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Abstract

Background The identification of new prognostic tools for the prediction of burn patients’ morbidity outcomes
is necessary. Considering the feasibility of frailty assessment in the clinical setting, we aim to systematically review
the literature on the associations between frailty and adverse outcomes in burn patients.

Methods Studies were retrieved from MEDLINE (through PubMed), Web of Science, Scopus, and Embase from their
inception up to 8 September 2022. Included studies were those that used frailty indices to predict adverse outcomes
in burn patients. The quality assessment was done using the National, Heart, Lung, and Blood Institute (NHLBI) check-
list. The results were synthesized narratively.

Results We included 18 studies. The sample size among the included studies varied between 42-1615 patients.
There were 12 research articles and 6 conference abstracts. Most of the studies were recently published in 2021

and 2022. Seven different frailty measures were evaluated. The following frailty measures were used: Canadian Study
for Health and Ageing (CSHA) Clinical Frailty score (CFS), Modified frailty index-11 (mFI-11), Hospital frailty index,
FRAIL scale, Emergency General Surgery Frailty Index (EGSFI), and Burn frailty index (BFI). There was only one report
regarding a specific frailty index designed for the burn population (BFI). Except for one study (which used mFI-11), all
included studies have shown a significant effect between assessing frailty and predicting worse outcomes. The CFS
was an independent predictor of mortality among the burn population with high certainty of evidence. We found

a significant association for other frailty indices as a predictor of mortality, however, the certainty of evidence regard-
ing those was not high. Eight studies found a positive association between assessing frailty and unfavorable discharge
location. There was no association between frailty and increased length of stay.

Conclusion In conclusion, the postadmission assessment of frailty can be a reliable tool for predicting unfavorable
outcomes and mortalities among patients with burn injuries. In addition, future studies with various populations
from other countries are required to evaluate the efficacy of frailty indices measurement in order to strengthen

the available evidence.
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Introduction

Burn injuries usually lead to morbidities, reduced qual-
ity of life, and fiscal burdens on the patients and their
families. Burns also raises the cost of healthcare services,
as their treatment requires extensive follow-ups, accom-
panied by prolonged hospital stays and potential surgi-
cal interventions [1]. Prognostic risk factors of burn are
stated by older age, wider total body surface area burn
(TBSA), inhalational injury, mechanical ventilation,
presence of tracheotomy, and time from of burn injury
to BICU admission and initial centre of first emergency
treatment [2]. Understanding the prognosis of a burn
patient can help us determine their treatment protocols
and patient care facilities. Numerous injury scoring sys-
tems are already at our disposal regarding burn patients,
including but not limited to age, total body surface area
burned, inhalation injury, size and depth of burn, and
serum creatine kinase [3]. A study by Silva et al. [4]
reported that elderly burn patients’ comorbidities have
a prevalence of 53—-68%. The patients are at greater risk
of premature death as a consequence of injuries, includ-
ing burn injuries [1, 5, 6]. In the study by Pham and col-
leagues [7] which was conducted using data from burn
centers in the United States and Canada, the in-hospital
mortality rate for 55-64, 65-74, and>75 years old of
age was 8.7%, 16.2%, and 24.4%, respectively. The major
limitation of age consideration is the fact that it does not
predict the physiological or psychological status of the
elderly population. Therefore, a practical tool must con-
sider different aspects of an elder patient. In fact, frailty,
which is a state of vulnerability of an individual, has
increased due to age-related decline in the function of the
body [8]. Previous studies from single centers with small
sample sizes have demonstrated the effects of frailty on
burn mortality and showed that frailty is associated with
an increased risk of mortality [9-12].

Frailty, usually defined as conditions with excessive
vulnerability in response to endogenous and exogenous
stressors, has also been proposed as a valid tool for pre-
dicting adverse outcomes among burn patients, and there
have been some articles recently published on this sub-
ject [9, 13—15]. There is no universal definition for frailty,
although definitions have been described in some stud-
ies [16—19]. However, frailty is best defined as a balance
between assets and deficits, where if the deficits outweigh
the assets, the person is deemed frail [20]. These factors
can be measured, and in turn, frailty itself can be meas-
ured by pooling the overall results of these measures.
Frailty indices such as The Canadian Study of Health
and Aging frailty index and The Modified Frailty index
(MFI) are derived by this method. The Canadian Study of
Health and Aging clinical frailty scale (CSHA-CES) is a
7-point clinical opinion scale created in order to be used
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as a clinical alternative to The Canadian Study of Health
and Aging frailty index [21]. The CES is a validated meas-
ure for assessing one’s physical frailty [21]. This scale does
not evaluate psychological or social domains. The scor-
ing system starts with 1 (very fit) and ends with 9 (ter-
minally ill). One can be frail if the overall score becomes
5 or higher. Like CFS, the mFI-11 only assess physical
domains and there have been critiques on its low respon-
siveness to change [22, 23].

Systematic reviews have been conducted on prognostic
factors regarding burn patients [3, 24]. However, no study
has reviewed and examined the prognostic value of frailty
in burn patients. Considering the feasibility of frailty
assessment in the clinical setting, we aim to systemati-
cally review the literature on the associations between
frailty and adverse outcomes in burn patients..

Methodology

The present systematic review was conducted based
on Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines and guideline
retrieved from the Cochrane Handbook for Systematic
Reviews of Interventions [25, 26]. The protocol of this
review was prospectively registered on PROSPERO with
the following registration code: CRD42022353197.

Search strategy

We performed a comprehensive database search in inter-
national databases, including Medline (via PubMed),
Embase, Scopus, and Web of science up to 8 Septem-
ber 2022. No limitation was implemented on our search
results. Furthermore, by screening the reference section
of the potentially included articles, eligible studies were
identified. A combination of the following keywords and
Boolean operators were used to design the strategy of
our systematic search: Burns, Burning, Frailty, Frailness,
Debility, and Frail. The detailed search strategy of each
database with exact results and time of the performance
is available in Supplementary material Table 1.

Eligibility criteria

The inclusion criteria based on PICOT definition were:
1) Population: adult burn patients; 2) Index: evaluated
frailty as a predictor of post admission outcomes using
a well-established and validated frailty scale; 3) Com-
parison: not applicable; 4) Outcome: reported relevant
outcomes including but not limited to mortality, length
of stay, high level of care discharge, and etc.; 5) Type of
Study: all types of original studies. The was no limitation
on date and the language of the published report. Con-
ference abstracts were also included but their quality
was not assessed due to limited data available regarding
their methodology. Review studies, case report studies,
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meta-analyses, commentary studies, and letter to editor
articles without any relevant data were excluded.

Screening and data extraction

Screening the articles were performed in 2 steps: 1)
Initial screening by title/abstracts; and 2) Full texts
screening. Disagreements were resolved through discus-
sion. Data were extracted on an Excel spreadsheet. The
extracted data included Author, Year, Country, Registry/
Duration, Population, Total patients, Frailty index used,
Cut-offs, and Main Findings. A third reviewer checked
both screening and data extraction parts.

Quality assessment

The quality assessment was evaluated by two reviewers
(S.R. and M.A.) using a checklist derived from National,
Heart, Lung, and Blood Institute (NHLBI) tools for
cohort and cross-sectional studies [27]. The question-
naire contains 14 signaling questions including Q1. Clar-
ity; Q2. Clearly specified population; Q3. Participation
rate >50%; Q4. Similar population; Q5. Sample size jus-
tification, Q6. Exposure before outcome; Q7. Adequate
timeframe; Q8. Different levels of exposure; Q9. Expo-
sure measurement quality; Q10. Repeated exposure
assessment; Q11. Outcome measurement quality; Q12.
Blinded assessment; Q13. Lost to follow-up rate <20%;
and Q14. Through statistical analysis, including adjust-
ment of confounding variables. Full description of each
signaling question is available in Supplementary Material
Table 2. The overall quality of a study was based on the
overall judgment of authors who answered and evaluated
each study. Any discrepancies in quality assessment were
resolved by the third reviewer.

Synthesis and certainty of evidence

Since there were a lot of heterogeneity in the ways of
reporting the findings of each article, we decided not to
perform a meta-analysis. To rate the evidence, we used
the GRADE-pro website and its definitions for each
domain. Further detail about the system of rating has
been provided in our previous work and on the GRADE-
pro website [28-30]. Briefly, to report the pooled results
of the studies and evaluating the certainty of evidence
available for each frailty index, we used the Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE) system developed for systematic
reviews by assessing different domains which includes: 1)
Risk of bias: the overall results of the quality assessment
of each study was used to determine if it is necessary to
rate down the evidence. The results derived from confer-
ence abstracts was considered to have serious risk of bias;
2) Inconsistency: in cases where different results were
available from different studies (for example one study
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reports favorable use of frailty index and the other study
not), the evidence was decreased one level; 3) Indirect-
ness: defined exactly as defined by the GRADE team; 4)
Imprecision: having few number of studies reporting the
relevant outcome would decrease the level of evidence;
5) Publication bias: defined exactly as defined by the
GRADE team. The certainty of evidence starts from high
and ends on very low. Issues in each domain will decrease
the evidence one or two levels [31, 32].

Results

Characteristics

Our search results yielded 426 articles, of which, 115 were
duplicate. After screening based on title/abstracts and
full texts, a total of 18 articles were included [9-15, 33—
44] (Fig. 1). Data from one original article and abstract
was the same [33, 34]. Included studies were published
between 2013-2022. Twelve studies were journal articles
and 6 were conference abstracts [33, 36, 39-42]. All stud-
ies were observational in terms of study design. Most of
the studies were conducted in USA (n=13), followed by
UK (n=4), and Turkey (n=1). Data from one study was
originated from The National Inpatient Sample (NIS)
registry and 60,515 patients were included [43]. The par-
ticipation rate of other studies varied between 42-1615
patients. All studies put an age limitation on their inclu-
sion criteria, of which, most included 65 or older patients.
The detailed characteristics of each included study with
their main findings is available in Table 1.

Summary of frailty indices used

Among the included studies, there were 7 different frailty
measures used for assessing the prognostic value of them
among burn population. The most used frailty measure
was the one developed by the Canadian Study for Health
and Ageing (CSHA) Clinical Frailty score (CFES) (64%) [9—
15, 33-35, 37, 38, 41]. Among the included studies, only
2 reported their outcomes among different frail groups
[14, 15]. The second most used (11%) frailty index was
the Modified frailty index-11 (mFI-11) [46]. Both stud-
ies which have used mFI-11 were conference abstracts
[39, 42]. Each of the mentioned measures was used once
within the reviewed studies: the Modified frailty index-5
(mFI-5) [39]. Hospital frailty index [43], FRAIL scale
[40], Emergency General Surgery Frailty Index (EGSFI)
[36], and Burn frailty index (BFI) [44]. The burn frailty
index was developed based on the previous validated tool
EGSFL

Frailty and postadmission outcomes

Except for one study [42], all included studies have shown
a significant effect between assessing frailty and predict-
ing worse outcomes following the admission of burn
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Fig. 1 PRISMA flow diagram

patients. Fifteen of the included studies, assessed the use
of frailty as an independent predictor of mortality [9-15,
33, 36, 38, 39, 41-44]. Only two studies by Wallace [42]
and Romanowski [38] reported a non-significant associa-
tion. Based on our synthesis, the CFS was an independ-
ent predictor of mortality among burn population with
high certainty of evidence (Table 3). Each of the following
measures was assessed once with regard to predicting the
odds of mortality: positive association of Hospital frailty
index, FRAIL scale, EGSFI, and BFI. Regarding mFI-11
and mFI-5, there were heterogeneous results regard-
ing their positive association [39, 42]. Considering other
outcomes, unfavorable discharge location and length
of stay were among the most reported, respectively. All
eight studies found a positive association between assess-
ing frailty and unfavorable discharge location [10, 11,
13, 35, 36, 40, 41, 44]. Regarding length of stay, only BFI
and FRAIL scale showed significant increase in length of
stay among prefrail/frail group by assessing frailty using
FRAIL scale [40, 44]. Maxwell et al. found a decrease
in length of stay among those whose were assessed as
frail by BFI index [44]. All other studies did not find any

association regarding frailty and increased length of stay.
The detailed results of other outcomes are available in
Tables 1 and 2.

Quality of the included studies

Among the journal articles assessed regarding their qual-
ity, one rated Poor, five rated Fair, and six rated Good.
The detailed results of our quality assessment are avail-
able in Table 3.

Discussion

In the present systematic review, we evaluated different
frailty indices among burn patients. Also, we conducted
a comprehensive assessment in the published articles
regarding this topic. Seven different frailty indices were
used in the included studies, including CFS, mFI-11, mFI-
5, hospital frailty index, EGSFI, FRAIL scale, and BFL
The mostly used frailty indices were the CFS and mFlIs,
respectively. However, data regarding the association
between frailty measurement as a prognostic tool among
burn patients is limited. Most of the included stud-
ies showed that there is a positive correlation between



Page 5 of 14

(2023) 23:680

Shafiee et al. BMC Geriatrics

AJjeriow 1oy
(6£1'7-95111885°L:[D
%56] 4O 341 pamoys Juiod
S4D Ul asealoul yoeg (¢
'268°0 'sisAjeue sHOYNY (€
(€0 "0=d) Allje1iow Jo JO}
-d1paud Juspuadapul ue s
S45 9yl 1ey3 pamoys
sisAjeue a1eleAl N (7
010°0=4d) slon
-IAINs-uou buowe 1aybiy
Ajpuedylubis sem g4 (|

(¢c00=0) dnoib ey
/edyaid aya ul abieydsip
318D JO [9A3] JYBIH (€
‘(zoo0=9)

dnoub |iely/jiesaid sy Ul
Ae1S JO Y1bus| pasealdu| (¢
(9600=9)
JuedYIUbIS-UOU SEM

1 ybnoyaje ‘dnoib iely/|iely
-21d aY3 Ul SUoleYNSUOD
218D aAIlel|[ed IO (|
780 Xopul

Ayjiedj jeudsoH buipnpul
[SPOW 81 10} SOOHUNY (¢
‘dnoub jiely Alybry aya 1oy
[c06-09°€] 0£°S pue dnoib
|lel} A|91eI9pOWl 34} 1o}
[L9v-18TT9e D

9%S6] YO U1 pamoys Al
-|exJow [eydsoy-ul 1oy
sisAjeue ajqeleANIA (|

VN

|iedy 2jesy-a1d 1snqoy

SL<ybly
'G1—G S1eIspow G > MOT

(S4D) 21035

Ayjiead [ed1u1D (YHSD)

Bursby pue yijesH 1oy
Apnis ueipeued 8¢

G9Z pabe
suolIssIwpe wng ||y

19p|o pue
G sabe syuaned uing

9[€dS Ivyd S8 21Nde panjupe ||y

sisoubelp
uing 21Nde ue Yim

xapul Ayj1euy [e)dsoH GLG'09 9be Jo sieak oG Z saualeyd

Apnis aAndadsonal

s1eak 6 /paseq 1a1Ud) AN ¥I0T  [E'eel WD weam €

SLIUOW / /181u32 3|Buls VSN 1eoe [07] FIsLOH oM ¢

8107-9107 /2(d

-weg jusijedu] [euoneN VSN ¢eoc [EVIATA L

sbuipuiy urepy

sgo-ndH

xapui Ayjies4 sjuaned jerof uonejndod

uoneinq /Ansibay Anuno) aeap Joyiny Q|

S3[D1Ie PIPN|DUl Y3 JO SolsLAIdeIRYD | djqeL



Page 6 of 14

(2023) 23:680

Shafiee et al. BMC Geriatrics

(9£8'=d"[¢9C Y '¥S5T'S -]
9670 — =91eWNsa)

SOT40 Jo1ipaid e 10N -2
(PSS =d'[L9¥ | 'T6470]
878'0=I[1D %S6] HO) Alje1
-Jow Jo J0121paid e J0N -|
(Auawijedwi aAnubod pue
AJjigowl pasnpal) uonedid
-W0D pue A3j1es) Usamiaq
UO[1B|21102 BUOIIS B SMOYS
€00 =4 JO 1U3DLYS0D
UO[1B|2410D U0SIed (|

10000 > d uoljeunsap
2b1eYISIP JO J0IDIPAI] -€
¢s0=d

SOT YMm pa1eidosse J0N -¢
(=1 A G) 6T=H0O Yum
AJ[P1IOW JO JOIDIPaId - |
SO140 Jo101paid
Juapuadapul ue 10N -7
AJjeriow jo Joydipaid
Juapuadapul ue 10N -|

L0000 >d

(uoneidosse abJe| ‘aio0ul 10
§0) §0=0uy Aujenow
1eak | 10J (0Yy) JUIDLJS0D
UO[1B|24102 UrwWIRdS -G
10000 >d

(UonePOoSSe 31elapoW
6¥'0-€0) LE0=0Uy Aul
-|eyow [eydsoy-uj Joy
(oyy) ua1dL20d uon
-e|24J0> ueuwlleads
1000'0>d (%6'€8 =AU
-AINSURS) €1°€:HO AMje)
-10W JP3A-3U0 paseasnul
:A)jeriow Jeak-auQ -¢
L0000 >d '€€THO Anjer
-Jowl [eydsoy-uj pasealdul
:Ajjerow [eudsoy-uj -¢
1000°0 > d AJ[p3IOW JO JO}
-d1paid Juspuadapul ue se
Ay|tedd :AdjeHOoW -|

VN

VN

VN

VN

VN

(S4D) =100s

Areld [edjuld (VHSD)
Bursby pue yijesH 1oy
Apnis uelpeued)

(543) 21035
Areld jejuld (VHSD)
Buraby pue yijesH 1oy

Apnis uelpeued)

(S4D) 214025

Ayjteiq [eoud (YHSD)
Buisby pue yiesy 1oy
Apnis uelpeued)

LL-Xepul Ayjlely payIpoy

9eds Ayjiel4

[B21UI]D) S, POOMD0Y

€8

pIo
sieak 09 < susned uing

Ainfur uing e buy

671 -UIRISNS 1eak G/ < s1ualed

€56

6¢C

sauNful uing a1nde Yum
S1eak 06 < s1ullled

syuaned uing

121U3D
suINg ayj 03 parwpe
sieaf g9 < syuaned ||y

£10¢-800C
/Paseq Ja1u)

010Z-600¢
/Paseq Ja1ua)

810¢—600¢
/paseq 121uad)

/10 4eqUWe39d—910¢
Alenuer /paseq Jaiuad)

Apnis aADadsonal
SIpaK g /Paseq Ja1ua)

VSN 0¢0C

AN 8l0C

VSN ¢coc

VSN ¢coc

AN 8l0¢

[8€] Psmouewoy g

[£€] Inoduyadas  /

[ly]1°g'=2elBM 9

[cv) 1°g'=2eleM S

6] piem ¥

sbuipuly urepy

SHo-1n)

xapui Ajied4 sjuaned jerof

uonejndogd

uoneinqg /Ansibay A1uno) Jeap

joyny @

(panunuod) L ajqey



Page 7 of 14

(2023) 23:680

Shafiee et al. BMC Geriatrics

L0000=d

‘dnoub |1ely 104 [9'0yE-59)]
8Ly =[1D %S6] HO pue
dnoib s|qessu|nA 1oy
[9'55-80] £9=I[ID %S6] HO
(uoneindwe Jofew pey 1o
paip asoy)) sisouboid
100d Jo Joroipaid 1us
-pusdapur ue st 54 (1

(1D %56 L7011 /91
Avjeriow pue ([1D %56 ‘8%
—€'1] 'z uonedo| abieydsip
Jood yum a1epposse
Apuspuadapul a1e $21035
A3|1e1} UOISSILUPe PIMOYS
sisKjeue a1eleAnN (€

T LF LY SAE0FFES) uon
-e20| pabueydsip Jood yum
asoy3 buowe Jarealb
2I9M 521025 A1jleld (7
(CLFVY SATLFTG) SI0A
-IAINS-uou Buoule ia1eaib
219M 21025 AYj1el4 (|

((£z-€00'L

1€91=[1D %S6] 4O)

J9MO]| SeM 91BWIISS Y3
‘69 < pabe syuaned
Buowy [9p-+1157=1D
9656] HO SeM 21eWIISS SY}
'¥9-05 pabe syuaped
Buowy “((Sy] 87701 €'L]
6L =[1D %56] HO) Auer
-Jow Jo J011paud 1uspuad
-9pul Ue si A)Ielj paMOYs
sisAjeue a1eLBARINIA -€
S0'0>d uon

-eunsap abieydsip a1ed jo
|9A3] YB1Y JO Jo1dIpald -
100°0 > d Aujeniow Jo
J0101pald Juspuadapul -|

(6-5'S4D)
1Bl {(#:S4D) 2|qeJaulnA
(€-1:54D) :[ewiioN

VN

VN

(S4D) 21025

Ayjreaq je21u1D (VHSD)
Bulsby pue yijesH 1oy
Apnis uelpeued)

(S4D) 21025

Aiei4 [ea1uID (VHSD)
Buraby pue yijesH oy
Apnis uelpeue)

(S4D) 21025
Aield je1ul)d (VHSD)
Buieby pue yijesH 1oy

Apnis uelpeued)

19p|0 40 s1eak 69 syusiied
uing pazijeudsoH

19pP|0 10 SIeaA
9 syuaied uing 21Ndy

plo
sieak 0g = suaned uing

0c0c—£10¢
/paseq 121uad)

€10z-110¢
/paseq 191uaD vsn

€10¢-800¢
/paseq 191U

Ang zzoe

S10¢

vSn 8l0¢

[SIIOMZO 1L

[LLISH ~_v_m>>OCmc(;O~u_ 0l

[01] ‘Msmouewioy 6

sbuipuly urepy

SHo-1n)

xapui Ajied4 sjuaned jerof

uonejndogd

uoneinqg /Ansibay A1uno)

1eap

joyny @

(panunuod) L ajqey



Page 8 of 14

(2023) 23:680

Shafiee et al. BMC Geriatrics

[8/0C-16€

1106=[D %561 YO
'(10000=d'080F9°€€

SA €L F0'G) uoisodsip
3|qeJOARUN YUIM 3SOU Ul
13ybiy Auedyiubis sem
21025 A3|1eu) ay3 bul
-_Em@E ADmv ueawl wrc.AN
109 /~¥S'1]) ¢v'e

[1D %S6] 4O ‘(90000=d
SEOFSESACLFLY)
UoISsSNIsIp a1ed Jo sjeob
papasu asoy ul Jaybiy
Ajpuedyiubis sem 9100s
Ayjiely ay1 buipiebai

(@s) uesw 8yl (1
(08707-86/0'L=11D

%56] 17 Ag sasealul
y1eap Jo Aljiqegoud ayy
2105 AY|lel) 9Y3 Ul 951D Ul
uiod-| A19A3 10§ paMOYS
sisAjeue a1eleAl N (€
(96¢/ =Audynads

‘9001 =ANAISUDS) € <SI AU
-|e1IOoW J0j 3105 A1jIelf 10}
on|jeA Jo ind _mC\_EQO AN
(L0000=4d) G UeIPaN
SIOAININS-UOU 9] O}
pasedwod (/~¢) € YOI
UBIP3|N $24025 K111} JOMO)
Apuesyiubis :Aujero (|
(5L

SA %L 1) san[eow [eyd
-soy ul (G pue ‘(skep o'/ F |
SAO'ETF L) SAeis DI
196UO[ (17 (%901 SA %6CS)
suolissiwpe N (€ '(%9°€L
SA 969°/9) SobJeyDdSIp SOy
-uou (z (500> d) (%6901
SA 958 19) suonedldwod (|
2J0W paMOys mpcm_umo_ elq

(S4D) 24025

Ayjteiq [eoud (YHSD)

Buraby pue yijesH 1oy

N Apnis uelpeued)

Amu_uv 2J0DS

Ayjead [ea1uld (YHSD)

Buiaby pue yiesH 1oy

N Apms ueipeued

(14593) xapuj Ayjrei A1o6
VYN -INS [eJauan) Aousbiaull

9cl

[4%

001

13p|o 1o
sleak Gg syusned uing

19p|o 10
sieaf g9 syuaped uing

13p|0 J0
sieah g9 siuaned uing

¥710¢-600¢

/Paseq Ia1us) vSn 810¢

600¢—500¢
/paseq Jaiua) AN €10¢

£10¢-€10¢

/Paseq Ia1ua) VSN 8l0¢

(Sl L1upeN vl

[zl a’pnsew €l

[Oel'ma’llsmxenN ¢l

sbuipuly urepy

sjo-1nD xapui Ajied4 sjuaned jerof

uonejndod

uoneinq /Ansibay A1uno) Jeap

joyny @

(panunuod) L ajqey



Page 9 of 14

(2023) 23:680

Shafiee et al. BMC Geriatrics

(100" >d'[805S—+8/"1]
SEL'e=[D %S6] HO) uon
\_mOQm_D QOgum_U 100d Am
(Loo>d

856'S1-91£7] 0809=[D
%56 YO) ANeLOW (T
(100'=d"[8297-09%'1]
6657=I[1D %S6] 4O) 21n|iey
\Coum‘:Qmw\_ 21NdyY ?
pasealdul Ylim pale
-1D0SSe sem A1|ielj pamoys
SISAjeue a1eueAl N

A3|1B1} MO| PUE 31BISPOW 0}
pasedwod ‘(100 > d

‘%8 PUB %6 SA %/7)
dnoub Aytelj ybiy oy ul
15918316 :UOIIE|1IUIA |BD
-lueYDAW 10§ PN (&
‘(100 >d

‘% 1T PUB 9%/E SA %89)
dnoib Aytely ybiy aya ul
15918216 :ARIS D) (€
!(sKep 6—9 Ue|paul)
sdnoibgns usamiaq Je|
-IWis sem SO UeIpaA (¢
‘Ajennoadsal (05'5-£8°0)
1D %56 ‘61°C PUe (¢9°/1
'98'1) 1D %56 ‘€L°S S4om
dnoib Ayjlel) s1esapow
'sA yb1y pue dnoib
A|ledy moj 'sa ybiy bul
-ledwod sonel plezey
%€ T PUB %07, ‘%E YT
dnoub Aytelj ybiy oy ul

1591830 :A)jeUOoN (I /(9—F) wWnipaw ’

G= <[P} ‘G >|Iel) UON

6

1) ybiy 10
(€-1) mo

(S4D) 21035

Ayjteld [earuld (YHSD)
Buraby pue yijesH oy 1ap|o Jo
Apnis uelpeue) 168 sIeak 0g siusned uing

(S4D) 21025

Awrerd fea1ud (YHSD)
Buleby pue yiesH 10} 19p|0 10
Apnis uelpeued) 759 sieak 69 syusned uing

610¢-600¢

/paseq 121ua) VSN ¢coc

610¢-510¢

/Paseq Ia1ua) VSN ¢coc

[€11D8rD 91

PLI'vM'sell L

sbuipuly urepy

SHo-1n)

xapui Ajied4 sjuaned jerof uonejndogd

uoneinqg /Ansibay A1uno)

1eap

joyny @

(panunuod) L ajqey



Page 10 of 14

(2023) 23:680

Shafiee et al. BMC Geriatrics

(1000=4d)

[BAIAINS JBIA-C pUE |
pasea1dap (1000 >d)

Ae3s Jo syibus| ND| pue
|eudsoy Jabuoj pue ‘suois
-siupe NI '(L00°0>d)
sableydsip awoy-uou
(100°0 > d) suonesydwod
aioul Apuedyiubis pey

|IB1} SB PRYISSE|D SIUNIRd -1
(£08°0

—809°0=1D %56) L//°0 pue
(966'0—-1790=1D %S6)
£76°0 SI A)jeriow asned-|je
Bunoipaid |49 ay3 Jo A
-dy10ads pue ALAIISUSS -€
KjoAnoadsal ‘(96—

sbuel) skep G| pue (19—
abuel) sAep g sem syuaned

[IBl} 14g PUE |IBl} 10U 10}
Ae1S JO Y3BUd| URIPBI -C
|ledj-uou u

pPa.1n20 | ‘dnolb jiesy ul
P21IN220 7| :A)[eMO -|
(900=0d"'[/-56'0

19°C=11D %S6] YO) 10U sem
| <G4 ‘Sealaym
(€00=d [/ (-1'1]
1167=1D %56] 4O) Ajel
-Jow Jo J01o1paud Juspuad
-9puj ue sem | < | -4 (¢
AJjeriow jo siopdipaid Jua
-puadapul a1am (L000=4d
[ge-8LiLlegL=0D

%561 4O) L L-I4N pue
(coo=dLle-111]

981 =[1D %S6] YO) G-14N
'3|gelIeA SNONURUOD SY (|

0€0= <|leld

9|eds Iaylle Uo

Xapul Ayjlely uing 001

G-Xapul Aljiel) payIpop

L<IdW1eld /1 1-Xapul Ayjiely payIpon [¥E

$1e9A-G9 < s1ualied uing

uonendod uing

£10Z '8 9unf 01 1107 01
Aseniga4 /paseq-1aaus) vSN 6102 a'llomxeny gl

Lo /Apris

(39141) uonenjeng ased

uing ur Juswialinbay

uolsnjsuel] uoy
siskjeue A1epuodag vYSN  120T [6€] 'V T'alpuy /|

sbuipuiy urepy

syo-1n>)

xaput Ayies4 syuaned |eyo)

uonejndod

uoneinqg /Ansibay A1uno) Jeap Joyiny Q|

(PanupUOd) | 3jqey



Shafiee et al. BMC Geriatrics

(2023) 23:680

Table 2 Summary results of synthesis and certainty of evidence
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Outcome No. of Studies based Effect Risk Of Inconsistency Indirectness Imprecision Publication Certainty of

on each scale Estimate Bias Bias Evidence®
(In favor/
notin
favor)

Mortality CFS: 10 9/1 Not serious Not serious Not serious ~ Notserious  Notserious  High
Hospital frailty index: 1 1/0 Not serious NA Not serious ~ Very serious  Not serious  Low
mFI-11:2 1/1 (345 Serious Serious Not serious  Serious Not serious ~ Very low

patients/

1615

patients)
mFI-5: 1 0/1 Serious NA Not serious  Serious Not serious ~ Very low
EGSFI: 1 1/0 Not serious NA Not serious  Very serious Not serious  Low
Burn frailty index: 1 1/0 Not serious NA Not serious  Very serious  Not serious — Low

Length of stay CFS: 3 0/3 Not serious Not serious Not serious  Serious Not serious ~ Moderate
FRAIL Scale: 1 1/0 Serious NA Not serious  Very serious  Not serious  Very low
mFI-11:1 0/1 Serious NA Not serious ~ Very serious ~ Not serious  Very low
Burn frailty index: 1 1/0 Not serious NA Not serious  Very serious  Not serious — Low

Poor discharge® CFS:5 5/0 Not serious Not serious Not serious  Serious Not serious ~ Moderate
FRAIL Scale: 1 1/0 Serious NA Not serious  Very serious  Not serious  Very low
EGSFI: 1 1/0 Not serious NA Not serious ~ Very serious  Not serious  Low
Burn frailty index: 1 1/0 Not serious NA Not serious ~ Very serious Not serious  Low

ICU stay CFS:1 1/0 Not serious NA Not serious  Very serious  Not serious — Low
EGSFI: 1 1/0 Not serious  NA Not serious  Very serious  Not serious  Low
Burn frailty index: 1 1/0 Not serious NA Not serious  Very serious  Not serious  Low

Need for mechanical CFS: 1/0 Not serious NA Not serious  Very serious  Not serious — Low

ventilation

Goals of care discus- CFS:1 1/0 Not serious  NA Not serious  Very serious  Not serious — Low

sion

2 Poor or unfavorable discharge is the discharge to skilled nursing facility

P Not Serious: no downgrade in the certainty of evidence; Serious: one downgrade in the certainty of evidence; Very Serious: two downgrades in the certainty of
evidence; NA: not applicable

Table 3 Quality assessment

Study id 1 2 3 4 5 6 7 8 9 10 1 12 13 14 Total assessment
Yi-2022 [43] Yes Yes Yes Yes No Yes Yes Yes Yes No Yes No Yes Yes Good
Ward-2018 [9] Yes Yes Yes Yes No Yes Yes No Yes No Yes NA Yes Yes Good
Sepehripour-2018 [37] Yes  Yes No Yes No Yes  Yes No Yes No  Yes No Yes No Poor
Romanowski-2020 [38] Yes Yes No Yes No Yes Yes No Yes No Yes b Yes No Fair
Romanowski-2018 [10] Yes Yes Yes Yes No Yes Yes No Yes No Yes No Yes Yes Good
Romanowski-2015 [11] Yes Yes No Yes No Yes Yes No Yes No Yes No Yes Yes Fair
Ozlu-2022 Yes Yes No Yes No Yes Yes Yes Yes No Yes No Yes Yes Fair
Masud-2013 [12] Yes Yes No Yes No Yes Yes No Yes No Yes No Yes Yes Fair
Madni-2018 [35] Yes Yes No Yes Yes Yes Yes Yes Yes No Yes No Yes Yes Good
lles-2022 [14] Yes Yes Yes Yes No Yes Yes Yes Yes No Yes No Yes Yes Good
Galet-2022 [13] Yes  Yes Yes  Yes No Yes  Yes Yes  Yes No  Yes No Yes  Yes  Good
Maxwell-2019 [44] Yes Yes No Yes Yes Yes Yes No Yes No Yes No Yes Yes Fair

Questions: Q1. Clarity; Q2. Clearly specified population; Q3. Participation rate > 50%; Q4. Similar population; Q5. Sample size justification, Q6. Exposure before
outcome; Q7. Adequate timeframe; Q8. Different levels of exposure; Q9. Exposure measurement quality; Q10. Repeated exposure assessment; Q11. Outcome
measurement quality; Q12. Blinded assessment; Q13. Lost to follow-up rate < 20%; and Q14. Through statistical analysis (including adjustment of confounding

variables)
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measurement of frailty and the prediction of severe and
comorbid outcomes among burn patients during their
hospitalization. Although there is only one developed
index to assess frailty among burn patients (BFI), based
on our assessments, results obtained from the CFS index
had a higher certainty of evidence score compared with
other frailty indices, suggesting that it can be used as a
reasonably reliable index than other indices. Our results
yielded that measuring CFS as among admitted burn
patients was able to predict mortality and poor discharge
location. Furthermore, there were no significant associa-
tion between measuring CFS and the length of hospital
stay. It is worth mentioning that BFI was designed based
on a previous validated frailty scale (EGSFI). Most of
the included studies assessed the frailty scales for their
patients at the time of admission because of the impor-
tance to predict burn outcome and status as soon as pos-
sible. Based on our results showing prognostic property
of frailty assessment, it seems to be important to use
standardized frailty scales (such as CFS and mFIs as com-
mon scales) for all burn patients at time of admission to
predict their mortality, unfavorable discharge location,
and length of stay.

During the initial period of admission with the busy
and complicated condition of initial treatment of burn
patients, the Frailty Score is simple to assess, understand,
and communicate with clear criteria based on deter-
mined levels of patient function. Assessment of the risk
of mortality and any worse outcome allows burn care
teams to evaluate the impact of the primary hospital care
and follow-up on burn outcomes.

In a study by Maxwell et al. [44], the association
between burn-related complications and frailty was
assessed using burn frailty index (BFI). It is worth men-
tioning that BFI was designed based on a previous
validated frailty scale (EGSFI) which was previously vali-
dated for the burn patients as a useful tool for predict-
ing morbidity and mortality [36]. However, using BFI
was associated with better sensitivity and specify for pre-
dicting all cause mortality (0.923 and 0.771 vs. 0.846 and
0.736). A major concern regarding the burn frailty index
is the fact that it can only be completed by patients who
are able to fill the questionnaire, due to some questions
such as questions about personal feelings. The CFS has
an advantage over the burn frailty index because it can
also be assessed using medical records or from the fam-
ily members. Rockwood et al. [21] described a cumula-
tive deficit model which is a model encompassing social,
comorbidities, and cognitive factors. These factors
increase the frailty index when combined. It has been
reported in a systematic literature review by Shamliyan
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and colleagues [47] that frailty is associated with poor
life expectancy. However, Sepehripour et al. [37] showed
that clinical frailty scale was not correlated with higher
or lower life expectancy in elder burn trauma survivors.
Moreover, they saw a positive correlation between com-
plications and frailty status.

Previous studies have been conducted in order to
assess the predictors of mortality and other severe out-
comes among burn patients [48-50]. However, there is
no study which comprehensively assess the available evi-
dence regarding the association of frailty and outcomes
following burn injury. Age, %TBSA, % full thickness
burn, female gender, inhalation injury, surgery includ-
ing escharotomy, and the depth of burn were among
the factors that has been reported to predict the length
of stay among these patients [48]. In our study, how-
ever, the evidence suggests there were no association
between frailty as a predictor of length of stay. Only one
study which used BFI was reported a significant increase
in the length of stay among frail patients [44]. Regard-
ing health-related quality of life, a systematic review by
Spronk et al. reported several factors including but not
limited to severity of injury, depression, and post-trau-
matic stress symptoms as an independent predictor [50].
There were no studies reporting the predictive value of
frailty on qualityof life following burn injury. A recent
systematic review and meta-analysis have evaluated the
available risk models for predicating mortality among
burn patients [49]. They found the classic Baux; the
revised Baux; and the Fatality by Longevity, APACHE
II score, Measured Extent of burn, and Sex (FLAMES)
among the best predictors of mortality. It is worth not-
ing there was no discussion regarding measurement of
frailty as a potential predictor of mortality in their sys-
tematic review [49].

There are several strengths regarding the present
study. We performed a comprehensive bibliometric data-
base search in order to identify all published articles in
any language evaluating frailty indices on burn injury
patients. We have also included conference abstracts to
maximize the validity of our results. Also, there is no
other systematic review or a meta-analysis on elderly
burn patients. We fully screened the included studies and
reported their data as several individual outcomes. Fur-
thermore, we assessed the certainty of evidence in both
outcomes and frailty indices used. Our study has some
limitations. On one hand, a meta-analysis could not be
performed in this systematic review, mainly due to the
heterogeneity of the studies and low available data. On
the other hand, most of our data were regarding the CES
index and there is low certainty of evidence about other
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frailty indices. Finally, the subjectiveness of our method-
ology using the GRADE system to synthesis our results
may cause bias to our findings. Therefore, we suggest
performing additional studies specifically on the frailty
masseurs which have low or very low certainty of evi-
dence regarding their use in burn patients.

Conclusion

In conclusion, based on the results of the present sys-
tematic review, assessment of frailty can be developed
and be used as a predictive tool for mortalities among
the patients with burn injuries. In addition, more stud-
ies with various populations from other countries are
also required to evaluate the efficacy of frailty measure-
ment. Although there are considerable evidence indi-
cating CFS as a great tool regarding this goal, future
studies are needed to assess other frailty indices which
were explained in details in this systematic review.
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