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Abstract To identify patient-related risk factors for ve-

nous thrombosis in patients with central venous catheters

(CVC) or peripherally inserted central catheters (PICC).

We performed a systematic review of the literature

assessing patient-related risk factors for thrombosis related

to CVC or PICC. The databases PubMed, Ovid and the

Cochrane library were searched for observational studies

pertaining to patient-related risk factors for CVC and

PICC-related thrombosis. The initial search through

PubMed, Ovid and the Cochrane library yielded 516 re-

sults. After 71 duplicates were removed, 445 articles were

assessed for eligibility based on title and abstract. Four

hundred and eleven articles were then excluded and 33 full

text articles were manually assessed for eligibility. Eight

articles were eliminated as they did not contain content

relevant to the review. Twenty-five studies were then

selected to assess 20 risk factors. There were no consistent

significant associations for catheter-related thrombosis

across the twenty-five studies. Multiple studies identified

age, malignancy, diabetes, obesity, chemotherapy, throm-

bophilia and a history of thrombosis as significant risk

factors for catheter-related thrombosis. Inconsistent find-

ings among studies make it difficult to establish which

patient-related risk factors are associated with catheter-re-

lated thrombosis. Future studies could include larger

sample sizes and more cases of catheter-related thrombosis

to produce more significant results. Identification of pa-

tient-related risk factors could lead to early recognition of

upper limb deep vein thrombosis in patients with catheters,

thereby preventing complications.

Keywords Upper limb deep vein thrombosis �
Risk factor � Catheter

Introduction

Long term indwelling venous catheters are frequently used

to secure vascular access for delivery of intravenous

medications and fluids [1]. Central venous catheters

(CVCs) and peripherally inserted central catheters (PICCs)

can significantly improve the quality of patient’s lives,

preventing repeated venipuncture and the subsequent as-

sociated pain [2, 3]. Due to increased accessibility and cost

effectiveness of indwelling venous catheters, their use has

considerably increased in recent times [4].

Catheter-related thrombosis (CRT) is an important

complication associated with the use of CVCs and PICCs

[1]. Thrombosis is believed to occur due to the friction

contact between the inner lining of the vein and the

catheter, along with reduced blood flow. The development
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of a thrombus poses significant health risks. Thrombosis

can result in obliteration of the veins of the upper limb,

catheter occlusion and subsequent loss of vascular access

[5]. The most concerning complication is a pulmonary

embolism where the majority of associated deaths occur

within hours [6].

Up to 66 % of cases of CRT are asymptomatic [7]. The

first signs of thrombosis may be catheter occlusion or, more

worryingly, symptomatic pulmonary embolism [8]. There

is, therefore, a clinical imperative to identify patients who

are more likely to develop CRT. Closer monitoring of

patients assessed as high risk for developing CRT may

prevent thrombotic complications. There have been no

previous systematic reviews focusing on the clinical char-

acteristics of patients who develop CRT. The aim of this

systematic review is to explore the patient-related risk

factors associated with the development of a CRT.

Methods

Literature search and article selection

A systematic literature search was conducted to determine

the patient-related risk factors associated with CRT. Ori-

ginal published studies on patient-related risk factors for

CRT were identified through a search on PubMed, the

Cochrane Library and OVID. The search terms used were

(‘upper limb deep vein thrombosis’ or ‘deep vein throm-

bosis’) and (‘risk factor’) and (‘PICC’ or ‘CVC’ or

‘catheter’). The reference lists of all identified articles were

manually reviewed to identify further studies potentially

suitable for the review. All articles were manually assessed

for suitability for this review.

Studies were selected for this review based on prede-

termined selection criteria. Observational studies (cohort,

case–control and cross sectional studies) on patient-related

risk factors for CRT were identified for possible inclusion.

Inclusion criteria comprised studies with greater than 10

participants, articles involving humans and studies pub-

lished in the English language. Abstracts, review articles,

letters, expert opinions, studies involving catheters that

were not CVCs or PICCs and studies that did not include

patient-related risk factors were excluded. Based on these

criteria, two independent reviewers (AL, CH) selected ar-

ticles suitable for inclusion for analysis.

Data extraction

The author developed a standardised data extraction pro-

tocol for the purposes of a systematic review. Data ex-

tracted included the patient population, number of

participants, type of study, type of catheter, study period,

methodology, statistical tests used, risk factors assessed

and results. Potential risk factors were further explored in

this review if they were investigated in two or more stud-

ies. Data was extracted from the articles, text, tables and

figures from the selected studies. Due to the wide hetero-

geneity of the studies and a lack of a comparison group for

most studies, a meta-analysis was not practicable.

Quality appraisal

The quality assessment of each of the included cohort

studies is displayed in Table 1. Quality appraisal was based

on the National Heart, Lung and Blood Institute checklist

for observational cohort and case–control studies [9]. Each

criterion was given equal weighting. A score of 13–14 was

good, 9–12 fair and studies scoring below 9 were deemed

to be of poor quality. Case–control studies were assessed

according to a quality assessment for case–control studies

from the National, Heart, Lung and Blood Institute [10].

Each criterion was given equal weighting. A score of

11–12 was good, 9–10 was fair and below 9 was poor.

Quality assessment of each included case–control study is

presented in Table 2.

Results

The literature search using the method below through

OVID, MEDLINE and the Cochrane library yielded 533

results. After 51 duplicates were removed 482 articles were

assessed for eligibility based on article title and abstract.

Subsequently 449 records were eliminated and 33 full text

articles were assessed for eligibility. Eight articles were

excluded as they did not concern patient-related risk factors

for CRT. Twenty-one cohort studies and four case–control

studies were then selected for this review. A flowchart of

the identification and appraisal of the studies is displayed in

Fig. 1. The characteristics of the studies are presented in

Table 3. In all, 25 studies comprising 14,107 patients were

assessed for patient-related risk factors for CRT.

Patient Demographics

Twenty studies investigated age as a risk factor for CRT,

with 17 of the studies finding no association [2, 5, 11–25].

Three prospective cohort studies identified a significant

association between age and catheter related thrombosis

[26–28]. Shi et al. found age[60 years to be strongly as-

sociated with thrombosis in patients undergoing che-

motherapy via PICCs (OR 10.15, 95 % CI 8.14–14.52)

[26]. Similarly, Timsit et al. reported age[64 years to be

an individual risk factor for thrombosis related to CVCs
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(RR 2.44 95 % CI 2.05–3.19) [27]. Gentile et al. indicated

an increased risk of CVC-related thrombosis in patients

over 30 years of age (RR 2.3 95 % CI 1.2–4.4) [28].

No statistically significant association was found for

gender as a risk factor in 17 studies [2, 11–14, 16–27]. Two

studies demonstrated a significant association between

male gender and thrombosis on univariate v2 analysis,

however significance was not retained on multivariate

analysis [26, 29].

Increased body mass index (BMI) was considered in

eight studies as a risk factor [2, 18, 19, 21, 24, 26, 29, 30],

with two studies reporting a significant association between

obesity (BMI[25 kg/m2) and PICC-related thrombosis [2,

26]. In a prospective cohort study Shi et al. found patients

Table 1 Quality assessment for cohort studies (National Heart and Lung Institute)

Study Quality assessment pointa

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Grade

De Cicco 1995 [31] Yes Yes Yes Yes No Yes Yes NA Yes Yes Yes No Yes No Fair

Timsit 1998 [27] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Decicco 1997 [13] Yes Yes Yes NA No Yes Yes NA Yes Yes Yes No Yes No Fair

Baxi 2013 [17] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Aw 2012 [19] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Cortelezzi 2005 [11] Yes Yes Yes NA Yes Yes Yes NA Yes No Yes No Yes Yes Fair

Lee 2006 [23] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Joks 2014 [25] Yes Yes Yes NA No Yes Yes NA Yes Yes Yes No Yes Yes Fair

Richters 2014 [16] Yes Yes Yes Yes No Yes Yes NA Yes No Yes No Yes Yes Fair

Del Principe 2013 [18] Yes Yes Yes Yes No Yes Yes NA Yes No Yes No Yes Yes Fair

Chopra 2014 [5] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Seeley 2007 [37] Yes Yes Yes NA No Yes Yes NA Yes No No No Yes Yes Low

Evans 2013 [12] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Maneval 2014 [20] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Wilson 2012 [29] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Yi 2012 [2] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Lobo 2009 [14] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Gentile 2013 [28] Yes Yes Yes NA Yes Yes Yes NA Yes Yes Yes No Yes Yes Fair

Van Rooden 2004 [24] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Shi 2014 [26] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

Ahn 2012 [15] Yes Yes Yes NA No Yes Yes NA Yes No Yes No Yes Yes Fair

a (1) Defined research question (2) clear study population (3)[50 % participation rate (4) uniform inclusion and exclusion criteria (5) sample

size justification (6) exposure of interest measured before outcome (7) sufficient time frame between exposure and outcome (8) examination of

different levels of exposure in relation to outcome (9) defined and evenly applied exposure methods (10) exposure assessed more than once over

time (11) defined and consistently applied outcome measure (12) blinding of assessors (13) loss of follow-up \20 % (14) key potential

confounding variables measured and adjusted statistically for impact between exposure and outcome

Table 2 Quality assessment for case–control studies (National Heart, Blood and Lung Institute)

Study Quality assessment pointa

1 2 3 4 5 6 7 8 9 10 11 12 Grade

Cheng 2013 [21] Yes Yes No Yes Yes Yes Yes No Yes Yes No Yes Fair

King 2006 [32] Yes Yes No Yes Yes Yes Yes No Yes Yes No Yes Fair

Moran 2014 [30] Yes Yes Yes Yes Yes Yes Yes No Yes Yes No Yes Fair

Liem 2012 [22] Yes Yes No Yes Yes Yes Yes No Yes Yes No Yes Fair

a (1) Defined research question (2) clear study population (3) sample size justification (4) recruitment of controls from similar population that

gave rise to the cases (5) uniform inclusion and exclusion criteria (6) cases clearly defined and differentiated from controls (7) if less than 100

percent of eligible cases or controls were selected, then eligible participants were randomly selected (8) use of concurrent controls (9)

confirmation that risk occurred prior to the development of the outcome (10) defined and consistently applied outcome measure (11) blinding of

assessors (12) key potential confounding variables measured and adjusted statistically for impact between exposure and outcome
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with a BMI[25 kg/m2 were more likely to develop PICC-

related thrombosis (OR 51.65 95 % CI 30.72–65.05) [26].

Another prospective cohort study found BMI[25 kg/m2 to

be independently associated with CRT [2].

Medical comorbidities and active therapies

Malignancy was investigated in eight studies with no effect

detected in six studies [14, 20, 27, 29–31]. Two retro-

spective cohort studies reported a positive association be-

tween malignancy and catheter related thrombosis on

multivariate analysis(OR 4.1 95 % CI 1.9–8.9 P\ 0.001)

(OR 1.953 95 % CI 1.014–3.761 P 0.05) [5, 22].

Seven studies investigated whether anticoagulation was

negatively associated with CRT [11, 12, 15, 20, 24, 29, 32].

With only one study reporting a significant association. A

retrospective case–control analysis reported a positive as-

sociation between the use of anticoagulation and PICC-

related thrombosis [32]. Anticoagulation was reported to

have no effect in six studies [11, 12, 15, 20, 24, 29].

Seven studies assessed the relationship between throm-

bocytopenia and CRT [11, 15, 18, 20, 21, 25, 27, 32].. Only

one study found a significant association with CVC related

thrombosis on univariate analysis (OR 75.5 95 % CI

6–645) [18]. Six studies recorded no association [11, 15,

20, 21, 25, 27]. Thrombophilia was assessed in three

studies with a divided response [24, 29, 31]. De Cicco et al.

investigated anti-thrombin III deficiency as a risk factor in

a prospective cohort study revealing a significant asso-

ciation [31]. In a prospective cohort study Rooden et al.

reported a significant association for thrombophilia in

general (RR 2 95 % CI 0.6–2.4) [24], whereas Wilson et al.

reported no association between thrombophilia and

thrombosis in patients with CVCs [29]. Eight studies in-

vestigated whether a personal history of thrombosis would

increase the risk of CRT [11, 14, 20, 23, 24, 29, 30, 32].

Three studies detected a positive correlation between

having a personal history of thrombosis and CRT. In a

retrospective cohort study, Lobo et al. identified a personal

history of thrombosis as a significant risk factor for CRT

Records identified on risk factors for 
catheter-related thrombosis through 

database searching

(n=533)
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Records a�er duplicates removed
(n =482 )

Records screened
(n = 482)

Records excluded a�er 
reading title and abstract

(n = 449)

Full-text articles assessed 
for eligibility 

(n = 33 )

Full-text articles excluded, 
with reasons 

(n = 8 )

Did not assess pa�ent-
related risk factors n=8

Studies included in 
qualita�ve synthesis

(n =25   )

Additional records identified 
through other sources

(n = 0 )

Fig. 1 Flowchart of identification and appraisal of studies
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Table 3 Characteristics of included studies

Study and

year

Type of Study Number of

participants

Method Incidence of

CRT

Risk factors for catheter

related thrombosis

Significant risk

factors

Ahn 2012

[15]

Retrospective

cohort study

with no

comparison

group

237 cancer

patients

Symptomatic

patients diagnosed

by ultrasound

36/237

(15 %)

Age

Platelet count

Ethnicity 23/36 (64 %)

Metastases 13/36 (36 %)

Chemotherapy 23/36

(64 %)

Anticoagulation 15/36

(42 %)

No risk factors

statistically

established

Aw 2012

[19]

Retrospective

cohort study

with no

comparison

group

340 patients with

cancer who had

USS guided

PICC lines

Symptomatic

patients diagnosed

by ultrasound

19/340

(5.6 %)

Male gender 9/19 (47 %)

Age

BMI

Smoker 4/19 (21 %)

Metastases 11/19 (58 %)

Hypertension 7/19 (37 %)

Diabetes 6/19 (32 %)

Metastases (OR 3.34

95 % CI 1.17–9.51)

Diabetes (OR 3.18

95 % CI 1.06–9.53)

Baxi 2013

[17]

Retrospective

cohort study

with no

comparison

group

2,193 patients

who had PICCs

placed

Symptomatic

patients diagnosed

by ultrasound

47/2,193

(2.143 %)

Age

Male gender 29/62

(46.7 %)

Diabetes Mellitus 12/26

(46.1 %)

Recent chemotherapy 1/2

(50 %)

No risk factors

statistically

established

Cheng

2013

[21]

Retrospective

case control

285 patients on

maintenance

haemodialysis

Thrombosis

confirmed with

ultrasound

136/285

(73.5 %)

Male gender

Age

BMI

Renal Disease

Diabetes

Blood pressure

Total cholesterol

Smoking

Thrombocytopenia

Hypercholesterolaemia

(OR 1.463 95 % CI

1.067–2.007)

Chopra

2014 [5]

Retrospective

cohort study

747 PICC

patients

Symptomatic

patients diagnosed

by ultrasound

33/966

(insertions)

(3.4 %)

Age

Malignancy 16/33 (48.5 %)

Recent surgery ([1 h)

12/33 (36.4 %)

Chemotherapy 9/33

(27.3 %)

Malignancy (OR 1.95

95 % CI 1.01–3.76)

Cortelezzi

2005

[11]

Prospective

cohort study

with no

control

group

416 patients with

haematological

malignancies

Clinically suspected

deep vein

thrombosis

confirmed by

ultrasound or

venography

6/416

(1.5 %)

Age

Gender

Previous thrombosis

High dose chemotherapy

Anti-thrombotic

prophylaxis

Thrombocytopaenia

No risk factors

statistically

established

De Cicco

1995

[31]

Prospective

cohort study

with control

group

40 cancer

patients

All patients had

venography on day

8 and CVC

withdrawal

36/40

(90 %)

Anti-thrombin 3 deficiency

20/20 (100 %)

Chemotherapy

No risk factors

statistically

established

De Cicco

1997

[13]

Prospective

cohort study

with no

95 cancer

patients

Venography at day

8, 30 and every

2 months post

63/95

(66 %)

Age[50 years 22/36 St

(61 %)

No risk factors

statistically

established
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Table 3 continued

Study and

year

Type of Study Number of

participants

Method Incidence of

CRT

Risk factors for catheter

related thrombosis

Significant risk

factors

Del

Principe

2013

[18]

Retrospective

cohort study

with a

comparison

group

71 consecutive

AML patients

receiving

chemotherapy

Symptomatic patients

diagnosed by ultrasound

19/106

(insertions)

(18 %)

Age[60 years 8/46 (17 %)

Male gender 9/63 (15 %)

BMI[30 kg/m2 3/20

(15 %)

Hormonal therapy 2/12

(17 %)

Thrombocytopenia

No risk factors

statistically

established

Evans

2013

[12]

Prospective

cohort study

with no

comparison

group

5,018 patients Symptomatic patients

diagnosed by ultrasound

153/5,018

(3 %)

Anticoagulation 2,614/

5,018 (52 %)

Recent surgery[1 h 2,234/

5,018 (44.5 %)

History of thrombosis

851/5,018 (16.9 %)

No risk factors

statistically

established

Gentile

2013

[28]

Prospective

cohort study

with no

comparison

group

186 patients Investigated with ultrasound

at day 5, 8 then weekly

62/186

(33 %)

Age[30 years Age[30 years

(OR 3.6 95 %

CI 1.6–8.0)

Joks 2014

[25]

Prospective

cohort study

with no

comparison

group

104

haematological

patients

Colour Doppler ultrasound

for every participant every

10–14 days and when

they had clinical

symptoms

27/200

(CVC

insertions)

(13.5 %)

Thrombocytopenia

Age

Gender

No risk factors

statistically

established

King 2006

[32]

Retrospective

case control

81 patients with a

PICC

Thrombosis confirmed with

ultrasound

27/1,296

(insertions)

(2 %)

Chemotherapy 12/27

(44 %)

Anticoagulation 7/27

(26 %)

History of thrombosis 3/27

(11 %)

Diabetes Mellitus 13/27

(48 %)

Chemotherapy

(OR 3.52

95 % CI

1.27–9.80)

Anticoagulation

(OR 5.95

95 % CI

1.4–25.3)

Lee 2006

[23]

Prospective

cohort study

with no

comparison

group

444 consecutive

patients with

cancer

Symptomatic patients

diagnosed with ultrasound

19/444

(4.3 %)

Age

Gender

Previous VTE 2/19 (11 %)

No risk factors

statistically

established

Liem 2012

[22]

Retrospective

case control

study

690 patients Symptomatic patients

diagnosed by ultrasound

54/690

(7.82 %)

Age

Male gender 32/54 (60 %)

Recent surgery 31/54

(58 %)

Recent trauma 2/54 (4 %)

Malignancy 21/54 (39 %)

Chemotherapy 33/54

(61 %)

Hypertension 20/54 (37 %)

Diabetes 28/54 (52 %)

Smoker 13/54 (25 %)

Hormone Replacement

Therapy 17/54 (31 %)

Renal insufficiency 9/54

(18 %)

Hypercholesterolaemia

10/54 (19 %)

Malignancy (OR

4.1, 95 % CI

1.9–8.9).

Diabetes (OR

2.5 95 % CI

0.98–6.3)
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Table 3 continued

Study and

year

Type of Study Number of

participants

Method Incidence of

CRT

Risk factors for catheter

related thrombosis

Significant risk

factors

Lobo 2009

[14]

Retrospective

cohort study

777 hospitalized

patients with

PICCs

Symptomatic patients

diagnosed by ultrasound

38/777

(4.89 %)

Age

Gender

Ethnicity

Malignancy

History of thrombosis

History of

thrombosis

(OR 10.83

95 % CI

4.89–23.95)

Maneval

2014

[20]

Prospective

cohort study

with no

comparison

group

203 acute care

patients with

PICCs

Symptomatic patients

diagnosed by ultrasound

13/233

(6.5 %)

Hypertension 13/13

(100 %)

Diabetes 8/13 (61.5 %)

Renal disease 2/13

(15.3 %)

Malignancy 5/13 (38.5 %)

Female gender 7/13

(53.8 %)

Age[65 years 8/13

(61.5 %)

Obesity 12/13 (92.3 %)

History of thrombosis 1/13

(7.6 %)

Smoking 4/13 (30.76 %)

Anticoagulant use 7/13

(53.8 %)

HRT 1/13 (7.6 %)

Thrombocytopenia 3/13

(23 %)

Hypertension

(P = 0.022)

Obesity

(P = 0.008)

Moran

2014

[30]

Retrospective

case control

340 patients (170

cases and 170

controls)

Cases were identified by

electronic records

46/1,444

(PICC

insertions)

(3 %)

BMI[30 kg/m2 12/46

(26 %)

Ethnicity (Caucasian) 31/46

(67 %)

History of Thrombosis 7/46

(15 %)

Malignancy 10/46 (22 %)

Chemotherapy 3/46 (7 %)

History of

DVT(OR

10.16 95 % CI

1.76–58.71)

Anticoagulation

(OR 0.11

95 % CI

0.02–0.51)

Richters

2014

[16]

Retrospective

cohort study

with no

comparison

group

439

haematopoietic

stem cell

transplant

patients

Symptomatic patients

diagnosed by ultrasound

and venography

48/439

(10.9 %)

Age

Gender

No risk factors

statistically

established

Seeley

2007

[37]

Retrospective

cohort study

with no

control group

233 patients with

a PICC

Symptomatic patients

diagnosed by ultrasound

17/233

(7 %)

Active cancer (23.5 %)

History of Thrombosis

(11.8 %)

Smoking (23.5 %)

Anticoagulation (76.5 %)

Smoking

(P = 0.018)

Anticoagulation

(P = 0.006)

Shi 2014

[26]

Prospective

cohort study

with no

comparison

group

188 consecutive

patients

undergoing

PICC

chemotherapy

Symptomatic patients

diagnosed by ultrasound

12/188

(6.38 %)

Age[60 7/12 (58.3 %)

Male gender 7/12 (58.3 %)

BMI[25 kg/m2 8/12

(66.7 %)

Haemoglobin 3/12 (25 %)

Hypertension 5/12 (41.7 %)

Diabetes type 2 0 (0 %)

Renal insufficiency 1/12

(8.3 %)

Age[60 years

(OR 10.15

95 % CI

8.14–14.521)

BMI[25 kg/m2

(OR 51.65

95 % CI

30.72–65.05)
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(OR 10.36 95 % CI 4.81–22.34) [14]. Similarly another

retrospective cohort study reported a significant association

on multivariate analysis (OR 6.659 95 % CI 2.381–18.622)

[29]. Furthermore a prospective cohort study found a

positive association (RR 2 95 % CI 1.3–3) [24]. The other

five studies reported no significant association [11, 20, 23,

30, 32].

Diabetes was assessed in eight studies with inconsistent

results [2, 17, 19–22, 26, 32]. Three of the studies reported

a significant association with diabetes [2, 19, 22] with two

of the studies retaining significance on multivariate ana-

lysis [2, 19]. In a prospective single arm cohort study, Yi

et al. investigated diabetes as a risk factor in patients with

peripherally inserted central lines. Each participant was

screened every 3 days with colour duplex ultrasound for

thrombosis. The study found a significant association with

diabetes on multivariate analysis (OR 1.12 95 % CI

0.89–4.57) [2]. Aw et al. retrospectively analyzed charts of

Table 3 continued

Study and

year

Type of Study Number of

participants

Method Incidence

of CRT

Risk factors for catheter

related thrombosis

Significant risk

factors

Timsit

1998

[27]

Prospective

cohort study

with no

comparison

group

208 consecutive

patients

Veins were explored by

duplex scanning performed

just before or\24 h after

catheter removal.

69/208

(33 %)

Age[65 years 49/127

(38.5 %)

Male gender 50/143

(34.9 %)

Malignancy 6/17 (35.2 %)

Surgical patients 40/131

(30.5 %)

Platelet count[250 37/104

(35.5 %)

Age[64 years

(RR 2.44

95 % CI

2.05–3.19)

Van

Rooden

2004

[24]

Prospective

cohort study

with no

comparison

group

252 consecutive

patients with a

CVC

Routine Doppler-ultrasound

was performed weekly in

all patients until CVC

removal

75/252

(29.8 %)

Male gender 39/75 (52 %)

Age[75 years 9/75 (12 %)

BMI[30 kg/m2 13/75

(17.3 %)

History of thrombosis 15/75

(20 %)

Chemotherapy 41/75

(54.66 %)

Major surgery/trauma 28/75

(37.33 %)

HRT 14/75 (18.6 %)

Thrombophilia 16/75 (21/

3 %)

Factor V Leiden

(RR 2.6 95 %

CI 1.8–3.8)

History of

thrombosis

(RR 2.3, 95 %

CI 1.6–3.4)

Wilson

2012

[29]

Retrospective

cohort study

with no

comparison

group

431 consecutive

patients with

PICCs in

neurological

ICU

Symptomatic patients

diagnosed by ultrasound

36/431

(8.4 %)

Age

Male gender

Smoker 9/36 (25 %)

Obesity 15/36 (42 %)

Surgery[1 h 16/36 (44 %)

Hereditary thrombophilia

2/36 (6 %)

History of thrombosis 8/36

(22 %)

Malignancy 6/36 (17 %)

Surgery

(OR3.26 95 %

CI 1.48–7.17)

History of

thrombosis

(OR 6.66

95 % CI

2.38–18.62)

Yi 2013

[2]

Prospective

cohort study

with no

comparison

group

89 cancer

patients

Each patient was screened

every 3 days with a

Doppler ultrasound

42/89

(47 %)

Gender

Age

BMI

Smoker

Diabetes

Surgery

Trauma

Chemotherapy

Chemotherapy

(OR 3.19

95 % CI

1.07–9.77)

Diabetes (OR

1.12 95 % CI

0.89–4.57)
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chemotherapy patients with PICCs. Within this population,

diabetes was considered a significant risk factor for

thrombosis (OR 3.18 95 % CI 1.06–9.53) [19]. The other

five studies did not indicate any association [2, 17, 19–22,

26, 32].

Five studies examined hypertension as a risk factor for

CRT [19–22, 26]. Two studies reported hypertension to be

independently associated with CRT [20, 26]. In contrast,

three studies reported hypertension to have no effect on the

development of CRT [19, 21, 22]. Two studies investigated

hypercholesterolaemia with mixed findings [21, 22]. Cheng

et al. observed a significant association between hy-

percholesterolaemia and CRT (OR 1.463 95 % CI

1.067–2.007) [21], whereas Liem et al. reported no effect

[22].

Recent surgery as a potential risk factor for CRT was

investigated by seven studies [2, 5, 22, 24, 27, 29, 33].

Only one study found a positive association with surgery.

Wilson et al. reported a significant association with recent

surgery (OR 3.01 95 % CI 1.50–6.06) [29]. Six studies

detected no association with CRT [2, 5, 22, 24, 27, 33].

Eleven studies explored chemotherapy as a possible risk

factor for CRT providing a divided response [2, 5, 11, 13,

15, 17, 22, 24, 30–32]. Three studies reported chemother-

apy as a significant risk factor for CRT with an OR ranging

from 3.19 to 4.109 [2, 5, 22]. Similarly Liem et al. reported

a significant association [22]. Six other studies reported no

association between chemotherapy and CRT [11, 13, 15,

17, 24, 30–32]. Hormone replacement therapy was asses-

sed as a risk factor in four studies [18, 20, 22, 24]. Only one

study found a positive correlation on univariate analysis

(P\ 0.001) [22]. Three studies reported no association

with CRT [18, 20, 24]. Seven studies investigated the role

of smoking in CRT [2, 19–22, 26, 29]. Two studies found

smoking to have a positive association with CRT [22, 26].

The other studies reported no effect [2, 19–21, 29].

Metastasis, trauma, haemoglobin, renal insufficiency

and ethnicity were found to have no effect [2, 14, 15, 19–

22, 24, 26, 29–31].

Discussion

Twenty-five studies were investigated for 20 patient-relat-

ed risk factors for CRT. No risk factors were consistently

identified with a significant association with CRT. Age,

malignancy, diabetes, obesity, chemotherapy, throm-

bophilia and history of thrombosis were identified in

multiple studies as significant risk factors. However due to

a lack of consensus across all of the studies, a definitive

conclusion in regards to the clinical characteristics of pa-

tients that predispose to CRT was unable to be established.

There was a lack of consistency among the results for

each of the investigated risk factors for this review. This

could be attributed to a variety of reasons. Firstly there was

a wide variation in the screening methods used for

thrombus detection. Some studies screened only symp-

tomatic patients while others screened all participants.

There was also a variation in the mode of investigation to

determine an upper limb deep vein thrombosis. While most

studies utilised ultrasound, De Cicco et al. used venogra-

phy to detect a thrombus [31]. Secondly, the risk factors

included in this review were sourced from different

methods. The majority of the studies were retrospective

and derived the patient-related risk factors from chart re-

views or electronic chart records. However, in the

prospective setting there was a variation in the collection of

the patient-related risk factors. Yi et al. collected the in-

formation on risk factors from interviews with the patients

while Van Rooden et al. utilized blood samples to deter-

mine the presence of a thrombophilia [2, 24]. Additionally,

the majority of studies did not include the definitions of the

risk factor assessed. Therefore there were inconsistencies

present across all of the studies regarding the variation in

methodology and definitions of risk factors.

Despite the wide heterogeneity across studies, some risk

factors showed significant associations with CRT across

multiple studies. Chemotherapy, a personal history of

thrombosis and diabetes were recognised as significant risk

factors in three studies each [2, 5, 14, 19, 22, 24, 29]. The

identification of a personal history of thrombosis as a risk

factor is in concordance with results from a recent meta-

analysis [34]. Chemotherapy and diabetes have not been

extensively investigated as risk factors for CRT thus have

not been established in any previous systematic reviews.

Chemotherapy and diabetes predispose to thrombus for-

mation through venous injury [2, 35].

Surprisingly the use of prophylactic warfarin as an anti-

coagulant showed a positive association with thrombus

formation in one study. It was postulated that this likely

occurred as the hospital in which the study was performed

placed all hospitalized patients with PICCs on low dose

warfarin for DVT prophylaxis [32].

There are several potential benefits to identifying pa-

tient-related risk factors for catheter related thrombosis.

Firstly, by recognizing the clinical characteristics of pa-

tients more prone to developing CRT, these patients can be

more closely monitored for upper limb deep vein throm-

bosis. This may involve routine screening with ultrasound,

as the majority of cases of CRT are asymptomatic [7]. If a

thrombus is then identified, the patients can receive treat-

ment to prevent any thrombotic complications.

There were several limitations to performing this sys-

tematic review. Firstly there was wide heterogeneity be-

tween the studies with different population groups
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investigated. Some studies only included cancer patients

with indwelling venous catheters. One study investigated

patients who had undergone recent head injury [28].

Another study assessed CRT in patients in the neurological

intensive care unit [29]. Secondly, the methods used for

screening of thrombosis varied between studies. Some

studies screened all study participants for thrombosis while

other studies investigated only symptomatic patients. Thus

the incidence of upper limb deep vein thrombosis varied

widely between studies. Studies where all participants were

screened for thrombosis produced an incidence rate of up

to 90 % as seen in the study by De Cicco et al. [31]. The

incidence rate was considerably lower in studies where

only symptomatic patients were screened with an incidence

ranging from 1.5 to 10 % [11, 15]. Therefore, some studies

had a small number of participants with CRT which would

heavily influence the risk factors associated with catheter-

related thrombosis. The major sources of bias within the

studies in this review were from a lack of sample size

calculation and lack of blinding of the assessors. These

were the main contributing factors to the ‘fair’ grade given

by the quality assessment tool for the majority of the

studies. Furthermore, some studies were underpowered;

therefore the results are unlikely to be statistically sig-

nificant. Additionally, this review only included observa-

tional studies which have a higher risk of bias than

randomised control trials as potential confounders are un-

able to be controlled for.

There were several weaknesses with this review method.

Firstly, this review is subject to publication bias as all of

the articles selected were published studies. The review

also included articles published in English thus making the

risk factors more difficult to generalise for other population

groups. Additionally some potential risk factors were

widely investigated in the published studies while others

received little attention, producing a risk of bias. Some

clinical characteristics of patients previously established as

risk factors for CRT were not significantly associated with

CRT in the studies included in this review. For example no

studies in this review found metastasis to be associated

with CRT [15, 19, 31]. This conflicts with findings from

Verso et al. who conducted a randomised control trial

concluding that distant metastases increased the risk of

thrombosis in patients with CVCs [36]. As this review

included only observational studies, this study was not

included in the analysis.

Despite these limitations, this review is the first to

synthesise a wide range of potential patient-related risk

factors for CRT. A previous meta-analysis on risk factors

for CRT utilized higher quality studies but concentrated

mainly on catheter-related factors for thrombosis. The only

patient-related factor investigated was a past history of

thrombosis which was found to be significant on multi-

variate logistic regression analysis [34].

Conclusion

In conclusion, several studies have identified increased age,

malignancy, diabetes, thrombophilia, chemotherapy, obe-

sity and a history of thrombosis as significant risk factors

for CRT. In terms of the implication for clinical practice,

practitioners should be aware of these risk factors when

they decide that a CVC or a peripherally inserted central

line is required for patient care. Such patients may there-

fore require routine ultrasounds for catheter-related

thrombosis to allow earlier detection of a thrombus. Future

studies would benefit from having more robust study de-

signs to decrease the amount of bias. Secondly, future re-

search would benefit from larger sample sizes and

screening all of the patients within the study as the majority

of cases of upper limb deep vein thrombosis are

asymptomatic.
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