborn or preterm newborn studies
related UHRs were excluded as the index admission was
the birth hospitalisation. In addition, studies focused on
mental health condition related UHRs were also excluded
due to the specialised nature of the discipline.

Study selection

After the initial literature searches, two authors inde-
pendently screened titles, abstracts and appraised full
papers against the inclusion and exclusion criteria. The

process of exclusion was relatively straightforward and
only a handful of studies warranted discussion between
authors, to reach consensus as to whether they met the
inclusion criteria. Moreover, the reference list of all
identified relevant records were searched for additional
studies.

Data extraction

Data were extracted from the 44 included studies. The
data extraction comprised study characteristics, exam-
ined variables and statistically significant risk factors.
Study characteristics included study setting, population,
data source, timing of data collection, sample size, study
design, model utilisation outcome, readmission rate
and statistical analysis test/s used to identify risk factors
(table 1). All examined variables or confounding factors
and the significant risk factors were extracted into table 2
and detailed information was included in the online
supplementary table. Studies were grouped based on the
health conditions in both tables. Disagreements between
two reviewers about the extracted data were resolved
through group discussion.

Quality assessment

Two independent reviewers completed the assessment of
study quality. Six domains of potential bias'* were used to
assess the 44 included primary research studies. The six
domains are: 1. Study participation: ‘Was source popula-
tion clearly defined?” 2. Study attrition: “Was complete-
ness of follow-up described and adequate?’ 3. Prognostic
factor measurement: ‘Did prognostic factors measure
appropriately?” 4. Outcome measurement: ‘Was outcome
defined and measured appropriately?” 5. Confounding
measurement and account: ‘Was confounders defined
and measured?’” 6. Analysis: ‘Was analysis described
and appropriate?” The ratings of Yes’, ‘Partly’, ‘No’ or
‘Unsure’ was given to each domain and then an overall
risk of ‘low’ or ‘high’ was assigned to each study.

Data synthesis

Pooling of extracted significant risk factors was not
possible because the included studies were not homo-
geneous due to the different diagnoses, examined vari-
ables and follow-up time frames to identify readmissions.
Therefore, data extracted from the included studies were
synthesised using content analysis and presented in narra-
tive form."!

Patient and public involvement
Patients and or public were not involved in this systematic
review.

RESULTS

The initial electronic database search produced 11859
records. After removal of 4145 duplicates, a total of
7714 records remained. Titles and abstracts were then
appraised and 7579 records were excluded due to irrele-
vance. Of the remaining 135 relevant references, a further

2

Zhou H, et al. BMJ Open 2019;9:€020554. doi:10.1136/bmjopen-2017-020554


https://dx.doi.org/10.1136/bmjopen-2017-020554
https://dx.doi.org/10.1136/bmjopen-2017-020554
https://dx.doi.org/10.1136/bmjopen-2017-020554

7
% psnunuo)d

[3)

o uoisnye vsn
© uossaibal 710z Joquisides  (SUlUOW G 9p—L"|) [eanid ypm 102
< ons160| a1eLeAIlNA %1'l 0 O} £00g Aenuepr | syjuow ' g=uelpaip suolissiwpe €9 gy | oseqelep S|Hd oAljoadsoney  SHHN Jeadk-| Aisbuns oeipie) ‘le jo sel3
o

(@)

oujelpsed vsn
—swweiboid |O 68l 0T
Ly/’0=sousheis-O %8’ 7102 03 ¢l0c sieakg|> sjuaned 685 28t [eoifuns [euoneN  @Anoadsosiey  sHHN Aep-0¢ sausbing |1y ‘Ie y@ op

(02) SHHN PaTEIaI SUONIPUOD [BOIBING

vsn
(¢'6=uesN) [exdsoy ,6002
18:0=SonseIS-0 %L9L 002 sieakgl 01 g sjuened 9G8 981 S.UBIPIIYO 8E JO SIHA  @ARoedsosed  SHHN Aep-G9g asneo-|ly ‘Ie 30 Jouipne4

SpPJ02aI [eDIPBIN PUB

Blep aAlelsIuIWPY vsn
otoz Aine sjueied 9g0G/sebieyosip [eydsoy €+0c
uoissalbal onsibo] %/°8L 0} 8002 AInp sieakg| o1z> Xapul v6// s,uaIp|iyo Aleluel Y aAiRoadsoney  sHHN Aep-0€ asneo-||y ‘le 18 J19]10D

(1endsoy s,ua1p|yo

(4HA) %90 21) siendsoy enoe vsn
uossaibel (4HS) %8'¢ 600¢iequis A\ON /| —oseqejep G 02
onsiBol a|qeLeAnINp (4HY) %Sy 0€ 01 G00Z Asenuep | sieak /1-0 sebueyosip £92 10/ weneduiolels  eanosdsosey  SYHN Aep-0g asneo-||y ‘e 30 ueyy)

SpJ02al [eolpaw SHHN

HHN 8|gelusnald pue sSmalAIau| a|gejuanaid VSN

uoissaibai Arenusiod %662 €10z Arenigad [endsoy s.uaip|iyo Alrenusiod 09102

onis160| a|qeueAinin ‘0%G°9 HHN I[e49n0 01 210g Jequeodaq sieakg|> sjualed gog Buipuelseail) v anijoadsoid Kep-0g asneo-||y ‘Ie 18 Aawoo]

sisfjeue ejeq pajwpeal pouiad dn-mojjo4 aby az|s ajdweg 2oinos eyeq  ubBisap Apnig SaInseaw UOoRIPUOD [EDIPAN ELITEYEIEH
uoipodoid awooINQ

Zhou H, et al. BMJ Open 2019;9:¢020554. doi:10.1136/bmjopen-2017-020554




Open access

panuiuo)

(suonnyisul vsn
0G) eseqgelep 9,510C
uoissaibas onsibol %8°.2 €102 012l0Z  SIedAp 6=UBIPBN sjusied |9y d-dIOSN [euoeN  eAaoadsoned  syHN Aep-0g  (ABojoin) [eoibing  ‘fe 1o BiBWENON

vsn
uoissalbal aseqelep (o1doosouede) e 102
onsiBo| eyereAlIN %9'¢ GL0g 01 ¢2L0e SIesA L1-¢ 9v0S  Oujelpsed-lDSN YL  oAoedsosed  sYHN Aep-0g  AwojoelsAosioyd ‘e jo ole

oseqeieq vsn
uoissaibal uolssiwpeay (o1doos-osede) 26,102
onsiBo| ereLeAlN %V'e €loc SIEdA 81> oglcl opIMuOlEN 8yl  ©Anoadsoney  sYHN Aep-0g Awoyospusddy ‘[e jo oxoing

Zhou H, et al. BMJ Open 2019;9:020554. doi:10.1136/bmjopen-2017-

saseqelep [eolul|o vsn
uoissaibal €102 udy SIBSA /L") pue aAlesiulWpY 6.VH0C
onsibo| ejeueAn %P 0L 0€ 01 6002 A | =UBS|\  SUOISSIWPE XapU| +262 -uonnyisul | eAnoedsosey  syHN Aep-0g  Auebuns junys-uoN ‘le 1o epies

vsn
uolssalbal oseqejep PPYAN
ois160| 8releAIINA %L sLoe sieshg-0 sjusied g0z d-dIDSN G102 eAnoadsosey  sHHN Aep-og  Aebins Asdejid3 ‘e 3o wejuepep

sieahg< vsn
uolssaibal Jo g>se (suonnisul OG) eyep 1,5102
onsiBo| ereLeAlN %€} cloe payiodal Aluo sainpaooid 9662 d-dIOSN [euoneN  eanoadsoney  syHN Aep-og  (0160]010) [eo1BINS ‘Ie 3o Aingxoy

SUBYO [eOIPaN vsSn
uoissaibal —[endsoy s,usip|iyo 0s £+02
onysibo| ayeleAl N %22 €102 01 5002 sieakg|> sjuaned /€2 Aelpey ueqin uy  aAnoadsosdy  sYHN Aep-0g Awolsoayoel| ‘e 18 N\

sisfjeue ejeq pajwpeal pouad dn-mojjo4 aby az|s ajdweg 2oinos eyeq  ubisap Apnig SaJnseaw UOoRIPUOD [EDIPAN ELITEYEIEH
uoipodoid awooINQ

020554



)
7
[
3]
3]
@
c
[
o

©)

panuiuo)
vsSn
66002
sisA[eue ajeleAln|A %0¢ syjuow g| siesA |z 0} syjuow g suoissiwpe 00|  [eNdsoy suaipliyo Y oAioadsosiey  SHHM Aep-0g  OsessIp ||90 9pOIS /e }o Seuop-1ai4

SpJ02ai [BOIPBIN vsn
BINWLIO} SUOISSIWPE 00/ WOl) ‘ejep piooai Bulig ,c0002
oleigeble piepuels papioda. JoN syuow g | sieakgl-0 payoejes sjuaned /¢ pue eAjjEASIUIWLPY  ©Aoedsosey  SHHN Aep-0g BUWYISY ‘e jo uayoD

sueyo vsn
(339) suonenbs 6002 4890300 [eoIps\ —[eydsoy aun|iey 0/B 10 2102
Buirewiise pasijesausy) %0t L€ 01 €002 Aenuep | sieah 1z—0 sjualed go L suaIpiyo Alerely  oAipoadsosey  SYHN Je9k-1 Aiojesidsal oluoay) ‘e 18 unyj

vsn
uoissaibas  (on10ads-eluoWNaUd) 00171402
onsibo| eyelleAlINA - % | ‘(esneo-|ly) %L 1 102 01 800¢ sieakg|< 0} 0 sjusned 99628 [Budsoy G JO SIHd ~ @Anoedsoney  sgHN Aep-0g Bluownaud ‘e Jo uewnaN

sejels |g—aseqereq vsn
sisAjeue spiezey suofesijeydsoy uoissiwpeay o1 +0C
feuoiuiodoud x00 %SZ €102 sieskgi-9 Xepu| zv8 2t leUONeN €10z oAnoedsosiey  SHHN Aep-0g BWYISY /239 DUBISOA

epeue)
sisAjeue spiezey G002 Yyotey epeue) ‘09genp aseas|p 168002
[euorpodoud x00 %G L€ 01 066} [MdY | sieak /1-0 suopesieydsoy G/9¢ jos[endsoy |ly  oAoadsosey  SHHN Aep-Lg  wesy [eyusbuo) ‘e 30 ajoeN

SHEeYD [e2IPaN vsn

suoljesifendsoy €661 — [eudsoy s.uaip|iyo 101202

G/°0=sousieis-o %G°0C 7102 01 2102 s1evk621-0 /siuened gLl Aeius} uequn obiely  eAoadsosed  SHHN Aep-0g  SUORIPUOD OBIpIED ‘e jo s)joes
vsSn

sieah /1’ aseqejep swweiboid 5,510C

8/°0=solisieis-0 %V'c ¢l0c = ues|\ suened 9/€5 1O [eo1buns [euoeN  eAioadsosey  SHHN Aep-0g  ggsouebins onseld ‘e 3o uiyeL
sisfjeue ejeq paniwpeal pouiad dn-mojjo4 aby azis a|dweg aoinos ejeq  ubisep Apms SaINSeawl UOoI}Ipuod [edIpal aoualajey

uoipodoad awooInQ

Zhou H, et al. BMJ Open 2019;9:020554. doi:10.1136/bmjopen-2017-020554




22 were excluded as they were conference abstracts only.
A total of 113 references were reviewed as full-text and a
-
2 % w 2 S further 75 were excluded against selection criteria. Four
(2]} = . . . .
1 % o= % ‘g studies were excluded as they were published in Chmese,15
2l 2. 3 D - - . ) ;
slE8s  CC £9 |5 Korean,'® Portugese'” and Spanish.'® Studies that mixed
sl=6 22 28 | diatric and adult patients'®? or mixed planned and
2155 o3 g2 £ paediatric and adult patl;;nts or mixed planned an
=& Js =2 3 unplanned readmissions™ or mixed Emergency Depart-
T . . .9 _
o ment presentations and hospital readmissions™ > were
s P 26—2%
g excluded. Three studies that included patients
o initially discharged from rehabilitation health service but
o a y g
g 8 %) then admitted to an acute hospital were excluded. An inte-
= I . . g .
25| o < o grative review'? on paediatric asthma related UHRs was
o S o ) . . . —53 .
28le 2 £8 g excluded. As mentioned previously, studies®? examined
= g kS newborn/preterm newborn-related UHRs and mental
T o 54-67
Tl 9 9 o health condition related UHRs’ were excluded. A
el = Zw o . o .
gl S - S5 = hand search reference list of the remaining 38 studies
gl S ] S5 £ was conducted and six additional studies were identified.
3 go (%‘-Q 17}
| 28 =2 S5 e Finally, a total of 44 studies were included in this system-
28> 8 St 3 Y Y
si28& o 2 a 2 atic review. Figure 1 is a flowchart as per PRISMA of the
L~ « -0 ] ) g p
8 screening process of the database search results.
= S gpP
£T ©
2 i . .
. g% ) i Study quality appraisal
3 2% 3 g The overall risk of bias of the 44 included studies was low
5> 12 = £ h luated against the six domains of ial bi
0| @ Ay 5 £ when evaluated against the six domains of potential bias.
< oo - 2 The studies described the population of interest for key
s 8 characteristics, the response rate information was clearly
§ s stated, an adequate proportion of the study population
E @ E had complete data for all independent variables, the
gl 2 2 3 z outcome variable readmission was measured with suffi-
N e 52 = i
o IS g9 o1 8 i d th hod of istical lysi
0| = g9 2 cient accuracy and the method of statistical analysis was
=| © o9 [V} ) . .
gl & Qe & 2 appropriate for the design of the study."*
T | N T 2] =
0| - - © > S
el
= [} T - .
— ) g o Characteristics of the included studies
g 5 = lo o ) - .
= S 8 ) = Table 1 displays the characteristics of the final included
ow = 5 |6°¢ = play :
g|EL 5 2L &5 2 studies of this systematic review. The 44 studies were
o] - © = < . .
5(5=2 =>_ £ S5_| = conducted in several countries: USA (n=36), UK (n=3),
8l £Z0 85220 23T | B¢ . .
o| 28 2 25E8% o %‘é 83 Australia (n=2), Canada (n=2) and Switzerland (n=1).
- c 7} 45 =T = . . . .
S| 288 22388 & 8e 8¢ Thirty of the included studies retrieved data from
el o o o 38 multiple sites and the other 14 accessed single health-
212 £ = 88 care service. A total of 33 included studies examined a
'E 8 a 38 % g combination of health database and medical records and
|2 2 2 35 the remaining 11 accessed database only. The included
Gl& & g |2 . s o
@ S E studies are grouped as per health conditions namely (1
s group p 4-8 68-70 Y
7} > 7} T o —Q) .+ - 5
& T & g8 All-cause related UHRs (n=8); (2) surgical proce-
5 °F 5 95 00 . . .
gg 5 83 3 2y dure related UHRs (n=20)," including all surgical
> -0 . . . . .
cals g2 & 3 £S5 admissions (n=3), cardiothoracic surgeries (n=3), ear,
- o g
8 g © P ) [OI") 5 — 1
N N s> ® <5 nose and throat (ENT) surgeries (n=2), neurosurgeries
09 . . . .
S > j@ (n=5), abdominal surgeries (n=3), urological surgeries
T ) = = £ n=3) and plastic surgeries (n=1) and (8) General
2 £ = <g P 8 91-106 - :
8 o 3 o %% medical condition related UHRs (n=16)"""" including
© o = = . . . . . .
> 8 ié__g o< 23 cardiac conditions (n=3), respiratory conditions (n=8),
5 3 = . . ..
g 2 3 gé §§ (%% blood disorders (n=3), complex chronic conditions
= g E (CCC) (n=1) and gastrointestinal conditions (n=1).
8 < g; All included studies used retrospective health data
o = B 5 2% except Toomey”’ who employed a prospective research
- of ® =< — < .- . . : . . . .
o| §|38s Ss = s e design including structured interview and reviewing
—_— = = o 2 - O . . .
2| $5/588 525 Scv | %2 medical records. Of the included studies, outcome
Bl cfes= oc-> = < measures of length of time from discharge to readmission
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Table 2 Continued

-16)

General medical conditions (n:

Surgical procedures (n=20)

All-cause (n=8)

Health condition group

93 o7 9 104 105 100 106

101

69

70

Reference number

Hospital service (specialties)

Surgical division

Surgical locations

ASA, the American Society of Anaesthesiologists; UHR, unplanned hospital readmission.

varied from 7 days for CCC,” all surgical admissions,”’
or circumcision” to 1year for All-cause,’” asthma'®® and
chronic respiratory failure” related UHRs. Thirty-one of
the 44 included studies adopted 28-day or 30-day UHRs
measurement. The duration of time for the retrieved
data used in the studies ranged from 3months” to
10years™.'” The majority of included studies involved
patients younger than 18 years. Five studies included
patients older than 18 years with either blood disorder
disease,102 CCC,4 gastric bleed,91 spinal fusion®” or all
surgeries.so

Of included studies, the sample size was recorded in
various units, such as Patients, Admissions, Index admis-
sions, Hospitalisations, Index discharges, Discharges or Proce-
dures. The sample size ranged from 100 admissions’” ** °
to 866 221 patients.* UHR rates, if reported, varied from
<1% following postcircumcision” to 40% in patients with
chronic respiratory failure.”

All included studies employed logistic regression or
equivalent to analyse the data. Most studies reported OR
with 95% CI and the result is considered as statistically
significant when the p value is less than 0.05. Six included
studies also reported risk predictive model perfor-
mance. One model” demonstrated high discriminative
ability (C-statistic=0.81) for 12-month All-cause UHRs.
The other models had moderate discrimination ability
to predict 30day UHRs following cardiac conditions,'”!
plastic,' thoracic surgeries,® scoliosis surgeries,"” or all
surgical admissions™ (C-statistic of 0.75, 0.784, 0.71, 0.769
and 0.74, respectively).

Examined variables/Confounding factors and Significant risk
factors

The variables or confounding factors examined varied
across the 44 included studies. The number of examined
variables of each included study ranging from 24 to 44.”"
Two of the included studies, after applying statistical anal-
ysis tests to the examined variables, yielded inconclusive
findings.”*® Thirty-six differing but significant risk factors
were extracted and presented under the three health
condition groupings (All-cause, Surgical procedure and
General medical condition).

Risk factors associated with All-cause UHRs

The least number of studies (n=8) in the systematic review
related to All-cause UHRs. Risk factors associated with
All-cause UHRs and cited more frequently are comor-
bidity, ethnicity and health insurance. Patients’ comor-
bidity was identified by four studies’ ®®* with OR ranging
from 1.2 to 5.61. Of these, chronic conditions (n=3) was
more frequently cited as a risk for readmission. Three
studies cited race/ethnicity as a risk factor. Compared
with other race/ethnicities, patients of Black race’ 7or
Asian® had 50% more likelihood of being readmitted.
Patients from families with only public health insurance
were identified at risk for readmission by three studies
(OR=1.31 to 1.48).>” One study by Khan 2005,* however,
identified patients with private health insurance were 1.14
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Figure 1

times more likely to be readmitted to a different hospital.
Other significant risk factors related to All-cause UHRs
are displayed in table 2.

Risk factors associated with surgical procedure related UHRs
The greatest number of risk factors contributing to UHRs
were found in the grouping of studies Surgical Proce-
dure. Within the 20 included studies, the most frequently
cited risk factors are comorbidity, specific surgeries, LOS,
age, the American Society of Anaesthesiologists (ASA)
class, development of complications during index admis-
sion, duration of surgery, type of health insurance and
illness severity. Patients’ comorbidity”' 7 70 82 #8789 5 q
specific surgical procedures’' " 777981888 were each cited
in nine differing studies. The type of comorbidities were
not consistent among the studies (OR=1.12to 10.08).

In general, patients with longer LOS at index admis-
sion were found in seven studies to be at greater risk of
readmission following surgical procedures (OR=1.01to
13.96)72 79 81 82 86 90 although one study® found shorter

Flowchart for the search and study selection process (PRISMA).

than 3 days of hospitalisation at the index admission was
a risk factor for patients who underwent spinal fusion
(OR=1.89).

Age at index admission or surgery and the
ASA class” 7808388 were cited in six differing studies.
Age, however, was inconsistent across the studies. For
example, patients either younger than lyear™ with
urological surgeries or older than 18years™ with ENT
surgeries were more likely to be readmitted. The ASA
class of 3 and above was associated with higher risk of
UHRs (OR=1.78to 7.62). In four studies, patients who
developed medical or postoperative complications at

the index admission were at risk of readmission with OR
9 75868789

72 77 78 82 85 90

ranging from 1.34 to 11.9

Public insurance,” ™ longer operating time,” "%
severe health conditions prior to surgeries’ " %
cited three times in different studies as increasing the risk
of patients UHRs. Other significant risk factors related to
surgical procedure related UHRs are displayed in table 2.

and
were all
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Risk factors associated with general medical condition

related UHRs

Sixteen studies were reviewed that examined General
medical condition related UHRs. Four most frequently
cited risk factors are comorbidity, age, health service usage
prior to the index admission and LOS. A total of eight
studies identified patients’ comorbidity as a risk factor
(OR=1.1t0 $.61).% 99 979101104 Phe pmost frequently
cited comorbidity was chronic conditions (n=>5).

Age of patients at index admission was cited as a risk
factor by five studies”” """ 1% 1% yyith OR ranging from 1.1
to 4.11. In particular, patients younger than 1 month'®'"!
or patients between 12 and 18years'” '™ were more likely
to be readmitted. Three studies™ * ' reported patients
with previous hospitalisation prior to the index admis-
sion were at higher risk of readmissions (OR=4.7to 7.3).
A further three studies” ' '** cited LOS as a risk factor
with OR ranging from 1.13 to 1.56. Patient stays >4 days
for Asthma'®* or >7 days for Pneumonia'” are more like
to be readmitted. Other significant risk factors related to
General medical condition related UHRs are displayed
in table 2.

DISCUSSION

This systematic review identifies risk factors associated
with paediatric UHRs. A total of 44 studies were reviewed
and 36 differing significant risk factors were extracted.
There are only four consistently cited paediatric read-
mission risk factors across all included studies, namely
comorbidity, public health insurance, longer LOS at the
index admission and patients either younger than 12
months or those 13-18 years of age. The results demon-
strate a shift in focus from All-cause UHRs to condition
specific related UHRs, especially those involving surgical
procedures. Overall, the 36 significant risk factors varied
among studies focused on condition-specific related read-
missions and some risk factors were not reported consis-
tently across studies.

This systematic review has certain limitations. The data-
base search was restricted to English publication only and
full-text access was also required to allow comprehensive
data extraction. Meta-analysis was not performed on the
extracted significant risk factors as the included studies
were not homogeneous due to the different diagnoses,
examined variables and follow-up time frames to iden-
tify readmissions. This systematic review did not estab-
lish a definite cut-off age during the literature search
although 0-18 years is a widely accepted definition for
paediatric patients. Consequently, five included studies
had patients in their late teens or young adulthood
(19-24 years).4 808791102 The inclusion of late adolescent
and young adult under paediatric health services care is
consistent with the finding of delayed transitions from
paediatric to adult healthcare services."”” This systematic
review did not restrict the follow-up time frame used by
studies to identify UHRs, which resulted in data collec-
tion spanning 7 days to 21 years. This in turn contributed

to a vast range of paediatric UHRs rates of <1% to >40%.
Nineteen included studies in this review investigated
28-day, 30-day or 31-day paediatric UHR rates, ranging
from 1.3%" to 38%.” ** The number of predictive
models with performance reported for paediatric UHRs
(n=0) is very limited compared with the adult population
(n=94)."" "' This systematic review did not identify any
paediatric based studies examining potentially prevent-
able UHRs reported risk prediction model performance.
In comparison, there are two developed models'®1%" with
high discriminative ability for adult patients.

CONCLUSION

This systematic review acknowledges the complexity of
UHRs risk prediction in paediatric populations. The
evidence on the utility of developed predictive models for
paediatric UHRs, comparison to adult population litera-
ture, is very limited as no existing models have been vali-
dated externally. This review identified four consistently
cited risk factors associated with paediatric UHRs. These
include comorbidity, public health insurance, longer
LOS at the index admission and patients either younger
than 12 months or 13-18 years old. The identified risk
factors depended on what variables were examined in
each of the included studies. Therefore, consideration
should be taken into account when generalising reported
significant risk factors to other institutions.

This review concludes that a focus on the develop-
ment of potentially preventable/avoidable UHRs risk
predictive models for paediatric patients is required as
some unplanned readmissions might be unavoidable
due to medical complexity.'"” Future studies should
use a combined approach of administrative and clinical
medical data. Also, there is a need to examine if paedi-
atric potentially/avoidable UHRs are associated with
patients’ social complexity (ie, language proficiency) and
comprehensiveness of discharge information (written
and verbal communication).

The utmost priority is to develop a standardised set
of measures to capture key hospital discharge variables
that predict unplanned readmission among paedi-
atric patients. Key challenges include time frame used
to measure readmissions, unit of measure on which to
record/calculate readmission and variables to be exam-
ined. Establishing the most appropriate length of time
(being discharge to readmission) to measure UHRs is
the first challenge. The second is to standardise the unit
of measure that should be used to calculate the readmis-
sion rate, while the final challenge is to determine what
variables should be extracted and examined to identify
risk factors associated with UHRs. Once these challenges
have been addressed, a parsimonious predictive model,
with high sensitivity and specificity, can be developed for
use in all healthcare settings, to identify and implement
quality improvement plans for patients with high risk of
UHRs.
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