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Abstract

Purpose To identify possible risk factors in predicting
clinical outcome in critical limb ischemia (CLI) patients
undergoing percutaneous transluminal angioplasty (PTA).
Materials and Methods PubMed and EMBASE were
searched for studies analyzing CLI and clinical outcome
after PTA from January 2006 to April 2017. Outcome
measures were ulcer healing, amputation free survival
(AFS)/limb salvage and overall survival. Data on predic-
tive factors for ulcer healing, AFS/limb salvage and sur-
vival were extracted.

Results Ten articles with a total of 2448 patients were
included, all cohorts and based on prospective-designed
databases. For ulcers, it seems that complete healing can be
achieved in most of the patients within 1 year. No signif-
icant predictive factors were found. AFS/limb salvage:
AFS rates for 1, 2 and 3 years ranged from 49.5 to 75.2%,
37 to 58% and 22 to 59%, respectively. Limb salvage rates
for 1, 2 and 3 years ranged from 71 to 95%, 54 to 93.3%
and 32 to 92.7%, respectively. All studies had different
univariate and multivariate outcomes for predictive factors;
however, age and diabetes were significant predictors in at
least three studies. Survival: Survival rates for 1, 2 and
3 years ranged from 65.4 to 91.5%, 45.7 to 76% and 37.3
to 83.1%, respectively. Different predictive factors were
found; however, age was found in 2 out of 5 studies
reporting on predictive factors.
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Conclusions In several studies two factors, age and dia-
betes, were found as predictive factors for AFS/limb sal-
vage and survival in patients with CLI undergoing PTA.
Therefore, we believe that these factors should be taken
into account in future research.

Level of Evidence Level 2a.

Keywords CLI - PTA - Amputation free survival -
Survival

Introduction

Critical limb ischemia (CLI) due to peripheral arterial
disease is a condition in which the lower extremity is
threatened and is defined by ischemic rest pain, with or
without ischemic tissue loss [1]. CLI has a great impact on
healthcare and associated healthcare budget [2]. A number
of risk factors are known to be associated with the devel-
opment of CLI, which are diabetes mellitus, smoking,
increased age, lipid abnormalities and low ankle-brachial
pressure index [2].

Of the CLI patients, 10-40% will lose their leg within
6 months and the 1-year mortality rate is 25% in CLI
patients who are not able to be revascularized [2—4].

Percutaneous transluminal angioplasty (PTA), with or
without stenting, is an alternative approach to surgical bypass
as a revascularization method in patients with CLI [5, 6].
Compared to surgery, it involves advantages such as minimal
access trauma and shorter hospital stay. Therefore, PTA is
more suited and often suggested as first-line therapy for high-
risk CLI patients with a lower life expectancy [7-10].

To identify the effect of PTA, clinical outcomes such as
wound healing, amputation free survival (AFS) and sur-
vival during follow-up are recorded and presented [11-17].
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However, interpreting these clinical outcomes in this
patient group is difficult, because of its heterogeneity in the
risk factors such as comorbid diabetes, difference in age,
renal failure or lifestyle factors such as smoking and obe-
sity. We often see a discrepancy between a good revas-
cularization result of the PTA, identified on digital
subtraction angiography (DSA) and an unexpected poor
clinical outcome with early amputation [9, 18, 19]. For
future analysis of study results concerning endovascular
treatment in CLI patients, it is important to identity which
risk factors are associated with poor outcome.

Therefore, the aim of this systematic review was to
identify risk factors in predicting poor clinical outcome in
patients with CLI undergoing PTA with or without stenting.
Drug eluting technologies were not included in the review to
try to maintain homogeneity in the study population.

Materials and Methods

This review was conducted according to the preferred
reporting items for systematic review and meta-analysis
(PRISMA) guidelines [20]. The review protocol was not
published or registered in advance.

Search Strategy

An electronic search was performed in the databases
PubMed and EMBASE for studies analyzing CLI and
clinical outcome after percutaneous revascularization. The
search period was from January 2006 to April 2017. Search
terms used for PubMed and EMBASE are listed below.

PubMed “Critical limb ischemia OR critical limb
ischemia AND (angioplasty OR endovascular revascular-
ization OR percutaneous intentional extraluminal revas-
cularization OR subintimal OR endovascular therapy)
AND (major amputation OR amputation free survival OR
death OR ulcer healing OR wound healing OR mortality
OR survival) AND Humans”.

Embase: (Critical limb ischamia OR critical limb
ischemia) AND (percutaneous transluminal angioplasty
balloon OR percutaneous transluminal angioplasty OR
angioplasty OR stent OR revascularization) AND mortality
OR (amputation OR major amputation OR leg amputation)
OR (ulcer healing OR wound healing) OR (survival).

Study Selection

Step 1 All retrieved articles were checked on title and
abstract by one observer (X2). Duplicates, reviews,
guidelines, comments, letters to the editor, conferences,
case reports, study protocol and articles not containing CLI
were excluded.
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Step 2 All remaining articles were also checked on
abstract by the same observer (X2). When studies con-
tained less than fifty patients, patients did not receive PTA,
the study was retrospective (we considered prospective
database as prospective study) or the follow-up period was
less than 1 year, these studies were excluded. To avoid
exclusion of relevant articles, ambiguous articles were
retrieved as full text and treated as potentially eligible
articles. The observer double-checked step 2 and was not
blinded to author and journal names.

Inclusion of Relevant Articles

Three observers (X1, X2 and X3) independently checked
all remaining articles for inclusion and exclusion criteria.
Two observers (X1 and X2) each checked half of the rel-
evant articles, and the findings were discussed with
observer 3 (X3) who has experience on data extraction of
25 meta-analyses.

The inclusion criteria were as follows: (1) prospective
study or prospective database (we considered prospective
database as prospective study, hospital billing and other
registries as retrospective); (2) patients with CLI as defined
by Fontaine class III-IV or Rutherford class IV-VI (rest
pain, non-healing ulcer or gangrene); (3) patients under-
went (regular) PTA (no drug eluting stents); (4) >50
patients with CLI undergoing PTA; (5) data on outcome
were available for at least 1 year of follow-up (outcomes
were healing, AFS (major of minor) and overall survival);
(6) separate data on CLI and PTA were available (in
studies that included a variety of patients or treatments, for
example data on CLI patient who underwent PTA or
bypass surgery); and (7) finally, data on predictive factors
were reported. Exclusion criterion was duplicate data.

Data Extraction

Two reviewers (X1, radiologist with experience in
extracting data of two reviews and X2, medical student)
used a standardized form to extract data independently on
study design characteristics, patient selection, baseline
patient characteristics, procedure description, angiographic
outcomes and complications, follow-up and dropout
patients, clinical outcomes and predictive factors. Again,
each observer extracted data of half of the articles and were
double-checked by the third reviewer with experience on
data extraction of 25 meta-analyses.

Study design characteristics The following data on
study design characteristics were extracted: (1) study type
(cohort, part of RCT or other); (2) study design (single
center or multicenter and prospective study or prospective
database retrospectively analyzed); (3) setting initiation
institute (academic, tertiary or other); (4) department
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Total hits: 1,635
(PubMed: 734 / EMBASE: 901)

\ 4 -

Step 1: Exclusion based on title and abstract: (n=1,010)

- Duplicates: 240

- Letters/comments/editorials: 57

- Conferences: 354

- Case reports: 42

- Other languages (Chinese, Korean, Japanese, Russian, Spanish): 38
- Reviews / guidelines: 228

- Study protocols: 7

- Not relevant (no CLI patients): 37

No access: 7

625 Articles on CLI patients

v

Step 2: Exclusion based on title and abstract (and full-text): (n=442)
- Less than n=50 patients included: 136

- Patients not undergoing EVT / PTA: 152

- Retrospective analysis: 146

- Lessthan 1 year follow up: 8

183 Potentially relevant articles

(n=173)

10 Articles included in the analysis

Step 3: Excluded based on inclusion and exclusion criteria (full text):

- Retrospective analysis: 47

- No CLI patients: 2

- Patients did not undergo (regular) PTA: 22°

- Less than fifty patients with CLI undergoing PTA: 14

- No relevant data (ulcer healing, amputation free survival or survival)
for PTA available for at least one year of follow up: 47

- Relevant data on PTA were not mentioned separately: 11°

- No data on predictive factors: 29

h 4 - Duplicate data: 1

Fig. 1 Search, selection and inclusion of relevant articles. “Patients
did not undergo primary or standard PTA (e.g., use of primary
stenting or drug eluting stent) or it was not clear what number of

initiation by first author (radiology, surgery or other); (5)
period of recruitment; (6) institutional review board
approval (approved and informed consent obtained/waived,
not approved or unclear); and (7) funding or a potential role
of funders in the study (conflict of interest).

Patient selection The following data on patient selection
were retrieved: (1) consecutive sample of patients enrolled
(yes or no); (2) inclusion and exclusion criteria defined;
and (3) spectrum of patients representative for CLI patients
normally receiving PTA.

Baseline patient characteristics There were no age
limits applied regarding patients. The following data on

patients did undergo PTA. °In several studies patients did undergo
PTA; however, no data were separately mentioned from other
procedures (e.g., bypass surgery)

patient population were extracted: (1) number of patients
included in the study and (2) analyzed in the final analysis;
(3) age of patients (mean + SD, median and/or range); (4)
male-to-female ratio; (5) smoking (n + percentage); (6)
diabetes mellitus (n + percentage); (7) hypertension
(n 4 percentage); (8) dyslipidaemia (n + percentage); (9)
renal failure (n + percentage); (10) coronary artery disease
(n 4 percentage); (11) stroke history (n + percentage);
(12) BMI < 18,5 kg/m2 (n + percentage); (13) other fac-
tors (n + percentage); (14) other baseline characteristics
such as ankle-brachial index (ABI), toe pressure
(mean £ SD in mmHg), ankle pressure, TcPO2
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(mean £ SD in mmHg), ulcer classification (n + percent-
age), Fontaine classification (III or IV), Rutherford classi-
fication (IV, V and VI) and other characteristics when
cited; and (15) anticoagulation/antiplatelet medication at
baseline (n + percentage).

Procedure description The following data were extrac-
ted: (1) who performed the procedure (interventional
radiologist, vascular surgeon or other); (2) experience
defined (number of procedures performed or years of
experience); (3) which procedure was performed (only
PTA (balloon), PTA + stent placement or other); and (4) if
the study was described in sufficient detail to permit its
replication (if information was provided as stated in pre-
vious items 1-3).

Angiographic outcomes and complications data were
extracted on how articles defined (1) technical success; (2)
partial success/failure; (3) complete technical failure; (4)
major complications; and (5) minor complications and how
many successes, failures and complications occurred.

Follow-up and dropout patients The following data
were extracted regarding follow-up: (1) a summary of
follow-up time and scheme; (2) if all patients underwent
the same follow-up (yes or no) and (3) were dropout
patients adequately reported (yes or no, with or without
reasons for dropout or unclear).

Clinical outcomes and predictive factors Data were
extracted on the three previously defined outcome vari-
ables: (1) ulcer healing; (2) AFS (major of minor) or limb
salvage and (3) overall survival at baseline and at least
1-year follow-up with a maximum of 5-year follow-up.
Data on predictive factors either in terms of regression
analysis (univariate or multivariate) were extracted.

Data Analysis

All data at baseline were presented as number plus per-
centage, with the exception of age, which is presented as a
mean. Because standard deviation was not available in all
datasets, result on baseline could not be pooled.

Data on ulcer healing, AFS and overall survival at
baseline and at least 1-year follow-up were recorded. Data
on predictive factors for ulcer healing, AFS (also limb
salvage) and survival were extracted as reported in papers.
As anticipated, the number of studies was limited. The data
were heterogeneously presented so even meta-analysis with
random effect approach would not be suitable for pooling
predictive values. All data are therefore presented per
study.
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Results
Search, Selection and Inclusion of Relevant Articles

The search yielded 1635 studies: 734 from Pubmed and
901 from EMBASE (see Appendix 1).

After excluding duplicates (240), letters/comments/edi-
torials (57), conferences (354), case reports (42), other
languages than English, Dutch, French or German (38),
reviews and guidelines (228), study protocols (7), articles
not involving CLI (37) and seven articles of which the full
article could not be obtained, 625 articles on CLI remained.

Subsequently, articles were excluded based on title and
abstract because they had less than 50 patients (136), they
did not undergo PTA (152), were retrospective in nature
(146) or had less than 1 year of follow-up (8) which yiel-
ded 183 potentially relevant articles. Full texts of these
articles were checked on inclusion criteria: 173 articles did
not meet the inclusion criteria and ten studies were inclu-
ded for data extraction (see Fig. 1) [21-30].

Study Design Characteristics

Of the ten articles included, all were cohort studies; most
studies were performed based on prospective-designed
databases and were single center. In all studies, there was
no role of funders (see Table 1).

Patient Selection

The patient selection was consecutive in most of the
studies. In all studies, patients were included with CLI;
however, the spectrum of patients was equivocal, as in one
study only patients > 80 years were included [21], only
diabetic patients [22], only hemodialysis patients [27] or
patients with Rutherford V and VI [28] (see Table 2).

Baseline Patient Characteristics

In total, 2448 patients were included who were CLI
patients and underwent PTA with or without bare metal
stent placement. Mean ages ranged from 50 to 85.9 years.
Male-to-female ratio was 816:534 in the seven studies
mentioning this ratio [21-23, 27-30]. In addition, a broad
range of risk factors was present: smoking rate from 6.9 to
58.3%, diabetes from 49.1 to 100%, hypertension from
51.6 to 98%, dyslipidaemia from 21.1 to 65% and renal
disease up to 100%. Other risk factors such as coronary
artery disease, cerebrovascular disease and stroke were also
present in the majority of patients (see Table 3).

ABI was mentioned in only small number of studies,
other measurements such as toe pressure and ankle pressure
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Table 1 Study design characteristics

Funders
role in

Funding
received

Institutional review
board approval

Recruitment period

Initiation institute,

Study
department

Type of Data collection

study

References

design®

study

No

No

Approved and requirement for

Jan 2000-Dec 2007

Cohort Prospective database Multicenter Surgery

[21]

IC waived

No

Unclear

No

Approved and IC obtained

Jul 2003-Dec 2007

2007-2012

Radiology

Single center

Prospective

Cohort
Cohort
Cohort
Cohort
Cohort
Cohort

[22]
[23]

No

Approved

Surgery

Single center

Prospective database

No

No

Approved and IC obtained

Jan 1999—Jun 2004

Surgery

Single center

Prospective

[24]
[25]
[26]
[27]
[28]
[29]
[30]

Approved No No

Feb 2004-Feb 2012

Surgery

Single center

Prospective database

No

No

Mar 2003-Sep 2010 Approved and IC obtained

Surgery

Single center

Prospective database

No

No

Unclear

Apr 2004-Jun 2011

Cardiology

Multicenter

Prospective database

No

No

Approved and IC obtained

Dec 2009-Jul 2011

Unclear

Cardiovasular center

Multicenter

Prospective

Cohort
Cohort
Cohort

No

No

Approved and IC obtained

Radiology

Single center

Prospective

No

No

Unclear

Apr 2010-Dec 2012

Surgery

Single center

Prospective database

% We consider studies with authors from different centers as multicenter

were only mentioned in the study of Strom et al. (toe
pressure mean 30 mmHg [range 0-60 mmHg] and ankle
pressure mean 50 mmHg [range 0-60 mmHg]) [30]. The
TcPO2 was not mentioned in any of the studies. The dis-
ease severity in terms of Fontaine -classification or
Rutherford category was described heterogeneously (see
Table 4).

Procedure Description, Outcomes
and Complications

In most studies, it was not clear who performed the pro-
cedure. Moreover, the experience of the operator was not
defined in any of the studies. In none of the studies, the
procedure was described in sufficient detail to replicate.
The angiographic outcome in terms of technical success
was defined well, and complications were reported in
detail.

All data on procedure description and outcomes are
given in detail in Table 5.

Follow-Up and Dropout Patients

The follow-up was not homogeneous, but in general
1 month, 3-, 6- and 12-month follow-up was done. Patients
did not undergo the same follow-up in seven studies, while
in three studies patients did undergo the same follow-up.
Dropout rates are poorly reported. Only one study [24]
accurately reported dropouts, with missing baseline infor-
mation as most frequent reason for dropout. Follow-up
ranged from less than 1 month up to 109 months. All
details are given in Table 6.

Clinical Outcomes: Ulcer Healing, AFS/Limb
Salvage and Survival

Ulcer Healing

In three studies [22, 25, 28], data on ulcer healing were
given. It seems that complete healing can be achieved in
most of the patients within 1 year [25, 28]. Details are
given in Table 7.

AFS or Limb Salvage

In all studies [21-30], data on AFS or limb salvage were
given. One-year AFS ranged from 49.5 to 75.2%, 2-year
AFS from 37 to 58% and 3-year AFS from 22 to 59%. The
limb salvage rates for 1 month, 1 year, 2 year and 3 year
range from 95 to 97.4%, 71 to 95%, 54 to 93.3% and 32 to
92.7%, respectively. All data are given in Table 8.

@ Springer



S. M. Schreuder et al.: Predictive Parameters for Clinical Outcome in Patients with Critical...

S9SINU IO SIdquUIdW A[IWej Woly
uoneradood Jo yoe[ 03 NP JNOYJIP 2q P[NOM JUSUIIEI} JO UOHEBNUIIUOD WOYM I0J SUONEIIPUIRIIUOD [BI00S )M SIUSNed

paures 2q jouued jusunean 2y} Jo Surpuelsiopun
WOoyM WOIJ UONEPIE}I [BJUSW JO BHUAWAP [JIM 9SOy} SuIpnjoul ‘suonedIpurenuod ommeryossd yim sjuoned

ured OTWIOYOST 9[qBIOBIUT JNOYIIM USPPLIPAq 9SOy} SUIPN[OUT ‘SUOTIEIIPUTLIIUOD [BUOIOUNJ YIIM SJUdNE]
apyue oy ised A[aArsuaixa Surpeards suaiSues 10 190N OTWAYDST YIIm SqQUIT] 9[qeaseaesun A[feuonouny | syuaned 11D

SUOISI] d] O®I[I-0}I0E IO
SuoIs9[ (44) eeddodoIoway yiim pauIquiod SuoIsa] A19)Ie [eIqr) 0} anp AT [PAS[NNW JUIMISPUN oYM [TD YIIM Sudned

uorsn[oxyg
(syuened suois9[ [edyrjdoderjur poje[ost 10J [ AH JUIMIOPUN OYM ‘SPUNOM OTWAYDIST YIIM [TD 9ABY OYMm SISA[BIPOWIY YIIMm SIUSNR]
SISA[eIpoway A[uo) oN uorsnjouy JATINOASUOD) [L2]
JSBASIP QAISN[I00 [BLIDME 0] PAINQLIIE ‘SSOJ aNss1) 10 ‘s190[n ‘ured s3I JO SY9am < SB Pauyap ‘[ID duoiy)
(quow3as [eayrpdod oy mo[aq SILIDLIE SB PAUYSpP) SILIALIE [BInId 10) AdeIoy) JR[NISBAOPUD JudmIapun oym sjuaned [y (. sjuened (e,
SOX uoIsn[ou]  Se pajels) dANNIASUO) [o2]
SISOUQ)s [9SS9A mopIno yerd ssedAq 1o 11D Ioj Ayserdor3ue Teayjdoderjur je ydwoype ue Juro3ropun syuaned
SOX uorsnjouy QATINOASUOD) [¢z]
BIWOYOST qUII] AJNOB YIIM sjudned
uoISn[oXyg
SH ww (¢> jo ainssaid 901 18IS 10 SH ww ()¢> Jo aInssaid opyue
9IN[OSqe UE () YIIM PIIBIOOSSE SSO[ ANSSI) OIWAYISI IO sa9m < J0j ured 3sa1 orwayost Jo douassaid (1) 1D Jo uonmuyaqg
11D omoIyd yyim Junussaid sjuened [y
SOX uorsnjouy QATINOASUOD) [v2]
(s1sAerpowray-ou) (YSH noyim sjuoned 03 paredwod SISA[EIPOWAY UO ISBISIP [BUAI 93E)S Pud PIM Juoned
(JA Pue A plojIoyiny) sso[ anssy 10J UOIJUSAIUI PAJB[OSI JUIMIdpUN Oym [TD Yim sjuaned
ON uorsnpouy Jedpoun [eT]
Kyserdor3ue ewmnuiqns [eurngurejur Juro3Idpun sjuaned
(IO A 93us pue uoNeZI[BULdAI [BIIZINS J0J [qeIIns Jou ‘TTD A 95eIs aureiuog yuam syuaned onaqeiq
sjuaned onjeqeIp A[uo) oN uorsn[ouy QATINDASUOD) [z2]
V.1d uamIiopun oym jusned
STBQK ()8 1SB9[ 18 pasSe syuaned
(ouaiSue3 10 uoneIdd[N :$SO[ dNssn 10 ured 1sa1 OTWAYDST) [T YPIM sjuaned
s1eak g< siuaned Ajuo ‘oN uorsnjouy JATINOASUOD) [12]
dAnejuasardar
syuoned jo winnoadg BLIAILIO UOISN[OX/UOISN[OU] orduwres 9ATINOASUOD)  SOOUAIJIY

BLIDILID UOTIOJ[AS Juaned g d[qel,

pringer

A's



Predictive Parameters for Clinical Outcome in Patients with Critical...

S. M. Schreuder et al.:

£33810s Ie[NOSEA 9ANONIISU0AL YL J0J JqISIo j0U oM oym 1D Pm sjuaned [y

SOA uorsnpouy QATINOISUOD) [og]

9 (€ UBY) QIOW SISOU)S [eNpISOY

uondassIp Suniui-mo[

10921 dnserq

Kyserdor3ue uoorreq paesrdwos Jo/pue rewndogns 108 suonedIpul SUNUA)S

(SS 10U) JUAS FunnR InIp IAYIO JO SN SNOIAAJ

SUOISI] UONBIINJLI} JO/pUe UOTBIINJIG

sisoquioy) urdA doog

aseasIp 1o3rong

BIWAYOSI quII| NIy

s1opI1osip uore[n3eodradAy 10 Ayjedon3eod orwe)sAS

[e13oprdopo 1o/pue urndse 03 AyanisuasiadA

Kyansuas1adAy/ASIo[Te 1SENUO0D 9I9A3S JO AIOISTH

uorsnjoxg

WW { UBY) SSI[ [3SSIA [BIQI} QAIRU JO ISJQWRIP dOUIJOY

Kysedor3ue oauy-mo[aq pajesridwos Jo/pue [ewndoqns 19)je Junuals no-req

9SBASIp [elIdME 2ANONNsqo [eayjdoderjur Jo uoneuaWNIOp VS

(IA—AI] se10393ed projroyiny) swoydwis 1D
SR uorsnouy Ied[oupn) l62]

(AI p1oj1oyIny) ssof anssy ou pue ured 3sa1 Ym Sunuasaxd 11D

S9SBASIp AIOJRWWRHUI JO ONOI[ISOIdYIB-UOU 0) JO UOISN[IJ0 [RLI}E JNdk 0) [qeinquyie [ 1D

9seasIp AId)Ie OBI[T JUALINOUOD)

LAA 1oye uoneindwe Jolew axmbax

A[[eNIU9AD P[NOM Jey) [9AJ] [eSIBIBIOWSURI) ) Puokaq duaISues IO UOIBISI[N OIWAYDST JAISUIIXD SB POuydp quil| d[qeageAfesun)

uoneyndure Jofewr snoraarg

uorsnjoxg

Sureay punom 919[dwos pue

uonuaAIduUIAI Aue 10 uoneindwe Jofew se pauyop ‘SJUSAD SIQAPER Jofew WoIj WOopPIal) ‘Y YIuow-g | Surpnjour sawodno [edrur)

Xopul [eryoeig-opjue pue (d4s) 2anssaid uorsnjrad unys [einpedoidisod ojqefreay

(IA pue aseasIp [eurngureyur AQ pasned (JA IO A SSB[O PIOJIUINY) SSO[ dNSSH YIIM Ssjuaned
A Piojrayiny A[uo) oN uorsnjouy QATINOISUOD) [82]

aanejuasardar ordures

syuaned jo winnoadg BLIQILIO UOISN[OX3/UOISN[OU] JATINOASUOD)  SIIUAIJAY

panunuod g Iqe],

pringer

A



S. M. Schreuder et al.: Predictive Parameters for Clinical Outcome in Patients with Critical...

(%£°8S) s¢ Amedounay
(9%07) 71 :uonuaadur [exoyduad snoradig

(§'L-6"0 23uex) [p/SW '] F €1 PUURLAI)

ASBASIP IB[NOSEAOIQII))

(9g—T18 98uel) [p/SW ¢'GT F 191 :[0IANSIOYD (%S90) §1 [cel
ASBASIP IR[NISBAOIQAId))
(%9°91) 9t :oseasip Areuowrng (%020 19 [1zl
(9%) N s10108] YSLI 1_YIQ (%) N £10381y JOong SQOUAIRJY
ENEN Sunjows
oeIpIed (%0%) 8€ (%€9) vv (%1L) 05 30 K103STY (%%S) 8¢ 61:1S  €6-€p oBuRY 7L 0L [og]
(BTSY)
QSBISIp OBIPIBD erwoeprdiprodA g 1 Juopuadop urnsuy (SN
(%€9Y) 61  dsvasIp [eudY (%S 1Y) LI (%€°89) 8T (%0°8L) T€ (%9°6L) 1€ (%T19) 1T viLE LTS F SSIL  IU9IS [epoul axeq AJuo) [t l6t]
(%€9) 111 s1sArerq (%6) 61 ormy
(%Lv) 001 (%29) 6T1 (%¥€) TL (%6L) 991 (%TL) Ts1 (%1¥) L8 15ed LLYEL L'6F 9¢EL 11c [8zl
dnoi3 ssof
(%8'LS) €9 (%001) 601 (%110 €2 (%1°9L) €8 (BTSL) T8 (%B1€Y) Ly Y268 #'01 F '99  ss0[ anssn Jofewr YIM 60T anssn Jofe [LZ]
SSO[ onss1n dnoi3 ssof
(%T°8S) 861 (%001) 0¥€ BTeD 6L (%81L) e (%S$9L) 09T (%629 TI1 SL:S9T 96 F T69 Tourwr yym syuaned Opg onssn Jout (L]
(%8) 6€ :0ST< 181D
(%¥'L) 8¢ squui (%0L) (squurp)
(%S) squiy 8z Juspuadap sisAreIq squiy yye (%1°6%) squ1l 95T (%21) 29 clcsie €60 F 6'cL  swaned g/ ut squiry £gG [9z]
(%70
T01 7< 1eaId WnIdg 96—-1¢ uwﬁwm
juopuadop (squuiy)
(%09) 6T SISA[eIQT (%ST) 1L (%19) 6LT (%¥8) 98¢ (%SL) squif T (%8¢) €0T 881:1LT L F 1L swened ¢y ul squilf 66t [szl
V1d JuomIopun
(%S'LS) 611 L6 F I'LL oym sjuaned £0g [vel
dnoi3
(%ew) €€ (%001) 8L (%59) 16 (%86) 9L (%388) 89 (%00) S1 vETY T F 99 8L swskepoway [€]
dnoi3
SISATeIpoway
(%0%) $9 (%65) 96 (%£6) TS1 (%LL) 9T1 (%E1) 1T 8T8 €l F 05 91 -uoN [€7]
sieak 71 F 6'1¢C
AsBASIP OBIpIE) uoneIng 98—61 Suey
(BL1Y) ST (%001) 09 (%€89) s¢ 61:1% ¥'6 F 69 09 [ce]
ds F ueow Yoo erwoepidiprodAy V1d JuomIapun
(%8°0L) 961 1T F 8¢S (1L SL (%9°19) TIT (%9°16) €v1 (%6'9) 61 00T:LL 0v F 668 oym syuoned 11D LLT [1el
a3uer + uerpowt
(%) N dseastp (%) N (%) N (%) N (%) N s dleway ‘ds F ueN
K19)1e Areuoio) QInyIej [eudy erwepidiisAq  uorsudRdAHq sajeqeIq (%) N Sunjows ORI (s1eak) o3y pozATeue juaned jo N SQOUQIRJY

$I10J0BJ YSII :SONSHISJORILYD JUIaseq Juaned ¢ d[qeL

pringer

A's



Predictive Parameters for Clinical Outcome in Patients with Critical...

S. M. Schreuder et al.:

(%¥1) 01 :adOD

(%81) LE :uondIeJul [RIPIEOOAW SNOIAIJ
(%0€) 79 :amyre Mesy

(%1L) 0S1 ‘eruduy

(861 =) T1 F 79 :DIVAH
(L61-W) §°0 F 9'¢ urunge wWnidg
(LOT =) ¥'€ F 0'CT :%S'81 > ING
(%89) T1 :ad0D

(%6°€€) LE IP/BW 'S < dYD
(%001) 601 :SISA[eIPOWSH

(%L'L) 9T :ad0D

(%991) 96 :IP/BW ('S < dYD
(%001) OFE :STSATRIPOUISH

(%€€°8¢) squif 6T sIeak (8<

(%$) LE :AdOD

(997) 01 :oIn[rej 1eay 9ANsaSuoD)

(%€1) 01 :wsiprorfypodAy
(%66) 9t owoIpuLs drjoqeld
(%91) 9T :wsiprorkpodAy
(%£9) 011 :PWOIPULS J1OqEION

(%20 Ly

(%¥'80) 1€

9SBASIP TB[NOSLAOIQII)
(%6°S7) 88
(%¥1) squIy 69

(%91) vL

(%¥7) 61
ISBISIP TB[NOSLAOIQII)

(%20 9¢

dnoi3 ssof anssn Jofeq [£7]

dnoi3 ssof onssn Joury [£7]

dnoi3 sisAerpowoy [¢7]

dnoig stsAerpowray -uoN [£7]

(%) N $10398} Js1 19430

(%) N K10181q 90ong

S90UAIRJOY

panunuod ¢ Jqe],

pringer

A



S. M. Schreuder et al.: Predictive Parameters for Clinical Outcome in Patients with Critical...

10

(4 = u) sased payoges ul Afeaneradojsod [erSopidor)

apaosoid oy 19y Aqrep Sw G/ (VSV) proe d1jkores[f100y sjuaned [y

apaosoid a105oq sAep ¢ Aep/Sw G/ [aaSopidor) pue Aep/Swr o1 uudsy sjuened v

(%SY) ¥6 :19130pidory

(%19) LOT :Tozesor)

(9%L8) ¥81 :utndsy
ampaooid

J9)Je pue Je Aep/3ur (o [ozeiso[r) ‘Aep/Swr G/ [a13opido[) pue Aep/Sw Q] umidsy juened [y
ampaosoid

19)Je pue Je Aep/3w ()0g [ozeyso[r) ‘Aep/Swt ¢/ [e13opidor) pue Aep/Sw 0] uuidsy sjuened [y

(0T ‘ULIBLIB A\
¢ ‘[ersoprdo)y
€9 ‘uLdsy

(9001) 81 ‘utredspy pue upndsy

(%001) $91 :utredoy pue uLidsy

(%18) 6S SI0[N OIWAYDST :UONBIYISSL[O I9I[()
(%¥'7) 01 “TA PIOJISUINY/AT SUIBIUO]
(%0°6£) 91 A PIOJIRUINY/[I] UIRIUO]
(%99€) ST Al PIOHOUINY/IIT QUIEIUO]

(%81) 8¢ “IA PiopRYINY

(9%T8) €LT A PIopoumy

AQ\&@MV ¢ UOMIJUI punoOM UONBIYISSL]I J3J[)

(%6'L9) ¥L PIIO3JUI UONEIYISSE[D 190[()

(%0°SE) 611 PIIOSJUI :UOHEBOYISSE[D IO
(%6°L9) SquI[ §S¢ A PUE A pIojoyiny
(%0¢€) squiIl 86T Al Plojroyiny
(%¥€) LST A DSV.L

(%L2) 971 D DSV.L

(%T2) 101 9 OSV.L

(%91) SL V DSV.L

(%9) 8T 1ye13 paudjeary[,

(%€) 01 BIWSYDST quiI[ ANIY
(%21) LS ured 150y

(%6L) €9€ SSOf anssL],

(%1) T ‘IA PIojrayiny

(%S¥8) SLI A Piojroyiny

(%S 1) 0€ Al plojayny
(9%8€) 0€ ‘IA pioyrayiny

(%79) 8t A projIyIy

(%S1) ST ‘1A piopayiny

(9%58) 6€1 A ProJIYINTY

(%S¥) LT :d DSV.L

(%0%) ¥T 2D DSV.L

(%S1) 6 :d OSV.L

VN

(081 =) €T0 F TLO

170 F 650

Y0 F LSO

(L¥'1-S1°0) S¥°0

dnoi3 sisAerpowdy [¢7]

dnoi3 sisAerpowdy-uoN [¢7]

VN (%001) 09 Al dureiuog ed
(%€8) 0€T ‘Al dureiuog
VN (%L1) Ly ‘111 Sureiuog VN [12]
a3ue1 + uerpow
UONEOYISSE[O I9YI0 10 A1039)ed ‘dS F ueoN
(eSeyueorad pue N) aurjeseq Je uonedipaw Jo[ere[dnue/uonenSeodnuy PIOJIAYINY ‘UONBOYISSE[O duIejuod (V) Xpul [BIYorIq-ap{uy SQOURIAJOY

€ 9[qe], Sumunuod ‘s1030ey YSII :SONSLIAOLILYD JUI[Iseq Juaned § dqeL

pringer

A's



11

Predictive Parameters for Clinical Outcome in Patients with Critical...

S. M. Schreuder et al.:

(7 = u) 97 :yyeap oaneredorrad e pue pajefar

-0Inpaoo1d paropIsuod sem anpadsold Jo sAep (¢ > yreo(-

(8L/8) %01 :(uonuaaloiur jo 2is) suonedrdwod uorso-

suoneardwoo

12907 (8L/1) %1 Pue drwaisks (8./¢) %t :quir|

PJean Ay} puB SPUNOM [BIISINS ‘D)S $SIOOB 0] PIAJL[T UM
suoneordwos [e00] "WwsAs [eudr 10 Areuow|nd ‘OeIpIed
0) pajerar ‘sisdos arom suonedrdwod orwelsAg “aInpasoid
Jo sAep (¢ urm uonesieNdsoyal Io UONUIAINUT

(8L/T) %7 :oI0TIe [2IIUYI3] -
J00J Ay} OJuT JpuUE

(Toqunu
pANWIT) AWOIAIYIY-
synsal [ed1uyod) 1ood

10 sdep rewnur ‘suondassIp

onnaderay) © s Jusunesn paimbar yey Aderoy 3} SSOIOR MO[J SUIJUI IO SWOSOISUR PIpUUI Suniwr-moy Jo aseo ul dnois
[BUIWN[OPUD J9)JE PIAIISQO A[SUTINOI JOU ‘[BWIUIW MOY AU} JO UOTJBZLIB[NOSBADI [NISSAIINS 1M 1o Ajuewnd jusweoe(d Ju2)g- SISK[eIPOWOH]
JO ss9[pIesal JuaAd Aue se pauyop sem uonedordwiod 1ofejy-  [9sSoA [eIqn 1051e) Juoted B S$900NS [EOIUYOJ - ON V1d- Tedpoun Ieapoun [ezl
%0 :yreap 2anerddourad v pue pajefar
-01npaoo1d paropIsuod sem anpasoid Jo skep (¢ > yreo(-
#91/€) %7 :(uonuaaoiur jo 9J1s) suonedrdwod uorso-
suoneordwod
12901 (971/0) %0 pue orwaIsks (F91/1) %1 quiif (soquinu
PaJean oy} pue SPUNOM [edISINS ‘9)IS SSA008 0} PAJL[T OTOM paIWIT) AWOPAIYY-
suoneordwos [e00] "wsAs [eudr 10 Areuow|nd ‘OeIpIed t
0) pajefar ‘sisdos arom suoneordwod orwasAg “ampaooid (#91/9) %t :QIn[IeJ [eJTUYOdL - sy[nsaI [ea1uyod) Jood
JO sKep (¢ urpIm uonesifeidsoyal 1o UONUSAINL 100J oY) OUI JPyUR 1o sdey [ewnul SUORIISSIp
onnaderay) e Im juowiean paxmnbar jey) Aderoy) Q) SSOIOB MOJJ QUIUI JO QWOSOIFUR PIPUAUL SunIuj-moy Jo aseo ul dnoi3
[PUTIN[OPUL Io}jE PIATASqO A[OUTINOI 10U ‘[EUITUTI MOY A1) JO UOTBZIIL[NISEAST [NJSSAIINS [IIM Jo Aqurewiid yuswaoeld juals- stsAerpoway
JO ss9[pIesal JuaAd Aue se pauyep sem uonedrdwiod ofey-  [9ssAA [eIqn 1051e) Judned € :$S230NS [EOIUYIJ - ON V1d- Tedpoun Ieapoun -uoN [¢zl]
juoned | ur 2In[rej [BUAI PUB SISED T UI UONIIEJUI
Tetpresofur :(syuaned ¢) 9,6 Aeriow [einpadord-1od- (09/SS) %L°16 :suoneorduwod
K[9ATIBAIOSUOD Pajean) [[e QJBIPAWIWI JNOYIIM ‘S[OSSOA JJO-UNI PUE UI
‘ewoyeway [eauojtrodonar 1 ‘wisKmaueopnasd | ‘o) Anuo -unr ojenbope IIm ‘UeWIN] [BWNUIQNS PAJE[IP is15001pRI
-31Je pwojeway [ ‘Sunud)s £q pajean uondISSIp | :Inpadold-  A[I9A1I0J B JO UONBZI[BNSIA :SSIOINS [EIIUYOJ] - ON V1d- IeJ[OU)  [BUONUIAIAU] [zzl
UOIS9[ SUOo[ B IO UONIISSIP
Jo ased ur juowadeld Juds-
VN VN ON VI1d- Teapoun Teapoun [1z]
yeorjdox
01 [1e3op
JulIOYJNs mpodoid
ur uondrosap pouriogrod
(Joquinu pue suoniuyop) suoneddwo)  (IqUNU puR SUONHIUYIP) SAUIOINO SUONIUYA] QIMpasoIg ampaocoid jo odA],  eousmadxy oM
suonjeordwos pue sewooino oyderSorSuy Aydeidor3ue jo uonduosaq SQ0UQIRJOY

uonesrdwos pue sawooino dyderordue ‘saipasord oryder3ordue jo uonduoseg § dqeL,

pringer

A



S. M. Schreuder et al.: Predictive Parameters for Clinical Outcome in Patients with Critical...

12

(%€6) 112/L61

Juouwraoerd

JUQ)S [ountu

10 (uoojreq Sumnd

10 Kyserdor3ue urerd)
V1d :SUOIS[ [BIOWR,-

(uooyreq Sumno

10 KyserdorSue urerd)

VN  :100J 9y} 0} MOJj JYSIens Se Pouyop Sem $S90INS [BOIUYI], ON  V.Id :9ouy ay) mo[og- Ieapoun Teapoun) [82]
(1960 = d) dnoi3 sso[ anssn Jofew
ur (99°0L) 601/LL 'dnoid sso[ anssn Jourwr ut (%6°0L) (dnoi3 ssog
0v¢/1H¢ :A1ore reyuerd 1o sipad sifesiop judjed e 1oyro uoagins anssn Jofew
0] UMOP BJIOB 9U) WOIJ MO} QuI[-)y3rens SuIAdIyoe JB[NOseA 10 pue dnoi3
dnoi3 ssof onssn Jofew ur (98°7) 601/¢ ‘dnoid pue 9IS UOIS9[ Ja3Ie) AY) I 9,(0¢ > SISOU)S [enpIsax JSITRUOTIUDAIUT SSO[ anssn
SSO[ anssn Jourw ul (%9°7) Oy€/6 Aerow aaneradolad — Jo 99139p B SUIASIYOR SB PAUPIP SBM SSI00NS [BOIUYI], ON V1d- Ieapoun Ie[NOSBAOIPIRD) Jourw) [/£z]
(%¥°T) 8 S1YI0 “(9%7°0) 1 dFeyuoway [eauojradonar
‘(%7°0) 1 BIMISY SNOUIAOLIdNIR ‘(97°() | UONIISSIP
Sunruif-moy (9%¢€°Q) ¢ BIWAYDST UT UOTIRIOLIDIOP
“(%7'1) L 2amdni [9ssA {(%6°]) 6 uoneioyrod
[98S9A “(%1°7) 1 SISOQUIOIY) [9SSA Ja31e) “(9%L°7) VN JIoquinu :SISOUQ)s [BNpISAl 9,()¢ UBY) SSI] UM Js130[01pel
9] PWORWAY UI0I3 (%6'7) L] Snjoquid :suoned[dwo)  [9SSOA PIeal) AU} U PAI0ISAI SBM MO JIIIP JI [NJSSA0ING ON VI1d- Tedpoun [BUOTIURAIIU] [oz]
(%9) 9T :Anyertour Aep-O¢
(9%7) swuaned 171 :Arpeyowr Teydsoy-uy
(%7) € JUSPIOdE IL[NOSBAOIGIIOD
“(9%1) G SISOWRIRWAY/PAq [BUNSAUI-0NISES (%)
¢ eruownaud 1o ajrey Aloyendsar ‘(95 1) G BIUYIAYISAP
“(%1) ¥ oIn[re} 1Ieay 9ANSASU0D ‘(%) { UOT)OIRJUL
[eiprecoAw Anoe ‘(97) 11 Amlur Aoupry amnode ‘(%)
0¢ Aanfur Terroire 9)1s ssedoe :suonedrdwos aaneradoisod syuonjed
(%T°0) 1 2mudni “(94) L1 uoneziioquia [eIsIp *(%1) 9 9 ut Aworoasay -
SB[NISY SNOUIAOLIAMIE ‘(9,9) 67 wiseds [ssaA (9%GST) 69 (%€6) 6SY/LTY (yuowooeld Juo)s
SuonoassIp Suntwi-mopy :suonedidwod [empasoidenu]  :9,0¢> SISOUS [ENPISAI B SB PIUYIP SSIIONS [BITUYII - ON  INOyIM Io YIM) Y Id- Ieapoun Tespoun [szl
squil] /0g/97 Ul A193Ins 9ANONISUOAI ‘SqUI] L0T/FS
ur y d-o1 :Suonezie[noseadl A)uwonxo jode) jeadoy- (Bunuas
VN (%L '76) LOT/96T 599N [EOTUYI3) Arewrtid- ON  Inoyim 1o yim) V1d- Teapoun Teapouny [vel
oyeordar
03 [rejop
JLEIRININ
ur uondrosop apadoid
(Joquinu pue suoniuyap) suonedrduwo) (Joqunu pue SUONIUYAP) SAWONNO SUONTUYI mpadold ampadoid jo adA],  oououadxyg pauriojiad oym
suonjedridwod pue sowoono oryderSorSuy Kydei3or3ue jo uondiosa SQ0UQIRJOY

panunuod § Jqe],

pringer

A's



S. M. Schreuder et al.: Predictive Parameters for Clinical Outcome in Patients with Critical... 13

Table 5 continued

Angiographic outcomes and complications

Description of angiography

References

Complications (definitions and number)

Definitions outcomes (definitions and number)

Procedure description
in sufficient detail to

replicate

Type of

Experience

‘Who

procedure

performed

procedure

Technical success was defined as recanalization -Retroperitoneal hemorrhage: 1, self-limiting

No

Unclear -BMS

Unclear

[29] (only the

of at least one straight-line of blood flow to

the distal foot: 93.6%

NA

placement

bare metal

-30-day mortality rate: 1

stent group)

(30]

One patient (2%) developed a groin hematoma demanding surgical

No

-PTA (with or

Unclear

Vascular

evacuation

without stent
placement)

surgeon

One patient (2%) presented with acute abdomen and respiratory distress

suspected of acute mesenteric ischemia

Two patients died within 30 days (perioperative mortality; 3%) due to

toxicity awaiting amputation (n = 1) and cerebral hemorrhage occurring

after a minor amputation (n = 1)

Survival

Survival rates were described in nine studies [21-29] with
at least 3-year follow-up in most of the studies (see
Table 9). The survival rates for 1 month, 1 year, 2 years
and 3 years range from 94 to 100%, 65.4 to 91.5%, 45.7 to
76% and 37.3 to 83.1%, respectively.

Predictive Factors

When data were available on predictive values, these data
were also extracted (see Table 10). However, these data
were presented heterogeneously. We extracted all data as
given in the studies. In general for univariate analysis, data
were given either (1) at a time point (e.g., AFS at 2 years)
by Fisher exact test or Chi-square test (2 x 2 tables) or
Student’s ¢ test (continuous normally distributed data) or
Mann—Whitney tests (continuous not normally distributed
data) or by association tests (continuous data) or (2) as time
dependent by Kaplan—Meier analysis (with log rank test,
for binary data) or Cox regression analysis (for multino-
mial or continuous data). Finally, multivariate analysis in
either stepwise multiple regression analysis was used (at
one time point) or Cox proportional regression analysis (for
time dependent data) was performed.

Predictive Factors in Ulcer Healing

Number of studies reporting predictive factors is limited
[22, 28] with different predictive factors (see Table 10).

Predictive Factors in AFS or Limb Salvage

Predictive factors for AFS or limb salvage were reported in
nine studies [21, 23-30]. All studies had different uni-
variate and multivariate outcomes; however, age and dia-
betes were found to be significant predictors in at least
three studies [21, 23, 24, 27]. See details in Table 10.

Predictive Factors in Survival Analysis

Also for the survival analysis, different predictive factors
were found; however, age was found in 2 [22, 25] out of 5
studies reporting on predictive factors (see Table 10).
Based on these findings, age and diabetes should be at least
taken into account when searching for predictive factors.

@ Springer
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Table 6 Follow-up and dropouts of patients

References Summarize follow-up Undergo same follow-up Dropouts reported
time and scheme
[21] 1, 6 and 12 months and No: mean 2,0 years Study registry, dropouts not
annually thereafter reported
[22] Not stated No: range 1-48 months, None
22.8 £ 14.9, median
22.5 months
[23] Non- 1, 3 and every 6 months No: means or ranges stated Study registry, dropouts not
hemodialysis and following their procedure reported
hemodialysis
group
[24] 2, 6 and 12 months Yes Yes (missing baseline
information (10), refusal to
undergo vascular imaging
(2), withdrawal of informed
consent (1), lack of follow-
up data (5)
[25] 2 weeks, then every 3 months No: average 15 months (range Early deaths reported.
for 1 year and every 0-85 months) Dropouts in further follow-
6 months thereafter up are not stated
[26] 1, 6, 12, 36 months No: mean 26.9 + 0.54 months, No
median 40 months with a
maximum of 109 months
[26] 1, 3, 6 months and every Yes None
3 months thereafter up to
3 years
[28] 1, 3, 6, 12 months Yes None
[29] 1, 3, 6, 12 months and yearly No: mean No
thereafter 17.15 months £ 1.73, range
0.7-36 months
[30] 6 weeks and 1 year (no No: median 20 months (range None

standard FU after 1 year)

0—41 months)

Table 7 Follow-up data on ulcer healing

References 6 months 3 year
[22] Healing 45 (75%)
Improved 7 (11.6%)
Stable 4 (6.7%) (Data at latest FU,
however, FU ranges from 1 to 48 months)
[25] N =361 N=192
Complete healing 15% Complete healing 63%
Improved 55% Improved 30%
Stable 27% Stable 8%
Worse 2% Worse 0.5%
[28] N =164
87%

@ Springer
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Table 8 Follow-up data on AFS or limb salvage

References 1 month 1 year 2 years 3 years 4 years 5 years
AFS (Amputation free survival)
[21] 93.1% 62.4% 53.0% 44.3% 35.3% 32.9%
[23] Non-hemodialysis group 54 £ 4%
[23] Hemodialysis group 22 + 9%
[26] 75.2% 59.0%
[26] Minor tissue loss group 63.5 £ 2.9% 51.0 £3.3% 44.1 + 3.7%
[26] Major tissue loss group 49.5 £ 5.5% 37.0 £ 6.1% 29.1 £ 7.0%
[28] 73.9%
[30] 68% 58%
Limb salvage
[21] 97.4% 88.8% 85.4% 82.6% 80.2% 78.3%
[22] 95% (3 patients, 5% above 95% 93.3%
knee amputation)
[23] Non-hemodialysis group 76 £ 3% 74 £ 4% 69 £+ 4%
[23] Hemodialysis group 71 £ 5% 54 + 7% 32+ 8%
[24] 96.5% 81%
[25] 96% 84% 81%
[26] 92.7%
[26] Minor tissue loss group 87.4 + 1.8% 84.4 +2.1% 83.7+22%
[26] Major tissue loss group 73.9 + 4.3% 712 £ 4.5% 71.2 £ 4.5%
[29] 80.3%
Table 9 Follow-up data on survival
References 1 month 1 year 2 years 3 years 4 years 5 years
[21] 94.9% 66.7% 57.7% 50.4% 42.3% 39.9%
[22] 95% 91.5% 83.1%
[23] Non-hemodialysis group 100% 83 £ 3% 76 £ 3% 67 £ 4%
[23] Hemodialysis group 98% 70 £ 6% 53 £ 7% 45 + 8%
[24] 94% 70.6%
[25] 83% 64% 49%
[26] 97.2% 82.9% 62.4%
[26] Minor tissue loss group 74.9 £ 2.6% 63.7 £ 3.2% 54.0 £3.7%
[26] Major tissue loss group 654 £52% 45.7 £ 6.4% 373 £ 7.7%
(28] 80.6%
[29] 70.7%
[30] Non-amputated group 97% 81%
[30] Amputated group 64%
Discussion in several studies age and diabetes were found as predictive
factors for AFS or limb salvage and survival. Several
Summary univariate studies showed age and diabetes as predictors

In this review, we summarized the findings on predictive
factors for wound healing, AFS and survival in CLI
patients who underwent a PTA. As stated, the data were
heterogeneously reported and presented. In addition, none
of the studies found the same predictive factors. However,

[12, 31-33].
Compared with Other Studies

To our knowledge, no such systematic review has been
published. There is a review [34] in which the authors

@ Springer
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Table 10 Prediction factors by outcome

References

Factors found to be significant in univariate analysis

Factors predictive (with p-values)

Ulcer healing
[22]

(28]

AFS or limb salvage
[211°

AFS at 2 years

(23]

Limb salvage (only
hemodialysis
group)

[23] AFS (only
hemodialysis
group)

[24]

Limb salvage

[25]

Limb salvage

[26]

Univariate analysis by fisher exact test, Chi-square test,

Stepwise multiple logistic regression

Student’s t test (p < 0.05)
Diabetes duration (p = 0.05)
HbAlc (p = 0.002)
Creatinine (p = 0.04)

Site of recent canalization (p = 0.03)

Univariate analysis, logistic regression

Skin perfusion pressure (p = 0.022)
Ankle-brachial Index (p > 0.05)

Univariate analysis by fisher exact test, Chi-square, Mann—

HbAlc (p = 0.001)

Serum creatinine levels (p = 0.03)

Not available

Cox regression with backward selection

Whitney U test and Kaplan—-Meier method (p < 0.05)

Age (p < 0.004)

EGFR (p = 0.015)

Diabetes (p = 0.003)

Coronary artery disease (p = 0.004)

Foot gangrene (p = 0.025)

Level of vascularization (p = 0.004)
Technique of revascularization (p = 0.005)

Univariate analysis in Kaplan—-Meier and log rank or
associations (p < 0.05)

Improvements in hemodynamics after intervention
(p = 0.02)

Improvement in symptoms (p = 0.02)

Univariate analysis in Kaplan—-Meier and log rank or
associations (p < 0.05)

Presence of hyperlipidemia (p = 0.006)
Cerebrovascular disease (p = 0.008)
Diabetes (p < 0.001)

Metabolic syndrome (p < 0.001)
Modified cardiac risk (p = 0.02)
High-risk group (p = 0.04)

Presence of MACE (p = 0.02)
Elevated Finn score (p = 0.03)

Not available

Univariate analysis using Kaplan—-Meier and log rank

AFS decreased for increased age, decreased EGR,
diabetes, coronary artery disease and bypass surgery

Cox proportional regression analysis

Improvements in hemodynamics after intervention
(p = 0.009)

Improvement in symptoms (p < 0.001)
Cox proportional regression analysis

MACE (p = 0.005)
Metabolic syndrome (p = 0.02)

Cox proportional regression analysis

Advanced age
Diabetes

Cox proportional regression analysis

(p < 0.05)
TASC class (p = 0.006)
Not being a candidate for bypass (p < 0.001)
Dialysis (p < 0.001)
Serum > 2.0 mg/dl (p = 0.02)
Univariate analysis by Fisher exact test (p < 0.05)

TASC class (p = 0.031)
Not being a candidate for bypass (p < 0.001)

Not available
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Table 10 continued

References Factors found to be significant in univariate analysis Factors predictive (with
p-values)
AFS at 1 year Coronary artery disease (p < 0.001)
Rutherford category (p < 0.001)
Renal disease (p = 0.030)
[26] Univariate analysis by Fisher exact test (p < 0.05) Not available

AFS at 3 year

[26]
Limb salvage

[26]

Major amputation (Minor
tissue loss group)

[26]

Major amputation (Major
tissue loss group)

(28]
AFS at 1 year

[29]° Limb salvage

[30] Overall amputation or
major amputation

Survival
[22]

Survival

(23]

Age < 60 (p = 0.015)

Coronary artery disease (p < 0.001)

Rutherford category (p < 0.001)

Diabetes (p < 0.003)

Renal disease (p = 0.001)

Univariate analysis by Fisher exact test (p < 0.05)

Rutherford category (p = 0.016)

Diabetes (P = 0.020)

Univariate analysis, Kaplan—-Meier method and log rank (p < 0.05)

Age < 60 (p = 0.003)

Nonambulatory (p = 0.036)
Hyperlipidemia (p = 0.027)

HbAlc > 6.8% (p < 0.001)

C-reactive protein > 5.0 mg/dl (p < 0.001)

Albumin < 3.0 g/dl (p < 0.001)

Achieving technical success (p = 0.049)

Univariate analysis, Kaplan—-Meier method and log rank (p < 0.05)

Nonambulatory (p < 0.001)

Heel location (p = 0.05)
Calcified lesions (p = 0.048)
Univariate analysis, logistic regression

Skin perfusion pressure (p = 0.018)
Ankle-brachial index (p > 0.05)
Not available

Univariate analysis by Fisher exact test (p < 0.05)

None of the factors tested was significant

Univariate analysis by fisher exact test, Chi-square test, Student’s t test and

Not available

Cox proportional regression

analysis
Age < 60 (p = 0.014)

HbAlc > 6.8% (p = 0.026)

C-reactive protein > 5.0 mg/
dl (p < 0.001)

Albumin < 3.0 g/dl
(p = 0.007)

Cox proportional regression
analysis

Nonambulatory (p < 0.001)

Calcified lesions (p = 0.029)

Cox proportional regression
analysis

No factors identified (tested)
Not available

Cox proportional regression

Kaplan—Meier and log rank (p < 0.05)
Age (p = 0.002)
Creatinine (p = 0.004)
Ulcer healing (p = 0.03)

Univariate analysis in Kaplan—-Meier and log rank or associations (p < 0.05)

analysis
Age (p = 0.0001)

Ulcer healing (p = 0.008)
Cox proportional regression

analysis
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Table 10 continued

References

Factors found to be significant in univariate analysis

Factors predictive (with p-values)

Survival (only hemodialysis

Cerebrovascular disease (p = 0.014)

Presence of MACE (p = 0.04)

group)
Diabetes (p = 0.003) Major limb loss (p = 0.04)
Presence of hyperlipidemia (p = 0.04)
Presence of MACE (p = 0.005)
Major limb loss (p = 0.008)
[25] Univariate analysis using Kaplan—-Meier and log rank Cox proportional regression analysis
(p < 0.05)
Survival Factors not given Age 71-80 years (p = 0.042)
Age > 80 (p < 0.001)
Serum creat > 2.0 mg/dl (p = 0.038)
Congestive heart failure (p = 0.04)
Not being a candidate for bypass
(p = 0.002)
[26] Univariate analysis by Fisher exact test (p < 0.05) Not available

Survival at 3 year Age (p = 0.003)

Coronary artery disease (p < 0.001)

Rutherford category (p < 0.001)
Diabetes (p = 0.007)
Renal disease (p = 0.005)

[29]%#%* Not available Cox proportional regression analysis
Survival No factors identified (tested)
[30] Univariate analysis by Fisher exact test (p < 0.05) Not available

(Death < 1 year)

None of the factors tested was significant

? In this study, although data (ulcer healing, AFS or survival) were reported separately for PTA, data of regression analysis was presented

combined both groups: PTA and bypass surgery

® In this study, although data (ulcer healing, AFS or survival) were reported separately for PTA with Bare Metal Stent (BMS), data of regression
analysis was presented for both PTA with BMS and PTA with drug eluting stent. The cox regression showed no difference between both groups

summarized risk stratification models for CLI with a
summary of the respective strengths and limitations of
each. These models were developed from prospective
cohorts to identify and quantify variables that can subse-
quently predict outcome in individual patients. In the
prospective cohort, treatment options generally were
compared (e.g., open and endovascular therapies) and new
therapeutics were evaluated. The outcomes were not
specific for defining risk models in patients with CLI
patients undergoing PTA.

Strength of this Review

The major strength of our study is that we focussed on
patients with CLI who underwent PTA to identify possible
predictive factors for clinically relevant outcomes. We
have done this to create a homogeneous and clinically
relevant population, in order to draw conclusions.

We included studies which aimed to study predictive
values of all types of risk factors. In addition, we only
selected prospective studies or studies that used a

@ Springer

prospective database, to have a predefined design without
missing a lot of data. It is known that missing data are
much more common in retrospective studies, in which
routinely collected data are subsequently used for a dif-
ferent purpose [35].

Limitations of this Review

Although all studies were performed prospectively or a
prospective database was present with a spectrum of
patients which are represented, the data were presented too
heterogeneously. Even the AFS or survival analysis was
not reported homogeneously. The presented data on the
predictive values varied even more, making general con-
clusions difficult.

Conclusion and Recommendations
It is not clear which risk factors should be taken into

account. However, in several studies two factors, age and
diabetes, were found as predictive factors for AFS or limb
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salvage and survival in patients with CLI undergoing PTA.
Therefore, we believe that these factors should be taken
into account in the future when searching for predictive
factors and when analyzing study data on endovascular
treatments for CLI. More research on this topic is needed.
A trial with registry of all risk factors and the outcomes up
to 12 months would be very important. Future research is
needed to simplify and improve the accuracy and gener-
alizability of risk stratification in CLI.
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Appendix 1

See Table 11.

Table 11 Details search strategy

Search terms Number of
hits

PUBMED

#1 Search “Critical limb ischemia OR critical limb 4246
ischemia”

#2 Search (angioplasty OR endovascular 95,820
revascularization OR percutaneous intentional
extraluminal revascularization OR subintimal
OR endovascular therapy)

#3 Search (major amputation OR amputation free 2,061,511
survival OR death OR ulcer healing OR wound
healing OR mortality OR survival)

#4 Search (#1 AND #2 AND #3) 915

#5 Search (#1 AND #2 AND #3) Sort 734
by: Relevance Filters: published between
January 2006 and April 2017; Humans

EMBASE

#1 critical limb ischemia.mp. OR *critical limb 2669
ischemia

#2 *percutaneous transluminal angioplasty balloon/ or 72,918

*percutaneous transluminal angioplasty/ or
*angioplasty

Table 11 continued

Search terms Number of
hits
#3  *Stent/ or *revascularization 149,863
#4  *mortality 812,936
#5 *amputation/ or major amputation.mp. or *leg 47,732
amputation
#6 *Ulcer healing or *wound healing 132,836
#7 *Survival 770,209
#8 #1 AND (#2 OR #3) AND (#4 OR #5 OR #6 OR 901
#7) published between January 2006 and April
2017
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