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risk patients.

Objective: To compare Central Line Associated Bloodstream Infection (CLABSI) and catheter-related thrombo-
sis rates in Intensive Care Unit (ICU) and onco-hematologic patients with PICC lines and CVCs.

Methods: We systematically reviewed the PubMed, Cochrane and Google Scholar databases to identify rele-

Key.w ords: vant studies. Study quality was evaluated using appropriate assessment tools and the pooled odds ratio (OR)
Peripherally Inserted Central Catheter . e .
Thrombosis and confidence interval (CI) were calculated. Sensitivity analyses were performed based on meta-analysis
Central Line Associated Bloodstream Infection method, type of study and prophylaxis implementation.
Intensive Care Unit Results: Thirteen studies were included in our meta-analysis. PICC lines were associated with a significantly
higher rate of thrombosis in ICU [OR (95%CI): 2.58(1.80,3.70); P,<0.00001] and onco-hematologic [OR
(95%CI): 2.91(2.11,4.02); P,<0.00001] patients. CLABSI rates with PICC lines were not significantly different
in ICU patients [OR (95%CI): 1.65(0.91,2.99); P,= 0.1], but significantly lower CLABSI rates were observed in
onco-hematologic patients [OR (95%CI): 0.38(0.16,0.91); P,=0.03]. Sensitivity analyses verified the robustness
of our results.
Conclusions: PICC lines are associated with higher rates of thrombotic events. However, they might be suit-
able for onco-hematologic patients due to lower CLABSI rates.
© 2020 Elsevier Inc. All rights reserved.
Associated Blood Stream Infections (CLABSIs) and catheter-related
cve: Central Venous Catheter, thrombosis constitute the most feared of them.*>
CLABSI:  Central Line Associated Blood Stream Infection, Central line thrombosis, resulting in complete or partial catheter
PICC: Peripherally Inserted Central Catheter, occlusion, occurs in 14-36% of patients with long-term use of CVCs
ICU: Intensive Care Unit, and it may be linked to an increased risk of pulmonary embolism.®’
RCT: Randomized Controlled Trial, Thrombotic complications are associated with longer hospital stay
NOS: Newcastle-Ottawa Scale, and increased mortality.® Prolonged use of CVCs is also associated
PRISMA: Preferred Reporting Items for Systematic Reviews and with blood stream infections, even when the clinical practice guide-
Meta-Analyses lines of the Infectious Diseases Society of America are properly fol-
lowed.? In line with thrombotic events, CLABSIs have also been
Introduction shown to increase the length of hospital stay, cost of hospitalization

and mortality.'°

Peripherally Inserted Central Catheter (PICC) lines typically have a
length of 50-60 cm and they are placed in a peripheral arm vein
through palpation or under ultrasound guidance and terminate in
the lower 1/3 of the superior vena cava.!! They can be left in place for
up to six months, compared to conventional CVCs which are typically
used for a few days.!! They have been increasingly utilized in recent

The use of Central Venous Catheters (CVCs) is common in the
everyday medical practice, as a means of vascular access, especially
in the setting of critically ill patients.! All types of CVCs are associated
with a number of important complications,>* while Central Line
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years due to a variety of reasons, namely easier and safer insertion
and cost-effectiveness,'? as well as decreased incidence of CLABSIs."?

Despite the potential benefits of PICC use, previous studies have
revealed that their application entails a higher risk of thrombotic
events compared to conventional CVCs, especially in critically ill
patients or those suffering from hematologic malignancies.'* !¢ The
risk of CLABSI in hospitalized patients with PICC lines compared to
those with CVCs has been reported to be similar.'” Despite the
insights provided by the aforementioned studies, the included
patient populations were rather heterogenous, thus their conclusions
cannot be generalized and utilized to establish evidence-based prac-
tices. In order to guide clinical decision-making and optimize patient
care, it is imperative to ascertain the effects of PICC line application in
patient populations with inherently high risk of thrombotic events
and systematic infections, such as those hospitalized in the Intensive
Care Unit (ICU) and onco-hematologic wards.'8 2!

The aim of our study is to systematically review the current litera-
ture with respect to CLABSI and catheter-related thrombosis and
compare their incidence in ICU and onco-hematologic patients with
PICC lines versus CVCs.

Methods

The protocol for this systematic review and meta-analysis was
registered on the International Platform of Registered Systematic
Review and Meta-Analysis Protocols, INPLASY (ID number:
INPLASY202050043) and is available in full on https://inplasy.com/
inplasy-2020-5-0043/.

Literature search

Two of the authors (M.G. and M.M.) individually performed an
electronic database search of the PubMed (MEDLINE), Cochrane
Library and Google Scholar databases. The search algorithm included
the following terms combined with the Boolean operators “AND” and
“OR”, as appropriate: “CVC”, “central venous catheter”, “central
venous line”, “PICC”, “peripherally inserted central catheter”, “throm-
bosis”, “CLABSI”, “BSI”. Two filters were applied when available:
English language and Human species. The exact search algorithms for
all three databases are provided in Appendix A. To identify additional
original studies, we reviewed the reference lists of the retrieved
articles and any identified review articles. The last literature search
was on May 12, 2020.

Inclusion and exclusion criteria

We included: (1) Randomized Controlled Trials (RCTs) and obser-
vational studies, (2) comparing the complications (thrombosis and
CLABSI) of PICC lines with those of conventional CVCs in (3) adult
populations (4) hospitalized in the ICU/ Acute Care or (5) treated for
hematological malignancies. We excluded studies which: (1) were
performed in diverse patient populations (outpatient, pediatric/neo-
natal, parenteral nutrition) (2) were performed in different types of
catheters and (3) explored non-relevant outcomes. (4) Abstracts,
reviews and case report studies were also excluded.

Data extraction

Using a standardized data form, two independent investigators
(M.G. and M.M.) performed the data extraction. We extracted the fol-
lowing data: First Author’s Name, Year of Publication, Type of Study,
Clinical Setting in which the central line was used, Prophylactic
Measures implemented, Male/Female Ratio, Age, Total/Mean/Median
Days with central line in place, Number of Patients in the PICC and
CVC groups and Number of CLABSI and Thrombosis Events in each
group. Finally, when available, the exact Definition used for CLABSI

and catheter-related thrombosis was extracted from each study. Any
discrepancy between the reviewers was resolved by a third investiga-
tor (P.L.).

Definitions

PICC lines were defined as devices inserted via the brachial/
basilic/cephalic vein and terminated in the superior vena cava or the
right atrium. A CVC was defined as any device inserted via the inter-
nal jugular or subclavian vein and terminated in the superior vena
cava or the right atrium or via the femoral vein terminating in the
inferior vena cava. CLABSI and thrombosis definitions varied amongst
the studies; we excluded from our analysis thrombosis cases identi-
fied by the presence of pulmonary embolism.

Quality scoring

The quality of the studies was assessed using the Newcastle-
Ottawa Scale (NOS) for cohort studies and the Jadad Scale for
RCTs.?>?% The NOS scale is a tool for the assessment of non-random-
ized studies, taking into consideration the selection of study groups,
their comparability and the ascertainment of the outcome of interest.
Quality scoring utilizing the Jadad Scale, evaluates the method of ran-
domization and the blinding conditions.

Statistical analysis

The comparison of CLABSI and thrombosis occurrence between
the PICC and the CVC groups was done by calculating the 95% confi-
dence interval (95% CI) and the pooled odds ratio (OR). The signifi-
cance was set at P<0.05. The statistical significance of the OR was
determined by the use of the Z test.

To estimate the statistical heterogeneity of the studies, Cochran’s
Q and I? indices were calculated. Random effects model was applied
when [>>50% and/or Py<0.10.>* Otherwise, the fixed effects model
was used. In order to visualize and evaluate heterogeneity, L’ Abbe
Plots were used.?”

Publication bias was assessed using funnel plots and the Egger’s
and Begg’s tests;?° 2% P values less than 0.05 indicate significant pub-
lication bias.

All statistical analyses were performed in Review Manager (Rev-
Man) [Computer program]. Version 5.3. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014.%°

Subgroup and meta-regression analyses were not performed,
because the number of studies included in our meta-analysis was
limited. As the Cochrane handbook suggests, subgroup and meta-
regression analyses with less than 10 studies rarely provide useful
insight into the data.>° Moreover, Borenstein and colleagues recom-
mend that each covariate should at least contain ten studies.>’

Sensitivity analyses were performed to assess the robustness of
our results.’® We looked into 3 different parameters: study type, pro-
phylactic measures and meta-analysis models. For the study type
sensitivity analysis, we removed all retrospective studies in order to
only analyze high quality data from prospective cohort studies and
RCTs. For the prophylactic measures sensitivity analysis, we removed
studies using prophylaxis against thrombosis or CLABSI to assess
whether their inclusion might have obscured our results. Finally,
both random and fixed effects meta-analysis models were used to
assess whether model choice affected our results.

PRISMA guidelines for reporting reviews and meta-analyses were
applied (Appendix B).>?
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Results
Selection and characteristics of the included studies

Our electronic database search resulted in 779 unique articles,
after removal of the duplicates. 745 of those were excluded based on
their titles and/or abstracts. The full texts of the remaining 34 articles
were reviewed resulting in 13 articles that fulfilled our predeter-
mined criteria and were included in our systematic review and meta-
analyses.'>*>~%4 Out of those, 2 were RCTs, 5 were Observational Pro-
spective Cohort studies and 6 were Observational Retrospective
Cohort studies. The flow chart for study selection according to
PRISMA guidelines is shown in Fig. 1.

ICU population

Out of 34 possibly relevant articles, 8 were identified with an ICU-
derived study population. Seven of those studies compared the
occurrence of catheter related thrombosis and 5 compared the occur-
rence of CLABSI, in patients with PICC lines versus patients with
CVCs. The male to female ratio was 1.55 (1384/895). Four studies
reported the total number of days with a central line, ranging from
665 to 4024 in the PICC group and 637 to 2747 in the conventional
CVC group. One of the studies did not report any CLABSI events for
the PICC and CVC arms and it was not included in our statistical

analysis.>* A total of 955 patients with PICC lines were included in
the ICU-thrombosis analysis, with the corresponding number for
CVCs being 899. For the ICU-CLABSI analysis, 811 patients with PICC
lines and 800 with CVCs were included. Three studies implemented
prophylactic measures against thrombosis and two studies imple-
mented prophylactic measures against CLABSI. Appendix Table C.1
summarizes the prophylactic measures used by our included studies.
Further details for each study are shown in Appendix Table C.2.

Onco-hematological population

Out of 34 possibly relevant articles, 5 were identified with an
onco-hematological study population. Four studies compared the
occurrence of catheter related thrombosis and 4 compared the occur-
rence of CLABSI, in patients with PICC lines versus patients with
CVCs. The male to female ratio was 1.38 (594/430), however raw
numbers were not available in one study.” Three studies reported
the total number of days with a central line, ranging from 5920 to
48293 in the PICC group and 699-9471 in the conventional CVC
group. A total of 947 patients with PICC lines were included in the
onco-hematologic thrombosis analysis with the corresponding num-
ber for CVCs being 934. For the onco-hematologic CLABSI analysis,
978 patients with PICC lines and 945 with CVCs were included. Two
studies implemented prophylactic measures against thrombosis and

Records identified through database searching:
(n=912)

Additional records identified through other
sources:
(n=12)

Records after duplicates removed:
(n=779)

Records screened:
(n=779)

Records excluded:
(n=745)

i
[t

Full-text articles excluded, with Full-text articles assessed for
reasons: eligibility:
(n=26) ¢ (n=34)
1. Hematological
malignancies (5)
2. Other patient population (11)
3. Other types of catheters (7)
4. Not relevant outcomes (3) v
Studies included in qualitative
synthesis:
(n=8)

A
Studies included in quantitative
synthesis:
Thrombosis: n=7
CLABSIL: n=4

Hematological Malignancies

Full-text articles excluded, with
reasons:
(n=29)
ICU (8)
Other patient population (11)
Other types of catheters (7)
Not relevant outcomes (3)

Full-text articles assessed for
eligibility:
(n=234)

B

.

Studies included in qualitative
synthesis:
(n=5)

A,
Studies included in quantitative
synthesis:
Thrombosis: n=4
CLABSI: n=4

Fig. 1. Flow diagram of literature search. Flow diagram describing the process of the literature search according to the PRISMA guidelines, including the reasons for exclusion of

articles.
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one study implemented prophylactic measures against CLABSI. Fur-
ther details for each study are shown in AppendixTable C.2.

Definitions

The included studies used a variety of definitions for CLABSI and
thrombosis. Most studies defined CLABSI as positive blood culture
and thrombosis as either thrombi identification on ultrasonography
or thrombi identification on the catheters’ tip. The exact definition
provided by each study is shown in Table 1.

Publication bias and study quality

Regarding the presence of publication bias, funnel plots for all the
comparisons didn’t reveal significant asymmetry, as shown in Fig. 2.
This was verified with the use of the Egger’s and Begg’s tests for each
of the comparisons (AppendixTable C.3).

Table 1

Study quality for both RCTs was estimated to be 3/5 (Jadad Scale);
for the rest of the studies (cohort) the quality scores ranged from 6/9
to 8/9 (NOS). The exact score for each study is shown in Table 1.

ICU patients

Risk of thrombosis in ICU patients

Due to low heterogeneity indicated by the L’Abbe plot (Appendix
Fig. D.1) and verified by Cochran’s Q and I? index (I°=40%, Pu=0.12),
the fixed effects model was used. Our analysis revealed a statistically
significant difference [OR (95% CI): 2.58 (1.80, 3.70); P,<0.00001] in
the occurrence of thrombosis in ICU patients who had a PICC line
placed versus those with a CVC line. The results of this analysis are
presented in Fig. 3A.

General Characteristics and Quality of the Included Studies. Table presenting type of study, patient population, CLABSI and thrombosis definitions and quality of each study
included in our meta-analysis. The Newcastle-Ottawa Scale is used to assess the quality of non-randomized studies based on the selection of study groups, the comparability of
the groups and the identification of the outcome of interest. The Jadad Scale is used to assess the quality of randomized controlled trials based on randomization, blinding and

follow-up.
First Author - YOP Type of study Patient population CLABSI definition Catheter Related Thrombosis Quality of study — Test used
definition
Bonizzoli - 2011'*  Prospective  ICU Not studied Thrombi in ultrasound 7/9 - NOS
Brandmeir - 20192 RCT Neuro-ICU Positive blood culture/clinical Positive venous Doppler 3/5 — Jadad Scale
and laboratory evaluation ultrasound
Fletcher - 20163 RCT Neuro-ICU Not studied Thrombosis adherent to the 3/5 — Jadad Scale
catheter and involving the
deep veins of the neck, upper
extremity or cephalic/basilic
Griffiths - 200237 Prospective  ICU N/A N/A 7/9 - NOS
Malinoski - 2013**  Prospective  Surgical ICU (2 Centers) Not studied Positive flow sonography: rou-  7/9 - NOS
tine screening (Centre 1)/fac-
tors and symptoms (Centre 2)
Nolan - 20163 Retrospective ICU Standard Center for Disease Con- New acute thrombus in a deep 8/9 - NOS
trol/National Healthcare Safety ~ vein where a catheter was
Network reporting definitions present or removed within the
previous 5 days for which a
venous Doppler ultrasound
was obtained
Ryu - 2019*! Retrospective Acute Care -ICU * National Healthcare Safety Net-  Not studied 7/9 - NOS
work recommendations
Wilson - 201336 Retrospective Neuro-ICU Identification of the same bacte- Event that prompted duplex 8/9 - NOS
ria cultured from the line as ultrasonography of the ipsilat-
well as from one or more eral extremity/neck in which
blood cultures not drawn from  an acute, proximal large vein
the line thrombosis was confirmed
Cortelezzia - 2003*° Prospective ~ Hematological malignancies Not studied Ultrasound or spiral CT scan 7/9 - NOS
visualization of an intravascu-
lar thrombus
Fracchiola - 20173®  Retrospective Hematological malignancies N/A N/A 6/9 - NOS
Refaei - 2016%° Retrospective Hematological malignancies Positive blood culture with evi- ~ Formation of thrombus in the 7/9 - NOS
(leukemia) dence of colonized catheter tip  vein or connected vein of the
inserted catheter as confirmed
by imaging/as well as non-
catheter-related VTE such as
pulmonary embolism, lower
extremity DVT, or thrombosis
in other venous systems **
Sakai — 201442 Retrospective Hematological malignancies Infectious Disease Society of Not studied 8/9 - NOS
America (IDSA) Clinical Prac-
tice Guidelines
Worth - 20084! Prospective ~ Hematological malignancies CLABSI was defined as removal ~ Thrombosis was defined as clini- 7/9 - NOS

of a CVC because CLABSI was
suspected by the treating
clinician

cally identified occlusion of >1
lumen of CVC

Abbreviations. YOP: Year of Publication, CLABSI: Central Line Associated Bloodstream Infection, ICU: Intensive Care Unit, NOS: Newcastle — Ottawa Scale RCT: Randomized
Controlled Trial, CT: Computed Tomography, N/A: Not Available, VTE: Venous Thromboembolism, DVT: Deep Vein Thrombosis, CVC: Central Venous Catheter
* A small percentage of catheters (4.5%), not enough to alter the results of the meta-analysis, were placed in General Wards.
**Patients diagnosed with thrombosis due to an event of non-catheter related VTE (Pulmonary Embolism, lower extremity DVT, thrombosis in other venous systems) were
excluded from further analysis.
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Fig. 2. Funnel plots assessing for publication bias. A. Catheter-related thrombosis in the ICU group, B. CLABSI in the ICU group, C. Catheter-related thrombosis in the Onco-hema-

tological group, D. CLABSI in the Onco-hematological group

Risk of CLABSI in ICU patients

Due to low heterogeneity indicated by the L'Abbe plot (Appendix
D.2) and verified by Cochran’s Q and I? index (1>=0%, Pg=0.41), the fixed
effects model was used. Our analysis didn’t reveal a statistically signifi-
cant difference [OR (95% CI): 1.65 (0.91, 2.99); P,=0.1] in the occurrence
of CLABSI in ICU patients who had a PICC line placed versus those with
a CVC line. The results of this analysis are presented in Fig. 3B.

Onco-hematologic patients

Risk of thrombosis in onco-hematologic patients

Due to low heterogeneity indicated by the L'Abbe plot (Appendix
D.3) and verified by Cochran’s Q and I? index (I*=39%, Pq=0.18), the
fixed effects model was used. Our analysis revealed a statistically sig-
nificant difference [OR (95% CI): 2.91 (2.11, 4.02); P,<0.00001] in the
occurrence of thrombosis in onco-hematologic patients who had a
PICC line placed versus those with a CVC line. The results of this anal-
ysis are presented in Fig. 3C.

Risk of CLABSI in onco-hematologic patients

Due to high heterogeneity indicated by the L’Abbe plot (Appendix
D.4) and verified by Cochran’s Q and I index (1>=87%, P4<0.0001),
the random effects model was used. Based on the L’Abbe plot, the
high heterogeneity value can be attributed to one individual study.*°
We were not able to further investigate the source of high heteroge-
neity, due to the fact that subgroup analysis was not feasible, owing
to the limited number of studies. Our analysis revealed a statistically
significant difference [OR (95% CI): 0.38 (0.16, 0.91); P,=0.03] in the

occurrence of CLABSI in onco-hematologic patients who had a PICC
line placed versus those with a CVC line. The results of this analysis
are presented in Fig. 3D.

Sensitivity analysis

Sensitivity analyses based on meta-analysis model choice, study
type and prophylactic measures did not reveal considerable differen-
ces, proving the robustness of our results. Table 2 summarizes the
results of the sensitivity analyses.

Discussion
Study overview

The aim of the current meta-analysis was to assess the incidence of
catheter-related thrombosis and CLABSI in ICU and onco-hematologic
patients with PICC lines compared to those with conventional CVCs.

Our study demonstrates that the use of PICC lines is associated
with a statistically significant augmented risk of catheter-related
thrombosis in both ICU and onco-hematologic patients. Moreover,
the use of PICC lines is linked to a statistically significant lower risk of
CLABSI in onco-hematologic patients, although no statistically signifi-
cant difference was found in ICU patients.

Sensitivity analysis further proved the consistency of our
results, however subgroup and meta-regression analyses could
not have been performed, due to the limited number of studies
included.
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A ICU Thrombosis
PICC CcvC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Bonizzoli et al. 2011 31 114 12 125 21.8% 3.52[1.70, 7.26] —
Brandmeir et al. 2019 4 72 0 80 1.2% 10.58 [0.56, 199.96] >
Fletcher et al. 2016 17 39 9 41 13.0% 2.75[1.04, 7.27] I —
Griffith et al. 2002 2 29 5 46 9.4% 0.611[0.11, 3.36] B
Malinoski et al. 2013 18 88 41 266  42.5% 1.41[0.76, 2.61] T
Nolan et al. 2016 8 200 2 200 5.0% 4.13[0.86, 19.67] b
Wilson et al. 2013 36 413 2 141 71% 6.64 [1.58, 27.93]
Total (95% Cl) 955 899 100.0% 2.58[1.80, 3.70] <@
Total events 116 71
Heterogeneity: Chi? = 10.06, df = 6 (P = 0.12); 1> = 40% 50.01 0.51 150 1005

Test for overall effect: Z = 5.18 (P < 0.00001) Favours PICC Favours CVC

B ICU CLABSI
PICC CcvC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI
Brandmeir et al. 2019 0 72 0 80 Not estimable
Griffith et al. 2002 1 29 5 46  22.6% 0.29[0.03, 2.64] =
Nolan et al. 2016 1 200 0 200 3.0% 3.02[0.12, 74.46]
Ryu etal - 2019 13 97 24 333 56.8%  1.99[0.97,4.08] —
Wilson et al. 2013 12 413 2 14 17.5% 2.08[0.46, 9.41] — T
Total (95% Cl) 811 800 100.0%  1.65[0.91,2.99] <o
Total events 27 31
Heterogeneity: Chi? = 2.86, df = 3 (P = 0.41); I = 0% l l ; l
0.01 0.1 10 100
Test for overall effect: Z = 1.66 (P = 0.10) Favours PICC Favours CVC
C Onco-Hematologic Thrombosis
PICC CVvC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI
Cortelezzia et al. 2003 18 70 14 137 151% 3.04[1.41,6.57] —
Fracchiola et al. 2017 38 464 6 441 121% 6.47[2.71,15.46] —
Refaei et al. 2016 82 338 41 325 67.9% 2.22 [1.47,3.35] -
Worth et al. 2008 14 75 2 3 49% 3.33[0.71,15.62] .
Total (95% Cl) 947 934 100.0% 2.91[2.11,4.02) <
Total events 152 63
itv: 2= = = -2 =399 } f f {
i
est for overall effect: =649 (P < 0. ) Favours PICC Favours CVC
D Onco-Hematolologic CLABSI
PICC CVC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Fracchiola et al. 2017 97 464 285 441 29.2% 0.14[0.11,0.19] LE
Refaei et al. 2016 16 338 33 325  26.3% 0.440.24,0.82] ——
Sakai et al. 2014 9 101 22 148 23.9% 0.56 [0.25, 1.27] — &
Worth et al. 2008 12 75 6 31 20.7% 0.79[0.27, 2.35] — &
Total (95% CI) 978 945 100.0% 0.38[0.16, 0.91] > =
Total events 134 346
ity 2= . 2= = - |2 = 879 } } } }
Heterogeneity: Tau? = 0.66; Chi? = 22.81, df = 3 (P < 0.0001); I*= 87% d.01 0.I1 110 10(|)

Test for overall effect: Z=2.16 (P = 0.03) Favours PICC Favours CVC

Fig. 3. Forest plots, Forest plots showing the odds ratio for catheter related thrombosis and CLABSI with PICCs versus CVCs. A. Catheter-related thrombosis in the ICU group, B.
CLABSI in the ICU group, C. Catheter-related thrombosis in the Onco-hematological group, D. CLABSI in the Onco-hematological group

Population-specific Central Catheter Complications There are several risk factors associated with thrombotic events
which seem to be more prevalent in ICU patients, including vasopres-

Patients at high risk of developing thrombotic events and system- sors administration, mechanical ventilation, pharmacologic sedation
atic infections are more prone to developing catheter-related and end-stage renal failure.'®* Similarly, patients suffering from
complications.'” hematological malignancies have an increased susceptibility to
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Table 2

Sensitivity analysis. Table presenting the results of sensitivity analyses regarding the utilized meta-analysis model, the study type and the implementation of prophylactic

measures.

Meta-analysis Model Used (Fixed-Effects/Random-Effects)
Random-Effects Model

Fixed-Effects Model

Study Type (Only RCTs and
Prospective)

Absence of Prophylactic
Measures

ICU Thrombosis OR: 2.58 (CI: 1.80, 3.70), OR: 2.57 (CI: 1.48, 4.48),
P<0.00001 P=0.0009
12=40% * 12 =40%
ICU CLABSI OR: 1.65 (CI: 0.91, 2.99), P=0.10  OR: 1.76 (CI: 0.96, 3.23), P=0.07
12=0%" 12=0%
Onco-hematologic Thrombosis OR: 2.91 (CI: 2.11, 4.02), OR: 3.13 (CI: 1.91, 5.14),
P<0.00001 P<0.00001
12=39%* 12=39%
Onco-hematologic CLABSI OR: 0.22 (CI: 0.17, 0.28), OR: 0.38 (CI: 0.16, 0.91), P=0.03
P<0.00001
12=87% 12=87%"

OR: 2.17 (CI: 1.47,3.20),
P<0.0001

12 = 43% (Fixed-Effects Model)

Not applicable**

OR: 2.60 (CI: 1.33, 5.11), P=0.005

12 = 25% (Fixed-Effects Model)
OR: 0.92 (CI: 0.14, 6.14), P=0.94
12 = 52% (Random-Effects Model)
OR: 3.11 (CI: 1.55, 6.23), P=0.001 OR: 3.53 (CI: 1.24, 10.09), P=0.02

12 = 0% (Fixed-Effects Model)
Not applicable**

12 = 79% (Random-Effects Model)
OR: 0.31 (CI: 0.12, 0.80), P=0.02

12 = 88% (Random-Effects Model)

Abbreviations. RCT: Randomized Controlled Trial, ICU: Intensive Care Unit, OR: Odds Ratio, CLABSI: Central Line Associated Bloodstream Infection

*The models used in the primary analysis are indicated with bold.
**Only 1 study available.

thrombotic events, since any type of cancer has been shown to
induce a hypercoagulable state.'®'® The susceptibility of ICU and
oncologic patients to PICC line associated thrombosis has been shown
in a meta-analysis by Chopra et al.,'* however their results only con-
cerned non-comparative studies.

ICU patients are at an increased risk of developing CLABSIs, with
high incidence of infections caused by multi-drug resistant bacteria.?!
Likewise, patients with hematological malignancies are prone to sys-
tematic infections, not only because the disease itself carries an
inherent risk,> but also due to chemotherapy-induced neutrope-
nia.*® In a meta-analysis by Chopra et al.,!” CLABSI occurrence in hos-
pitalized patients did not seem to be affected by the type of catheter
used, though no subgroup analysis was conducted based on the study
population.

The selection of our study population was based on the estab-
lished knowledge that ICU and onco-hematologic patients have a
higher risk of catheter-related thrombosis and CLABSI. Moreover,
there is a lack of published data concerning the development of cath-
eter-related thrombosis and CLABSI in those patient groups.

Clinical implications

Central catheter-related thrombosis

The connection between PICC lines use and catheter-related
thrombosis has been established in several studies. However, the pre-
cise incidence of thrombosis related to PICC lines varies amongst
studies, ranging between 0.3 and 28.3%. Risk factors associated with
thrombosis are narrow catheter lumens and malignant diseases.”’
The smaller diameter of the veins in which PICC lines are inserted has
been hypothesized to contribute to the higher incidence of thrombo-
sis, however, the whole concept needs to be further elucidated.*®

RCTs have shown that the occurrence of catheter-related throm-
bosis in ICU patients with PICC lines is significantly higher than in
patients with conventional CVCs.>***> Various prospective cohort
studies demonstrated similar results in onco-hematologic
patients.**

The aforementioned findings are confirmed by our meta-analysis;
patients with PICC lines in both selected patient populations (ICU,
onco-hematological units) were more likely to develop thrombotic
events. As a consequence, conventional CVCs may constitute a safer
choice in patients highly susceptible to thrombosis.**° Alternatively,
these patients might benefit from more intense antithrombotic pro-
phylaxis or the use of anti-thrombogenic PICC lines.!

Central Line Associated Bloodstream Infections

Previous studies have shown conflicting results concerning the
association between PICC lines and the development of CLABSI, with
evidence suggesting both lower and higher incidence of bloodstream
infections when compared with conventional CVCs.*>>?> When first
introduced into clinical practice, it was hypothesized that PICC lines
would lower CLABSI incidence since their longer lumen would not
allow for microbe migration to the tip of the catheter through the
skin entry site."” However, migration of bacteria from the hub to the
tip of the catheter due to personnel handling, remains an important
route of infection in long-term catheters such as long-dwelling PICC
lines. This is considered to be the cause of the apparent data discrep-
ancy observed in the literature.”®

According to our results, PICC lines are associated with a lower
risk of CLABSI in hospitalized patients with hematological malignan-
cies. Therefore, PICC lines are a sensible choice when the need for
central venous access arises in these patients.

On the other hand, our analysis suggests that the use of PICC lines
is not associated with a statistically significant incidence as compared
to conventional CVCs in the ICU, in terms of CLABSI occurrence. This,
as mentioned above, may be attributed to the fact that ICU patients
are often colonized with multidrug resistant bacteria and fungi.

Limitations

Our study has some limitations, mainly derived from the design of
the included studies, that must be taken into consideration when
interpreting our results. Most importantly, the studies in our meta-
analysis did not use universal definitions for catheter related throm-
bosis and CLABSI. As a result, some events that could have been
included were possibly overlooked. In addition to that, our meta-
analysis only included specific patient populations (ICU, onco-hema-
tologic) with certain clinical and pathophysiological characteristics
such as immobility, hypercoagulability, immunosuppression, hospi-
talization etc. As a consequence, our results only concern those
patients and should not be generalized to other patient populations.
Another important limitation is that a variety of preventing methods
against CLABSI and thrombosis were used in the studies included.
Moreover, we only included studies written in English. As a result,
we may have excluded possibly relevant studies written in other lan-
guages. Finally, it is important to mention that the number of studies
on onco-hematologic patients included were limited and concrete
conclusions cannot be drawn.
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Conclusion

Our study supports the use of PICC lines in onco-hematologic
patients under antithrombotic prophylaxis, since they are associated
with less risk of CLABSI but higher risk of thrombosis compared to
CVCs. Their use in the ICU is limited due to the significantly higher

risk of thrombosis without decreasing the CLABSI rate compared to
conventional CVCs.
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Appendix A. Algorithms used for database search

Algorithms used for database search:

PubMed ((CVC) OR (Central
Venous Catheter) OR
(Central Venous Line))
AND (PICC OR
(Peripherally inserted
central catheter)) AND
(thrombosis OR
CLABSI OR BSI))

With all of the words:
"CVC" OR "Central
Venous Catheter|Line"
OR "PICC" OR "Periph-
erally inserted central
catheter”

With at least one of the
words: "thrombosis"
"CLABSI" "BSI"

(CVC OR "Central
Venous Catheter" OR
"central venous line")
AND (PICC OR
"Peripherally inserted
central catheter")
AND (thrombosis OR
CLABSI OR BSI)

Filters Used: Studies in
humans, English
language

Filters Used: Search in
title, English language,
No patents/citations

Google Scholar

Filters Used: Search in
title, abstract,
keywords

Cochrane

Appendix B. PRISMA checklist

From: Moher D, Liberati A, Tetzlaff ]J, Altman DG, The PRISMA
Group (2009). Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097.
doi:10.1371/journal.pmed1000097.

TITLE
Title

ABSTRACT
Structured
summary

INTRODUCTION
Rationale

Objectives

METHODS
Protocol and
registration

Eligibility
criteria

Information
sources

Search

Study selection

Data collection
process

Data items

Risk of bias in
individual
studies

Summary
measures

Synthesis of
results

Risk of bias
across studies

Additional
analyses

RESULTS
Study selection

2

Identify the report as a systematic
review, meta-analysis, or both.

Provide a structured summary including,
as applicable: background; objectives;
data sources; study eligibility criteria,
participants, and interventions; study
appraisal and synthesis methods;
results; limitations; conclusions and
implications of key findings; system-
atic review registration number.

Describe the rationale for the review in
the context of what is already known.

Provide an explicit statement of ques-
tions being addressed with reference
to participants, interventions, compar-
isons, outcomes, and study design
(PICOS).

Indicate if a review protocol exists, if and
where it can be accessed (e.g., Web
address), and, if available, provide reg-
istration information including regis-
tration number.

Specify study characteristics (e.g., PICOS,
length of follow-up) and report charac-
teristics (e.g., years considered, lan-
guage, publication status) used as
criteria for eligibility, giving rationale.

Describe all information sources (e.g.,
databases with dates of coverage, con-
tact with study authors to identify
additional studies) in the search and
date last searched.

Present full electronic search strategy for
at least one database, including any
limits used, such that it could be
repeated.

State the process for selecting studies
(i.e., screening, eligibility, included in
systematic review, and, if applicable,
included in the meta-analysis).

Describe method of data extraction from
reports (e.g., piloted forms, indepen-
dently, in duplicate) and any processes
for obtaining and confirming data from
investigators.

List and define all variables for which
data were sought (e.g., PICOS, funding
sources) and any assumptions and
simplifications made.

Describe methods used for assessing risk
of bias of individual studies (including
specification of whether this was done
at the study or outcome level), and
how this information is to be used in
any data synthesis.

State the principal summary measures
(e.g., risk ratio, difference in means).

Describe the methods of handling data
and combining results of studies, if
done, including measures of consis-
tency (e.g., I?) for each meta-analysis.

Specify any assessment of risk of bias
that may affect the cumulative evi-
dence (e.g., publication bias, selective
reporting within studies).

Describe methods of additional analyses
(e.g., sensitivity or subgroup analyses,
meta-regression), if done, indicating
which were pre-specified.

Give numbers of studies screened,
assessed for eligibility, and included in
the review, with reasons for exclusions

5-6

6-7

(continued)
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Study

For each study,
present char-
acteristics for
which data
were
extracted
(e.g., study
size, PICOS,
follow-up
period) and
provide the
citations.

Risk of bias

within studies

Results of indi-
vidual studies

Synthesis of
results

Risk of bias
across studies

Additional
analysis

DISCUSSION
Summary of
evidence

Limitations

Conclusions

FUNDING
Funding

20

21

22

23

24

25

26

27
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at each stage, ideally with a flow
diagram.
characteristics

Present data on risk of bias of each study
and, if available, any outcome level
assessment (see item 12).

For all outcomes considered (benefits or
harms), present, for each study: (a)
simple summary data for each inter-
vention group (b) effect estimates and
confidence intervals, ideally with a for-
est plot.

Present results of each meta-analysis
done, including confidence intervals
and measures of consistency.

Present results of any assessment of risk
of bias across studies (see Item 15).

Give results of additional analyses, if
done (e.g., sensitivity or subgroup
analyses, meta-regression [see Item
16]).

Summarize the main findings including
the strength of evidence for each main
outcome; consider their relevance to
key groups (e.g., healthcare providers,
users, and policy makers).

Discuss limitations at study and outcome
level (e.g., risk of bias), and at review-
level (e.g., incomplete retrieval of iden-
tified research, reporting bias).

Provide a general interpretation of the
results in the context of other evi-
dence, and implications for future
research.

Describe sources of funding for the sys-
tematic review and other support (e.g.,
supply of data); role of funders for the
systematic review.

Appendix C
18
Tables C.1-C.3
Table C.1
Prophylactic measures against Thrombosis and CLABSI. Table presenting the
prophylactic measures implemented in each study.
First Author - YOP  Thrombosis CLABSI Prophylaxis
Prophylaxis
Bonizzoli - 2011'*  Dalteparin, 5000 IU/day ~ NS
Brandmeir - 20192 None None
- Fletcher - 2016>3 None None
Griffiths - 200237 None None
Malinoski - 2013**  SCDs Enoxaparin, 30 NS
7-8 mg/12 hours Dalte-
parin, 5000 IU/day
Nolan - 2016 None Antimicrobial patch
Ryu -2019°! NS Disinfected once every 7
days
Wilson - 201336 SCDs Dalteparin, 5000 None
9-10 1U/day
Cortellezia - 2003*°  Unfractionated heparin, NS
2500 [U/day Bolus
9 LMWH, 3800 IU
Fracchiola - 2017>®  None None
11 Refaei - 2016%° None None
Sakai - 2014* NS None

Worth - 2008%!

Heparinized saline, con-
tinuous infusion

Sterile occlusive film
dressing

Abbreviations. YOP: Year of Publication, CLABSI: Central Line Associated Blood

11

Stream Infection, IU: International Unit, NS: Not Studied, SCD: Sequential Com-

pression Device, LMWH: Low Molecular Weight Heparin

14

12-13
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Table C.2
Demographics and Central Line-related Characteristics of the Included Studies. Table presenting male/female ratios, age of participants, days with the line and the numbers for the studied complications for each study.
First Author - YOP  Male/Female Age (Years) Days with the line Complications
Catheter Related Thrombosis CLABSI
PICC cve PICC cve PICC cve PICC CcvC
Events Total Events Total Events Total Events Total

Bonizzoli - 2011'*  144/95 54.3 58.8 Total: 4024,Mean: 35.3  Total: 2747,Mean: 22.5 31 114 12 125 Notstudied Not studied
Brandmeir - 20192 80/72 61.4 61.4 Mean: 6 Mean: 7.2 4 72 0 80 0 72 4 80
Fletcher - 2016°3 49/31 Mean: 61 Mean: 59 Mean: 12 Mean: 11 17 39 9 41 Not studied Not studied
Griffiths - 200237 28/24 Mean: 69 Mean: 60 Mean: 15.14 Mean: 6.38 2 29 5 46 1 29 5 46
Malinoski - 2013%*  242/112 Mean:C1:55.78,C2:56.62 Mean:C1:55.78,C2:56.62 Total: 665 Total: 2128 18 88 41 266 Not studied Not studied
Nolan - 2016°® 228/172 Mean: 63.8 Mean: 65.3 Total: 1730,Median: 5.9 Total: 637,Median: 2.4 8 200 2 200 1 200 0 200
Ryu - 2019°! 330/100 Mean: 55.64 Mean: 55.3 Total: 2227, Median: 20, Total: 2626,Median: 7,  Not studied Not studied 13 97 24 333

Mean: 23 Mean: 7.9
Wilson - 201336 283/289 Mean: 55 Mean: 55 Median: 16 Median: 5 36 413 2 141 12 413 2 141
Total 116 955 71 899 27 811 31 800
Cortelezzia - 2003%° 63/63 Median: 54 Median: 54 Total: 5920 Total: 699 18 70 14 137 Notstudied Not studied
Fracchiola - 20173%  1.5(PICC), 1(CVC) * Median: 57 Median: 52 Total: 48293, Median: Total: 9471, Median: 19, 38 464 441 97 464 285 441

76, Mean: 104 Mean:20
Refaei - 20160 386/277 Median: 55 Median: 50 Mean: 38 Mean: 98 82 338 41 325 16 338 33 325
Sakai - 2014*? 107/62 Mean: 61 Mean: 61.5 Total: 7321Median: Total: 4148Median: Not studied Not studied 9 101 22 148

53Mean: 72.4 25.5Mean: 28
Worth - 2008 38/28 Median: 56.2 Median: 56.2 Mean: 24.2 Mean: 18.8 14 75 2 31 12 75 6 31
Total 152 947 63 934 134 978 346 945

Abbreviations. YOP: Year of Publication, CLABSI: Central Line-Associated Blood Stream Infection, PICC: Peripherally Inserted Central Catheter, CVC: Central Venous Catheter C1:

*Male to female ratio for the PICC and the CVC groups.

Centre 1, C2: Centre 2
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Table C.3
Egger’s and Begg’s test . Table presenting the results of the Egger’s and
Begg's test assessing for publication bias.

Analysis Egger (Pvalue)  Begg (P value)
ICU Thrombosis 0.424 0.881

ICU CLABSI 0.492 0.142
Onco-Hematologic Thrombosis ~ 0.324 0.497
Onco-Hematologic CLABSI 0.09 1

Abbreviations. ICU: Intensive Care Unit, CLABSI: Central Line Associated
Blood Stream Infection

Appendix D

Fig. D.1

ICU Thrombosis
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Fig. D.1. L’Abbe plots for the visualization of heterogeneity. 1. Catheter-related thrombosis in the ICU group, 2. CLABSI in the ICU group, 3. Catheter-related thrombosis in the
Onco-hematologic group, 4. CLABSI in the Onco-hematologic group
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