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Abstract
Background: Despite established guidelines, catheter-directed thrombolysis (CDT) for the management of acute lower extremity |
deep vein thrombosis (DVT) should not be overstated because the risks of CDT are uncertain. We performed a meta-analysis to
comprehensively and quantitatively evaluate the safety of CDT for patients with acute lower extremity DVT.

Methods: Relevant databases, including PubMed, Embase, Cochrane, Ovid MEDLINE, and Scopus, were searched up to January
2017. The inclusion criteria were applied to select patients with acute lower extremity DVT treated by CDT or compared CDT with
anticoagulation. In case series studies, the pooled estimates of safety outcomes for complications, pulmonary embolism (PE), and
mortality were calculated across studies. In studies comparing CDT with anticoagulation, summary odds ratios (ORs) were calculated.

Results: Of the 1696 citations identified, 24 studies (6 comparing CDT with anticoagulation and 18 case series) including 9157
patients met the eligibility criteria. In the case series studies, the pooled risks of major, minor, and total complications were 0.03 (95%
confidence interval [Cl]: 0.02-0.04), 0.07 (95% CI: 0.05-0.08), and 0.09 (95% CI: 0.08-0.11), respectively; other pooled risk results
were 0.00 for PE (95% ClI: 0.00-0.01) and 0.07 for mortality (95% CI: 0.03-0.11). Our meta-analysis of 6 studies comparing the risk of
complications and PE related to CDT with those related to anticoagulation showed that CDT was associated with an increased risk of
complications (OR=4.36; 95% Cl: 2.94-6.47) and PE (OR=1.57; 95% Cl: 1.37-1.79).

Conclusion: Acute lower extremity DVT patients receiving CDT are associated with a low risk of complications. However,
compared with anticoagulation, CDT is associated with a higher risk of complications and PE. Rare mortality related to thrombolytic
therapy was reported. More evidence should be accumulated to prove the safety of CDT.

Abbreviations: CDT = catheter-directed thrombolysis, Cl = confidence interval, DVT = deep vein thrombosis, OR = odds ratio,

PE = pulmonary embolism, RCT = randomized clinical trial, VTE = venous thromboembolism.
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1. Introduction

Deep vein thrombosis (DVT) is widely prevalent, and the
incidence of DVT in the leg is between 48 and 182 per 100,000 in
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the population each year.'"! As the population ages, the incidence
of DVT is steadily increasing.””! Additionally, approximately
one-third of patients with primary DVT may develop asymp-
tomatic (silent) pulmonary embolism (PE).>**! Venous thrombo-
embolism (VTE) is related to significant morbidity and mortality,
not only because DVT can exert a great influence on treatment
and prognosis for patients but also because it represents a
significant clinical and economic disease burden on healthcare
systems.!*! Hence, the importance of treatment for DVT cannot
be overemphasized. The immediate goals of the successful
management of DVT is essential to minimize the risk of PE,
mortality, and recurrent DVT in the short-term with acceptable
complication rates, including those of bleeding.[®!
Anticoagulation treatment is mainly aimed at the prevention of
PE and recurrent DVT.I”! Regrettably, over half of DVT patients
will develop some degree of postthrombotic syndrome (PTS) in
the follow-up of posttherapy.!®! Elastic compression stockings are
recommended for the prevention of PTS in DVT patients by
previous guidelines™!°); unfortunately, a recent meta-analysis of
6 randomized controlled trials including 1462 patients reported
no use of elastic compression stockings to prevent PTS.!
Catheter-directed thrombolysis (CDT) uses the local delivery of
plasminogen-activating agents directly into the thrombus, with
an effective result to prevent PTS for acute lower extremity DVT
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patients, has been suggested by the American College of Chest
Physicians antithrombotic therapy for VTE disease chest
guideline; however, the recommendation based on low-quality
evidence, making it weak.!”! The safety of the patients is of great
concern with measures to reduce bleeding complications and
prevent PE.""1 To address this dilemma, we performed this
systematic review and meta-analysis to assess the safety of CDT
including the incidence of PE, complication, and mortality after
incident acute lower extremity DVT.

2. Methods

2.1. Data source and searches

We followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) Statement for reporting in this meta-
analysis.'?! The literature search was performed using Ovid
MEDLINE (1946 to January 2017), PubMed (January 31, 2017),
Embase (1974 to January 2017), Cochrane Library (2016), and
Scopus (1960 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” (see example
search in Table 1). Additional studies identified through the reference
list from the selected articles were reviewed. Endnote software was
used to manage citations obtained through the database search.

2.2. Selection standards

Two authors (WL, ZCL) independently established the study
eligibility; any difference in opinion concerning eligibility was
resolved by discussion or by consulting the corresponding author
(MSY) and research team. All abstracts were reviewed using
inclusion and exclusion criteria to narrow the selection of studies
considered for the systematic review and meta-analysis. The studies
had to meet the following criteria: studies about CDT to treat acute
lower extremity DVT or studies compared CDT plus anti-
coagulation with anticoagulation alone; randomized clinical trials
(RCTs), nonrandomized comparative studies, and case series
studies; studies reporting the data on one or more study outcomes
(PE, mortality, complication); patients >18 years old; sample size
>10 patients; and articles published in peer-reviewed English studies.
Studies were excluded if they were studies irrelevant to CDT; studies
that reported chronic or upper DVT; studies that provided no useful
data; and studies that were case reports or duplicate articles.

2.3. Data extraction

Data were extracted from all included studies by 2 independent
reviewers (WL, ZCL). Disagreements about discrepancy were
resolved by consulting the corresponding author. We extracted
the first author, publication year, study design, region, mean age,
the ratio of men to women, treatment method, thrombolytic

The example search in PubMed used the search terms below.
#1 Catheter-directed thrombolysis

#2 Catheter-directed therapy

#3 Catheter-directed treatment

#4 Deep vein thrombosis

#5 Venous thromboembolism

#6 #1 OR #2 OR #3

#7 #4 OR #5

#8 #6 AND #7

Medicine

agent, safety outcomes (PE, mortality, and complication), the
time of follow-up, and method of DVT diagnosis.

2.4. Assessment of bias risk

Assessment of the bias risk of the included studies was
independently performed by 2 investigators. The quality of the
included RCT studies was assessed using the Jadad scale, and the
quality items scored were as follows: studies’ description of
randomization (2 points), blinding (2 points), and attrition
information (1 point). Scores <2 were divided into low-quality
literature and >3 were divided into high-quality literature.[*3! All
included nonrandomized comparative and case series studies
were appraised by The Newcastle-Ottawa scale.'"*! The quality
of a study was judged on the selection of the study groups,
comparability of the groups, and ascertainment of the outcomes.
High quality was judged if studies received a star in every domain.

2.5. Definition of safety outcomes

The safety outcomes were the occurrence of PE, complication,
and mortality.

(1) PE: the occurrence of PE was based on the reports of
computed tomography pulmonary angiography

(2) Complications: the outcomes of major and minor complica-
tions were defined as follows: minor complication — if no
therapy or nominal therapy was required and included
overnight admission for observation; major complication —
required therapy, longer hospitalization, or caused perma-
nent adverse sequelae or death

(3) Mortality: the rate of death related to thrombolytic treatment

2.6. Statistical analysis

We used the software Stata 12.0 (Stata Corporation, College
Station, TX) to perform the meta-analysis. The data on the safety
outcomes in the case series studies were pooled proportions, and
the data in RCT or nonrandomized comparative studies were
extracted to calculate odds ratios (ORs) and associated 95%
confidence intervals (Cls). All meta-analyses were performed
using both fixed- and random-effects models for combining
proportions. Cochrane Q statistic and I* were statistics calculated
to provide information about heterogeneity between studies. I*
statistic <25% was considered as low heterogeneity, and I*
statistic >50% was considered as high heterogeneity, according
to the method suggested by Higgins et al.''*! The publication bias
was tested using the Egger regression asymmetry test!'®! and
Begg-adjusted rank correlation test.'”! Additionally, we per-
formed subgroup analyses based on the thrombolytic agent and
study design. Several sensitivity analyses were performed to test
the robustness of our findings. All statistical tests were 2 tailed.

2.7. Ethics approval

The ethical approval was not necessary in our study because of
the meta-analysis study design.

3. Results

3.1. Literature search

After the database searches, 1684 articles were retrieved and a
further 12 potential articles were identified from citations. In
total, 734 unique citations were identified by our electronic
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1684 articles identified from electronic  database
{Pubmed 566, the Cochrane library 44, Embase392,
scopus 544, ovid 138)

12 articles from other sources

(reference documentation)

l

1696 total articles retrieved for analysis l

N

962duplicate articles

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

604 articles excluded based on abstract information
(151 not about CDT studies,133 case reports, 101 review

4

articles,132 not about DVT studies, 6 children studies
25 PTS studies, 35 no outcomes,21not relevant studies)

130full-text articles assessed for eligible

v

106 full-text articles excluded
(13 only abstract, 52 no useful data,

N

19Upper or chronic DVT, 15 Same data,
7 too small sample size,

24 studies incduded in the meta-analysis

Figure 1. Flow chart of the study selection.

searches after the deletion of duplicate publications by screening
the study titles and abstracts. After applying the inclusion and
exclusion criteria, 24 articles were considered for our meta-
analysis, among which 18 case series articles™®3°! involving
1538 patients and another 6 were articles***" comparing CDT
with anticoagulation involving 7619 patients fulfilled the
eligibility criteria. The data abstraction process is shown in Fig. 1.

3.2. Study characteristics

Eighteen case series articles including 8 prospectivel!8-2%-2%
24.26,28,311 4nd 10 retrospective studies/?1:2%2327:29:30:32-351 3 4 6
comparison articles including 3 RCTs***° and 3 nonrandomized
comparative articles*®37*!! were all published in peer-reviewed
journals. Except for 1 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 2.

3.3. Meta-analysis of studies comparing CDT with
an anticoagulation group

3.3.1. Complications. All 6 comparative studies
complications posttreatment.

Compared with anticoagulation, CDT showed a significant
increase in the occurrence of complications (OR=4.36; 95% CI:
2.94-6.47; P < .001; I>=28.7%) (Fig. 2): 3 studies*****! reported
minor and major bleeding, and the pooled results showed the same
results that CDT had a significant increase in the occurrence of minor
(OR=2.01; 95% CI: 0.87-4.66; P=.104; *=0.0%) (Fig. 3) and
major bleeding (OR=3.19; 95% CI: 0.76-13.42; P=.113; I’=
0.0%) (Fig. 4) compared with anticoagulation.

[36-411 reported

3.3.2. PE. Among 6 studies,>*™!! 3 studies®**!! were elimi-
nated because there were no events in both groups. Patients
treated with CDT were significantly more likely to experience PE
(OR=1.57; 95% CI: 1.37-1.79; P <.001; I*=0.0%) (Fig. 5).

3.3.3. Mortality. Five studies>®38*! reported no deaths in both
groups; only 1 study®”! with a large sample size recorded in-
hospital mortality in the 2 groups (CDT vs anticoagulation: 1.2%
vs 0.9%, respectively).

3.4. Meta-analysis of case series studies on CDT
3.4.1. Complications. Fourteen case series studies

26-29,32-351 reported complication outcomes posttreatment, in
which 3 studies?®**351 and 2 studies®***! reported no events for
major and minor complications, respectively. The complication
rate ranged from 6% to 25% after CDT. The pooled data showed
that the rate of total complications, minor complications, and
major complications from high to low were 0.09 (95% CI:
0.08-0.11), 0.07 (95% CI: 0.05-0.08), and 0.03 (95% CI:
0.02-0.04), respectively. Moderate heterogeneity was detected
for all 3 complication analyses (Figs. 6-8).

[19-24,

3.4.2. PE. Twelve studies!!81%-21:23:25-31331 were involved for
PE data. Two of them!'®'! only reported suspected PE, and 4
studies!?>2%2%31 were excluded due to no events; thus, 6
studies?12327:28:30:331 were eventually included. Patients treated
with CDT showed a zero rate of PE (0.00, 0.01). High
heterogeneity (I*=0.807; P=.000) was detected among the
included studies (Fig. 9).

3.4.3. Mortality. Two studies!'”*! reported mortality not
related to the thrombolytic therapy, 3 studies!!®2>3! reported
no mortality during follow-up, and 3 studies'*®*=% reported


http://www.md-journal.com

icine

Med

35

Wang et al. Medicine (2017) 96

‘31| Jo Ayenb="100 ‘awolpuAs onoquioiynsod=S]d ‘wsioqws Areuowind =34 ‘panodal Jou=YN ‘SISOquIoI} uisA dasp=JAQ ‘SISAjoquioly paloalip-Jaleyied= Q) ‘uoienbeodnue=\yy

xajdnp fg uonea)dwod S1d ‘Miepow ‘fousied aseupoln  (L9) uas+109 9€/52 9 euIyo aA1108ds0118Y 7102 [e 18 8nx
AydesBouosenn xajdnp snousp ow 6z a)es Aousied ‘uoneldwon ase|dayy (2€) was+ 119 £2/6 [ vsn aA108ds0.18Y €102 [e 18 Jaulep
S|soquiolyjel
AydeiBouos xsjdng £l ‘suonealdwod ‘sish| 819|dwod ‘a1l Aousied Yd-U 8seujoin (2€) 1aosn 61/81 o Auewwlay aM199ds0.19Y 2102 [e 19 siavling
punosesn Jajddog A1 SISOqQUIOIYIBI ‘XNjJal UlsA 34 ‘uonealidwo) ase|daly (Sy) 10D 8¢// 1 WeWuUa( aM193ds0.19Y G0OZ [e 18 Uasa|IS
“Buibew xajdnp snousp ow ¢¢ uoneaduwod ‘AyjeHow ‘3d ‘sish| 8jeidwiod Yd-H (€e) 109 v1/6L ¢S vsn 8A}98dsold €10¢ [e 19 lleys
4N £z Aiepow ‘Id ‘sisf| sle/dwod ‘sishjoquioiurey Yd-H (69) 1@ e/l 8y vSn an109ds0.19Y 2002 [e 18 Yel0id
Ayde.Bouan Aierow 34 ‘uonealdwod
pandwod ueas xsjdng ow 9| ‘S1d ‘8aualindal ‘sish| a19|dwo) aseupjoin (¥e) 109 v2/0L GG BAI0Y annoadsonay 8002 e 10 Yied
Rifevow ‘34 ‘Sid
AydelBouan punosenin fge ‘Rousied ‘sish| aedwod ‘uopealdwon 3SBUNO0IN (99) 10 0£/92 fei% pueju4 aA9adsold 2102 [e 18 UsUlUUBpy
Ja|ddoq@ punosenn 1o
AydesBouan AydelBowoy psyndwion) UN SISA| 8191dwoo uoneaydwos ‘Buipsslq ‘Id 9SBUNOIN (992) 10D e/ /56 9 BUIYY aA93ds0ueYy GLoZ e 18
ueds Jajddoq Jojoa AydesBousp ow /g fouayed uoneoldwon ase|dayy (£€) was+1q9 9Z/L1L e uspamsg 8A110ads0ld /002 [e 19 8|0
Vd-U asenelay
punosen ow G| frepow 34 ‘eye) Aousied ‘sish| sjaidwiod aseunoIn (82) 109 12%4¢ aN VSN aA1108ds0118Y G0O0¢ [e 19 uosxaer
Jajddo@ punoses|n Az uonealdwoa ‘xnyel UeA ‘Sld ‘sish| ae|dwon 3SBUNOIN (¥e) 1a0 N Ge N aA1198ds0ld G10Z [e 1o oBual4
SISA] 9191dwo9 ‘I
AydeiBouos xsjdng A1 ‘sisoquioaylas ‘uonealidwod ‘Aousred ‘Gld Vd-U (/9 1aovn 26/G¢ 1% pueszIMg aA9adsold Y102 [e 19 Jabisqabul
AydeiBouan [euonuanuo) Az a)es Aousled ‘sisoquioiylal ‘uonealjdwo) aseuoln (901) 1D 1G/6v G9 BuIyn BA108ds0.18Y GLOZ [e 18 ueng
AydesBoibue uonoengns 34 ‘uoneaydwoa
[e)bip 1o punosexn|n k2 ‘S1d ‘seres fousied ‘sish| e1e1dwio) aseuRoIn (L2y) 100 0¢¢/L02 6G euyo aA1108ds0118Y Gl0¢ [e 18 n@
Xnyas snouan ‘Buipasiq
ueas-xajdng Ay ‘sisoquiolylal ‘sisf| ele|dwio) vd-¥ (81) 109 4N 14%% lizeig 8A108ds0ld /002 [e 1 ejjosed
punosesn xa|dng fg a1el fousied Aenow ‘34 ‘uonealdwo) 3SBUOIN (£2) 100 05//2 VA% vsn aA10adsold /661 [e 19 Uoseulelg
Rijeuow ‘ayel Aousred
AydesBouosenin f9 SISOquIoJylal ‘S1d ‘Xnjjal Uiep Yd-u (ton) 1a0 8./€¢C 6¢ MiewusQ 8ARoadsold 0102 [e 1o preeboeg
dnoB uosLedwod B INOYIM SBIPNIS SIS 8Se)
onouN} SNOUBA (92) WY SA
punosenn Aydeibousp ow G| ‘S1d ‘suonealdwos ‘sjel Aousied aseujoln (L2) W+ 100 92/12 G vsn aA108ds0.18Y €102 e 10 097
19 Jo Ayde.Bousn (€G) WY SA
£q Jo ‘punosenn aunnoy ow 9 uonaNSqo snousa ‘Aousied [elows)ol|| ase|da)y (09) Ww+100 6E/79 25 Renion Jajusaninw 19y 6002 [e 18 Uspu3
19 Jo AydeJBousn 1AQ uaungal ‘Sld (66) WY SA
£q 10 ‘punosesyn aunnoy Az aje) Aousied ‘suonealidwo) ase|dayy (06) WV +100 0//611 25 RemioN Jajusoaninw 19y 2102 [e 18 uspu]
fydelBouan (L1) WY sA
Bujpuaase xajdnp 10jo) ow 9 sisf| eye1dwod ‘sld aseupjoldang (81) wv+100 ve/LL o 1dA63 104 2002 [e 18 Avereys|3
sableyo ‘Aeys (#65€) WY SA
sisouBelp afireydsip edioulid £9 4o yibus| ‘ewoeway 34 ‘yresq N (#6S€) YV + 100 6€5€/679¢ €g vsn 8N}08ds0.19Y 710¢ [e 18 Jlyseq
AydeJBogajyd [eiowso (€€) WY SA
/Buibeuwr xsjdnp Snousp fg aje) fouared ‘S1d ‘suoneoldwod Jofepy /d-U 8seunoin 81) W+1a9 0¢/12 VA% SN anoadsoud 1002 [e 18 ewyeynqy
uoiieinBeodnue yum | g9 paledwod sapmis
sisoufielp 1A@ J0 poydi dn-mojjo4 sawoong juabe (ou) poyjow (ou) ajeway A ‘abe uoibay ubisaq Apms
anfjoquiosy | juswyeal) J3IeIN ues|\

'sisfjeue-ejaw 8y} Ul SBIPNIS Papnjoul 8y} JO SoNSUsIoRIBYD




Wang et al. Medicine (2017) 96:35

www.md-journal.com

complication %
Study OR (85% CI) Weight
AbuRahma 2001 ——-o-—%— 1.83(0.47,7.99) 10.04
Bashir 2014 —o— 4.30 (284, 7.01) 67.08
Elsharawy 2002 E .82 (0.2, 127.85) 157
Enden 2012 E ) 45.08 (2.9, 756.12) 148
Enden 2009 —:— 5.30 (1.11, 25.29) 5.92
i
Lee 2013 ——0—5- 1.54 (0.45, 5.33) 1282
i
Overall (l-squared = 28.7%, p = 0.219) @ 4.38 (294, 8.47) 100.00
i
21 e -t

Figure 2. Forest plot showing pooled complication after CDT and Cls from CDT compared with that from anticoagulation. CDT = catheter-directed thrombolysis,

Cl=confidence interval.
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AbuRahma 2001

Enden 2009

Lee 2013

Overall {I-squared = 0.0%, p = 0.462)

minor bleeding
OR ( 95%CI )
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Figure 3. Forest plot showing pooled minor bleeding after CDT and Cls from CDT compared with that from anticoagulation. CDT = catheter-directed thrombolysis,

Cl=confidence interval.
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AbuRahma 2001

Enden 2009

Lee 2013

Owerall {l-squared = 0.0%, p = 0.796)

major bleeding
OR (95% CI )

1.83(0.2414.13 )

} 5.30 ( 0.25,113.04 )

482(0.22105.14 )

319 ( 0.76,13.42 )
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Figure 4. Forest plot showing pooled major bleeding after CDT and Cls from CDT compared with that from anticoagulation. CDT = catheter-directed thrombolysis,

Cl=confidence interval.
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PE %
OR (95% CI)

AbuRahma 2001

Bashir 2014

064 (0.03,1437) 031

- 1.57 (1.38, 1.80)

Eisharawy 2002 €

Overall (I-squared = 0.0%, p = 0.536)

- 032(001,827) 0.41

@ 157 (1.37,1.719)

100.00

T
on2

T
1 82

Figure 5. Forest plot showing pooled PE after CDT and Cls from CDT compared with that from anticoagulation. CDT = catheter-directed thrombolysis, Cl=

confidence interval, PE=pulmonary embolism.

mortality posttreatment. The pooled mortality rate was 0.07
(95% CI: 0.03-0.11); I* was 63.8% (P=.063), indicating high
heterogeneity.

3.5. Subgroup analyses

Subgroup analyses were performed to assess the outcomes by
study design (Table 3) and use of different thrombolytic agent
(Table 4). Regarding the rate of PE, that in the prospective studies
was slightly lower than that in the retrospective studies.
However, the rate of complication was higher in prospective

studies than in retrospective studies (Table 3). Subgroup analyses
stratified by thrombolytic agent showed that the frequency of
complication was lowest in urokinase studies, and PE occurred at
a slightly lower frequency in rt-PA studies.

3.6. Publication bias

No significant publication bias was conducted on complications.
Publication bias evaluation on the 2 endpoints (PE and mortality)
was not detected due to the limited number of studies involved'**!
(Table 5).

complication %

Study (95% Cl) Weight
Bjamason(1997) e 025 (0.15, 0.35) 263
Du(2015) = 0.10 (0.07, 0.13) 30.33
Duan {2015} —S 0.09 (0.04, 0.14) 827
Li(2015) — 0.06 (0.03, 0.09) 30.15
Manninen {2012) — 0.13 (0.04, 0.22) 317
parki2008) T 0.06(0.02,0.144) 385
Sillesen(2005) — 0.16 (0.05, 0.27) 2.14
Casella{2007) 0.22 (0.03, 0.41) 0.67
Kolbel {2007) W G — 0.16 (0.04, 0.28) 1.76
Wamer(2013) R P — 0.16 (0.03, 0.29) 152
Xue(2014) e 0.07 (0.01, 0.13) 5.99
Engelberger(2014) —_— 0.11(0.04, 0.18) 5.68
Strijkers(2012) — 0.16 (0.04, 0.28) 1.76
Fiengo{2015) —— 0.08(-0.03,0.19) 208
Overall (l-squared = 46.6%, p = 0.028) Q 0.09 (0.08, 0.11) 100.00
‘
I T

-411 0

interval.

41
Figure 6. Forest plot showing pooled complication rates after CDT and Cls from the case series studies CDT = catheter-directed thrombolysis, Cl=confidence
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minor complication %

Study (95% Cl) Weight
Casella(2007) : 0.22 (0.03, 0.41) 0.56
Du(2015) — 0.07 (0.05, 0.09) 35.16
Fiengo(2015) 4 0.08(-0.03,0.19) 175
Li(2015) —_ 0.05 (0.02, 0.08) 30.02
Manninen {2012) in 0.05 (-0.01, 0.11) 6.32
park(2008) —-'—%— 0.03 (-0.03, 0.09) 6.26
Sillesen(2005) —_— 0.13 (0.03, 0.23) 213
Kolbel (2007) —_— 0.11(0.01, 0.21) 2.03
Xue(2014) —;.— 0.08 {0.01, 0.15) 444
Engelberger(2014) —d:-o— 0.09 (0.03, 0.15) 5.69
Strijkers(2012) — 0.08(-001,0.17) 270
Bjamason(1997) —— 0.17 (0.09, 0.25) 293
Overall (l-squared = 26.5%, p = 0.184) ¢ 0.07 (0.05, 0.08) 100.00

T T

-411

41

Figure 7. Forest plot showing pooled minor complication rates after CDT and Cls from the case series studies. CDT = catheter-directed thrombolysis, Cl=

confidence interval.

3.7. Quality assessment

When assessing RCTs by the Jadad score, all 3 RCTs!**# had
an adequate description for randomization and showed blinded
assessment of outcomes. The information was provided in all
RCTs. Therefore, the 3 RCTs were generally of high quality
(Table 6). All nonrandomized comparative and case series studies
were assessed by the Newcastle-Ottawa scale. Of the 11
studies!!8-21:23:26,29,30,32,33,361 tha ¢ were generally of high quality,
4 studies®**”35371 had an outcome present at the start of
the study, 2 studies®**!" had no assessment of outcome,
and 5 studies?»2%283%"1 had no adequate follow-up; 1 study!?”!
had no report of the length of follow-up. Ten stud-
iesl2224:25:27:28,31,34,35,37.411 were generally of low quality
(Table 7).

4. Discussion

CDT has been developed as an alternative therapy in patients
with lower extremity DVT since the early 1990s/*3! because the
advantages include rapid venous thrombolysis, a minimally
invasive character, quicker symptomatic relief, and prevention of
PTS. However, the safety of the DVT patients is of great concern
with measures to reduce complications and mortality and prevent
PE. The latest Antithrombotic Therapy for VTE Disease CHEST
Guideline notes that the balance of the risks and benefits with
CDT is uncertain.”! In our meta-analysis, patients with acute
lower extremity DVT receiving CDT are associated with a high
risk of complications and PE than those receiving anticoagula-
tion. However, in our case series pooled results, CDT is
associated with a low risk of complication.

major complication %

Study {95% Cl) Weight
Du(2015) - 0.02 (0.01, 0.03) 4553
Duan (2015) | —— 0.08 (0.03, 0.13) 3.01
Li(2015) - 0.02(0.00,0.04) 2836
Manninen (2012) - 0.07(0.00,0.14)  1.80
park(2008) _ 0.03(-0.03,009) 244
Sillesen(2005) ——— 0.02(-0.02,0.06)  4.80
Kolbel (2007) — 0.08(-0.01,017)  1.05
Warner(2013) > 0.16 (0.03, 0.29) 0.50
Engelbergen(2014) i 0.02(-0.01,005  9.28
Strijkers(2012) ? E S— 0.08(-0.01,017)  1.05
Bjamason(1997) —_— 008(0.02,044) 219
Overall (I-squared = 43.4%, p = 0.061) ¢) 0.03(0.02,0.04)  100.00
T
0 287

Figure 8. Forest plot showing pooled major complication rates after CDT and Cls from the case series studies. CDT = catheter-directed thrombolysis, Cl=

confidence interval.
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study (95%Cl ) weight
Lif2018) —_—— 0.05 {0.02, 0.08) 2.4
Manninen (20122 : 0.07 (0.00, 0.14) 0.37
'

Protac(2007) e ————— 0.04 (-0.01, 0.09) 0.77
'
'

Strijers(2012) - 0.02 (0.02, 0.08) 0.55
'
"

Engelberger(2014) —_——— 0.01 (0.01, 0.03) 378
'
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&
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Figure 9. Forest plot showing pooled PE rates after CDT and Cls from the case series studies. CDT = catheter-directed thrombolysis, Cl=confidence interval, PE=

pulmonary embolism.

Subgroup of prospective and retrospective study design.

Prospective Retrospective
N Rate (95% CI) P% P N Rate (95% CI) P% P
Complication 6 0.14 (0.10,0.18) 355 71 8 0.08 (0.07,0.10) 25.6 225
PE 2 0.03 (—0.02,0.09) 64.5 .093 5 0.04 (0.00,0.08) 85.2 .000

N, the number of studies; P, P for heterogeneity. Cl=confidence interval, PE=pulmonary embolism.

Subgroup analyses of urokinase, rt-PA, alteplase, and more than or equal to 2 thrombolytic agents.

Urokinase rt-PA Alteplase >2 Thrombolytic agents
N Rate (95%) P P N Rate (95%) P% P N PRate@®% FP%» P N Rate (95%) P% P
Complicaton 8 0.09 (0.07,0.10) 583 .019 2 0.12(0.06,0.18 119 .287 3 0.16(0.09,023 0.0 1.000 1 0.16(0.04028  NA NA
PE 3 0.03(-0.01,0.08) 87.8 .000 2 0.02(-0.01,004) 255 .247 1 0.22(0.09,0.35 NA NA 1 0.03(-0.02,0.08 NA NA
N, the number of studies; P, P for heterogeneity. Cl=confidence interval, NA=not applicable, PE=pulmonary embolism.
Complications include major bleeding, minor bleeding, fever,  treated with thrombolytic agents (RR, 2.23; 95% CI,

hematoma, and pain in all of the included studies. The pooled
results of major complications (0.03) from case series studies
were under the suggested threshold made by the Society of
Interventional Radiology.!**! No threshold value was found for
the minor bleeding rates, which should be as minimal as
possible.** Rigorous acute lower extremity DVT inclusion
criteria may explain the good safety outcome of complications.
However, in our findings, compared with anticoagulation CDT,
there was a nearly 3-fold increased likelihood of major bleeding.
A systematic review that included 9 trials of anticoagulation and
thrombolysis reported higher rates of bleeding among patients

Publication bias.

Begg test
0.337

Egger test
0.715

Complication

1.41-3.52).1*1 Another meta-analysis showed that, compared
with anticoagulation alone, CDT was also associated with a
significant increase in the occurrence of major bleeding events
(OR:2.06;95% CI: 1.62-2.62).1 Several reasons could explain
the raised risk of bleeding with CDT. For example, an older age of
treated people in our comparative studies (the average age ranged
from 46 to 53 years) (Table 1), a longer duration of thrombolysis

Jadad scale for randomized clinical trials (RCTs) quality assess-
ment.

Description of Attrition Overall
Study randomization  Blinding  information  quality
Elsharawy et al 2002 2 2 1 High
Enden et al 2012 2 2 1 High

Enden et al 2009 2 2 1 High
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The Newcastle-Ottawa scale for non-RCTs and noncomparison studies quality assessment.

Selection of exposed and nonexposed cohorts

Selection of
Representativeness nonexposed Ascertainment

Comparability Outcome of interest
QOutcome Length Adequate
present at Comparability Assessment of of Overall

Study of exposed cohort  cohort of exposure start of study of cohorts of outcome follow-up follow-up quality

Studies with a comparison group
AbuRahma et al 2001 * * * * * * * High
Bashir et al 2014 * NA * * * * Low
Lee et al 2013 * * * * * * N Low

Studies without a comparison group
Baekgaard et al 2010 * NA * * NA * * * High
Bjarnason et al 1997 * NA * * NA * * * High
Casella et al 2007 * NA * * NA * * * High
Du et al 2015 * NA * * NA * * * High
Duan et al 2015 * NA * * NA * * NR Low
Engelberger et al 2014 ® NA * * NA * * * High
Fiengo et al 2015 * NA * NA NA NR * * Low
Jackson et al 2005 * NA * * NA * * NR Low
Kolbel et al 2007 * NA * * NA * * * High
Li et al 2015 * NA * NA NA * NR * Low
Manninen et al 2012 * NA * * NA * * NR Low
Park et al 2008 . NA * ® NA * * * High
Protack et al 2007 * NA * * NA * * * High
Sharifi et al 2013 * NA * * NA NR * * Low
Sillesen et al 2005 * NA * * NA * * * High
Strijkers et al 2012 * NA * * NA * * * High
Warner et al 2013 * NA * * NA * * NR Low
Xue et al 2014 * NA * NA NA * * * Low

Only comparison studies with stars in all domains were considered high quality. In noncomparison studies, the comparability of cohort was excluded given study design. Only studies that had stars in all domains
asides from comparability were considered high quality. Retrospective studies were all assumed to have adequate follow-up. NA=not applicable, NR=not reported, RCT =randomized clinical trial.

*Meet the quality assessment.

therapy (more than 24 hours).2®*%*1 The saphenous vein or
popliteal vein was the common puncture site in our included
studies, and most bleeding complications were puncture-related
bleeding episodes, with few distant bleeding complications. We
inferred that CDT performed by experienced endovascular
surgeons or interventional radiologists would be beneficial for the
reduction of puncture-related bleedings.

The risk of PE was markedly increased in patients with
previous asymptomatic PE and heart disease,’'"! and inferior
vena cava filters are recommended in such patients to prevent the
passage of the thrombus to the pulmonary arteries and have been
gaining popularity.?”! Regarding the results of the case series
meta-analysis, the pooled incidence of PE (0.00) was under a
suggested threshold occurrence (<2%) for symptomatic PE.[**
Almost no PE occurred because half of the included case series
studies involved the use of inferior vena cava filters during lysis. A
summary review about symptomatic PE during CDT has been
reported in approximately 1%, and fatal PE is also rare.[*”]
However, the low incidence of PE may be effected by under-
reported for drug use during CDT interventional procedure in
retrospective or prospective trail, so the results are only for
reference. Compared with anticoagulation therapy, CDT was
associated with an increase in PE (1.5-fold)*8); the large sample
size in our included studies may be the reason for the increased
incidence.®”) A systematic review of percutaneous mechanical
thrombectomy (PMT) in the treatment of DVT that included 16
retrospective case series of 481 patients have reported a <1%
incidence of symptomatic PE.1**! Future studies comparing CDT
with PMT are expected to provide more safety results.

No threshold value was found regarding mortality. However,
in our paper, the pooled mortality rate was high (0.07) because

13% of patients from one of the included studies had a
malignancy.®®! Hence, the mortality outcomes should be
considered cautiously when interpreting the findings from our
meta-analysis. In the CaVenT study, 3 deaths occurred in the
CDT group (3/90) compared with anticoagulation therapy,
which was associated with a decrease in mortality (RR: 0.36;
95% CI: 0.10-1.30).°°" No procedure-related deaths were
reported from the systematic review of PMT in patients with
DVT.*! Until now, it is very difficult to compare results from
studies that report data about overall mortality with those
reporting DVT-specific mortality, which need more research
during interventional procedure.

Although CDT has an effective result to prevent PTS for acute
lower extremity DVT patients,”! PTS as an efficacy outcome is
not discussed in this study.

Our subgroup analyses presented a larger difference in
complications between prospective (0.14) and retrospective
studies (0.08). The reasons to explain the result could be that,
in the original prospective studies: there was a small sample size
and there was incomplete standardization of the assay proce-
dures, increasing the study complications.”*°! Subgroup
analyses stratified by thrombolytic agent showed that urokinase
had comprehensively better safety than others to reduce the risk
of complications and PE. However, urokinase has a 4-fold longer
half-life than rt-PA.M"

Several limitations should be acknowledged when interpreting
the findings from our meta-analysis. First, almost half of
the studies were retrospective studies; thus, that recall bias
cannot be ruled out. Second, only peer-reviewed English studies
were included; non-English language journals had been
neglected.
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Nevertheless, our study also has strength because we
comprehensively analyzed the safety results of CDT treatment,
providing available evidence concerning the safety of CDT.

5. Conclusion

Our meta-analysis indicates that the use of CDT is associated
with a low risk of complications. However, compared with
anticoagulation, CDT shows a significant increase in complica-
tions and PE. Pharmacomechanical CDT, ultrasound-accelerated
CDT, and a combination with other assistive technology are
thoughtful considerations to reduce the disadvantages of CDT.
Furthermore, more well-designed RCTs to clarify and improve
the safety of CDT treatment are needed.
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