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Abstract

Power-injectable peripherally inserted catheters (PI PICCs) have been used frequently in
community settings as they provide a reliable central venous access to infuse intravenous (1V)
infusates. However, these catheters can occlude. Thrombotic occlusion is the most frequent
complication of PICCs, which causes catheter dysfunction and health-related problems for
community-based IV infusion patients, and brings the additional economic cost to the health care
system. A retrospective cohort study was conducted to investigate the incidence rate and the
determinants of Pl PICCs at the Winnipeg Regional Health Authority (WRHA) Community IV
Program (CIVP) IV Infusion Clinics in Winnipeg, Manitoba.

Data was extracted from electronic patient charts housed in Accuro Electronic Medical Record
(EMR) at the WRHA CIVP IV Infusion Clinics. Survival analysis methods were used to analyze
data. Cox proportional hazards models were used to assess the association between thrombotic
occlusion and certain socio-demographic, clinical, insertion and Pl PICC-related characteristics.
The incidence rate of thrombotic PI PICC occlusion was 32 per 1,000 person-weeks

(95% CI: 25-43). After adjusting for IV antimicrobials, ambulatory drug delivery pump use, the
tip location of PI PICCs, and the number of PI PICC lumens, the hazard of thrombotic occlusion
for those P1 PICCs which received IV vancomycin was 5.8 times greater (95% ClI: 2.8-12.3).
The hazard of thrombotic occlusion was 5.1 times greater (95 % CI: 2.8-9.1) when
multiple-lumen PI PICCs used.

To reduce the incidence rate of thrombotic occlusion, single-lumen P1 PICCs should be used
whenever possible. Heparin lock may be used to lock multiple-lumen PI PICCs and when IV
vancomycin is infused. Further research with a greater sample size is needed to validate the

findings of this study.
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Chapter 1: Introduction

PICCs, including P1 PICCs, are widely used to provide central venous access for patients
requiring 1V infusions as they are easy to insert with fewer complications compared with other
central venous access devices (CVADSs) and easy to maintain by community-based nurses and
caregivers (Alport et al., 2012; Bard Access Systems, 2016; Camp-Sorrell et al., 2011; Lyons &
Phalen, 2014; Shrestha et al., 2016). With appropriate nursing care a PICC may remain in place
for up to one year (Dougherty & Lamb, 2009; Gabriel, 2011; Gorski & Czaplewski, 2004;
Hamilton & Bodenham, 2009). The first PICC was made from silicone and introduced on the
healthcare market in 1975(Hoshal, 1975). However, Pl PICCs have been available on the
healthcare market since 2007 (Sandrucci, 2014). Pl PICCs are made from polyurethane and have
more burst and tensile strength in comparison with silicone PICCs (Sandrucci, 2014).

Although PICCs provide a reliable central venous access for infusing 1V infusates, they can
occlude. Thrombotic occlusion is the most frequent complication of PICCs and causes catheter
dysfunction (Hardy & Ball, 2005; Moureau et al., 2002). Thrombotic PICC occlusion has a
significant negative impact on patients and their families, and it contributes to rising health care
costs (Bartock, 2010; Hardy & Ball, 2005; Hitchcock, 2016; Lyons & Phalen, 2014; Moureau et
al., 2002). Thrombotic occlusion is defined as obstruction of CVADs due to fibrin deposits in the
catheter lumen or at the tip, or around the external surface of these devices hampering drawing
blood and infusing 1V infusates (Alexander et al., 2010; Gorski, 2003; Gorski. et al., 2016;
Mattox, 2017; Weinstein, 2014). Thrombotic occlusion is responsible for catheter dysfunction,
which leads to unexpected hospital stays, emergency room visits, premature removal and

replacement of PICCs (Moureau et al., 2002; Rihn, 2001; van Miert et al., 2012).



Additional economic cost to the health care systems associated with the treatment of
thrombotic occlusions and PICC replacements are other negative consequences of thrombotic
occlusions (Baskin et al., 2012; Moureau et al., 2002; O'Brien et al., 2013).

Pl PICCs are frequently used at the WRHA CIVP IV Infusion Clinics in Winnipeg, Manitoba,
to provide IV antimicrobial infusion therapies to community-based IV infusion patients through
home visits and two community-based IV infusion clinics, namely Access Transcona and Lions
Place IV Infusion Clinics (Hoy, 2009). Lions Place IV Infusion Clinic was renamed as the
Misericordia IV Infusion Clinic as of October 2018. The WRHA CIVP receives patient referrals
from the inpatient units of the hospitals, emergency rooms and the offices of infectious diseases
specialists in Winnipeg, Manitoba.

Because thrombotic occlusion is a major cause for PICC dysfunction, and it is associated with
negative health consequences and additional economic cost to the health care systems, it is
important to understand the magnitude of the thrombotic occlusion problem and its determinants
in order to develop appropriate and cost-effective occlusion management and prevention
methods. Such information can result in improved clinical and system-wide interventions to
reduce thrombotic occlusion of PI PICCs.

The incidence rate of thrombotic occlusion of PI PICCs at the WRHA CIVP IV Infusion
Clinics has not been studied yet, and little is known about the clinical and other determinants of
thrombotic Pl PICC occlusions. This study addresses this gap by estimating the incidence rate
and investigating the determinants of thrombotic PI PICC occlusions at the WRHA CIVP IV

Infusion Clinics in Winnipeg, Manitoba.



Study Objectives

The purpose of this study is to estimate the incidence rate of thrombotic PI PICC occlusion
and to identify its determinants in adults aged 18 years and older who had a PI PICC inserted and
underwent IV antimicrobial infusion therapies at the WRHA CIVP 1V Infusion Clinics, Access
Transcona and Lions Place Clinics, between January 1, 2015 and December 31, 2017.

The specific objectives of this study are:
1. To estimate the incidence rate of thrombotic PI PICC occlusions at the WRHA CIVP IV
Infusion Clinics.

2. To understand socio-demographic, clinical, insertion and Pl PICC-related determinants of

thrombotic Pl PICC occlusions.

Summary and Organization of this Thesis

The information provided in this thesis is organized into five chapters. The introduction is
provided in chapter one. The literature review is provided in chapter two. Chapter three describes
the methods used in this research. Chapter four presents the results. A discussion of the results,

future research directions and policy recommendations are provided in the chapter 5.



Chapter 2: Literature Review

Articles published in English were collected by searching the computerized databases of
Medline (Ovid), Embase (Ovid), CINAHL, Scopus, Cochrane Library, Pubmed and Google
Scholar. Hand search of the bibliography of the selected articles was completed. The keywords
used for search were "power injectable peripherally inserted central catheters", "power injectable
picc”, "power piccs”, peripherally inserted central catheters”, "power injectable peripherally
inserted catheter occlusions”, "picc occlusions”, thrombotic picc occlusion” and “central venous
catheter". The basic details of the reviewed studies are provided in Table 1 in Appendix B.

The majority of the reviewed studies were randomized clinical trials (Alport et al., 2012;
Bowers et al., 2008; Deitcher et al., 2002; Lyons & Phalen, 2014; Ng et al., 2004; Pittiruti et al.,
2014; Ponec et al., 2001). Six of the reviewed studies were retrospective cohort studies (Barr et
al., 2012; Moureau et al., 2002; Pittiruti et al., 2012; Shrestha et al., 2016; Smith et al., 2017;
Williams, 2018), and two of them were prospective cohort studies (Grau et al., 2017; O'Brien et
al., 2013).

The majority of the reviewed studies were conducted in the USA (Bowers et al., 2008;
Deitcher et al., 2002; Lyons & Phalen, 2014; Moureau et al., 2002; Ng et al., 2004; Ponec et al.,
2001; Shrestha et al., 2016; Smith et al., 2017; Williams, 2018). Two of the studies were
conducted in the UK (Barr et al., 2012; van Miert et al., 2012), two of the studies were conducted
in Italy (Pittiruti et al., 2012; Pittiruti et al., 2014), and one of the studies was conducted in
France (Grau et al., 2017). Only two of the studies were conducted in Canada (Alport et al.,
2012; O'Brien et al., 2013).

The majority of the studies were conducted among adults aged 18 years and older (Alport et

al., 2012; Barr et al., 2012; Grau et al., 2017; Lyons & Phalen, 2014; Pittiruti et al., 2014;



Shrestha et al., 2016; Smith et al., 2017). However, some of the studies were conducted in both
pediatric and adult populations (Moureau et al., 2002; Pittiruti et al., 2012; Williams, 2018).

Use of Pl PICCs

P1 PICCs have been on the healthcare market since 2007 (Alport et al., 2012; Sandrucci,
2014). They are made from polyurethane and have more burst and tensile strength in comparison
with silicone PICCs (Bard, 2018; Poli et al., 2016; Sandrucci, 2014; Seckold et al., 2015).

PI PICCs are available as single and multiple-lumen catheters in different sizes such as 4 Fr, 5 Fr
and 6 Fr (Alexander et al., 2010; Bard, 2018). Some of those Pl PICCs are designed with an
intrinsic pressure-activated safety valve (PASV) technology, which prevents air flow into
patients' venous circulatory system (Alexander et al., 2010; Bard, 2018). For example,

Bard PowerPICC SOLO®? has three internal PASVs in the proximal hub of the device (Alport et
al., 2012). The larger PASV opens with minimal positive pressure during IV infusion whereas
the smaller two valves open with negative pressure during blood aspiration (Alport et al., 2012).
If PI PICCs are not in use, those PASVs remain closed and prevent air from entering into the
venous circulation (AngioDynamics, 2017). There are also Pl PICCs that have no intrinsic valves
in them, such as the Cook Turbo-Ject, so they need to be clamped to prevent air flow into the
venous circulation (Alport et al., 2012).

PI PICCs were initially introduced for use with high-pressure pumps or power injectors, for
infusing high-velocity contrast media in computed tomography scan and for other radiological
diagnostic procedures (Alport et al., 2012; Pittiruti et al., 2012). High-pressure pumps can
generate pressures as high as 300 psi (Pittiruti et al., 2012). P1 PICCs can tolerate that much

pressure whereas silicon PICCs cannot tolerate it (Pittiruti et al., 2012).



Today, PI PICCs are commonly used to infuse 1V infusion therapies such as IV antimicrobial
infusions, chemotherapy, blood products and total parenteral nutrition (TPN)
(Alport et al., 2012; Grau et al., 2017; Lim & Balasubramaniam, 2013). In addition to that, PI
PICCs are also used for blood sampling and infusing high-velocity contrast media in computed
tomography scan (Alport et al., 2012; Pittiruti et al., 2012). In community settings, Pl PICCs are
widely used in patients who need short and long term IV antimicrobial infusion therapies as well
as for blood sampling to perform laboratory tests and for computed tomography with contrast
media infusion (Gorski. et al., 2016; Lyons & Phalen, 2014).

Efficacy of PI PICCs

The literature review has shown that there were no studies conducted at community-based IV
infusion clinics in regards to efficacy and use of Pl PICCs. However, there were studies
conducted in hospitals and in outpatient units of hospitals. For instance, a prospective
randomized clinical trial comparing complication rates of two different brands of Pl PICCs,
Cook Turbo-Ject and Bard PowerPICC Solo2, in surgical patients of a hospital in Saskatchewan,
Canada, showed that they were effective and safe to use in patients who needed long term
venous access for administering 1V infusions (Alport et al., 2012).

In addition, a retrospective cohort study regarding PI PICC use in intensive care units in Italy
indicated that PI PICCs were safe to use for infusing high-flow 1V infusions > 1000 ml/hour
through an infusion pump as well as for infusing the contrast media for computed tomography
scan (Pittiruti et al., 2012). However, a prospective randomized controlled clinical study
investigating clinical performance of three different Pl PICCs including Bard Solo2, Xcela and
ProPICC in oncology patients of a hospital outpatient unit in Italy reported that three catheter
ruptures had occurred in Bard Solo2 group, (n=61), during IV chemotherapy infusion through an

infusion pump (Pittiruti et al., 2014).



Outpatient 1V Infusion Model

Alternative models for inpatient 1V infusion therapy, specifically for parenteral antimicrobial
therapy, have become a necessity since the last quarter of the twentieth century due to increased
health care costs and decreased number of hospital beds (Baker, 2016; Bernard et al., 2001;
Mitchell et al., 2017). The outpatient IV infusion model has been broadly accepted in countries
such as Canada, Australia, the UK and USA (Mitchell et al., 2017; Paladino & Poretz, 2010).
Outpatient IV antimicrobial infusion therapy has been done successfully in patients' homes in the
USA and Canada, including Winnipeg (Alexander et al., 2010; Stiver et al., 1978). In addition to
home care, community-based IV infusion clinics, hospital-based outpatient clinics and physician
offices are also alternative sites for providing IV antimicrobial infusion therapies to patients who
have infections such as cellulites, osteomyelitis, diabetic foot ulcers, urinary tract infections,
septic arthritis and pseudomonas infections (Owen, 2016).

In the past, IV infusion therapy was exclusively done by physicians in inpatient units of
hospitals (Alexander et al., 2010). However, this changed in 1940, and RNs became responsible
for initiating short peripheral IV lines and IV infusion therapies, blood transfusions and
venipuncture (Alexander et al., 2010). Today, IV infusion therapy is an essential part of RN's
clinical practice including PICC insertion and maintenance, PICC removal, and restoring the

patency of PICCs (Alexander et al., 2010; Gorski, 2003; Gorski. et al., 2016).



Epidemiology of Thrombotic PI PICC Occlusion

Thrombotic Pl PICC Occlusion

Thrombotic occlusion can be classified as withdrawal (partial) occlusion, and complete
occlusion (Alexander et al., 2010; Bartock, 2010; Baskin et al., 2012; Gorski. et al., 2016).
Withdrawal (partial) occlusion occurs if blood withdrawal is not possible from the CVAD due to
fibrin deposits at the catheter tip or in the catheter lumen after ruling out mechanical causes of
occlusion such as kinked or clamped tubing (Alexander et al., 2010; Gorski. et al., 2016;
Hitchcock, 2016; Weinstein, 2014). When withdrawal occlusion is present, there is no blood
return from the CVAD when it is aspirated, but the catheter lumen may still be flushed, and 1V
infusates may still be infused (Alexander et al., 2010; Gorski. et al., 2016; Weinstein, 2014).
If the catheter lumen completely occluded, flushing the catheter lumen and infusing IV infusates
are not possible, and this situation is defined as complete occlusion (Alexander et al., 2010;
Bowers et al., 2008; Gabriel, 2011; Gorski. et al., 2016).

Thrombotic occlusion of PI1 PICCs can lead to significant health problems among
community-based IV infusion patients (Lyons & Phalen, 2014; Moureau et al., 2002).
For instance, if fibrin deposit forms around the external surface of the catheter and coats its
entire exterior wall as a sheath, 1V infusates may flow retrograde along this sheath leading to
tissue necrosis or damage (Alexander et al., 2010). Thrombotic occlusion can also cause
pulmonary embolism and deep venous thrombosis (Chopra et al., 2013; Grau et al., 2017,
Hamilton & Bodenham, 2009; Hardy & Ball, 2005; Lyons & Phalen, 2014; van Miert et al.,
2012). Repeated PICC insertions related to premature loss of those catheters due to thrombotic
occlusion may cause vascular damage and scar tissues in the veins (Gonsalves et al., 2003).
Thrombotic occlusion also increases the risk of acquiring catheter-related blood stream

infections (Rihn, 2001; Williams, 2018). Delays and interruptions in IV treatment as a



consequence of thrombotic occlusion also increase the risk of further morbidity and can cause
significant emotional stress to the patients and their families (Hoffer et al., 1999; van Miert et al.,
2012). Thrombotic PICC occlusion also impairs patients’ quality of life due to prolonged IV
treatments and may cause anxiety (Bolton, 2013; Dougherty & Lamb, 2009). These occlusions
may lead to emergency room visits and unscheduled hospitalizations if the catheter function
cannot be restored (Moureau et al., 2002). In addition, IV antimicrobial infusion and blood
sampling for laboratory tests may not be possible when thrombotic occlusion is present
(Alexander et al., 2010; Gorski. et al., 2016).

Thrombotic occlusion is a major cause for catheter dysfunction (Moureau et al., 2002; van
Miert et al., 2012). Repeated emergency room and hospital visits, PICC replacements, and
interruptions in IV treatments due to thrombotic PICC occlusions create financial burden for
patients and their families (Bartock, 2010).

Thrombotic occlusion is treated by instilling a fibrinolytic agent such as tissue plasminogen
activator (TPA) in PICC lumens (Baskin et al., 2012; Deitcher et al., 2002; Ponec et al., 2001).
TPA binds to the fibrin and converts plasminogen to plasmin to activate fibrinolysis (Baskin et
al., 2012; Deitcher et al., 2002; Ponec et al., 2001). A typical intraluminal dose of TPA is
2mg/ 2 ml (Alexander et al., 2010; Baskin et al., 2012; Deitcher et al., 2002; Ponec et al., 2001).
TPA treatment can be safely used in community setting (Gorski, 2003). If catheter lumen cannot
be cleared, a second dose of 2 mg/ml may be administered (Baskin et al., 2012; Deitcher et al.,
2002; Ng et al., 2004; Ponec et al., 2001). If the catheter patency cannot be restored, it needs to
be replaced (Moureau et al., 2002). Restoring patency and reinsertion of PICCs brings additional
economic cost to the health care systems (Moureau et al., 2002; O'Brien et al., 2013; van Miert et

al., 2012). There was no Canadian study found in the literature evaluating TPA cost, but
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administering a typical treatment dose of 2 mg of TPA to restore catheter patency costs $ 80-116
in the USA (Baskin et al., 2012). If Pl PICCs get multiple thrombotic occlusions, TPA cost will
consequently increase. Although, there was no study found in the literature regarding cost of
PICC insertion in Manitoba, the total cost of a PICC insertion at McGill University Health
Centre in Quebec is $ 582.97 (O'Brien et al., 2013). Therefore, reinsertion of PICCs brings
additional costs of $ 582. 97 to the hospital and the provincial health care system

(O'Brien et al., 2013). When this cost is adjusted for the year of 2020, the cost of the insertion a
PICC is $ 650. This calculation of the price adjustment is based on the consumer price index in
Canada between 2014 and October 2020 (Statistics Canada, 2020).

In addition to the TPA use and the reinsertion of PICCs, thrombotic PICC occlusion-related
emergency room visits and hospitalizations bring extra economic cost to the provincial health
care systems. For example, in Manitoba, the average cost of an emergency department visit was
403 $in 2017 (Bernstein et al., 2019). The average cost of a hospitalization related to an
infection except viral meningitis was 4, 500 $ per case, and the average cost of cellulites was

2,373 $ per case between 2005/06 in Manitoba (Finlayson et al., 2009).

Incidence Rate of Thrombotic PI1 PICC

To the best of my knowledge, the incidence rate and determinants of thrombotic Pl PICC
occlusion at community-based IV infusion clinics have not been studied yet. However, several
retrospective cohort studies were conducted in the USA among home IV infusion patients who
had a PICC inserted for receiving 1V infusion therapies. One of these studies reported that the
incidence rate of thrombotic PICC occlusion was 0.40 per 1,000 catheter-days in patients who

received their IV infusions at home (Moureau et al., 2002). However, PI PICCs were not
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included in this study, and both pediatrics and adult patients were included in this study
(Moureau et al., 2002).

Another retrospective cohort study conducted in the USA found that the incidence rate of
PICC occlusion was 2.46 per 1,000 outpatient parenteral antimicrobial therapy-days in
community-based IV self-care (IVSC) patients (Shrestha et al., 2016). However, researchers did
not report if they included P1 PICCs in this study (Shrestha et al., 2016). Occurrence of
thrombotic PICC occlusion is expected to increase in the future since PICC use has been steadily

increasing for administering IV infusion therapies (Lyons & Phalen, 2014; Williams, 2018).

Predictors of Thrombotic PI PICC Occlusion

Studies have shown that several predictors were associated with thrombotic PICC occlusion.
For example, a retrospective cohort study conducted in the USA showed that insertion of PICCs
in the right arm was associated with smaller odds of thrombotic occlusion (Odds Ratio [OR] =
0.82, 95 % CI=0.72-0.94) compared to the left arm (Smith et al., 2017). Placing the tip of PICCs
at the cavoatrial junction was associated with reduction in thrombotic PICC occlusion
(OR=0.75, 95 % CI= 0.61-0.92) (Smith et al., 2017).

Smaller PICC gauge size was associated with greater odds of thrombotic occlusion in
bivariate analyses, but as a result of high collinearity with the number of lumens, only the
number of PICC lumens was included in multivariate analyses in the retrospective cohort study
conducted in the USA (Smith et al., 2017). This study also found that compared with
single-lumen PICCs, double and triple-lumen PICCs were associated with greater odds of
thrombotic occlusion (OR=3.12, 95 % Cl= 2.56-3.79; OR= 3.81, 95 % Cl= 2.94-4.94,

respectively) (Smith et al., 2017).
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Infusing IV vancomycin (OR=1.81, 95 % Cl= 1.57-2.07), piperacillin/tazobactam (OR=1.21,
95 % = 1.02-1.44) and cefepime (OR= 1.45, 95% CI=1.23-1.70) were associated with greater
odds of thrombotic PICC occlusion in the retrospective cohort study conducted in the USA
(Smith et al., 2017). A retrospective cohort study conducted in the UK fond that 1V flucloxicillin
was a strong predictor of central line events including thrombotic occlusion (OR= 3) (Barr et al.,
2012), however, the researchers did not report if Pl PICCs were included in this study.

Two randomized clinical trials conducted in the USA found that using normal saline (NS)
flush only to lock PICCs was one of the predictors of thrombotic occlusion (Bowers et al., 2008;
Lyons & Phalen, 2014), but this association was not statistically significant (Bowers et al., 2008;
Lyons & Phalen, 2014). In one of these studies, the saline-only flush group had the highest
percentage of thrombotic occlusion (25%) requiring fibrinolytic agent administration compared
to the high and low-heparin lock groups (9.4%, 10% respectively) (Lyons & Phalen, 2014).

In addition, the saline-only flush group had the highest percentage of additional nursing visits to
assess PICC occlusions (32.1%) compared to the high and low-heparin lock groups (15.6%,
13.3% respectively), and there were 17 of Pl PICCs included in this study (n=90)

(Lyons & Phalen, 2014). A secondary data analysis of this study showed that a longer PICC
dwell time was associated with thrombotic occlusion (Lyons & Phalen, 2014). In another
randomized clinical study conducted in the USA three PICC occlusions occurred in the NS flush
group compared to the heparin lock group (NS= 6%, HS= 0%), but this association was not
statistically significant (Bowers et al., 2008). A retrospective cohort study conducted in the USA
found that locking PICCs with 3 ml of heparin following a 10 ml of NS flush was associated
with significantly lower odds of thrombotic occlusion (OR= 0.53, 95% CI: 0.32-0.88) , and NS

flush was not associated with thrombotic occlusion in this study (Smith et al., 2017).
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Using split-septum neutral-displacement needleless connectors was also a predisposing factor
for thrombotic occlusion according to a retrospective cohort study conducted in the USA
(Williams, 2018). The incidence rate of thrombotic PICC occlusion was greater (Incidence Rate
[IR]: 1.46, 95 % CIl=0.35-1.25) when split-septum neutral-displacement needleless connectors
were used compared with solid-surface neutral-reflux needleless connectors (Williams, 2018).
A prospective cohort study conducted in France found that age > 65 was associated with
increased risk of thrombotic PICC occlusion (Grau et al., 2017).

Summary

In summary, Pl PICCs have been widely used in community-based IV infusion patients who
need a central venous access for short and long-term 1V antimicrobial infusion therapies as those
catheters provide a reliable central venous access (Alport et al., 2012; Camp-Sorrell et al., 2011,
Weinstein, 2014). With careful nursing care, PICCs can achieve a dwell time for up to one year
(Gabriel, 2011; Gallieni et al., 2008; Gorski & Czaplewski, 2004; Weinstein, 2014).

Although PI PICCs provide a reliable central venous access to infuse IV antimicrobials for
community-based IV infusion patients, thrombotic occlusion remains as a common problem
associated with their use. Literature review has shown that there was no study conducted to
investigate the incidence rate and determinants of thrombotic PI PICC occlusion at the
community-based IV infusion clinics. Therefore, this study will provide baseline thrombotic
occlusion data related to PI PICC use in adult population at the community-based IV infusion

clinics.



14

Chapter 3: Methods

Study Design

A retrospective cohort study design was conducted using data obtained through a chart review
from the electronic patient charts housed in the WRHA CIVP Accuro EMR with the approval of
the University of Manitoba Research Ethics Board and the WRHA Research Access and
Approval Committee. The retrospective cohort study design was suitable for this study as
historical data related to PI PICCs was available in Accuro EMR. In addition, a cohort study
allows the measurement of incidence rates (Gordis, 2014; Young, 2004).

Enrollment Period

The enrollment period was from January 1, 2015 to December 31, 2017. This enrollment
period was chosen to obtain the necessary number of patients for adequately-powered analysis.
A priori, the study sample was calculated as minimum of 246 subjects to get enough power for
this study.

Inclusion Criteria

Patients residing in Winnipeg, Manitoba, who were 18 years of age and over at the index date
and who had a Pl PICC inserted to receive an IV antimicrobial infusion therapy at the WRHA
CIVP 1V Infusion Clinics between January 1, 2015 and December 31, 2017 were included in this
study. The index date was the date of insertion of a Pl PICC. In total, 383 electronic patient
charts received from the WRHA Community Services Information System Unit. Of these, 97
patients were excluded from the study as they did not meet the inclusion criteria. Details
regarding reasons for exclusion from the study are presented in Table 2 in Appendix B. For

example, 45 of the home IV patients excluded from this study because they had paper-based
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charts in their homes, and this study was based on reviewing electronic patient charts housed in
the WRHA CIVP Accuro EMR. As a result, 286 patients were included in the analysis.

Data Sources

Electronic patient charts housed in the WRHA CIVP Accuro EMR were used as the data
source. Accuro EMR has been widely used in community-based and outpatient clinics in Canada
and elsewhere (Accuro Electronic Medical Records, 2020; Canada Health Infoway, 2013), and it
is a useful tool for conducting research as it holds recent and past patient medical records
(Canada Health Infoway, 2013; Ghany & Keshavjee, 2015). On the other hand, data quality and
the validity of nursing and other documents entered in the WRHA CIVP Accuro EMR have not
been studied yet. However, nursing resource coordinators at the WRHA CIVP have been
performing regular nursing chart audits to evaluate quality and completeness of the clinical
nursing data.

Healthcare professionals at the WRHA CIVP IV Infusion Clinics including RNs, infectious
diseases specialists and clinical pharmacists have been using Accuro EMR since 2013 to
document patient care. Accuro EMR captures patient demographics including age, sex and postal
codes in the demographics section (Accuro EMR User Guide, 2019). Clinical assistants enter
information related to the patient demographics and their clinic appointments in Accuro EMR.

Daily nursing clinical flow sheets are housed in Accuro EMR and contain rich information
related to PI PICC characteristics including their type, number of lumens, gauge size, tip
location, vein and arm used for Pl PICC placement, number of NS flushes used to flush
PI PICCs and their removal date. Those clinical flow sheets also have a standard vascular access
device assessment section, which is filled out by RNs when they provide patient care.

Those nursing clinical flow sheets also contain information regarding ambulatory drug delivery

pumps, if IV infusions administered by RNs or patients themselves and blood withdrawal from
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the PI PICCs for laboratory tests. They also contain data regarding thrombotic PI PICC occlusion
including the type of those occlusions. In addition to the clinical flow sheets, nursing clinical
notes also contain information regarding PI PICC occlusions.

Vascular access details forms housed in Accuro EMR contain information regarding Pl PICC
characteristics and their insertion dates. These forms are filled out by RNs who insert PI PICCs
at the hospitals and are faxed to the WRHA CIVP.

Nursing health assessment forms are also housed in Accuro EMR and contain medical history
of patients including current diagnosis and co-morbidities.

Type, dose, frequency and duration of the current and past 1V antimicrobial infusion therapies
are found in the medication section housed in Accuro EMR. When RNs administer
IV infusion therapies, they sign off for the related medication in the medication section.

Data Extraction

The candidate extracted the following information from 286 electronic patient charts housed

in Accuro EMR using a custom Microsoft Access Database.

Socio-demographic Data

Including the date of birth, sex, and the six-digit postal codes were extracted from the
demographics section. The postal codes were not recorded in the data extraction form as they
were only used to find out the corresponding socio-economic factor index-2 (SEFI-2) scores

from the MCHP-based SEFI-2 list (Manitoba Centre for Health Policy, 2019).

Co-morbidity
Data pertaining to diabetes mellitus was extracted from nursing health assessment forms.
These forms are standard nursing forms and are completed using information provided by the

patients during initial health assessment.



17

Clinical Data

The type and frequency of IV antimicrobial infusions administered to the patients were
extracted from medication sections; however, data was not collected related to the type of the
infections. Frequency of blood withdrawal, information regarding 1V infusion administration
(RNs vs. patient administration), the number of NS flushes and information regarding
ambulatory pump use were extracted from daily nursing clinical flow sheets. Data related to
thrombotic Pl PICC occlusion was extracted from daily nursing clinical flow sheets and the

nursing notes.

Pl PICC-related Data

The number of lumens, the gauge size and the tip location were extracted from nursing daily
flow sheets and from vascular access details forms. Information regarding line maintenance of Pl
PICCs was extracted from the nursing clinical flow sheets. The insertion date of PI PICCs was
extracted from vascular access details forms, and the removal date of them was extracted from
the nursing clinical flow sheets. The insertion and removal date of Pl PICCs were used to

calculate the total dwell time of Pl PICCs.

P1 PICC Insertion-related Data
Vein and arm used for P1 PICC placement, and the tip location of Pl PICCs were extracted

from the daily nursing clinical flow sheets and the vascular access details forms.

Outcome: Thrombotic PI PICC Occlusion
Thrombotic PI PICC occlusion was identified if it was documented in daily nursing flow
sheets or in nursing clinical notes as “withdrawal occlusion” or “complete occlusion.” When a

patient had more than one thrombotic PI PICC occlusion, only the first event was counted.



18

Covariates

The following covariates were selected for the analyses based on the literature review and

biological plausibility.

Socio-demographic Covariates

A retrospective cohort study evaluating complications of different types of vascular access
devices in IVSC patients in the USA showed that younger age and female sex were associated
with more vascular access device complications including device occlusions (Shrestha et al.,
2016). A prospective cohort study conducted among hospital patients in France found that
age > 65 was associated with thrombotic PICC occlusion (Grau et al., 2017). Therefore, age and
sex were included in this study as covariates to be assessed.

The association between socio-economic status (SES) of individuals and their health has been
well established in the literature, and SES is one of the important social determinants of health
(Ecob & Davey Smith, 1999; Mustard et al., 1997; Wilkinson & Marmot, 2003; World Health
Organization, 2008). It has been widely accepted that people’s health status is related to their
SES (Government of Canada, 2006; Marmot & Allen, 2014; World Health Organization, 2008).
For instance, men who have a higher income live six years longer than men who have low
incomes in Canada (Government of Canada, 2006). In addition, men in higher income groups
can have fourteen more disability-free years compared to men in lower income groups; and
women in higher income groups are expected to have eight more disability-free years compared
to women in lower income groups in Canada (Government of Canada, 2006). Furthermore,
people in low-income groups are more likely to have poor health compared to people in higher

income groups (Government of Canada, 2006). Therefore, SES was included in this study as a
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covariate to be assessed. To the best of my knowledge, the association between SES and
thrombotic Pl PICC occlusion was not assessed in the literature.

Neighbourhood-based SEFI-2 scores were used for this study as a proxy measure of SES.
The SEFI-2 was developed and validated at the Manitoba Centre for Health Policy (MCHP)
(Manitoba Centre for Health Policy, 2019). The SEFI-2 is defined as “a factor score derived
from Canadian Census data that reflects non-medical social determinants of health and used as a
proxy measure of SES” (Manitoba Centre for Health Policy, 2019). SEFI-2 < 0 indicates more
favourable socioeconomic conditions and SEFI-2 > 0 indicates less favourable conditions
(Manitoba Centre for Health Policy, 2019). The MCHP-based SEFI-2 list was obtained from the
MCHP, which contains the postal codes and corresponding SEFI-2 scores. However, the
limitation of this list is that it does not contain new postal codes (C. Burchill, personal

communication, March 21, 2019).

Co-morbidity

Diabetes mellitus was included in this research to assess if it was associated with thrombotic
P1 PICC occlusion because the current literature shows that diabetes is associated with increased
activation of platelets, clotting factors and denser fibrin clots (Carr, 2001; Dunn et al., 2005;
Schafer, 1985; Vazzana et al., 2012). In addition to that, the incidence and prevalence of diabetes
mellitus is higher among First Nations in Manitoba compared to all other Manitobans (Manitoba
Centre for Health Policy, 2020). The risk of having type 2 diabetes is 3.5 times higher among
First Nations in Manitoba compared to all other Manitobans (Manitoba Centre for Health Policy,

2020).



20

According to the Canadian census in 2016, Winnipeg has the largest Indigenous population in
Canada including First Nations (Statistics Canada, 2016). Although we don’t have the proportion
of First Nations who receive IV antimicrobial infusion therapies at WRHA CIVP on hand, they
receive IV antimicrobial therapies at the program. Therefore, it is important include diabetes in
the analyses as a covariate. The current literature shows that there is also association between
obesity and thrombotic events (Blokhin & Lentz, 2013; Samad & Ruf, 2013). However, obesity
was not included as covariate in this research because the height of the patients in this cohort was
not available in the patient charts for the body mass index calculation.

To the best of my knowledge, the association between diabetes mellitus and thrombotic Pl PICC

occlusion at the community-based IV infusion clinics was not assessed in the literature.

Clinical Covariates

Type of 1V Antimicrobial Agents. IV antimicrobial agents including antibiotics, antifungals
and antiviral agents were included in this study as the existing literature demonstrates that IV
antimicrobial infusions including antibiotics, antifungals and antiviral infusions are associated with
vascular access device occlusions among community-based 1VSC patients
(Barr et al., 2012; Smith et al., 2017). Thus this variable was also included in this study.
To the best of my knowledge, the association between IV antimicrobials and thrombotic Pl PICC
occlusion at the community-based IV infusion clinics was not assessed in the literature.

For this study, type of 1V antimicrobial agents identified if the prescription of an IV
antimicrobial was found in the medication section housed in Accuro EMR.

Frequency of Blood Withdrawal from Pl PICC. Deposition of the blood components in a
CVAD lumen can lead to thrombotic occlusion (Alexander et al., 2010; Dougherty & Lamb,

2009; Lyons & Phalen, 2014). Therefore, this variable was included in this study to assess if the
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frequency of blood withdrawal was associated with thrombotic PI PICC occlusions. The routine
blood work is done once a week at the WRHA 1V infusion clinics to review the complete blood
count, the kidney function and the serum levels of IV antimicrobials such as vancomycin trough.
To the best of my knowledge, the association between the frequency of blood withdrawal from
PI PICCs and thrombotic occlusions at the community-based IV infusion clinics was not
assessed in the literature.

For this study, the frequency of blood withdrawal from P1 PICCs was identified if the weekly
blood withdrawal was documented in the daily nursing clinical flow sheets housed in Accuro
EMR.

Number of NS Flushes. A randomized clinical trial comparing flushing protocols in
community-based patients who had PICCs showed that when PICCs were locked with the NS
flush only, they had a higher incidence of thrombotic occlusion requiring a fibrinolytic treatment
when compared the PICCs locked with heparin (Lyons & Phalen, 2014), but this association was
not statistically significant.

The NS flush in this study refers to the 10 ml syringe of sterile pre-filled preservative free NS
flush. It is used to flush P1 PICC lumens before, after and between 1V infusions, and after
drawing blood from PI PICCs for laboratory tests. For this study, if the PI PICCs were flushed
with only one 10 ml syringe of NS is counted as one flush. If the multiple flushes were used to
flush the PI PICCs, it is recorded in the spread sheet accordingly.

Method of 1V Infusion Administration. In the UK, there was no association found between
IVSC and thrombotic occlusions among community-based IVSC patients (Barr et al., 2012).

However, the association between RN versus IVVSC administration of IV antimicrobials and the
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thrombotic Pl PICC occlusion at the community-based IV infusion clinics was not assessed in
the literature. Therefore, this variable was also included in this study to be assessed.

RNs provide 1V antimicrobial infusion therapies to the patients at the WRHA CIVP IV
Infusion Clinics. In addition to that, patients or their caregivers may administer IV antimicrobial
infusions in their homes after they get trained by the RNs at the IV infusion clinics. When the
patients or their caregivers administer IV infusions in their homes, those patients are classified as
IVSC patients. For this study, IVSC was identified if it was documented in the daily nursing
clinical flow sheets or in nursing notes that the patients or their caregivers had received training
from the RNs and were sent home with their IV antimicrobial medications and IV supplies.

When the RNs provide IV antimicrobial infusion therapy at the IV infusion clinics, they sign
off for that specific IV antimicrobial medication in the medication section and fill out a new
daily nursing flow sheet in Accuro EMR. For this study, if the RNs signed off the medication
section and filled out the daily nursing flow sheets, it was identified that the RNs had infused the
IV antimicrobial infusions.

Ambulatory Drug Delivery Pump Use. To the best of my knowledge, the association
between ambulatory drug delivery pump use and the thrombotic P1 PICC occlusion was not
assessed in the literature. Therefore, this variable was included in this study. Nurse clinicians at
the WRHA 1V Infusion Clinics observe thrombotic PI PICC occlusions when IV antimicrobials
are infused through ambulatory pumps, especially when IV Cloxacillin is infused. Thus, it is
important to include ambulatory drug delivery pump use in the study as a covariate.

Ambulatory drug delivery pumps are used to deliver continuous IVVantimicrobial infusions to

the patients at the WRHA 1V Infusion Clinics. These pumps are connected to the patients’
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PI PICCs until the course of IV antimicrobial infusion therapy is completed. Patients carry their
pumps with them when they are on continuous 1V infusion therapies. Those Pl PICCs which are
connected to the ambulatory drug delivery pumps are flushed only once a day after 1V bag
change, and they are also flushed after drawing blood from them for the laboratory tests.

For this study, ambulatory drug delivery pump use was identified if it was documented in the
nursing daily flow sheets that the patients were using ambulatory drug delivery pumps to receive

their 1V antimicrobial infusions.

Pl PICC Related Covariates

Number of Lumens and Gauge Size. The current literature demonstrated that double and
triple-lumen PICCs were associated with thrombotic occlusions compared with
single-lumen PICCs (Smith et al., 2017). Hence, number of lumens was also included in this
study to be assessed.

Gauge size is defined as external diameter of a PICC (Alexander et al., 2010; Dougherty &
Lamb, 2009). The external diameter can be expressed as gauge or French such as 23 gauge or 2
French. For this study, French sizes were used to express the gauge size of PI PCCs.

The number of PI1 PICC lumens was identified if they were documented in daily nursing clinical
flow sheets and vascular access details forms.

Dwell Time. In the secondary data analysis of a randomized clinical study in the USA
demonstrated that longer catheter dwell time was associated with thrombotic PICC occlusion
(Lyons & Phalen, 2014). Hence, dwell time of the PI PICCs was also included in this study to be
assessed. For this study, dwell time of PI PICCs was defined as the total number of days that
Pl PICCs remained in patients’ central vein until they were removed. The insertion and removal

date of PI PICCs were used to calculate the dwell time of PI PICCs in this study.
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Line Maintenance. To the best of my knowledge, the association between line maintenance
and thrombotic PI PICC occlusion was not assessed in the literature. Hence, line maintenance
was also included in this study. When the course of an IV antimicrobial infusion therapy is
completed at the WRHA CIVP, a Pl PICC may be kept in place for up to 90 days for potential
use again (WRHA, 2013). This situation was described as line maintenance in the WRHA
Nursing Procedures Manual (WRHA, 2013). For this study, line maintenance was identified if it

was documented in daily nursing clinical flow sheets or in nursing notes.

Insertion-related Covariates

Vein Used for Pl PICC Placement. To the best of my knowledge, the association between
vein used for Pl PICC placement and thrombotic occlusion was not assessed in the literature.
Hence, this variable was also included in this study to be assessed. The common veins used for
PICC insertion are the cephalic, the basilic or the median cubital veins of the antecubital fossa
(Dougherty & Lamb, 2009; Gorski. et al., 2016; Hamilton & Bodenham, 2009). Vein used for
PI PICC placement was identified if it was documented in daily nursing clinical flow sheets and
in vascular access details forms.

Arm Used for Pl PICC Placement. When the right arm was used for PICC insertion, it was
associated with decreased odds of thrombotic occlusion compared with the left arm
(Smith et al., 2017). Hence, this covariate is also included in this study. Arm used for Pl PICC
placement was identified if it was documented in daily nursing clinical flow sheets and in
vascular access details forms.

Tip Location of PI PICC. The tip of a PICC can be located at the superior or inferior vena
cava, or at the cavoatrial junction (Gorski. et al., 2016; Hamilton & Bodenham, 2009). The

existing literature showed that tip location other than cavoatrial junction was associated with
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thrombotic occlusion (Smith et al., 2017). Hence, this variable was also included in this study to
investigate if there is an association. Tip location of Pl PICCs in this study was identified if it
was documented in daily nursing flow sheets and in vascular access details forms.

Statistical Methods

The follow-up time for the study cohort was measured from the index date to the date at
which thrombotic PI PICC occlusion or discharge from the 1V infusion clinics occurs, or until
the study end date. The discharge reasons from the WRHA CIVP IV Infusion Clinics were as
follows: Patients completed the course of IV antimicrobial therapy, patients were transferred to
their homes to receive their IV infusion therapies from a visiting RN, patients were transferred to
the hospitals or to the CancerCare Manitoba, and patients were lost to follow-up. The discharge
date for the patients who were lost to follow-up was established according to the date of their last
IV clinic visit.

Al statistical analyses were conducted by using Stata® version 16 statistical software.

The descriptive analyses were conducted first to identify characteristics of the cohort and study
variables. The incidence rate of thrombotic Pl PICC occlusion was calculated as per 1,000
person-weeks.

10% cut off was used for missing data because if missing data are greater than 10%, the
results of the statistical analyses may be biased (Bennett, 2001; Dong & Peng, 2013), and for this
reason, the dwell time of P1 PICCs was excluded from the Cox proportional-hazards analyses as
the amount of missing data related to this variable was 21 %. In order to calculate the dwell time,
the insertion and removal date of the Pl PICCs are needed. However, the insertion and removal
date of the PI PICCs were not in the patients’ charts due to following reasons: The insertion and

removal dates of Pl PICCs were not recorded in the patients’ charts, patients were transferred to
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their homes to receive their IV infusion therapies from a visiting RN, patients were transferred to
the hospitals or to the CancerCare Manitoba, and patients were lost to follow-up.

Survival analysis methods were used for data analyses. Cox multivariate proportional-hazards
analysis was conducted to assess the association between thrombotic Pl PICC occlusion and
certain socio-demographic, clinical, insertion and P1 PICC-related characteristics.

The Kaplan-Meier survival curves were generated to estimate the median survival time of
PI PICCs. The interaction analyses were also conducted to identify the potential effect modifiers;

however, due to small sample size of the study these analyses could not be performed.

Adjustment for Confounding

The multivariate stratified Cox proportional-hazards models were used to adjust for the
potential confounders. A causal directed acyclic graph (DAG) was used to choose variables to
include in the final model. The DAG approach especially used to choose variables for including
in the final model because it reduces biased estimate (Shrier & Platt, 2008).

Based on the DAG, the following variables were included in the final model to adjust for
potential confounding: 1V antimicrobials, ambulatory drug delivery pump use, the tip location of

P1 PICCs and the number of Pl PICC lumens.

Statistical Power and Sampling

A priori sample size calculation was conducted by using the Epitools epidemiological
calculator (Epitools-Epidemilogical Calculators, 2019). This calculation was based on the
sample size of 246. With the sample size of 246 cases and assuming a Type | error rate = 0.05,
the study would have sufficient power (80 %) to measure the incidence of thrombotic occlusion
of P1 PICCs. A two- tailed significance test method was used. The statistical significance was

defined as p < 0.05.
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The convenience sampling method was used to select patients for this retrospective chart
review study. The convenience sampling method is the most common and practical method used
in retrospective chart review studies, and it is especially suitable for the smaller sample sizes
(Gearing et al., 2006; Matt & Matthew, 2013). In convenience sampling method, patients are
selected over a specific time period (Gearing et al., 2006; Worster & Haines, 2004). Patients who
received the IV antimicrobial infusion therapies at the WRHA CIVP IV Infusion Clinics between
January 1, 2015 and December 31, 2017 were selected for this study.

Ethical Considerations

This research received ethics approval by the University of Manitoba Health Research Ethics
Board (HREB) and the WRHA Research Access and Approval Committee,

(Ethics # HS22585, H 2019:067). The documents of the ethical approvals are presented in
Appendix A.

There was no individual and institutional conflict of interest to be disclosed to the ethics
boards. During the data extraction process, the PHINS, the postal codes, the first names and last
names of the patients were not collected. The patients were not contacted or interviewed. Patient
consent was not needed as this study was based on the electronic chart review. De-identified
patient data was retained in the secure environment of the University of Manitoba Vaccine and

Drug Evaluation Centre.



Chapter 4: Results

Descriptive Analyses

Characteristics of the Cohort and Covariates

Socio-demographic Characteristics. The characteristics of the cohort are presented in
Table 3 in Appendix B. The average age of the patients was 52 years (standard deviation (SD)
16), and the median age was 54 years. Most patients were males (52%) and had less favorable
SEFI-2 scores, (SEFI > 0), (55%). About 35% of the patients had diabetes mellitus.

Clinical Characteristics. The most frequently used IV antimicrobial agent was
IV ceftriaxone (51%) followed by ertapenem (22%) and vancomycin (13%). A smaller
proportion of the patients (9%) received other IV antimicrobial infusions as follows: acyclovir,
amikacin, cefazolin, ceftazidim, Cipro, Daptomycin, flucanazole, foscarnet, meropenem,
micafungin, tobramycin, penicillin and piperacillin/tazobactam.

About 97% of the patients had blood withdrawal done once a week for laboratory tests.

The majority of the patients received IV antimicrobial infusions from RNs (81%). All of the
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IVSC patients infused their 1V antimicrobial infusions by themselves. Only a smaller proportion

of the patients received their IV antimicrobial infusions through an ambulatory drug delivery
pump (6%).

About 95% of PI PICCs were flushed with 10 millilitres of NS before administering
IV infusions whereas about 92% of them were flushed with 10 millilitres of NS after IV
infusions. A smaller proportion of PI PICCs received more than one NS flushes after 1V
infusions (8%). About 97% of P1 PICCs were flushed with two syringes of 10 millilitres of NS

after withdrawing blood from them.
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Insertion-related Characteristics. The majority of PI PICCs was inserted in the right arm
(68%) and in the basilic vein (75%). Missing data related to these characteristics was only 1%.
More than half of the catheter tips were located at the cavoatrial junction (53%), and only 2% of
the data was missing related to the tip location of PI PICCs.

Pl PICC-related Characteristics. The majority of Pl PICCs were single-lumen catheters
(84%), and their gauge size was 4, which is the larger size. The rest of the PI PICCs were
multiple-lumen catheters (16%) with the gauge size of 5. All of the PI PICCs’ brand name was
Bard PowerPICC Solo, which has three internal pressure-activated safety valves in it.

40% of PI PICCs had the dwell time < 40 days whereas 39% of them had longer dwell time,

and 21% of the dwell time was unknown. About 24 % of the Pl PICCs had line maintenance.

Outcome

Thrombotic PI PICC Occlusion. Details of thrombotic PI PICC occlusion are presented in
Table 3 in Appendix B. A total of 51 (18%) of the PI PICCs which were placed in patients
developed thrombotic occlusion. The average age of these patients was 51.5 years (SD: 15) while
the median age was 54 years. The proportion of thrombotic occlusion was smaller (14%) in
patients aged > 65 compared to the other age groups. A greater proportion of males (19%) had
thrombotic occlusion compared to females (16%). The proportion of thrombotic occlusion did
not differ significantly in patients who had more or less favorable SEFI-2 scores (18 %, 17%
respectively). Only 2% of the SEF-2 scores were missing as those were belonged to the recently
built areas in Winnipeg, Manitoba. About 19% of diabetic patients had thrombotic occlusion.

Half of the patients who received IV cloxacillin infusion developed thrombotic PI1 PICC

occlusion. About 43% of the patients received IV vancomycin developed thrombotic occlusion
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followed by ertapenem (16%). The proportion of thrombotic Pl PICC occlusion was significantly
lower (9%) in patients received IV ceftriaxone.

About 18% of the patients who had blood withdrawal from their P1 PICCs had thrombotic
occlusion. IVSC patients had a higher proportion of thrombotic occlusion (22 %) compared to
the patients received their IV infusions from RNs (17%). Half of the PI PICCs connected to the
ambulatory pumps had thrombotic occlusion.

About 62% of the Pl PICCs had thrombotic occlusion when they were not flushed with
10 milliliters of NS before 1V antimicrobial infusions, and these Pl PICCs were connected to the
ambulatory pumps for continuous IV infusions. However, only 16% of them occluded when they
were flushed with one or more 10 milliliters of NS before infusions. When the Pl PICCs were
flushed with one 10 milliliters of NS after infusion, only 14 % of them occluded. About 31% of
the PI PICCs occluded when they were flushed with two of 10 milliliters of NS between
infusions. 18% of the P1 PICCs occluded when they were flushed with two of 10 milliliters of
NS after blood withdrawal. Only 16% of PI PICCs occluded when they were on line
maintenance.

When the left arm was used for insertion, 20 % of Pl PICCs occluded compared to the right
arm (17%). A greater proportion of the PI PICCs occluded when the brachial vein was used for
insertion (24%) compared to the basilic (17%) and the cephalic vein (16%). A higher proportion
of PI1 PICCs occluded (24%) when their tips were located at the cavoatrial junction compared to
the superior vena cava (12 %).

The majority of multiple-lumen P1 PICCs (53%) occluded compared to the single-lumen
P1 PICCs (11%). A greater proportion of the Pl PICCs (31%) occluded when the dwell time of

the PI PICCs > 40 days compared to the dwell time <40 days (7 %).
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Incidence Rate of Thrombotic P1 PICC Occlusion

The stratified incidence rates are presented in Table 4 in Appendix B. A total of 51 Pl PICCs
developed thrombotic occlusion, and the total follow-up time was 1,573 person-weeks.

Almost all of the thrombotic occlusions were withdrawal occlusions; there was only one
complete occlusion. The incidence rate of thrombotic PI PICC occlusions was 32/1,000
person-weeks (95% ClI: 25-43).

The incidence rate of thrombotic Pl PICC occlusion was higher among 51-64 year-olds
(Incidence rate [IR]: 39/1,000; 95% ClI: 25-61) whereas it was the lowest among patients > 65
years (IR: 21/1,000; 95% ClI: 11-39). Males had higher incidence rate
(IR: 38/1,000; 95% CI: 26-54) compared to females (IR: 27/1,000; 95% CI: 18-42).

The incidence rate did not significantly differ in patients who had more or less favorable SEFI-2
scores, in diabetics and non-diabetics.

Some of the IV antimicrobials had the highest incidence rate of thrombotic Pl PICC occlusion.
For example, the incidence rate for IV cloxacillin was 163/1,000; (95% CI: 78-341) followed by
vancomycin (IR: 133/1,000; 95% CI: 82-218). However, the incidence rate was lower for
IV ceftriaxone (IR: 18/1,000; 95% CI: 10-30) and ertapenem (IR: 19/1,000; 95% CI: 10-35).

The incidence rate remained higher when P1 PICCs were connected to the ambulatory pumps
(IR: 151/1,000; 95% CI: 75-301) and when RNs provided IV antimicrobial infusions
(IR: 34/1,000; 95% Cl: 25-47).

The incidence rate of thrombotic occlusion was higher when the left arm and the brachial vein
were used for PI PICC insertion (IR: 40/1,000; 95% CI: 25-63) and (IR: 55/1,000; 95% CI. 29-

106), respectively.
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When the tip of the Pl PICCs was located at the cavoatrial junction the incidence rate was
greater (IR: 42/1,000; 95% CI: 30-58) compared with the superior vena cava (IR: 23/1,000; 95%
Cl: 14-38).

Multiple-lumen P1 PICCs had a higher incidence rate of thrombotic occlusion
(IR=89/1,000; 95% CI: 60-131) compared with single-lumen P1 PICCs (IR=20/1,000; 95% CI:
14-30). When PI PICCs were on line maintenance the incidence rate remained lower
(IR=19/1,000; 95% CI: 11-35) compared with the Pl PICCs which were not on line maintenance

(IR= 40/1,000; 95% Cl: 29-54).

Survival Time of the PI1 PICCs

The survival time of the PI1 PICCs are presented in the Kaplan-Meier curves in Appendix B.
The median survival time of the Pl PICCs was about 8 weeks for IV vancomycin and was
5 weeks for cloxacillin. The survival curves of 1V vancomycin and cloxacillin crossed over, but
it is difficult to assess the significance of this finding due to the small number of events (see
Figure 1 in Appendix B).

The median survival time of the single-lumen P1 PICCs was longer (39 weeks) compared
with multiple-lumen catheters (4 weeks). The survival time of PI PICCs was shorter (4 weeks)
when they were connected to the ambulatory drug delivery pumps for continuous IV infusions.
In addition, the survival time of the PI PICCs was shorter (21 weeks) when their tips were

located at the cavoatrial junction compared with the superior vena cava.
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Univariate Cox Proportional Hazards Analysis

Association between Certain Socio-economical, Clinical, Insertion and Pl PICC-related
Characteristics and Thrombotic P1 PICC Occlusion

The crude hazard ratios are presented in Table 5 in Appendix B. Without adjustment for other
covariates, 1V cloxacillin and vancomycin, multiple-lumen PI PICCs, cavoatrial junction and
ambulatory drug delivery pump use were associated with thrombotic PI PICC occlusion.

The hazard of thrombotic occlusion for those Pl PICCs which received 1V cloxacillin was
about 7.3 times higher (95% CI: 2.9-18.3) compared with IV ceftriaxone. For IV vancomycin the
hazard of thrombotic occlusion was 6.8 times higher (95%CI: 3.3-14.1) compared with
ceftriaxone.

Multiple-lumen P1 PICCs had about 6.2 times greater hazard (95% CI: 3.6-10.8) compared to
single-lumen P1 PICCs. The hazard of thrombotic occlusion for those PI PICCs which were
connected to ambulatory drug delivery pumps was 3.9 times higher (95% ClI: 1.8-8.3) compared
with PI PICCs which were not connected to the pumps. Compared with the superior vena cava,
the hazard of thrombotic occlusion was about 2.2 times higher (95% CI: 1.2-4) when the tip of
PI PICCs were located at the cavoatrial junction.

Adjusted Cox Proportional Hazards Analysis

Association between Certain Clinical, Insertion and PlI PICC-related Characteristics and
Thrombotic Pl PICC Occlusion
After adjustment for select confounders, the adjusted hazard ratios of thrombotic P1 PICC

occlusion are presented in Table 6 in Appendix B. IV vancomycin and the multiple-lumen
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PI PICCs were associated with thrombotic PI PICC occlusion after adjusting for select
confounders including 1V antimicrobials, ambulatory drug delivery pump use, tip location and
number of lumens. The hazard of thrombotic occlusion for those PI PICCs received
IV vancomycin was 5.8 times higher (95% CI: 2.8-12.3), and for multiple-lumen PI PICCs it was
5.1 times higher (95% CI: 2.8-9.1).

Infusion of IV cloxacillin, (HR: 3.3, 95% CI: 0.4-28.5), ambulatory pump use (HR: 1.3, 95%
Cl: 0.2-8.9), and the tip location of cavoatrial junction (HR: 1.8, 95% CI: 1.0-3.5) was associated
with a higher hazard of thrombotic PI PICC occlusion, but these associations were not

statistically significant.
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Chapter 5: Discussion

In the present retrospective cohort study, IV vancomycin and multiple-lumen
PI PICCs were associated with thrombotic Pl PICC occlusion. These findings are consistent with
the existing literature as the same associations found in a retrospective cohort study examining
factors associated with PICC occlusions among hospitalized adults in the USA
(Smith et al., 2017). In that USA study, the tip position of PICCs at the cavoatrial junction was
associated with a lower risk of thrombotic occlusion (Smith et al., 2017). Conversely, in the
present study, the cavoatrial junction was associated with a higher hazard of thrombotic
occlusion, but this association was not statically significant. The majority of the PICCs were
power injectable in that study (91.1%), and the sample size of their study was greater, which was
13, 408 (Smith et al., 2017). However, their cohort consisted of hospitalized adult patients who
were receiving care at intensive care units and general medicine wards (Smith et al., 2017).
Hospitalized patients are different from community-based patients. For example, patients who
receive care at intensive care units are critically ill patients and their care needs are complex
(Goodridge et al., 2010).They may need multiple 1V fluid therapies, IV blood transfusions, and
thrombolytics (Cathala, 2018; Goodridge et al., 2010). On the other hand, community-based
patients are well enough to stay home and ambulate to IV infusion clinics to receive their IV
infusion therapies. Thus, different findings between the present study and the other studies
conducted among hospitalized patients could be related to the difference between the
hospitalized and community-based patients.

In the UK, a retrospective cohort study investigating predictors of IV access device
complications among community-based IVSC and clinic patients found that IV flucloxicillin was

associated with greater odds of thrombotic PICC occlusion, however, these researchers did not
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report if PI PICCs were included in this study (Barr et al., 2012). Similarly, in the present study,
IV cloxacillin was associated with a higher hazard of thrombotic occlusion, but this association
was not statistically significant. However, at the WRHA 1V Infusion Clinics nurses frequently
observe thrombotic PI PICC occlusions when 1V cloxacillin is infused through an ambulatory
drug delivery pump. 1V flucloxacillin and cloxacillin are both penicillinase-resistant agents
(Lilley et al., 2005).

In France, a prospective cohort study examining PICC-related complication rates in hospital
and outpatient settings found that age > 65 years was associated with thrombotic PICC occlusion
(Grau et al., 2017). However, those researchers did not report if PI PICCs were included in that
study. Conversely, in the present study, there was no association found between age and
thrombotic occlusion. Those researchers included IV chemotherapy, TPN, and blood
transfusions as covariates in their study. However, the present study assessed only IV
antimicrobial infusions if they were associated with thrombotic Pl PICC occlusion. The sample
size of their study consisted of 192 PICCs, which is smaller than the sample size of the present
study.

In the present study, there was no association found between the SES, line maintenance, vein
used for PI PICC insertion, ambulatory drug delivery pump use and thrombotic P1 PICC
occlusion. To the best of my knowledge, the previous studies in the literature did not assess these
covariates.

In the present study, there was no association found between sex, diabetes mellitus, arm used
for P1 PICC insertion, and thrombotic occlusion. Similarly, there was no association found
between sex, diabetes mellitus, and thrombotic occlusion of PICCs in the existing literature.

However, in the USA, insertion of PICCs in the right arm was associated with smaller odds of
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thrombotic occlusion in a retrospective cohort study examining factors associated with PICC
occlusion (Smith et al., 2017).

In the present study, the incidence rate of thrombotic PI PICC occlusion was 32/1,000
person-weeks (4.6/1,000 person-days). This incidence rate was higher compared with other
studies in the literature. For example, in the USA, the incidence rate of thrombotic occlusion of
PICCs reported as 0.40/1,000 catheter-days in community-based patients (Moureau et al., 2002).
On the other hand, this incidence rate in that USA study was not based on Pl PICCs as those
devices were not available in the market when that study was conducted. In addition to that, their
study cohort was different from the present study’s cohort as it consisted of both pediatric and
adult patients. Another USA study investigating vascular access complications during
IV antimicrobial therapy in community-based IVSC patients reported that the incidence rate of
PICC occlusions was 2.46/1,000 outpatient parenteral antimicrobial therapy-days (Shrestha et al.,
2016). However, the researchers did not report if PI PICCs were included in their study (Shrestha
etal., 2016).

Strengths and Limitations

To the best of my knowledge, the present study is the first study to explore the incidence rate
and determinants of thrombotic PI PICC occlusion at the community-based IV infusion clinics.
Thus, the present study fills a gap in the literature and provides baseline thrombotic occlusion
data related to P1 PICC use in the adult population at the community-based IV infusion clinics.
This study has provided findings that enhance our understanding related to the determinants of
thrombotic P1 PICC occlusion at the community-based IV infusion clinics. This is especially
important as the use of PICCs has been steadily increasing to infuse IV infusion therapies in the

community-based settings (Moureau et al., 2002; Williams, 2018).
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Another strength of this study is that the study subjects had already been assembled in Accuro
EMR. Consequently, it was less time consuming to conduct this study. The majority of the
patient and Pl PICC-related data were available in Accuro EMR. Potential confounding bias was
controlled by using the Cox multivariable proportional-hazards analysis model.

Despite the present study’s strengths and its important contribution to the literature, it has
some limitations. For example, the retrospective design can be a source of bias. For instance, a
chart review containing the past EMRs was done to collect data. However, these records were
not originally documented for research purposes. Thus, information in the electronic patient
charts may be not accurate, and this situation can lead to the recall bias which is a common
problem in observational studies. There is also no randomization was involved at the design
stage of this study. For instance, allocation of exposures was not random in this study. Although
multivariable data analysis approach was used to control confounding, without randomization
there is still a possibility of confounding bias in this study.

There is also limitation related to the sampling strategy. The convenient sampling method,
which is the most common sampling method for the chart review studies, was used to select the
electronic patient charts. For example, the patients’ charts between January 1, 2015 and
December 31, 2017 were selected as they were easily available. However, this method may
cause bias as not every chart had an equal chance to be selected (i.e. charts between 2008 and
2017).

In addition, the losses to follow-up may introduce bias if their exposures differ from those
patients’ who remained in the study. Another potential source of bias is the SEFI-2 scores.

The SEFI-2 scores are not the individual level data; they are based on the geographical areas.
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Therefore, using the SEFI-2 scores a proxy measure of the SES may cause residual confounding
and bias. Due to the amount of missing information, the dwell time could not be included in the
analyses. Therefore, the missing dwell time may also be a source of residual confounding and
bias. Split-septum neutral-displacement needleless connectors are among the predictors of
thrombotic occlusion of PICCs. Because the type of the needleless connectors is not documented
at the patients’ charts, no data was collected on this potential confounder. Thus, there might be
residual confounding in the study.
Another limitation of this study is that its small sample size, which was 286. Therefore, the
estimates of the present study may be less reliable than the studies based on a larger sample size.
All of the PI PICCs in this study consisted of Bard PowerPICC Solo, which has pressure-
activated safety valves in it. Therefore, the study results may be generalizable to all Pl PICCs
which have pressure-activated safety valves in them. However, the study sample consisted of
Manitoba population, which may limit the generalizability of the study findings.
Policy Recommendations

Despite some limitations of this research, the study results allow policymakers to develop the
evidence-based interventions to reduce the incidence rate of thrombotic PI PICC occlusion.
For example, multiple-lumen PI PICCs were associated with thrombotic occlusions in the
present study and the literature. Thus, single-lumen PI PICCs should be inserted for the
community-based IV infusion patients whenever possible. There is currently no hospital policy
indicating insertion of single or multiple-lumen PICCs for the community-based 1V infusion
patients in Winnipeg, Manitoba. Sometimes the decision regarding single or multiple-lumen
PICC insertion is based on the PICC supply on hand. Hence, policy change should be made to

guide nurses to insert single-lumen P1 PICCs for those community-based IV infusion patients.
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Some of the previously hospitalized patients are admitted to the WRHA CIVP 1V Infusion
Clinics with their multiple-lumen P1 PICCs inserted. Because multiple-lumen P1 PICCs were
associated with thrombotic occlusions in the present study and in the current literature, a policy
change regarding heparin lock use for multiple-lumen PI PICCs may be considered to prevent
further thrombotic P1 PICC occlusions as the current literature indicates that using a heparin lock
following a NS flush was clinically significant to reduce thrombotic PICC occlusions (Bowers et
al., 2008; Lyons & Phalen, 2014). For instance, a policy change may be done to use 300 units of
heparin for locking multiple-lumen P1 PICCs as a previous randomized clinical trial conducted
among hospitalized patients in the USA showed that there was no PICC occlusion occurred when
PICCs were locked with 300 units of heparin, however, this association was not statistically
significant (Bowers et al., 2008). Similarly, another randomized clinical trial conducted among
community-based IV infusion patients in the USA found that when PICCs were locked with 300
units of heparin, the number of RN visits to assess thrombotic PICC occlusions and fibrinolytic
use to restore the patency of these devices decreased, however, this association was not
statistically significant (Lyons & Phalen, 2014). In addition, the heparin lock may also be used
whenever 1V vancomycin is infused through P1 PICCs as IV vancomycin was also associated
with thrombotic occlusions in the present study and current literature.

Currently, PI PICCs are locked with only NS at the WRHA CIVP, and there is no nursing policy
to use heparin lock following a NS flush. Only non valved tunneled central venous catheters and
implanted ports are locked with 300 to 500 units of heparin at the WRHA CIVP.

Implementing these policies will lead to improved health outcomes for community-based
IV infusion patients and provide economical benefits for the provincial health care system in

Manitoba. For instance, the risk of tissue damage due to retrograde flow of IV infusates, the risk
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of pulmonary embolism and the deep vein thrombosis may decrease. In addition, the risk of
vascular damage and scar tissues related to repeated PICC insertions and the risk of acquiring
catheter-related blood stream infections may decrease. The risk of further morbidity related to
delayed and interrupted 1V antimicrobial treatments may decline as well. Patient anxiety related
to delayed, prolonged and the interrupted IV treatments may decline, and the quality of life of the
patients may improve as well.

In addition, the healthcare costs related to the repeated hospital visits to see a PICC nurse for
TPA administrations and replacing Pl PICCs may decrease when we implement those policies
which were mentioned above. For instance, the current literature indicates that the cost a typical
treatment dose of 2 mg of TPA to restore catheter patency is $ 80-116 in the USA, and the total
cost of a PICC insertion at McGill University Health Centre in Quebec is 582.97 Canadian
Dollars. To the best of my knowledge, there is no study in the literature with regards to
evaluating the cost of a TPA administration in Canada and a PICC insertion in Manitoba.

Future Research Directions

To the best of my knowledge, this study is the first to investigate the incidence rate and
determinants of thrombotic P1 PICC occlusion at the community-based IV infusion clinics.
Although this study contributes to the existing literature, further research with a greater sample
size is needed to validate the findings of this study and to assess why IV vancomycin is

associated with thrombotic Pl PICC occlusion.
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Table 1

Appendix B: Tables and Figures

Thrombotic PI PICC Occlusion Literature Basic Study Details

52

Author(s) Study Objective Number Study Study Study Design Study
of Setting Location Population
Patients
Ponec et al.(2001) To assess efficacy of Alteplase in 150 Hospital USA RCT Adults
CVADs
Deitcher et al, (2002) To assess safety and efficacy of 997 Multicenter USA RCT Pediatrics,
Alteplase in CVADs Adults
Moureau et al. (2002)  To investigate complications CVADs 50,470 Community USA Retrospective Pediatrics,
Cohort Adults
Ng et al. (2004) To assess safety and efficacy of 995 Multicenter USA RCT Pediatrics,
Alteplase in PICCs Adults
Bowers et al. (2008) To compare occlusion rates by 102 Hospital USA RCT Adults
flushing solutions
Alport et al. (2012) To compare PICC complications 53 Hospital Canada RCT Adults
Barr et al. (2012) To investigate complications CVADs 830 Community UK L Retrospective Adults
IVSC and Cohort
Clinic

Note. CVAD = Vascular access device; IVSC = Intravenous self care; PICC = Peripherally inserted central catheters; RCT= Randomized

clinical trial.



Table 1 (Continued)

Thrombotic PI PICC Occlusion Literature Basic Study Details

53

Author(s) Study Objective Number  Study Study Study Design Study
of Setting Location Population
Patients
van Miert et al. (2012)  To review efficacy of fibrinolytic 632 Singleand UK SR & MA Pediatrics,
agents Multicenter Adults
Pittiruti et al. (2012) To assess complications of Pl PICCs 89 Intensive Italy Retrospective Pediatrics,
Care Unit Cohort Adults
O’Brien et al. (2013) To compare complications in single 4,030 Hospital Canada  Prospective Not
and double-lumen PICCs, cost analysis PICCs and Cohort reported
Outpatient
Lyons & Phalen. (2014) To compare flushing protocols 90 Community USA RCT Adults
Pittiruti et al. (2014) To compare valved and non-valved 180 Hospital Italy RCT Adults
PI PICCs
Shresta et al. (2016) To investigate vascular access 1,461 Community USA Retrospective Adults
complications Cohort
Grau et al. (2017) To assess PICC-related complications 192 Hospital France Prospective Adults
PICCs Cohort
Smith et al. (2017) To assess PICC occlusions 13,408 Hospital, USA Retrospective Adults
Multicenter Cohort
Williams (2018) To compare PICC occlusions 720 Community USA Retrospective Pediatrics,
associated with needless connectors Cohort Adults

Note. PICC = Peripherally inserted central catheter; PI PICC = Power injectable peripherally inserted central catheters;
RCT = Randomized clinical trial; SR&MA = Systematic review and meta analysis.



Table 2

Reasons for Exclusion from the Study

54

Reason for Exclusion from the Study

Number of Excluded

Receiving IV Infusion at Home 45
Not PI PICC 7
Short Peripheral 1V Line 3
Line Maintenance at the Index Date 7
Patient Did not Attend 3
Patients Younger than 18 Years 11
Not Residing in Winnipeg 10
Admitted in 2014 4
Never Admitted 3
Thrombotic Occlusion During Admission 4
Total Excluded 97

Note. Pl PICC = Power injectable peripherally inserted central catheter;
Line maintenance = P1 PICC is not in use for administering IV antimicrobial infusion.



Table 3

Study Covariates
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Socio-demographic Covariates

Age

Sex

SEFI-2

Co-morbidity

Diabetes Mellitus

Clinical Covariates

IV Antimicrobials

Frequency of Blood Withdrawal

Number of NS Flushes

IV Infusion Administration (RN vs. IVSC)

Ambulatory Drug Delivery Pump Use

Insertion-related Covariates

Vein Used for Pl PICC Placement

Arm Used for Pl PICC Placement

Tip Position of PI PICC

Pl PICC-related Covariates

Number of Lumens and Gauge Size

Dwell time of Pl PICCs

Line Maintenance
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Table 4

Number (%) of Thrombotic PI PICC Occlusions According to Certain Socio-economic, Clinical,
Insertion and P1 PICC-related Characteristics

Cohort Thrombotic PI PICC Occlusion
Number % Number %
Overall 286 100% 51 18%
Age (years)
18-50 120 42% 21 18%
51-64 96 34% 20 21%
>65 70 24% 10 14%
Mean (SD) 52 (16) 51.5 (15)
Median (Q1-Q3) 54 (40-64) 54 (39-63)
Sex
Male 150 52% 29 19%
Female 136 48% 22 16%
SEFI-2
More Favorable 123 43% 22 18%
Less Favorable 157 55% 27 17
Unknown 6 2% 2 33%
Diabetes 99 35% 19 19%
Intravenous Antimicrobials
Ceftriaxone 146 51% 13 9%
Ertapenem 64 22% 10 16%
Vancomycin 37 13% 16 43%
Cloxacillin 14 5% 7 50%
Other 25 9% 5 20%
Frequency of Blood Work
Once a Week 276 97% 51 18%
Blood work Not Done 10 3% 0 0%
IV Infusion Administration
Registered Nurse 231 81% 39 17%
Patient 55 19% 12 22%
Ambulatory Pump Use 16 6% 8 50%
NS Before Infusion
One or More Flushes 273 95% 43 16%
No Flush 13 5% 8 62%

Note. Pl PICC = Power injectable peripherally inserted central catheter; SD = Standard deviation;
Q1-Q3 = The first and third Interquartile range; SEFI-2 = Socio-economic factor index-2;

IV = Intravenous; Other IV Antimicrobials = Acyclovir, Amikacin, Cefazolin, Ceftazidime, Cipro,
Daptomycin, Flucanazole, Foscarnet, Meropenem, Micafungin, Penicillin, Piperacillin/Tazobactam,
Tobramycin; NS = Normal saline.
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Table 4 (Continued)

Number (%) of Thrombotic PI PICC Occlusions According to Certain Socio-economic,
Clinical, Insertion and Pl PICC-related Characteristics

Cohort Thrombotic PI PICC Occlusion
Number % Number %

Overall 286 100% 51 18%
NS Flush After Infusion

One Flush 263 92% 38 14%

Other 22 8% 12 55%

Unknown 1 0% 1 100%
NS Flush Between Infusions

Two Flushes 39 14% 12 31%

No Flush 247 86% 39 16%
NS Flush After Blood Work

Two Flushes 277 97% 51 18%

Unknown 9 3% 0%
Pl PICC Maintenance 68 24% 11 16%
Arm Used

Right 194 68% 33 17%

Left 90 31% 18 20%

Unknown 2 1% 0 0%
Vein Used

Basilic Vein 215 75% 37 17%

Brachial Vein 37 13% 9 24%

Cephalic Vein 32 11% 5 16%

Unknown 2 1% 0 0%
Tip Location

Superior Vena Cava 128 45% 15 12%

Cavoatrial Junction 151 53% 36 24%

Unknown 7 2% 0 0%
Number of Lumens

Single (Gauge 4, Larger) 239 84% 26 11%

Multiple (Gauge 5, Smaller) 47 16% 25 53%
Dwell Time (Days)

<40 114 40% 8 7%

>40 111 39% 34 31%

Unknown 61 21% 9 15%

Note. PI PICC = Power injectable peripherally inserted central catheter; NS = Normal saline;

Pl PICC Maintenance = Pl PICC is not in use for intravenous infusion anymore;

Dwell time = Total time since insertion in which Pl PICC remained in patient’s vein; NS flush after
infusion other= 2, 3 or 5 flushes; Dwell Time Unknown = Due to following reasons the dwell time
could not be calculated: The insertion and removal dates of Pl PICCs were unknown, patients were
transferred to their homes to receive their IV infusion therapies from a visiting RN, patients were
transferred to the hospitals or to the CancerCare Manitoba, and patients were lost to follow-up.
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Table 5

Number and Incidence Rate (per 1,000 person-weeks) of Thrombotic PI PICC Occlusion by Certain
Socio-economic, Clinical, Insertion and P1 PICC-related Characteristics

Incidence Rate

Number Total person-weeks (95% CI)

Overall 51 1,573 32 (25-43)
Age (years)

18-50 21 593 35 (23-54)

51-64 20 508 39 (25-61)

>65 10 472 21 (11-39)
Sex

Male 29 772 38 (26-54)

Female 22 801 27 (18-42)
SEFI- 2

More Favorable 22 684 32 (21-49)

Less Favorable 27 874 31 (21-45)
Diabetes

No 32 974 33 (23-46)

Yes 19 599 32 (20-50)
IV Antimicrobials

Ceftriaxone 13 740 18 (10-30)

Ertapenem 10 526 19 (10-35)

Vancomycin 16 120 133 (82-218)

Cloxacillin 7 43 163 (78-341)

Other 5 145 34 (14-83)
IV Infusion Administration

Registered Nurse 39 1,143 34 (25-47)

Patient 12 430 28 (16-49)
Ambulatory Pump Use

No 43 1,520 28 (21-38)

Yes 8 53 151 (75-301)
Pl PICC Maintenance

No 40 1,008 40 (29-54)

Yes 11 565 19 (11-35)

Note. PI PICC = Power injectable peripherally inserted central catheter; IV = Intravenous,

Cl = Confidence interval; SEFI-2 = Socio-economic factor index-2, IV Antimicrobials Other =
Acyclovir, Amikacin, Cefazolin, Ceftazidime, Cipro, Daptomycin, Flucanazole, Foscarnet,
Meropenem, Micafungin, Penicillin, Piperacillin/Tazobactam, Tobramycin;

P1 PICC Maintenance = PI PICC is not in use anymore for intravenous infusion.
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Table 5 (Continued)

Number and Incidence Rate (per 1,000 person-weeks) of Thrombotic PI PICC
Occlusion by Certain Socio-economical, Clinical, Insertion and Pl PICC-related
Characteristics

Incidence Rate

Number Total person-weeks (95% CI)

Arm Used

Right 33 1,112 30 (21-42)

Left 18 456 40 (25-63)
Vein Used

Basilic Vein 37 1,296 29 (21-39)

Brachial Vein 9 163 55 (29-106)

Cephalic Vein 5 109 46 (19-110)
Tip Location

Superior Vena Cava 15 657 23 (14-38)

Cavoatrial Junction 36 857 42 (30-58)
Number of Lumens

Single (Gauge 4, Larger) 26 1,292 20 (14-30)

Multiple (Gauge 5, Smaller) 25 281 89 (60-131)

Note. Pl PICC = Power injectable peripherally inserted central catheter; Cl = Confidence interval.
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Crude Hazard Ratio (95% confidence interval) of the Association between Certain Socio-economic,
Clinical, Insertion and Pl PICC-related Characteristics and Thrombotic Pl PICC Occlusion

HR (95% CI) p-value

Age (years)

18-50 ref.

51-64 1.1 (0.6-2.1) 0.663

>65 0.7 (0.3-1.5) 0.374
Sex

Male ref.

Female 0.9 (0.5-1.5) 0.594
SEFI-2

More Favorable ref.

Less Favorable 1.1 (0.6-1.8) 0.861
Diabetes

No ref.

Yes 0.9 (0.5-1.7) 0.841
IV Antimicrobials

Ceftriaxone ref.

Ertapenem 1.4 (0.6-3.3) 0.412

Vancomycin 6.8 (3.3-14.1) <0.001

Cloxacillin 7.3 (2.9-18.3) <0.001

Other 2.2 (0.8-6.3) 0.138
IV Infusion Administration

Registered Nurse ref.

Patient 0.9 (0.5-1.8) 0.840
Ambulatory Pump Use

No ref.

Yes 3.9 (1.8-8.3) <0.001

Note. PI PICC = Power injectable peripherally inserted catheter; IV = Intravenous,

IV Antimicrobials Other = Acyclovir, Amikacin, Cefazolin, Ceftazidime, Cipro, Daptomycin,
Flucanazole, Foscarnet, Meropenem, Micafungin, Penicillin, Piperacillin/Tazobactam, Tobramycin;
SEFI-2 = Socio-economic factor index 2.

p <0.05.



Table 6 (Continued

Crude Hazard Ratio (95% confidence interval) of the Association between Certain
Socio-economical, Clinical, Insertion and Pl PICC-related Characteristics and

Thrombotic Pl PICC Occlusion

HR (95% CI) p-value

Pl PICC Maintenance

Yes ref.

No 1.8 (0.9-3.5) 0.102
Arm Used

Right ref.

Left 1.2 (0.7-2.1) 0.541
Vein Used

Basilic Vein ref.

Brachial Vein 1.7 (0.8-3.4) 0.179

Cephalic Vein 1.1 (0.4-2.9) 0.815
Tip Location

Superior Vena Cava ref.

Cavoatrial Junction 2.2 (1.2-4.0) 0.011
Number of Lumens

Single (Gauge 4, Larger) ref.

Multiple (Gauge 5, Smaller) 6.2 (3.6-10.8) <0.001

Note. PI PICC = Power injectable peripherally inserted catheter; PI PICC Maintenance = Pl PICC is

not in use for IV infusion anymore.

p <0.05.
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Table 7

Adjusted® Hazard Ratio (95% confidence interval) of the Association between Certain Clinical,
Insertion and P1 PICC-related Characteristics and Thrombotic P1 PICC Occlusion

HR (95% CI) p-value

IV Antimicrobials

Ceftriaxone ref.

Ertapenem 1.0 (0.4-2.5) 0.924

Vancomycin 5.8 (2.8-12.3) <0.001

Cloxacillin 3.3 (0.4-28.5) 0.272

Other 1.9 (0.6-5.9) 0.268
Ambulatory Pump Use

No ref.

Yes 1.3 (0.2-8.9) 0.822
Tip Location

Superior Vena Cava ref.

Cavoatrial Junction 1.8 (1.0-3.5) 0.067
Number of Lumens

Single (Gauge 4, Larger) ref.

Multiple (Gauge 5, Smaller) 5.1 (2.8-9.1) <0.001

Note. PI PICC = Power injectable peripherally inserted catheter; IV = Intravenous.
& Adjusted by the covariates listed in the table.

p <0.05.



Figure 1

Survival Time of Pl PICCs by the type of IV Antimicrobials
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Figure 2

Survival Time of Pl PICCs by Ambulatory Pump Use

Occlusion-free Proportion

Ambulatory Pump Use

64

1.00+

0.754 |

0.50

0.25

0.00

0 10 20

30

Time Since Insertion (weeks)

Mo

Yes

40



Figure 3

Survival Time of Pl PICCs by the Tip Location
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Figure 4

Survival Time of Pl PICCs by the Number of PI PICC Lumens
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