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ABSTRACT
Objectives: To evaluate case series studies that quantitatively assess the effects
of catheter-directed thrombolysis (CDT) and compare the efficacy of CDT and
anticoagulation in patients with acute lower extremity deep vein thrombosis (DVT).
Methods:  Relevant databases, including PubMed, Embase, Cochrane, Ovid
MEDLINE and Scopus, were searched through January 2017. The inclusion criteria
were applied to select patients with acute lower extremity DVT treated with CDT or
with anticoagulation. In the case series studies, the pooled estimates of efficacy outcomes
for patency rate, complete lysis, rethrombosis and post-thrombotic syndrome (PTS)
were calculated across the studies. In studies comparing CDT with anticoagulation,
summary odds ratios (ORs) were calculated.
Results: Twenty-five articles (six comparing CDT with anticoagulation and 19 case
series) including 2254 patients met the eligibility criteria. In the case series studies, the
pooled results were a patency rate of 0.87 (95% CI: 0.85-0.89), complete lysis 0.58
(95% CI: 0.40-0.75), rethrombosis 0.11 (95% CI: 0.06-0.17) and PTS 0.10 (95% CI:
0.08-0.12). Six studies comparing the efficacy outcomes of CDT and anticoagulation
showed that CDT was associated with a reduction of PTS (OR 0.38, 95%C10.26-0.55,
p<0.0001) and a higher patency rate (OR 4.76, 95%CI 2.14-10.56, p<0.0001).
Conclusion: Acute lower extremity DVT patients receiving CDT were found to have
a lower incidence of PTS and a higher incidence of patency rate. In our meta-analysis,
CDT is shown to be an effective treatment for acute lower extremity DVT patients.
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Descriptors: Upper Extremity Deep Vein Thrombosis++ Venous Thrombosis++
Efficacy++ Meta-Analysis.

Resumen: Objetivos: evaluar estudios de series de casos y evaluar cuantitativamente
los efectos de la trombdlisis dirigida por catéter (TDC) y comparar la eficacia entre
la TDC y anticoagulacién en pacientes con trombosis venosa profunda (TVP) aguda
de las extremidades inferiores para el tratamiento futuro. Métodos: se realizaron
busquedas en bases de datos relevantes, incluyendo PubMed, Embase, Cochrane, Ovid
MEDLINE vy Scopus hasta enero de 2017. Los criterios de inclusién se aplicaron a
pacientes seleccionados con TVP aguda de extremidad inferior tratados con TDC o
comparados con TDC y anticoagulacién. En estudios de series de casos, las estimaciones
agrupadas de los resultados de eficacia para la tasa de patencia, la lisis completa, la
retrombosis y el sindrome postrombético (SPT) se calcularon a través de los estudios.
En estudios que compararon la TDC con la anticoagulacién, se calculé el resumen de
las razénes de posibilidades (RP). Resultados: 25 articulos (seis que comparan TDC con
anticoagulacién y 19 series de casos) que incluyeron 2254 pacientes gienes cumplieron
los criterios de elegibilidad. En los estudios de series de casos, los resultados agrupados
fueron: tasa de patencia 0,87 (IC 95%: 0,85; 0,89), lisis completa 0,58 (IC 95%: 0,40;
0,75), retrombosis 0,11 (IC 95%: 0,06; 17,0), SPT 0,10 (IC 95%: 0,08; 0,12). Seis
estudios que compararon los resultados de eficacia entre la TDC vy anticoagulacién
mostraron que la TDC se asocié con una reduccién de SPT (RP 0,38; IC 95%: 0,26;
0,55; p menor que 0,0001) y una mayor tasa de patencia (RP 4,76; IC 95%: 2,14; 10,56;
p menor que 0,0001). Conclusidn: los pacientes con TVP aguda de extremidad inferior
que reciben TDC se asocian con una menor incidencia de SPT y una mayor incidencia
de tasa de patencia. En nuestro metandlisis, la TDC es un tratamiento efectivo para
pacientes con TVP aguda de extremidad inferior.

Descriptores: Trombose Venosa profunda de la Extremidad Superior, Trombose de la
Vena, Eficacia, Metaanalisis.

Resumo: Objetivos: avaliar os estudos de séries de casos e avaliar quantitativamente os
efeitos da trombdlise dirigida por cateter (TDC) e comparar a eficicia entre TDC e
anticoagulacio nos pacientes com trombose venosa profunda aguda das extremidades
inferiores (TVP) para tratamento futuro. Métodos: foram pesquisadas as seguintes bases
de dados relevantes: PubMed, Embase, Cochrane, Ovid MEDLINE e Scopus . Os
critérios de inclusao foram aplicados para pacientes selecionados com TVP aguda de
extremidades inferiores tratados com TDC comparadaa TDC com anticoagulagio. Nos
estudos de série de casos, as estimativas agrupadas de resultados de eficicia para a taxa
de permeabilidade, lise completa, retrombose e sindrome pés-trombética (SPT) foram
calculadas em todos os estudos. Em estudos comparando TDC com anticoagulagio, foi
calculada a razao de chance de resumo (summary odds ratio - OR). Resultados: vinte e
cinco artigos (seis comparando TDC com anticoagulacio e 19 séries de casos), incluindo
2.254 pacientes, preencheram os critérios de elegibilidade. Nos estudos da série de
casos, os resultados agrupados foram: taxa de permeabilidade 0,87 (IC95%: 0,85-0,89),
lise completa 0,58 (1C95%: 0,40-0,75), e retrombose 0,11 (IC95%: 0,06-0,17), SPT
0,10 (IC95%: 0,08- 0,12). Seis estudos que compararam os resultados de eficicia entre
TDC e anticoagulagio mostraram que TDC foi associada a redugio da SPT (OR 0,38;
1C95%: 0,26-0,55; p menor que 0,0001) e maior taxa de permeabilidade (OR 4,76;
1C95%: 2,14-10,56; p menor que 0,0001). Conclusiao: pacientes com TVP aguda de
extremidades inferiores que recebem TDC estao associados a uma menor incidéncia de
SPT e maior incidéncia de taxa de permeabilidade. Em nossa metanalise, TDC ¢ um
tratamento eficaz para pacientes com TVP aguda de extremidades inferiores.
Descritores: Trombose Venosa Profunda de Membros Superiores, Trombose Venosa,
Eficicia, Metanalise.

Introduction

Deep vein thrombosis (DVT) in the lower extremities is a common
vascular disease. DVT not only affects the treatment and prognosis for
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patients but also represents a significant clinical and economic disease
burden on health care systemsl)' The annual incidence of DVT in the
leg is between 48 and 182 per 100,000 in the population”. As the
population ages, the incidence of DVT is steadily incrcasing3 .DVT can

be complicated by pulmonary embolism (PE) in the short-term and, in
the long-term, can cause post-thrombotic syndrome (PTS), which can

adversely affect quality of life?.
The goals of treatment for acute lower extremity DVT are to prevent

PE and reduce the incidence of PTS* Conventional anticoagulant
treatment is mainly aimed at the prevention of PE and recurrent DVT>;
nevertheless, over half of DVT patients have developed some degree
of PTS in the follow-up period after therapy®. Elastic compression
stockings had also been recommended by the American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines for DVT patients
to prevent PTS (9th edition) 7. However, a meta-analysis (six random
controlled trails including 1462 patients) recently showed that elastic
compression stockings are not sufficient to prevent PTS'. Due to the
limited effectiveness of anticoagulant therapy for DVT, catheter-directed
thrombolysis (CDT) was developed by interventional radiologists as an
invasive treatment for DVT in 1994%. Although CDT was suggested by
the American College of Chest Physicians Antithrombotic Therapy for
Venous Thromboembolism (VTE) Disease CHEST Guideline® in 2016,
evidence to support CDT for DVT is limited. To evaluate the evidence
to support CDT for DVT, we conducted a meta-analysis.

The purpose of this meta-analysis was to (1) evaluate case series studies
that quantitatively assess the effects of CDT and (2) compare the efficacy
of CDT and anticoagulation in patients with acute lower extremity DVT.

We followed the Preferred Reporting Items for Systemic Reviews and
Meta-Analysis (PRISMA) statement for reporting the results of this

meta—analysis9.
Methods

The literature search was performed using Ovid MEDLINE (1946
to January 2017), PubMed (January 31, 2017), Embase (1974 to
January 2017), Cochrane Library (1999 t02016) and Scopus (1966
to January 2017). Boolean logic was used with search terms including
(“catheter-directed thrombolysis” OR “catheter-directed therapy” OR
“catheter-directed treatment”) AND (“deep vein thrombosis” OR
“venous thromboembolism”). Additional studies were identified from
the reference lists from the selected articles. Endnote software was used
to manage the citations obtained through the database search.

Two authors (Wang and Zhang) independently established the study
eligibility in the meta-analysis; any difference in the opinion about the
eligibility was resolved by discussion or by consulting the corresponding
author (Mu) and the research team. All abstracts were reviewed using
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inclusion and exclusion criteria in order to narrow the selection of studies
considered for the meta-analysis. The studies had to meet the following
eligibility criteria: (1) studies about CDT for the treatment of acute
lower extremity DVT or studies comparing CDT plus anticoagulation
with anticoagulation alone; (2) RCTs, nonrandomized comparative
studies and case series studies; (3) reported the data on one or more
study outcomes (PTS, complete lysis, patency rate, recurrent DVT); (4)
patients were > 18 years old; (5) sample size 210 patients; (6) articles were
published as peer-reviewed English studies. Studies were excluded if they
were (1) studies irrelevant to CDT; (2) studies reporting chronic or upper
DVT; (3) studies that provided no useful data; (4) studies that were case
reports or duplicate articles.

Data were extracted from all included studies by two independent
reviewers. Disagreements about discrepancies were resolved by consulting
the corresponding author. We extracted data about the first author’s
name, publication year, study design, region, mean age of patients,
the ratio of men to women, treatment method, thrombolytic agent,
effectiveness outcomes (PTS, complete lysis, patency rate, recurrent
DVT), the time of follow-up and method of DVT diagnosis.

Assessment of bias risk was independently performed by two
investigators (Wangand Zhang). The quality of the included randomized
clinical trial (RCT) studies was assessed using the Jadad scale. The quality
items scored were the following: studies’ description of randomization (2
points), blinding (2 points) and attrition information (1 point). Scores
<2 is divided into low-quality publication and > 3 is divided into high-
quality publication'®. Allincluded non-randomized comparative and case

series studies were appraised by The Newcastle-Ottawa scale (NOS)'.
The quality of a study was judged on the selection of the study groups,
the comparability of the groups, and the ascertainment of the outcomes.
High quality was deemed if the studies received a star in every domain.

The efficacy outcomes included the occurrence of PTS, the rate of
complete lysis, the patency rate and rethrombosis.

(1) The occurrence of PTS is diagnosed by the Villalta scale including
five symptoms (pain, cramps, heaviness, paresthesia, and pruritus) and
six clinical signs (pretibial edema, skin induration, hyperpigmentation,
redness, venous ectasia, and pain during calf compression). Each sign/
symptom is rated as 0 (none), 1 (mild), 2 (moderate), or 3 (severe) and
the points are summed to yield the total score: 0-4 no PTS; 5-14 mild/
moderate PTS; 15 or more, severe PTS or the presence of ulcer!?.

(2) The percentage of thrombolysis was defined as Grade I (<50%),
Grade II (50-90%), and Grade III (complete thrombolysis)".

(3) The patency rate is the percentage (0-100%) of patency post
treatment. Patency was defined as regained when the following findings

occurred: Flow in the iliac and femoral vein, compressibility of the vein,

and no functional venous obstruction .

(4) Rethrombosis is defined as imaging proven DVT involving a new
venous segment or a previously involved venous segment for which
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symptomatic and imaging improvement had been obtained in a patient

with at least one prior episode of DVTY,

We used software Stata 12.0 (Stata Corporation, College Station,
TX, USA) to perform the meta-analysis. The data on efficacy outcomes
in the case series studies were pooled proportions and the data in
RCT or nonrandomized comparative studies were extracted to calculate
odds ratios (OR) and associated 95% confidence intervals (Cls). All
meta-analyses were performed using both fixed and random effects

models. Cochrane’s Q statistic and I* statistics were calculated to
provide information about the heterogeneity between studies. I? statistics

<25% was considered as low heterogeneity, and I? statistics >50% was
considered as high heterogeneity, according to the method suggested

by Higgins and his colleagues'®. The publication bias was tested
using the Egger’s regression asymmetry test'” and Begg adjusted rank

correlation test'. Additionally, we performed subgroup analyses based
on thrombolytic agent and study design. Several sensitivity analyses were
done to test the robustness of our findings. All statistical tests were two-
tailed.

Results

After the database searches, 1,684 articles were retrieved, and a further
12 potential articles were identified from citations. In total, 734 unique
citations were identified by our electronic searches after the deletion of
duplicate publications by screening the study titles and abstracts. After
applying the inclusion and exclusion criteria, 25 articles were considered

for our meta-analysis, among which were 19 case series studies!®?’

involving 1647 patients and another six studies'***** comparing CDT
with anticoagulation involving 607 patients, which fulfilled the eligibility

criteria. The data abstraction process is shown in Figure 1.
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1684 articles identified from eletronic database
(Pubmed 566, Cochrane library 44, Embase 392,
scopus 544, ovid 138)

12 articles from other sources
(reference documentation

+ ¥

| 1.696 artigos no total recuperados para analise |

962 duplicate articles

734 articles after duplicates removed and
screened based on title and abstract

604 articles excluded based on abstract information

(151 not about COT studies, 133 case reports, 101 review arficles,
132 not about DVT studies, 6 children studies, 25 PTS studies,

35 no outcommes, 21 imelevant studies)

s

130 full-text articles assessed for eligible

105 full-text articules excluded
[—>{ (12 only abstract, 51 no useful data, 19 upper or chronic DVT,
15 same data, 7 too-small sample size)

v
|25 jes i in the met i |

Figure 1
Flowchart of the study selection process.

Six comparison studies including 4 RCTs'%¥4  and 2

nonrandomized comparative studies 3842 nineteen case series studies

including 9 prospective studies!?2225-2628:30.33

23-24,27,29,31-32,34-37

and ten retrospective

studies were all published in peer-reviewed journals.

Except for one study’ that did not describe the method of DVT
diagnosis, the others confirmed the presence of DVT using Duplex
ultrasound or venography. When CDT was performed, rt-PA, urokinase,
Alteplase or Retavase was infused. The characteristics of the included
studies are summarized in Table 1.
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Table 1

Characteristics of studies included in this meta-analysis extracted from the
databases Ovid MEDLINE, 1946- 2017; PubMed, 2017; Embase, 1974 - 2017;
Cochrane Library 2016; Scopus, 1960-2017, Chongqing, China, 2016-2017

2 Mean 3 Male/Female  TreatmentMethod  Thrombolyti Mathod
kil e fremen traar (Mo) o) i Dusoomes Follaw P of pvT diagnesis
Studies compared COT* with anticoagulation
AbuRahma st al 2001 prospeciive USA I 21130 CDT™+AA" (18) Urckinase major complications, PTS*, patency rate 5 years venous duplex imagng/
VS AAf(33) PA iiafemoral phiebography
Elsharawy et al. 2002 RCT Egypt 48 1124 COT*+AA! (18)VS  Strepiokinase PTS!, Complete Iysis Bmonths  Colour duplex ascending
ABT (17} venography
Enden et al. 2012 RGT, muicenter Norway 52 1870 COT"+AA! (80) VS alteplase Corrplications, Patency rate 2 years routine ultrasound.
AAt (99) PTSH, Recurrent DUT Or by vencgraphy or CT
Enden et al. 2009 RGT, muicenter Marway 52 84138 COT +AA! (50) steplase iliofemoral patency, venous obstrucfion, 8 manths routine ulrasound,
VS AAT(53) Or by venagraphy or GT
Haig et al. 2018 RCT Morway 82 110/68 COT"+AA! (BT) VS alteplase PTS. QOL 5 years routing ultrasound,
AAY (80) Or by venagraphy er CT
Lesetal 2013 Retrospeciive USA 53 27128 CDT™+AA! (27) Urckinase Patency rate, Comglications, PTSE, 15months Venagraphy
vsAAT(28) Venous function ufrasound
Case series Studies without a comparison group
Bakgaard et al 2010 Prospective Denmark ) 2378 COT* (101) PA ein refiu, PTS?, rethrombosis, 6 years ultrasanography
Patancy rate, mortality
Bjarnason et al. 1997 Prospective usA 47 27450 COT*(77) urckinase Camplication, martality 5 years Duplex ultrascund
Patency rate
Brohoim et al. 2011 Prospective Denmark k3| 24/85 DT *(108) HPA PTS3,QOLS, vein refiux 6 years uitrasound
Carsella ot al. 2007 Prospective Brazi 14 NR' COT *(18) tPA Complete lysis, rethrombosis, 1 year duplex-scan
Bleeding, venous reflux
Duetal 2015 Relrospeciive China 50 2071220 COT*(427) urokinase Compisie lysis, patency rates. FTS, 2 years. ultrasound or digital
Complication subtraction angiography
Duan et al. 2015 Refrospective China 48057 COT*(108) urokinase: Complication. rethrombosis. 2 years convertional
Patency rate wenography
Engelbarger et al. 2014 Prospective Switzarland 45 ELT7 CDT™ (87) PA PTS*, patency, Compiication, 1 year Duplex sanography
rethromibosis, Complete lysis
Fiango at al Prospactive UK 35 NR' COT* (24) urokinase: Complete lysis, PTSY, vein refus, 2 years Ultrasound Doppler
2015 ion,
Jackson et al. Retrospactive UsA MR 14114 cOT (28) Urokinase Complete lysis, patency rate. 15 months ultrasound
2005 Retavase Mortaiity
PA
Kolbed gt al. Prospactive Sweden 3 26 CDT"+stent(37) aitplase ‘Complication z Venography
2007 Patency months color Doppler scan
Lietal Refrospactive China 48 3173 COT" (268) Urokinase Bleading, complication NR computed tomography
2015 Complets lysis venography or ultrasound
Doppler
Manninen Prospective Finland 48 20130 cOT (54) Urckinase Complication, Complete lysis, 35 years Uttrasound
etal 2012 Patency, PTS®. martality wenography
Park et al. 2005 Retrospective Horea 5 10624 COoT" (34) Urokinase Comglete lyss. recurrence. 1Gmonths  duplex scan computed
PTS*. complication, mortality vencgraphy
Protack et al. 2007 Refraspactive UsA 48 27442 COT* (84) A Rethrombolysis, complete lysis, 21 years NR'
Mortaiity
Sharifi Prospactve UsA 52 1014 COT(33) wPA compéete lysis, mortality, complication z Venous
etal 2013 months duplex imaging.
Sillasen et al. 2005 Retrospactive Danmark 3 7138 COT* (45) sitaplase Compiication, 1 yaar Doppler utrasound
wvein refiux, rethrombosis
Strijkers of al. 2012 Retrospactive Germany a2 1819 COTa7) Urokinase Patency rate, complete lysis, 1 year Duplex sonograpty
A complications, rethrombosis,
Wamer et al 2013 Retrospective usa 43 a3 CDT"+ stent (32) Ateplase Complication, patency rate 28 months Venous duplex
ultrasanography
Hue et al, 2014 Retrospective China 25/38 COT"+ stent{81) Urckinase 5 years duplex

Patency, mortality, PTS!
ptd L

Meta-analysis of studies comparing CDT with an anticoagulation

group:

(1) PTS: Four studies®®%*#? reported PTS data, and the pooled data
showed that patients treated with CDT had a significant reduction in the

occurrence of PTS (OR 0.38, 95%CI 0.26-0.55, p<0.0001) (Figure 2).

(2) Patency rate: The pooled data from five eligible studies!#38-40:42

suggested that the CDT group had a significantly higher 6-month
patency rate than the anticoagulation group (OR 4.76, 95%CI
2.14-10.56, p<0.0001) (Figure 2).

(3) the
rethrombosis™™**, and the pooled results showed no significant difference
between the CDT and anticoagulation groups (OR 0.55, 95%CI
0.04-5.42, p>0,05).

Rethrombosis: Two  studies results of

40,42

reported
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Study

AbuRahma {20012

PTS
OR ( 95%CI )

0.12 ( 0.02,047 )

AT

Enden (2012}

Haig {2016

0.56 { 0.31,0.99 }

_ 0.21 ( 0.16,0.57 )

Lee €2013) B ————— 038 (0.11.1.39 )

Owerall (-squared = 38 4%, p = 0.182)

<> 0.28 ( 0.26,0.55 )

9%
weight

1452
35.48

4117
8.83

100.00

Study

AbuRahma (20013
Elsharawy (2002)
Enden (2012)
Enden (2009

Lee (2013}

Overall (l-squared = 65.6%. p = 0.020)

st rancom feom s

6-month patency rate

OR ( 95%CI ) weight
. — 15.63 ( 3.58,68.18 ) 15.59
;
= 3350(4.68,22552) 1122
|
—_— 217(1213.91) 28.26
i
[ 3.18(1427.12) 24.88
;
.
I - 3.20{ 1.04.9.85 ) 20.04
|
<> 4.76 { 2.14,10.56 ) 100.00
'
i
i
\
i
i
i
T

Forest plot of the pooled PTS and patency rate after CDT

Figure 2

and CIs from CDT studies with a comparison group.

Meta-analysis of case series studies on CDT

(1) PTS: 8 out of 19 (less than half) studies'®*!?325-2630-3137 reporred
PTS outcomes inditcating a low incidence of PTS after CDT. The PTS
rate after CDT ranged from 8% to 21%. The pooled PTS rate was

0.10 (0.08, 0.12) and I* was 10.0% (p=0.353), which indicated low

heterogeneity.

19-20,23-25,27-28,30,35-37 20)

(2) Patency rate: Among 12 studies , one study
was eliminated because there was no total patency rate butiliac or femoral
vein patency alone was reported. The patency rate after CDT ranged

from 70% to 92%. Figure 3 shows that the pooled patency rate was
0.87 (0.85, 0.89), and the I* was 42.0% (p=0.055), indicating moderate
heterogeneity. The patency rate decreased according to the duration of
follow-up, for example, 89% at 1 year, 86% at 2 years and 82% after 2 years
of follow-up.

22-23,25-27.29-33,35 reported the rate of

(3) Complete lysis: Eleven studies
complete lysis, indicating the initial results of thrombolysis. The complete
lysis ranged from 16% to 95% after CDT. The pooled data showed that
patients treated with CDT had a moderate complete lysis 0.58 (0.40,
0.75). High heterogeneity (I*=0.978, p=0.000) was detected for included

studies (Figure 4).
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(4) Rethrombosis: Among nine studies'*?>?>2>30-323435 o e srudy™

was excluded due to zero event of rethrombosis reported. Rethrombosis

occurred in the early weeks or late years during follow-up.

Study

1 year

Du(2015)

Xue(2014)

Engelberger(2014)

Strijkers(2013)

Jackson (2005)

Subtotal (I-squared = 56 1%, p = 0.059)

2 years

Du(2015)

Xue(2014)

Duan (2015)

Subtotal (l-squared = 37 5%, p = 0.202)

=2 years

Manninen (2012)

Kolbel ( 2007)

Warner(2013)

Xue(2014)

Baekgaard(2010)

Subtotal (I-squared = 0.0%, p = 0.744)

Heterogeneity between groups. p = 0.040
Overall (I-squared = 42 0%, p = 0.055)

patency rate %
(95% Cl)  Weight

0.90 (0.86, 0.04) 2072
0.92 (0 BS, 0.99) B34
0.87 (0.80, 0.84) 7.74
0.70 (0.55, 0.85) 1.77
0.80 (0.65, 0.95) 1.76
0.89 (0.86, 0.92) 4933

0.87 (0.82, 0.92) 18.76
0.90 (0.82, 0.98) 682
0.80 (0.72, 0.88) 5.53
0.86 (0.83, 0.90) 31.11

0.84 (074, 094) 419
0.77 (0.63, 0.91) 210
0.75 (0.60, 0.90) 1.72
0.85 (0.76, 0.94) 481
0.82 (0.74,0.90) 675
0.82 (0.78, 0.86) 19.56

0.87 (0.85, 0.89) 100.00

MNOTE: Weights are from random effects analysis

T
- 988

Forest plot of the pooled patency rate after CDT and Cls

from reported studies according to time of follow-up.

Study

Du(2015)

Filengo(2015)

Jackson{2005) e

Li{2015)

Manninen (2012}
park{2008)
Protack(2007)
Sharifi{2013)
Casella(2007)
Strijkers(2012)
Engelberger(2014)

Overall (-squared = 97.8%, p = 0.000)

complete lysis ..

(95% CI) -
3 0.36(0.31,0.41) .41
—e—> 092(081,103) 9.14
0.18 (0.04,0.32) 891
-- 0.62 (0.56, 0.68) 9.37
—e—  0.79(0.68,080) 815
+ 0.53(0.36, 0.70) 87
—-— 0.63 (0.52, 0.74) 811
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The rethrombosis rate ranged from 3% to 30% after CDT. The pooled

results of rethrombosis was 0.11 (0.06, 0.17), and the I? was 78.4%
(p=0.000), indicating high heterogeneity.

Subgroup analyses were performed to assess the outcomes of case series
studies by study design and the use of different thrombolytic agents. For
the rate of patency, the results of prospective studies were slightly lower
than retrospective studies. In contrast, the rate of complete lysis and PTS
were slightly higher in prospective studies than retrospective studies. For
the rethrombosis, it presented a bigger difference between different study
designs. Subgroup analyses stratified by thrombolytic agent showed that
urokinase had a better patency rate and a lower incidence of PTS. The
complete lysis and rethrombosis rates were both the highest in more than
2 thrombolytic agent studies.

When assessing RCTs by Jadad score, all four RCTs had adequate
descriptions for randomization and showed blinded assessment of
outcomes. The information was provided in all RCTs. Therefore, the
four RCTs"*3*4! were generally of high quality (Appendix 1). All non-
RCTsand case series studies were assessed by the Newcastle-Ottawa scale;
all of the 12 studies'??*>283132343538 \were generally of high quality.
Three studies’****” had outcomes present at the start of the study and
two studies’®*® had no assessment of outcomes. At the same time, five

24.27.30,3642) Kad no adequate follow-up, and one study2 ? had no

24,26-27,29-30,33,36-37,42

studies!
report of the length of follow-up. These nine studies
were generally of low quality.

Significant publication bias was analyzed only on the patency rate of
the case series studies: Begg’s Test (p=0.001), Egger’s test (p=0.001).
Publication bias was not observed for complete lysis. Publication bias
evaluation on other two endpoints (rethrombosis, PTS) was not detected

due to the limited number of studies involved*.
Discussion

Treatment of  DVT  includes anticoagulant  therapy,
pharmacologic thrombolysis (systemic thrombolysis, flow-directed
thrombolysis, catheter-directed thrombolysis), percutaneous mechanical
thrombectomy, surgical thrombectomy and physical therapy
(compression stockings). The previous recommendation for the
treatment of acute lower extremity DV'T was the use of CDT as first-line
therapy®*. A recent guideline of antithrombotic therapy for VTE disease
still suggests that acute lower extremity DVT patients are most likely

to benefit from CDT for its efﬁcacyé.However, the evidence is of low
quality and requires more studies to authenticate. In general, the majority
of studies on CDT therapy for DVT patients were case series without
control groups. Our meta-analysis including 6 comparison and 19 non-
comparison studies showed that CDT was associated with a good efhicacy
in patients with acute lower extremity DVT.
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PTS is a chronic disorder that develops in 25-50% of patients after

DVT®; therefore prevention of PTS is crucial. In our meta-analysis of
non-comparison studies, 8 out of 19 studies recorded PTS during follow-
up; less than half of the studies recorded PTS and low pooled PTS rate

0.10 (95% CI, 0.08-0.12) may indicate that CDT has a high value in
preventing PTS. Already meta-analyses have evaluated the efficacy of

CDT with a small number of studies. In 2012, an analysis46 found a
significant reduction in the risk of PTS comparing CDT to systemic
anticoagulation in two enrolled studies. In 2015, another analysis47 found
the same result: a significant reduction in the risk of PTS comparing CDT
plus anticoagulation to anticoagulation alone in two enrolled studies. We
find the same results with four enrolled studies, showing a significant
reduction of PTS with CDT compared with anticoagulation.

Our pooled analyses of non-comparison studies showed that patients
with acute lower extremity DVT after CDT had a high patency rate,
indicating the efficacy of CDT treatment. The pooled results of five
involved comparison studies strengthen the conclusion that the CDT
group has a significantly higher patency rate than the anticoagulation
group. A previous meta-analysis* pooling eight RCTs in China suggested
that the effective rate of CDT for the treatment of acute lower
extremity DVT was significantly higher than that for superficial venous
thrombolysis. The reason was thought to be that thrombolytic drugs
can directly act on the thrombolysis site to maximize the activation of
plasminogen and effectively dissolve the thrombus. The patency rate was
gradually decreased from 1 year to 2 years and more than 2 years. Existing
studies showed that venous patency was directly correlated with the
development of PTS*-°,

The pooled result of complete lysis was 0.58 (95% CI, 0.40-0.75).
The Society of Interventional Radiology suggested efficacy thresholds for
endovascular thrombus removal for DVT: a threshold value greater than

80% was suggested for removal of more than 50% of the thrombus’!.
However, the suggested threshold for removal of an entire thrombus
is unclear. The significantly high heterogeneity observed in our paper
may vary due to study designs and sample size among studies. A meta-
analysis of 11 randomized anticoagulation trials showed that the residual
thrombus burden after initial DVT therapy correlated strongly with the

risk of recurrent venous thromboembolism (VTE)>%

In our meta-analysis of non-comparison studies, eight studies pooled
a higher rate of rethrombosis than early recurrent thrombosis in 20
other studies according to the guidelines for the treatment of lower
extremity DVT with use of endovascular thrombus removal®’. The
discrepancy may be caused by the different degree of residual thrombus
burden. No evaluable difference in recurrent DVT was found between
the CDT and anticoagulation-alone groups in our meta-analysis of two
involved studies. The TORPEDO trial®® found a significant reduction in
recurrent VIE comparing percutaneous endovenous intervention plus
anticoagulation to anticoagulation alone. Hence, more controlled trials
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are needed to detect the incidence of rethrombosis for different DVT
treatments.

Our subgroup analyses presented a bigger difference in rethrombosis
between prospective and retrospective studies: rethrombosis in
retrospective studies was 4 times higher than in prospective studies.
The reasons to account for this result were as follows: in the original
retrospective studies (1) laboratory hypercoagulability as a known risk

factor of recurrent DVT was found in a third of all patients®!, and (2)
a delay in stent placement was considered to be the main reason for

early rethrombosis®. Subgroup analyses stratified by thrombolytic agent
showed that urokinase had better efficacy compared to two or more

combined thrombolytic agents. Additionally, an existing study reported

that urokinase is widely used in China for its lower cost”’.

Several limitations should be acknowledged when interpreting the
findings of our meta-analysis. First, almost half of the studies were
retrospective studies, and so recall bias cannot be ruled out. Second, some
data (patency rate) available for analysis were subject to publication bias
because it is likely that the positive results with CDT would tend to be
published. Last, only peer-reviewed English studies were included, and
non-English language journals were excluded.

Nevertheless, our study also has strengths because we performed a
comprehensive analysis of the efficacy results of CDT treatment by
including comparison studies and non-comparison studies, which can
provide available evidence about the assessment of CDT.

In conclusion, our meta-analysis indicates that the use of CDT is
associated with a reduced incidence of PTS and a high patency rate.
However, the efficacy of rethrombosis in DVT patients is unclear.
Urokinase is the most recommended thrombolytic agent for CDT.
Pharmacomechanical CDT, ultrasound-accelerated CDT and CDT
combined with other assistive technologies are reasonable approaches for
expanding the advantages of CDT. Finally, more well-designed RCT' to
clarify and improve the efficacy and safety of CDT treatment are needed.
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