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Abstract

ABSTRACT
Central venous catheters (CVC) are vital for patients receiving chemotherapy not
compatible with peripheral infusion. Thousands of centrally and peripherally inserted central venous catheters are inserted into patients with cancer each year.
All types of intravascular catheters are associated with complications. These
complications may be divided into infectious, thrombotic, mechanical and occlusive events. All of these events have the potential to harm patients and cause additional expense for the health-care system. Furthermore, the above-mentioned
complications are largely avoidable through proper patient selection, insertion
technique, hygiene precautions and catheter maintenance.

Catheter-related infections and deep venous thrombosis are the two most common and feared CVC related complications. Infection in a catheter can cause lifethreatening bacteraemia, and thrombosis can lead to pulmonary embolisation,
post-thrombotic syndrome and stenosis of the vessel affected. Many studies describing methods to minimise infectious complications associated with central
venous catheters have been carried out. These methods appear to have been implemented in most modern advanced healthcare facilities resulting in a continual
decrease in catheter-related infections over the last two decades. New implantation techniques, fewer infections and better catheter materials are likely to have
contributed to the reduction in the incidence of catheter-related deep venous
thrombosis (CR-DVT). Peripherally inserted central venous catheters (PICC) and
subcutaneously implanted vascular access ports (PORT) are two very commonly
used catheter devices for delivery of chemotherapy. International guidelines are
unclear as to which device to choose due to the paucity of controlled trials.

The aim of this thesis was to study complications related to central venous access
devices used over long periods of time, usually for the delivery of chemotherapy.
1
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We prospectively studied PORT complications (Study 1) over a six-month follow-up period. In Study 2, we assessed the number of common CVC-related micro-organisms that are transferred across PORT membrane contaminated by a
controlled suspension of micro-organisms when a non-coring access needle is
inserted using two different techniques. In the largest randomised controlled trial
published on this topic (Study 3), we compared PICC with PORT regarding CRDVT and other catheter-related complications. The economic implications of
using PICC or PORT were assessed from health-care system´s perspective
(Study 4), using data on adverse events and clinical factors (implantation, treatments and dwell-time) from Study 3.

Chemotherapy against various forms of cancer is very common. Implantation of
PORT is one of the ten most common surgical procedures in Sweden according
to the Swedish Perioperative Register. Hence, the topic in this thesis may be clinically relevant to many patients and their health care providers.

We found that the incidence of catheter-related blood stream infection was very
low in the cohorts studied. In general, PICCs are associated with significantly
more CR-DVTs and adverse events than PORTs. The cost to the health-care system when using PICC is higher than for PORT when complications are included.
Given the choice, patients about to commence chemotherapy appear to prefer
PORT to PICC. PORT implantation is more painful than PICC insertion, but
PICC appears to influence activities of daily life more than PORT.
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SVENSK SAMMANFATTNING
En central venkateter (CVK) är en mjuk slang vars spets mynnar i en stor ven
inne i bröstkorgen. Centrala venkatetrar är nödvändiga för patienter som får cellgiftsbehandling mot cancer.
De CVKer som i störst utsträckning används inom svensk cancervård är så kallade Perifert Inlagd Central Venkateter (PICC) och venport (PORT). En PICC
läggs in via en ven på överarmen och hänger ut ca en decimeter från insticksstället på överarmen. En PORT läggs in via en ven på halsen eller under nyckelbenet
och är kopplad till en liten dosa under huden som läggs på bröstkorgen nedanför
nyckelbenet.
De två vanligaste komplikationerna till CVK-användning är infektion eller blodproppsbildning i anslutning till katetern. Båda komplikationerna kan leda till allvarliga sjukdomstillstånd (blodförgiftning eller blodpropp i lungan). Det har publicerats flera studier som visar att man med goda rutiner framgångsrikt kan förebygga blodförgiftning med stor framgång. Dessa metoder är på de flesta håll daglig rutin inom svensk sjukvård. Nya inläggningsmetoder, bättre skötsel, färre infektioner och modernt katetermaterial har även lett till en minskad förekomst av
blodproppsbildning runt katetern.
Det finns i nuläget inga studier som säkert avgör vilken CVK som lämpar sig
bäst vid cellgiftsbehandling. Detta gäller såväl funktionsduglighet, komplikationsrisk och kostnader men även hur varje enskild patient upplever sin CVK.
Syftet med denna avhandling har varit att studera förekomsten av komplikationer
som kan uppstå när man använder en CVK under lång tid för cellgiftsbehandling
och att jämföra komplikationer och kostnader mellan PORT och PICC. I det
första arbetet studerades 249 patienter med PORT under sex månader. I det andra
arbetet studerade vi risken att föra in bakterier i en PORTs injektionskammare
med den nål som sticks igenom huden in i kammaren. Studien genomfördes i en
3
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laboratoriemiljö genom att nålen stacks in i kammaren efter att kammaren preparerats med olika mängder av bakterier och svampar i olika koncentrationer. I arbete tre och fyra jämfördes PICC och PORT genom att nästan 400 patienter som
skulle få cellgiftsbehandling lottades till ett av systemen och därefter följdes upp
avseende blodproppsbildning runt kateter och andra komplikationer (Studie 3).
Utifrån samma patientergrupp beräknades även hälso-sjukvårdskostnader förknippade med användning och komplikationer av PICC och PORT (Studie 4).

Resultaten visar att risken för blodförgiftning vid användandet av en PORT var
0,8 % i studie 1 och 1,0 % i studie 3, och vid användandet av en PICC 0 % i studie 3. I jämförelse med internationella studier är detta mycket låga siffror, och det
var ingen statistiskt säkerställd skillnad i studie 3 mellan PICC och PORT. Vidare

kunde vi i laboratoriemiljö konstatera att väldigt få bakterier och svampar som
fanns på PORT-kammarens utsida transporterades in i kammaren vid nålsättning.
Man kunde ytterligare minska överföringen genom att spola koksalt i nålen under
nålsättningen.

Det viktigaste fyndet i avhandlingen var att blodpropp drabbade 8 % av patienterna med en PICC motsatt till 1 % av patienterna med PORT, vilket statistiskt
gav en 10 gånger högre risk för blodproppsbildning för PICC. Det visade sig
också att PICC generellt hade fler komplikationer (22,4 %) än PORT (13,1 %)
vilket gjorde att de totala kostnaderna för PICC-användning var större än för
PORT (7883 SEK mot 6332 SEK per katetersystem och 63 SEK mot 29 SEK per
kateterdag). Patienterna upplevde att det gjorde mer ont att få en PORT inlagd
jämfört med en PICC. Däremot angav patienter med PORT deras kateter påverkade det vardagliga livet mindre jämför med de som hade PICC.
Sammanfattningsvis visar avhandlingen att användning av PICC och PORT vid
cellgiftsbehandling är förenat med få fall av blodförgiftning men att antalet blodproppar som PICC orsakar är betydligt större än för PORT vilket bör beaktas när
man väljer CVK till en patient inför cellgiftsbehandling.
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ABBREVIATIONS
5-FU

5 – fluorouracil

AL

Antimicrobial lock

APC

Activated prothrombin complex

AV

Arteriovenous (fistula)

CFU

Colony-forming unit

CICC

Centrally inserted central catheter

CoNS

Coagulase negative staphylococci

CRBSI

Catheter-related blood stream infection

CR-DVT

Catheter related deep venous thrombosis

CRI

Catheter-related infection

CT

Computed tomography

CVC

Central venous catheter

EUR

Euro

HAI

Healthcare-associated infection

HCW

Health-care worker

IJV

Internal jugular vein

ITT

Intention-to-treat

LMWH

Low molecular weight heparin

MRS

Michigan Risk Score

NIM

Needleless injection membrane

NRS

Numeric rating scale

PE

Pulmonary embolism

PICC

Peripherally inserted central catheter

PORT

Subcutaneous venous port (= TIVAD, = SVP)
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Abbreviations

PP

Per-protocol

PVC

Peripheral venous catheter

RCT

Randomised controlled trial

SCV

Subclavian vein

SEK

Swedish krona

SIRS

Systemic inflammatory response system

SVP

Subcutaneous venous port (=TIVAD, =PORT)

T-CVC

Tunnelled-central venous catheter

TIVAD

Totally implanted vascular access port (=SVP = PORT)

TNTC

Too numerous to count

UEDVT

Upper extremity deep vein thrombosis

US

Ultrasound

VAD

Vascular access device

VKA

Vitamin K Antagonist

VTE

Venous thrombo-embolism
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INTRODUCTION
Overview
The venous system of the upper limb, neck and thorax
Superficial veins of the upper limb include the cephalic, basilic, median cubital
and additional antebrachial veins and their tributaries.1
The cephalic vein usually forms in the “anatomical snuff box” and runs along the
radial aspect of the forearm ascending the upper arm in a groove lateral to the
biceps muscle. After entering the deltoid-pectoral groove, it joins the axillary
vein just below the clavicle.
The basilic vein ascends posteromedially on the forearm and joins the median
cubital vein between the biceps and pronator teres. It ascends medially and perforates the deep fascia about midway up the upper arm becoming the axillary vein.
The deep veins of the upper limb accompany arteries, usually in pairs. Since
much blood is returned by the superficial upper extremity veins, the deep veins
are usually relatively small. The brachial vein runs parallel to the brachial artery
before joining the axillary vein. The axillary vein is the continuation of the basilic and brachial veins and terminates at the first rib where it becomes the SVC.
The SCV joins the IJV to form the brachiocephalic (innominate) vein. The IJV
receives blood from the skull, brain, face and neck. It begins at the base of the
skull descending in the carotid sheath lateral to the vagus nerve and carotid artery. The right brachiocephalic vein is a short, almost vertically descending vessel that joins the longer left brachiocephalic vein to form the SVC. The SVC is
about 7 centimetres in length and returns blood to the heart from the upper half of
the body, adjoining the upper part of the right atrium.
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Figure 1 Vessels and nerves of the Upper Limb. Reprinted with permission
(Peter Lamb © http://123rf.com)
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Internal jugular vein

Subclavian vein

Brachiocephalic vein

Superior vena
cava

Right atrium

Figure 2 Large veins of the neck and chest. Reprinted with permission (Sebastian Kaulitzki © http://123rf.com)

12

Introduction

The history of central venous catheters
After the first scientific description2 of the mammalian circulation by William
Harvey (1578-1657), scientists began to experiment on ways to introduce substances to the bloodstream. In 1656, Christopher Wren injected a mixture of
wine, ale and opium into dogs. A goose quill or silver cannula was typically connected to a porcine bladder to achieve intravenous injection of various substances. The first xenotransplantation (lamb blood injected into the human bloodstream) was performed in 1667 and due to the inevitable fatal reaction the technique fell into disrepute.3 Further blood transfusions were banned until an English obstetrician, using auto transfusion, saved the lives of several women suffering from postpartum haemorrhage in 1818. Bernard cannulated the equine central
circulation using long mercury thermometers. Not only could he measure core
temperature, but he also described the first serious mechanical side-effect of central venous cannulation when he noted perforation of the heart wall resulting in
pericardial haemorrhage.
Nobel laureate Werner Forssmann (1904-1979), a German physician, catheterised his own right heart through cannulation of the antecubital vein. This
achievement is regarded as the first PICC insertion. Forssmann was also the first
to conceive the idea of administering drugs through a central venous catheter (instead of the more commonly used direct intracardiac injection) in patients suffering from cardiac arrest during surgery.3
In the era following the Second World War, flexible polyethylene catheters were
introduced into medical practice. However, the introduction and subsequent increased usage was followed by several reports on catheter-related deep vein
thromboses. The incidence of thrombosis later decreased due to improvements in
catheter materials. In the early 1960´s silicone catheters were introduced, and
together with polyurethane these materials currently dominate the central venous
catheter market.
Prolonged treatment in combination with frequent blood sampling during advanced cancer treatment led to the development of the tunnelled central venous
13
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catheter. The Hickman silastic catheter was first used in 1975 and it led to a reduction in septicaemia rate and improved patient comfort for those receiving
treatment for leukaemia.4 The same year, Hoshal published a paper where a 61
cm long silicone catheter was inserted through the cubital or basilic vein, and
was used for long-term intravenous nutrition.5 A few years later, Niederhuber
described the totally implanted central venous access device for use in cancer
patients.6

Long-term central venous catheters today
Long-term CVCs are widely used today, each type having its own special qualities. There is no such thing as a “one-device-fits-all-indications” when it comes
to vascular access. The clinician together with the patient if possible, must
choose the most appropriate device depending on several factors. These include
patient factors, anticipated dwell-time, condition specific treatment related factors, and logistics.
According to the Swedish Society of Anaesthesia and Intensive Care Medicine
(SFAI), approximately 50.000 central venous catheters are inserted annually in
Sweden.7 The corresponding figure for the United Kingdom is estimated to be
250 000. The requirement for long-term central venous access is steadily increasing to fulfil the needs of patients receiving cancer chemotherapy, parenteral nutrition, prolonged antibiotic treatment and haemodialysis.
Catheter-related infection (CRI) has been an important problem throughout the
world. Over the past decade, substantial scientific and clinical efforts have been
made to reduce the rate of HAI. These efforts have resulted in a significant decrease in the number of healthcare-associated central line infections.

14
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Indications and catheter selection
Safe and reliable access to the central venous circulation is of great importance
for a large number of patients. Patients that require central venous access typically include those who undergo major surgery, require critical care, receive chemotherapy, are on haemodialysis, require total parenteral nutrition or require intravenous antibiotic treatment for several weeks.
The perceived benefits of each type of catheter must be weighed against the risk
and cost of complications (insertion-related, infectious and thrombotic) and the
cost of management (i.e. dressing changes) and removal.
An array of different central venous vascular access devices exists to meet the
specific clinical requirements of different groups of patients. Vascular access devices are generally classified according to the anticipated duration of catheter use
(which can range from days to several years), insertion vein (central or peripheral) and the way in which the catheter is fixed (non-tunnelled, tunnelled or totally
implanted).

15
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Figure 3. Illustration of a totally implanted subcutaneous access port. (Reprinted
with permission Maryana Melnyk © http://123rf.com )

Figure 4 Illustration of a tunnelled (partially implanted) central venous catheter.
(Reprinted with permission Peter Lamb © http://123rf.com )

Figure 5 Illustration of a peripherally inserted central venous catheter. (Reprinted
with permission Peter Lamb © http://123rf.com)
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CICC= Centrally Inserted Central Catheter, Fr= French (a common measure of outer catheter diameter). 1 Fr = 1/3 mm.

Figure 6. Classification of central venous catheters. CVC= Central Venous Catheter, PICC= peripherally inserted central catheter,
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Short-term (up to 30 days dwell-time) CVCs are typically used in the perioperative and critical care setting, mainly for delivering drugs, collecting blood samples and for haemodialysis. Long-term CICCs and PICCs are usually in place for
periods longer than 30 days, although PICCs are increasingly used in the intermediate time segment (1 week to 1 month) in hospitalised patients. A group of
international experts published guidelines in 2015 to aid clinicians in choosing
the most appropriate venous access device (VAD) in various clinical settings.
Indications for long-term central venous access include delivery of chemotherapy, parenteral nutrition (as in short bowel syndrome), antibiotics (as in cystic fibrosis), and chronic haemodialysis. More unusual indications include chronic
infusion of vasoactive drugs (as in treatment of pulmonary hypertension), prolonged fluid therapy, and in patients with extremely difficult peripheral venous
access with an anticipated recurrent need for vascular access.
This thesis focuses on the use of long-term access in cancer patients being treated
with chemotherapy. In this setting, patients are eligible for PICC, t-CVC or
PORT. Due to the paucity of controlled trials, no major guideline document has
been able to give a clear recommendation on which type of catheter is appropriate for patients with cancer (i.e. the largest group of patients requiring long-term
central venous access).8-12 However, several systematic reviews have raised questions regarding the appropriateness of PICCs in patients with cancer due to the
higher incidence of CR-DVT.13-16
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Short dwell time – frequent venepunctures/replacements are required.
Placement can be technically challenging in cancer patients.
External catheter segment.
May only be used for a limited time period (a few weeks).

Insertion requires a minimum of training.

Low cost.

Easily obtainable.

Low cost.

PICC (Figure 5)

Tunnelled CVC (Figure 4)

Totally implanted port (Figure 3)

Requires operating theatre for insertion and removal. Potentially painful
during access.
Cosmetic and activity related disadvantages.
Requires operating theatre facilities for insertion.
Higher risk for CR-DVT compared to CICC.
Inappropriate in patients with kidney failure (pending AV-fistula).
Cosmetic and activity-related disadvantages.

Low risk for complications. Can be used for long time periods.

Cosmetic and activity related advantages.

Can be used for a long time (several weeks to years).

Painless connection to infusion lines (compared to ports).

Easily obtainable.

No need for operating theatre for insertion.

Appropriate for up to a few months use

Cosmetic and activity related disadvantages.

More prone to infection.

Many infusates are incompatible with small veins.

Low risk of mechanical complications.

PVC

Non-tunnelled CVC

Disadvantages

Advantages

Type of device

Table 1 Advantages and disadvantages of different types of vascular access devices used when treating patients with cancer.
PVC=peripheral venous catheter, CVC = central venous catheter, PICC= peripherally inserted central catheter. 7

Introduction
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Insertion and implantation of long-term catheters
In general, there are two different techniques of implanting long-term CVCs
based on how access to the central vein is achieved. The percutaneous (Seldinger) technique involves the advancement of a hollow needle towards the vein under ultrasound guidance. Once the needle has reached the vein lumen (blood return) a guidewire is introduced into the vein and advanced towards the superior
vena cava. Subsequently, the tissues surrounding the guidewire are dilated to a
dimension large enough to accept the catheter. The catheter is positioned in the
atriocaval junction, assisted by either fluoroscopy (PORT and t-CVC) or an electromagnetic device (PICC).
The veins of the proximal upper extremity are used for insertion of PICCs (cephalic, brachial or basilic). Once in position, the external part of the PICC is secured to the skin by special anchoring devices, hence, there is no tunnelled segment. In contrast, the PORT catheter is tunnelled from the point of entry to the
vein towards a prepared subcutaneous pocket (usually just below the clavicle) on
the same side. The tunnelled catheter is attached to the port chamber which is
then anchored within the subcutaneous pocket by sutures. The skin is then
closed, and the port chamber can be accessed only by puncturing the skin over
the port membrane using a specially designed non-coring needle (Huber needle).
For t-CVCs the procedure is similar except there is no subcutaneous pocket and
the catheter has an external segment. In addition, there is a Dacron® cuff around
the catheter just below the skin designed for ingrowth of tissues, thus creating a
barrier to skin flora and anchoring the catheter in the correct position.
An alternative method to the percutaneous technique is the open, surgical “cutdown” procedure. Through dissection of the tissues, the vein is identified and
accessed through direct incision before positioning the catheter correctly.

20
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Both surgical and percutaneous techniques are safe and feasible in experienced
hands, even though the percutaneous technique is associated with a higher success rate. 17 18

Complications related to catheter insertion, the
use of ultrasound and ionising radiation.
Although serious insertion-related adverse events are very uncommon during
placement of long-term CVCs, we all know these complications exist. Andreas
Pikwer’s doctoral thesis from 2012 thoroughly discusses several aspects of insertion-related adverse events during central venous cannulation.19
Pneumothorax is caused by unintended puncture of lung tissue by the needle,
permitting air to escape into the pleural cavity. The volume of air trapped in the
pleural cavity can increase due to a valve effect, and may ultimately compress
the heart and veins of the chest (tension pneumothorax). A large pneumothorax
and especially tension pneumothorax are medical emergencies treated by inserting a chest tube into the pleural cavity enabling the trapped air to escape. However, small (< 3cm or <15%) and stable asymptomatic pneumothoraxes can be
left untreated.7 20
The most severe types of insertion-related complications involve damage to the
large vessels of the neck and chest, following accidental perforation, puncture or
cannulation of these structures. Accidental arterial cannulation can cause ischaemia through blood flow obstruction or clot embolisation. Damage to a large artery can cause rapid and very significant haemorrhage in a potentially noncompressible area. The haemorrhage can subsequently cause shock, airway obstruction, or haemothorax – all of which are medical emergencies.
Each hemithorax can accommodate 2-3 L of blood and haemothorax is treated by
both transfusion and by inserting a large bore chest drain or by thoracotomy if

21

Vascular access in cancer patients – clinical implications

the volume of blood exceeds 1.5 L (or if bleeding continues at a rate of 100-200
ml per hour).
It is essential that the vascular access clinician immediately recognises such
complications as soon as they occur – or more importantly, know how to avoid
them.
There is good reason to believe that the incidence of insertion-related complications has decreased over time. The use of ultrasound (US)-guided puncture, as
opposed to using landmarks, is probably one of the main reasons for this decrease.21-23 Due to the relatively scant evidence (particularly regarding the subclavian vein) the use of US has been a matter of some controversy. However, the
use of US-guided puncture should be regarded as mandatory in both the elective
situation (i.e. when inserting long-term catheters) and the emergency setting. 21

Table 2 Comparison of studies reporting centrally inserted central venous
catheters complications before and after 2010 (early versus modern studies).
Studies include heterogeneous patient groups. cd = catheter days.
Complication

Incidence old studies (< year 2010)

Incidence modern studies (2010
to present)

0-6.6%

0-1.5%24

0-3.1%23

0-0.1% 21

Haemothorax

0.4%-0.6%23

0% 21

Arterial damage

6%22

0.1-0.2%24

6.3%-9.4%23

0.1-0.6% 21

Pneumothorax

22

Nerve damage

1.7%22

Thrombosis

1.9%1.9-21.2%22 23

0.6-1.7%24

41% (Cancerpatients)22
Infection

5.3 per 1000 cd22
1.2-4.5 per 1000 cd

0.5-1.8%
23

2.1-13.5 per 1000 cd 24

One of the potential advantages during PICC-insertion is that serious and potentially lethal insertion related complications could be avoided. For this reason, the
increased PICC popularity in the pre-US - guided era is reasonable. However, the
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introduction of new medical technology should always be backed by sufficient
scientific evidence. Hence, the expansion of the PICC technique in patients with
cancer could have occurred for reasons other than patient safety and catheter efficacy.
Post insertion x-ray controls have been routinely used following insertion of both
PICC and PORT. Chest x-rays has typically been performed routinely to verify
optimal tip-position and to rule out pneumothorax. By performing x-ray controls,
the cost of insertion will increase, more time will be consumed (affecting both
the patient and staff), and the patient will be exposed to ionising radiation. For
both PICC and PORT there are safe alternatives which will save radiation, time
and money, and x-rays are required only when complications are suspected.11
The PICC tip-position is verified through non-invasive electro-magnetic devices.25-29
While inserting PORTs, it is recommended to use of both US and fluoroscopy.7
11

Fluoroscopy will provide useful information both during guidewire position-

ing, dilation and catheter advancement. In addition to visualise the needle-vein
relationship during puncture, US can be used to verify intravenous guidewire
position and to rule out pneumothorax.
The US-technique used to detect pneumothorax offers better sensitivity and specificity when compared to an ordinary antero-lateral chest x-ray.30 In the light of
the previously mentioned arguments, it is reasonable to abandon the routine use
of chest x-rays following both PICC and PORT insertion (or in fact any central
venous catheter).7 11 31
Venous haemorrhage in the implantation area is usually self-limiting and usually
a result of technical difficulties during insertion.32 33 Neurological complications
following CVC insertion are very rare. They can occur through direct nerve tissue damage, arterial plaque embolisation, nerve compression from an expanding
haematoma or through extravasation of chemotherapy near nerve structures.34-39
The incidence of air embolisation has been reported to between 0.1-0.5%.7 Air
can enter the CVC-system and follow the direction of blood flow through the
pulmonary circulation. In the presence of cardiac or intrapulmonary shunts, air
23
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emboli could enter the systemic circulation and subsequently cause end-organ
ischemia (i.e. cerebral stroke). 40 41

24

Lower risk of insertion related complications

Large vein (especially in small children)

No risk for pneumothorax

An option when other large veins are inaccessible

Brachiocephalic

Femoral

Inferior vena cava

Large vein

US guided puncture easy

Higher risk for pneumothorax

Lower risk for infectious complications (short-term CVC)

Difficult to access

Higher risk of thrombosis

Difficult to visualise in adults. Close to pleura.

winding course

Difficult to achieve central positioning. Small diameter with a

Close to carotid and vertebral arteries

US guided puncture more demanding

Can jeopardise future AV-fistulas

Incompressible area

Increased patient comfort

Compressible area

Can jeopardise future AV-fistula

Tortuous course

Compressible area

Minimal risk for pneumothorax

Can jeopardise future AV-fistulas

Can jeopardise future AV-fistula

Disadvantages

Minimal risk for pneumothorax

External jugular

Internal jugular

Subclavian

Axillary

Cephalic

No risk for pneumothorax

Basilar/brachial

Compressible area

Advantages

Vein

CVC=central venous catheter.

Table 3 Advantages and disadvantages associated with cannulation of different veins.7 AV=Arteriovenous, US=ultrasound,
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Catheter care and maintenance during the dwell period
Appropriate care and management are of key importance to keep CVC-related
complications to a minimum. To facilitate this, national guidelines are readily
available online and free of charge. “Vårdhandboken” (eng: The Handbook for
Healthcare) is sponsored by the Swedish Association of Local Authorities and
Regions (SKL) and contains several evidence-based up-to-date guidelines. The
section on CVCs has several hundred thousand unique hits annually and can be
found on www.vardhandboken.se .
In addition, the Swedish Association of Anaesthesia and Intensive Care, SFAI,
has recently published an updated version of their guidelines where most aspects
of CVC management are covered.7 CVC handling must meet basic hygiene requirements at all times, and infusions and injections must be administered
through thoroughly disinfected injection membranes. In hospital patients, dressings, injection membranes and 3-way valves should be changed every 3-5 days,
and weekly for patients in the home-care setting. To avoid unnecessary catheter
time, it is important that the indication for an indwelling CVC is assessed on a
regular basis.
Flushing of the catheter must be performed each time the catheter is used using
0.9% NaCl solution, but flushing of a resting catheter is unnecessary. 7 11 42
It is imperative to keep track of CVC - related complications when documenting
CVC insertion and removal, and this plays a key role in our efforts to increase
patient safety.
Pharmacological measures to prevent infection and occlusion.
The antimicrobial lock
Prevention of intraluminal catheter colonisation and subsequent infection can be
achieved by installation of an antimicrobial solution into the resting catheter lumen (an antimicrobial lock, AL). Localised infections such as exit-site, pocket26
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and tunnel-infections are not affected by an AL. The lock works on the principle
that the solution dwells within the catheter lumen thereby preventing the growth
of micro-organisms and preventing the development of a biofilm on the internal
surface of the catheter.43
A meta-analysis of almost 23 studies covering 3000 haemodialysis and cancer
patients demonstrated that the use of an AL reduces the number of catheter infections.44 A systematic review of 13 studies focusing on adult and paediatric cancer
patients concluded that there is a paucity of well-conducted trials addressing the
efficacy of prophylactic AL in adult cancer patients.45
Although many agents have been proposed, the optimal solution for a lock has
yet to be determined. Antibiotic lock solutions, used alone or in combination,
include vancomycin, cefotaxime, gentamycin, minocycline, cefazolin, ciprofloxacin, and linezolid.46 It is believed that antibiotic locks have the potential to increase antimicrobial resistance and it could even stimulate biofilm adherence to
the internal surface of the catheter.47 48 In addition to antibiotics, there is an increasing interest in bactericidal locks. Of these, ethanol, chelators (sodium citrate
and EDTA), and taurolidine are the substances most commonly used either
alone, or in combination with the above-mentioned antibiotics.
A recently published RCT comparing ethanol AL with heparinised saline including 94 children with cancer, found no difference in central line-associated blood
stream infection rates. This trial was stopped due to futility because catheter occlusion (requiring thrombolytic therapy) was more common in the treatment
group.49
Table 4. Some typical antimicrobial lock agents.
Substance

Mechanism of action

Vancomycin

Inhibits cell wall synthesis in gram positive bacteria

Minocycline

Inhibits bacterial protein synthesis

Ethanol

Denatures protein and dissolves lipids

Taurolidine

Denatures cell wall and toxin

EDTA (edetic acid)

Chelator

Sodium Citrate

Chelator
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Antibiotic prophylaxis during insertion of ports.
The routine use of systemic antibiotic prophylaxis during insertion of a long-term
CVC is of no benefit and therefore not indicated. 7 43 50-52
In patients at high risk for infection (i.e. leukopenia and recurrent infections)
prophylaxis should be considered.

Measures to minimise catheter occlusion.
On theoretical grounds, heparin has traditionally been installed in the resting
catheter lumen to prevent occlusion. Occlusion can lead to treatment delay or
even catheter exchange, and preventing occlusion is an important part of catheter
maintenance and care. Heparin has serious side-effects (heparin-induced thrombocytopenia and haemorrhage) and recent studies have shown that normal saline
is equally effective in preventing catheter occlusion. Therefore, installation of
heparin is not recommended. 7 20 53-55
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Management of complications during the dwell
period.
Venous thrombo-embolic disease in cancer
The prevalence of venous thromboembolic disease is increased in patients with
cancer.56 Cancer is associated with a hypercoagulable state due to inflammation
(release of cytokines), activation of the coagulation cascade, and cancer treatment itself. One in five patients with cancer will develop venous thromboembolism (VTE) before death, and it has been reported that 50% of cancer patients
have a DVT at autopsy. In addition, VTE is associated with a 2- to 5-fold increased mortality rate in cancer patients. Generally speaking, there are several
risk factors for VTE in cancer patients: type of tumour (pancreatic > kidney >
ovaries > lung > gastric); age; history of DVT; metastatic disease; type of
chemotherapy; and the presence of a central venous catheter. 57-60

Upper extremity deep vein thrombosis
Primary upper extremity deep venous thrombosis (UEDVT) is an effort-induced
condition known as Paget-Schroetter syndrome which is typically seen in young
athletes.61 The pathophysiology of this syndrome involves compression of the
neurovascular bundle where it exits the thoracic outlet on the affected individual’s dominant arm and is by definition not associated with an intravascular catheter.
Secondary UEDVT, on the other hand, is caused by a catheter in the majority (>
90%) of cases and the presence of a CVC causes a seven to fourteen-fold increase in the risk for UEDVT.62-64
Three factors (hypercoaguability, endothelial damage and reduced blood flow)
known to cause venous thrombosis, are usually referred to as Virchow’s triad.
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Vascular catheters and substances infused through them can cause damage to the
vessel wall (endothelium) with subsequent inflammation. The presence of a catheter can also lead to reduced blood flow in the vessel. These factors together with
a hypercoagulable state means that cancer patients with a CVC are exposed to a
high risk for thrombosis.
Symptomatic CR-DVT rates of more than 30% have been reported in patients
with cancer.14 The smaller the vein-to-catheter ratio is the more stagnant the flow
will be. In addition, a small vein-to-catheter ratio could result in catheter induced
endothelial trauma. For these reasons the catheter should not occupy more than
33-45% the vein lumen.65 66 It is likely that the risk for CR-DVT increases the
more distally the catheter is inserted (i.e. smaller veins) which puts cancer patients with a PICC at a particularly high risk for CR-DVT. Several other factors
contribute to an increased risk for CR-DVT: catheter-related infection; catheter
malposition (i.e. the tip is situated in a position other than the right atrium or distal superior vena cava); previous CR-DVT/VTE; high age; and immobilisation .67
Furthermore, in patients with factor V Leiden (APC-resistance) or a prothrombin
gene mutation, the risk of developing CR-DVT is nearly three-fold.68 Technically
difficult CVC insertion is also associated with increased risk for CR-DVT.69 The
internal jugular vein is believed to be the vein associated with the lowest risk for
CR-DVT.
As mentioned above, the dimension of the catheter itself plays an important role
in the development of CR-DVT. So a triple-lumen PICC increases the risk for
symptomatic CR-DVT by a factor of twenty when compared to a single-lumen
PICC.70
In a recent very large retrospective register study on ports, predictors of CR-DVT
included age < 65 years, comorbidity, lung and gastro-intestinal cancers, metastatic disease, non-white race, and history of VTE.71
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Similarly, a recent report VTE in patients with a PICC named several puncture
attempts, male gender, fluoropyrimidine-containing chemotherapy and leucocytosis as risk factors.72
Although many patients with CR-DVT are asymptomatic, common presenting
symptoms are localised swelling, pain and tenderness/erythema along the course
of the affected vein. When there are signs of catheter insertion site infection, the
possible presence of a concurrent CR-DVT should be assessed. Another important sign of CR-DVT is catheter malfunction since the catheter tip may be
embedded in a DVT that subsequently obstructs flow through the catheter.
Since the relationship between PE and CR-DVT has not been completely clarified, it is reasonable to assess patients with a CVC who suffer PE for a CRDVT.14 In a recent retrospective study assessing UEDVT, 17% of patients with
CR-DVT developed a superior vena cava syndrome and post-thrombotic syndrome.73 In this series only 54% of patients with UEDVT had a CVC in place.
The most commonly used diagnostic modality to detect UEDVT is duplex ultrasonography. Ultrasonography is rapid, non-invasive and without ionising radiation. Duplex ultrasonography (US) combines vein compression and colour doppler for the assessment of a suspected UEDVT. Despite the limitations of US in
detecting UEDVT in the subclavian and more proximal veins due to clavicle
shadowing, the specificity and sensitivity of the method are high. Contrastenhanced computed tomography or magnetic resonance phlebography is indicated if US is inadequate in detecting proximal thromboses.
By combining a clinical decision score, D-dimer levels and US, it is possible to
safely and effectively rule out UEDVT. 74
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Table 5 Sensitivity and specificity of tests used to assess upper extremity
deep vein thrombosis.75 US= ultrasound.
Sensitivity % (95% CI)

Specificity % (95% CI)

Compression US

97 (90 – 100)

96 (86 – 100)

Doppler US

84 (72 – 97)

94 (86 – 100)

Duplex US

91 (85 – 97)

93 (80 – 100)

D-dimer

100 (78 – 100)

14 (4 -29)

Treatment of catheter-related deep venous thrombosis
For the relief of acute symptoms and the prevention of embolisation, systemic
anticoagulation is the cornerstone in the treatment of CR-DVT. A CR-DVT will
embolise to the pulmonary circulation at a rate of 6 %.76 Pulmonary embolisation
is a life-threatening medical emergency. Several guidelines recommend that
treatment with anticoagulants should be initiated in patients with CR-DVT in
axillary and more proximal veins similarly to those with lower extremity DVT.57
77-81

In patients with cancer, this treatment typically involves parenteral anticoagulants such as LMWH for at least 3 months.
Treatment with LMWH as compared to vitamin K antagonists (VKA) has been
shown to reduce the risk of VTE recurrence in patients with cancer and has been
the drug of choice during the past decade. A new group of direct oral factor II or
Xa-inhibitors (DOAC) could replace LMWH for VTE prophylaxis and treatment
in the future. Although rivaroxaban has been suggested for the treatment of CRDVT in a prospective trial, there is currently not enough evidence in support of
DOACs.82
Raskob et al. recently published results from 1046 patients indicating that treatment with edoxaban (DOAC) is non-inferior to dalteparin (LMWH) for the
treatment of cancer-related VTE (HR 0.97; 95% CI 0.70 to 1.36).83
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LMWH, UFH or fondaparinux
LMWH for 6 months (consider dose reduction). For patients in palliative care, indefinite
treatment.

LMWH in one daily dose

LMWH for a minimum of 3

months

Consider DOAC in patients

Initial treatment

Maintenance treatment

massive iliofemoral thrombosis (with risk for
gangrene) to restore venous flow

to bleeding risk. Should be

done in centres with appro-

Anticoagulation not a contraindication except
if recent CNS bleed (or high risk of bleeding)

Brain tumour is no contra-

indication

tumour

required).

dication (careful monitoring is

Anticoagulation is not a contrain-

ventricular dysfunction, and for patients with

basis with specific attention

priate expertise.

NA

Consider in patients with PE and severe right

Consider on a case-to-case

In patients with a brain

Thrombolytic therapy

recurrence under optimal anticoagulation

anticoagulation

tion is inappropriate or with VTE-

Can be considered if anticoagula-

VTE

Similar treatment as symptomatic

LMWH for 6 months

LMWH

ASCO56

optimal anticoagulation

under

propriate or with PE- recurrence under optimal

agulation is inappropriate or

PE-recurrence

Can be considered if anticoagulation is inap-

Can be considered if antico-

IVC filter

with

NA

NA

Incidental DVT

with stable cancer.

ESMO79

NCI(Fr)77

NA

For patients with PE and hypotension.

tion is contraindicated

For the prevention of PE if anticoagula-

Similar treatment as symptomatic VTE

LMWH for 3-6 months

LMWH

ACCP 78

available. IVC= Inferior Vena Cava. LMWH = Low Molecular Weight Heparin. PE= Pulmonary Embolus. UFH= Unfractionated heparin.

European Society of Medical Oncology, ASCO= American Society of Clinical Oncology, ACCP = American College of Chest Physicians. NA= Not

Table 6 Different Venous ThromboEmbolism (VTE) treatment guidelines for patients with cancer. NCI= National Cancer Institute (Fr), ESMO=
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The prevalence of asymptomatic CR-DVT in the presence of a CVC has been
reported to be between 2 and 66%.84 The treatment of asymptomatic CR-DVTs is
more controversial than symptomatic cases. Upper extremity deep venous
thromboses embolise in up to eight per cent of cases and may lead to stenosis
which is why asymptomatic CR-DVTs should be treated.56 78 In contrast, superficial catheter-related thromboses are usually treated by discontinuing intravenous
infusion and removing the catheter.85
In patients with a CR-DVT that need a catheter, given that the function and position of the catheter are acceptable, removal is not required.85 Leaving a catheter
in situ enable continued cancer therapy and leaves device replacement in excess.
This strategy has been shown to be both feasible and safe. In cases where the
catheter must be removed, anticoagulant treatment is recommended some days
prior to removal.85
Directed catheter-guided fibrinolysis should be considered in patients with severe
symptoms or without improvement with therapeutic anticoagulation.

Prevention of catheter-related deep venous thrombosis (pharmacological prophylaxis and risk stratification tools)
Pharmacological VTE prophylaxis is a common medical intervention in hospitalised patients. As stated earlier, cancer patients have an increased risk for VTE
compared to the general population, and are therefore often prescribed VTE
prophylaxis. Furthermore, the introduction of a CVC increases the risk for VTE
putting the cancer patient at particular risk for this complication.
When deciding on VTE prophylaxis in a patient with cancer, the clinician must
weigh the potential benefit of preventing VTE against the potential hazards of
haemorrhage resulting from anticoagulation.
One of three forms of VTE prophylaxis is usually employed in cancer patients
with a CVC:
1. Parenteral (subcutaneous) anticoagulants such as LMWH or fondaparinux;
2. Low dose, oral vitamin-K antagonist;
34
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3. Direct oral anticoagulants (DOAC) previously called Novel oral anticoagulants (NOAC).
Several studies have evaluated the efficacy of VTE prophylaxis in patients with
cancer, and the Cochrane Library recently published a systematic review discussing this topic.86 A total of 3420 patients from thirteen RCTs were included in the
analysis using all-cause mortality as primary outcome. Secondary outcomes included CR-DVT, PE, bleeding, CRI, health-related quality-of-life, premature
CVC removal and heparin-induced thrombocytopenia.
The authors found moderate-certainty evidence that LMWH reduces CR-DVT
compared to no LMWH. The effect on mortality was inconclusive. However, the
majority of these studies were old (reporting large effects sizes, with event rates
higher than those in current medical practice). Furthermore, PICCs were not included.
Lately, Carrier et al reported significantly lower rates of VTE in ambulatory cancer patients receiving apixaban (i.e. DOAC) vs. placebo at the start of chemotherapy (hazard ratio 0.41; 95% CI 0.26 to 0.65; P<0.001). However, apixaban
was associated with a significantly higher rate of major bleeding (hazard ratio
2.00; 95% CI, 1.01 to 3.95; P=0.046).87
In contrast, Khorana et al. reported that rivaroxaban (i.e. DOAC) vs. placebo did
not result in a significantly lower incidence of VTE during the 180-day follow-up
period (hazard ratio 0.66; 95% CI, 0.40 to 1.09).88 The rate of major bleeding
was not significant (hazard ratio 1.96; 95% CI 0.59 to 6.49). This trial randomised 841 cancer patients with a high risk for VTE.
Orally administered DOAC, of course, is more comfortable than subcutaneously
injected LMWH.
To identify those patients eligible for CVCs but with a high risk for developing
CR-DVT, certain risk stratification protocols have been developed. Examples are
35
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the Caprini-, Padua-, Khorana- and the Michigan Risk Scores that are used for
this purpose.86-89 The Caprini score is a VTE risk assessment tool validated for
surgical patients and may therefore not be applicable to non-surgical oncology
patients. Furthermore, the score includes a great number (>30) of potential risk
factors and requires direct patient/physician contact to obtain a family history.
The Padua score comprises 11 variables and is useful when assessing hospitalised patients not scheduled for surgery.89 For patients eligible for a PICC, the
MRS includes five risk factors: history of DVT; multilumen PICC; active cancer;
presence of another CVC when the PICC was placed; and white blood cell count
greater than 12,000. Patients are divided between four risk groups depending on
the score. The MRS may not be applicable to patients eligible for centrally inserted CVCs as it is designed for patients with a PICC.
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Table 7 The Caprini score. Variables with scores and interpretation. BMI= Body
mass index. VTE= venous thromboembolism.
Caprini score predictor variables

Score

Caprini score predictor variables

Score

Age 41-60 years

1

Cancer

2

BMI > 25 Kg/m2

1

Plaster cast

2

Minor surgery

1

Bed bound for more than 72 hours

2

Oedema in the lower extremities

1

Central venous access

2

Varicose veins

1

Age ≥ 75 years

3

Pregnancy

1

Prior episodes of VTE

3

Post-partum

1

Positive family history for VTE

3

Oral contraceptive

1

Prothrombin 20210 A mutation

3

Hormonal therapy

1

Factor V Leiden

3

Unexplained or recurrent abortion

1

Lupus anticoagulants

3

Sepsis (in the previous month)

1

Anticardiolipin antibodies

3

Serious lung disease such as pneumonia

1

High homocysteine level in the blood

3

Abnormal pulmonary function test

1

Heparin induced thrombocytopenia

3

Acute myocardial infarction

1

Stroke (in the previous month)

3

Congestive heart failure (currently)

1

Congenital or acquired thrombophilia

5

Bed rest

1

Fracture of the hip, pelvis, or leg

5

Inflammatory bowel disease

1

Elective arthroplasty

5

Age: 61-74 years

2

Acute spinal cord injury

5

Arthroscopic surgery

2

Fracture of the hip, pelvis, or leg

5

Surgery lasting more than 45 minutes

2

Elective arthroplasty

5

Acute spinal cord injury (in the previous

5

month)
Caprini

Risk category

Risk percent90

Recommended prophylaxis91

Chemoprophy-

Score
0

laxis
Lowest

Minimal

Early frequent ambulation only, OR at discretion of surgical team

During hospitalisation

1–2

3–4

5–6

Low

Moderate

High

Minimal

0.7%

1.8%

Pneumatic compression devices ± graduated compression stock-

During hospital-

ings

isation

Pneumatic compression devices ± graduated compression stock-

During hospital-

ings

isation

Pneumatic compression devices AND low molecular weight

7–10 days total

heparin
7-8

High

4.0%

Pneumatic compression devices AND low molecular weight

7-10 days total

heparin
≥9

Highest

10.7%

Pneumatic compression devices AND low molecular weight
heparin
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Table 8 The Padua score. Variables with scores and interpretation. VTE= venous
thromboembolism.
Padua score predictor variables

Score per variable

Prior episode of VTE

3

Thrombophilia

3

Decreased mobility

3

Active malignancy

3

Previous trauma or surgery within the last month

2

Age ≥70 years

1

Heart and/or respiratory failure

1

Ischaemic stroke or acute myocardial infarction

1

Acute rheumatologic disorder and/or acute infection

1

Obesity

1

Hormonal therapy

1

Padua score

Action required

<4

VTE prophylaxis should be considered

>4

VTE prophylaxis is recommended

Table 9 The Khorana venous thromboembolism risk score
Khorana risk score

Points

Cancer type:
Stomach or pancreas

2

Lung, lymphoma, gynaecologic, bladder or testicular

1

Other

0

Pre-chemotherapy thrombocytosis ( > 350x109/l)

1

Haemoglobin level <10g/l

1

Pre- chemotherapy leukocyte count >11x109/l

1

BMI > 35 kg/m

1

2

Risk group

Score

2.5 month rate of VTE

Low

0

0.3-0.8%

Intermediate

1-2

1.8-2.0%

High

>3

6.7-7.1%
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Table 10. The Michigan Risk Score for predicting PICC associated thrombosis.
PICC= peripherally inserted central catheter, CVC= central venous catheter,
WBC=white blood cell. VTE = Venous thrombo embolism
Predictor Variable

Points

Presence of another CVC when PICC is placed

Yes

+1

WBC Count at PICC Insertion (>12.0 x 109)

Yes

+1

Number of PICC lumens

1

0

2

+1

3-4

+2

Never

0

> 30 days prior

+2

Within 30 days

+3

No

0

Active cancer (on chemotherapy)

Yes

+3

Points achieved

Risk class

Probability

History of VTE

of VTE
0

I

0.9%

1-2

II

1.6%

3-4

III

2.7%

>5

IV

4.7%

Catheter-related infection
Infection related to intravascular devices remains a major problem.23 43 92-95 A CRI can
pose a threat to patient wellbeing and life itself. Moreover, treatment cycles are interrupted, the need for hospital care increases and costs increase. The various types of
intravascular devices are associated with different risks for infectious complications.96 97
These differences could be explained by differences in catheter characteristics, but also
in which group of patients the catheter is used (e.g. subcutaneous port in a cancer patient vs. short-term haemodialysis catheter in a critical care patient). Systematic reviews
suggest that there are no differences in the rate of CRBSI between PICCs and CICCs.13
15 97
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Aseptic insertion and strict adherence to hygiene routines during catheter use remains
the cornerstone of catheter-related infection prevention. Despite this, infection is a
common cause of premature removal of both PICCs and PORTs. 92-94 98-101
As depicted in Figure 7, there are four potential mechanisms causing CRI:
1. The dominant mechanism is the migration of skin organisms (i.e. Coagulasenegative staphylococci (CoNS) and S. aureus) along the external surface of the
catheter/device;
2. Contaminated injection-hub causing colonisation within the catheter with subsequent spread to the bloodstream.
3. Micro-organisms colonising the external surface of the catheter through haematogenous spread from a distant infection (e.g. bacteria from an abdominal abscess);
4. Colonisation of the catheter due to contaminated infusates.
Figure 7 Mechanisms of CVC infection.102 HCW = health-care worker. ( Reprinted
with permission from Springer-Verlag.)

Risk factors for CRI include: coexisting thrombosis; patients on total parenteral nutrition; chronic steroid use; neutropenia; frequent access; insufficient care; metastatic disease; and haematological cancer. 92-94 98-101
When assessing potential CRIs there are two important distinctions the clinician must
be aware of. On the one hand the potential infection could be clinically obvious (i.e.
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exit-site and localised pocket infections show signs of inflammation or pus). On the
other, the only symptom might be fever or non-specific signs of systemic infection (i.e.
due to an infected catheter tip). Internationally, systemic infection dominates and some
authors state that local infection is present in only 3% of device-related infections.43
Patients with CRBSI usually present without signs of local infection. Diagnostic examination aims at verifying the diagnosis and identifying the micro-organism responsible
for the suspected infection. The workup normally consists of paired blood cultures –
one drawn from (each of) the catheter hubs, and one culture from a peripheral vessel. In
addition, local swab cultures from the exit-site or port-pocket are recommended. If the
catheter is removed, a positive culture of the catheter tip is required to fulfil the diagnostic criteria of CRBSI. 103 In contrast, if the catheter is left in situ (i.e. during a catheter salvage attempt), the diagnosis CRBSI can be made based on paired blood cultures
only.
To prove that the catheter is the source of infection it is necessary to (Table 11):
•

see higher colony counts ( > 3 times) in quantitative analysis in
the blood from the catheter compared to that of peripheral blood,
or

•

shorter time ( > 2 hours difference) to positivity for blood drawn
through the catheter compared to that of the peripherally drawn
blood. The latter method is usually referred to as “DTP” (Differential Time to Positivity). 103

The blood culture method has several limitations.
•

Micro-organisms can be released intermittently to the bloodstream.

•

The culture results can be influenced by antimicrobial treatment,
culture technique and transportation time. 104 105

•

There are limited data on cut-off limits for different microorganisms regarding analyses of time to positivity or CFU per ml.

•

Micro-organisms found on the tip and blood cultures are regarded
as indistinguishable if phenotype and antibiograms are the same.
This may not be correct since different genotypes of the same phenotype could have the same antibiogram.
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Figure 8. The diagnosis of catheter-related blood stream infection (CRBSI) can be
made using different methods. DTP = differential time to positivity, CFU = colony
forming unit.

CRBSI

Unspecific
clinical signs (i.e.
isolated fever)

Positive blood
cultures only
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DTP (cultures
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Quantitative
"sonication" method (> 1000
CFU)

Quantitative TC

Semi-quantitative TC

Removal required

dilutions, plating and incubation

sonicated with broth, followed by

A catheter segment is flushed or

plate and incubated

is rolled 4 times across an agar

A 5 cm segment of the catheter tip

continuously

peripheral vessel and monitored

peripheral vessel

BC drawn through device and a

BC drawn through device and a

Paired quantitative BC

(DTP)

concentration of micro-organisms

processed

device

Differential time to positivity

BC positive for both sites and BC device has a 3-5-fold higher

BC drawn through device and

Quantitative BC through the

> 1000 CFU

> 15 CFU

earlier than the peripheral BC

Both BC positive and the device drawn BC is positive > 2 hours

> 100 CFU/ml

device

device

Any growth

Criteria for positivity

One or more BC drawn from

Description

Qualitative BC through the

Removal NOT required

Diagnostic method

0.82 (0.78–0.86)

0.83 (0.79-0.87)

0.89 (0.86–0.92)

0.79 (0.74–0.84)

0.84 (0.80–0.89)

0.89 (0.87–0.91)

0.86 (0.85-0.87)

0.83 (0.79–0.87)

0.99 (0.98–1.0)

0.90 (0.88–0.92)

0.86(0.83–0.89)

(95% CI)

(95% CI)
0.91 (0.84–0.98

Specificity

Sensitivity

Table 11 Diagnostic methods for catheter-related blood stream infections. 106 107 BC = blood-culture, TC = tip culture, DTP = differential
time to positivity, CFU = colony forming unit.

Introduction

43

44

•
•
•
•
•

Insufficient treatment effect?

Keep catheter in place,
adjust antibiotics after
antibiogram

Paired blood cultures
Remove CVC
Catheter tip culture
Swab culture pocket/tunnel
Appropriate antibiotics (adjust after antibiogram)

Suspected/verified
CRI

Growth of Staphylococcus aureus ,
Candida spp, Pseudomonas spp,
Bacillus, Micococci or Proprionibacteria?

• Paired blood cultures
• Swab culture pocket/tunnel
• Appropriate antibiotics (adjust after antibiogram)
• Consider antibiotic lock

Severe sepsis,
shock or complicated infection?

Is the CVC needed?

•
•
•
•

Consider removing the CVC
Catheter tip culture
Swab culture pocket/tunnel
Appropriate antibiotics (adjust after antibiogram)

Figure 9. Suggested management of infection (www.sfai.se). CVC=central venous
catheter, CRI=catheter related infection.
Solid lines represent “yes” and dashed lines
“no”.
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Treatment
Whenever the clinician suspects that the catheter is the source of a bloodstream infection, the catheter/device should be removed promptly in the presence of severe sepsis,
septic shock, endocarditis, substantial local infection or metastatic infection. The device
should also be removed if there is an infected CR-DVT or if bacteraemia persists after 3
days of appropriate antibiotic therapy.43 103 108
Empiric antibiotic therapy is started after the appropriate cultures have been secured.
Gram-positive infection is usually the culprit, but in severely compromised patients
(with sepsis, short-bowel syndrome or leukopenia) antibiotics with activity against
gram-negatives and fungi must be considered.20 43 The antibiotic treatment should be
adjusted according to resistance pattern when it becomes available.
In the absence of the conditions listed above, a decision whether to remove or retain the
device must be made. Catheters without proper indication should be removed.
Whenever an approach including the retention of an infected catheter is chosen, a catheter salvage attempt should be made. The salvage attempt consists of two interventions:
first, the administration of systemic antibiotics in order to eradicate any bacteria from
the bloodstream and catheter/device external surface; and second, the installation of an
antimicrobial substance within the catheter lumen (ie. an “antimicrobial lock”). It is
reasonable to use the catheter for the administration of antibiotics.
This conservative (catheter retention) treatment of catheter-related infection is associated with high (>80%) cure rates avoiding unnecessary catheter removal.43 109
However, some micro-organisms (i.e. S.aureus and Candida spp) have lower antibiotic
lock success rates (<50%) which should prompt device removal under most circumstances.43 109
In exceptional cases where the infected device is irreplaceable, salvage therapy could be
warranted despite evidence of S.aureus or Candida spp catheter infection.110-112
All cases of salvage attempts require a close follow-up protocol.
Totally implanted PORTs pose a particular challenge as regards suspected local infection. There are many reasons as to why the skin surrounding the reservoir and tunnel
could exhibit signs mimicking an infection (i.e. chafing, allergic reactions and non-
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infectious skin conditions). It is unfortunate to have to remove a PORT due to a suspected local infection without prior proper diagnostic work-up.
It is crucial to understand that the key to success in reduction of catheter-related infection is prevention. The risk for infection can be based on several determinants: the anatomical insertion site; type of catheter; appropriate catheter removal; and most importantly – adherence to basic hygiene principles during insertion, care and maintenance
of the catheter.7
In cancer patients receiving chemotherapy over long periods of time, only a few access
devices (PICC, PORT and tunnelled CVC) are relevant. This makes comparison of data
from a wide range of catheter types more commonly seen in other settings (i.e. intensive
care and haemodialysis), challenging.
The use of chlorhexidine containing solutions for skin disinfection has been shown to
reduce the incidence of CRBSI when compared with pivodine-iodine or alcohol alone.
113

However, reports have recently been published of bacterial chlorhexidine resistance

which must be taken into consideration in the future.114
During catheter implantation, maximum sterile precautions (proper hand disinfection,
sterile gloves, surgical gown, mask, hat and a large sterile surgical drape) must be taken.7 11 20 43 115
Occlusive and mechanical complications
Failure to aspirate blood or infuse fluids through the CVC is a common sign of catheter
occlusion. The underlying cause can lie within or without the catheter itself. There may
be clotting or accumulation of infusates (lipids) within the catheter lumen, both typically caused by insufficient flushing of the catheter. Thrombotic occlusions can usually be
resolved through installation of a fibrinolytic agent.116 Occlusions due to accumulation
of lipids can appropriately be managed by intraluminal installation of a solvent (ethanol
for lipids, hydrochloric acid for calcium phosphate).117 118
For catheters inserted via the subclavian vein it is possible for the catheter to be
“pinched-off” between the clavicle and the first rib. The “pinched-off” syndrome is reported to occur in 0.1-2.1% of subclavian catheters.119 In long-term subclavian CVCs,
”pinched-off” syndrome can be easily mistaken for an intraluminal catheter occlusion
and the syndrome is worth bearing in mind when treatment options for catheter occlu-
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sion have failed.120 ”Pinched-off” syndrome is diagnosed using contrast-enhanced xrays and it should be noted that the pinched catheter is prone to fracture and subsequent
embolisation.
Failure to aspirate blood can also be present if the catheter is fractured, or if the PORT
reservoir is disconnected from the catheter. Catheter fracture and disconnection can
occur regardless of the vein catheterised.
Pain (and possibly swelling) during injection can also be the result of catheter fracture.
The same symptomatology can be seen when a retrograde infusion between the catheter
exterior and a fibrin sheet occurs. Both catheter fracture and retrograde infusion are
diagnosed with contrast-enhanced radiology.
Wound dehiscence
This complication can be related to technical misfortune during insertion or secondary
to an impaired wound healing process. Impaired wound healing could be due to immunocompromise from cancer, malnutrition or to the chemotherapy itself. Recent studies suggest that the monoclonal antibody bevacizumab (an angiogenesis inhibitor) could
be a risk factor for developing wound dehiscence, particularly if implantation occurred
within 2 weeks prior to treatment with bevacizumab.121 122
Extravasation of infusates
Leakage of chemotherapeutic agents into tissues surrounding the access device can
cause severe necrosis and ulceration. The rate of local extravasation is reported to be
0.1% to 6%.123 124 Dislodgement or rupture of the PORT septum, catheter fracture or
disconnection and retrograde infusion because of a fibrin sleeve can all result in local
extravasation. Extravasation of chemotherapeutic agents can cause horrific injuries. It is
important to bear in mind that an extravasation injury can mimic symptoms of local
infection (pain, swelling, redness). It is imperative to always assess catheter integrity
and function (i.e. through aspiration of blood) before administering vesicants/irritants in
order to prevent extravasation injuries (see Table 12).
Management of extravasation injury can be complex and there are a few general considerations to be taken as well as several specific actions against the chemotherapeutic
agent. First, recognition and termination of infusion is of key importance. Whenever
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possible, attempts to aspirate the infusate should be made. There are a number of chemotherapy-specific antidotes available (see Table 13).

Table 12 Classification of chemotherapy agents according to their ability to cause
local damage after extravasation.125 DNA=deoxyribonucleic acid
Vesicants

Irritants

Non-vesicants

DNA-binding compounds

Alkylating agents

Aresenic trioxide

Alkylating agents

Carmustine

Asparaginase

Mechloretamine

Ifosfamide

Bleomycin

Bendamustine

Streptozocin

Bortezomib

Dacarbazine

Cladribine

Melphalan

Cytarabine

Anthracyclines
Doxorubicin
Daunorubicin

Etoposide phosphate

Epirubicin

Liposomal doxorubicin

Gemcitabine

Idarubicin

Liposomal Daunorubicin

Fludarabine

Mitoxantrone

Interferons

Others (antibiotics)
Dactinomycin

Topoisomerase II inhibitors

Interleukin-2

Mitomycin C

Etoposide

Methotrexate

Mitoxantrone

Teniposide

Monoclonal antibodies

Non-DNA-binding compounds
Vinka alkaloids
Vincristine

Antimetabolites

Pemetrexed

Fluorouracil

Raltitrexed

Platin salts

Temsirolimus

Vinblastine

Carboplatin

Thiothepa

Vindesine

Cisplatin

Cyclophosphamide

Vinorelbine
Taxanes

Oxaliplatin
Topoisomerase I inhibitors

Docetaxel

Irinotecan

Paclitaxel

Topotecan

Others
Trabectedin
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Table 13 Chemotherapy-specific antidotes. DMSO = Dimethyl sulfoxide (a topically applied solvent with free-radical scavenging properties.125
Extravasated drug

Suggested antidote

Level of
evidence

Anthracyclines

Dexrazoxane i.v. Start as soon as possible (no later than 6 h) at a

III-B

1000 mg/m2 dose on day 1 and day 2 and at 500 mg/m2 on day 3.
Anthracyclines

Topical DMSO (99%). Start as soon as possible (preferably within

IV-B

10 min). It should be applied every 8 h for 7 days.
Mytomicin C

Topical DMSO (99%). Start as soon as possible (preferably within

IV-B

10 min). It should be applied every 8 h for 7 days.
Mechlorethamine

Sodium thiosulfate 0.17 M as a subcutaneous injection. Start im-

V-C

mediately. Subcutaneous injection of 2 ml of solution made from
4 ml sodium thiosulfate + 6 ml sterile water.
Vinka alkaloids

Hyaluronidase as a subcutaneous injection. Administer 150-900

V-C

IU around the area of extravasation.
Taxanes

Hyaluronidase as a subcutaneous injection. Administer 150-900

V-C

IU around the area of extravasation.

Patient perception
How the patient perceives their vascular access device is of great interest and importance to the clinician. In order to best inform a patient eligible for chemotherapy
through a central line, we rely on information from well-conducted, relevant clinical
trials. However, there is little evidence from studies assessing quality-of-life during
chemotherapy, especially ones with special attention paid to the means of access,.
A systematic review by Robinson et al regarding patients with breast cancer, was published in 2018.15 This review identified three papers using questionnaires to examine
quality-of-life in patients with breast cancer and a vascular access device. The authors
concluded that the use of a PORT is generally well accepted.
Kang et al published a pilot study in 2017 involving 357 patients with different cancer
forms treated via a PICC.126 The authors concluded that quality-of-life measures vary
according to the type of cancer and that a PICC probably has a low impact on overall
quality-of-life. In another small Italian study describing patients receiving palliative
home-care, PICCs appeared to cause little pain and distress.127 Paràs-Bravo et al conducted a qualitative study interviewing 18 patients with cancer.128 They concluded that
the benefits of PICCs include reduction in number of venepunctures, rapid insertion and
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absence of symptoms. In contrast, disadvantages include pain and discomfort related to
the device, lack of information, as well as the PICC’s impact on daily activities and the
need for adaptation.
In a study on patient-reported complications, Krein et al recently published interesting
work indicating that more than 60% of hospital patients with a PICC reported signs of
at least one complication during the time they had their PICC in place.129 One in four
patients in in this cohort experienced that the catheter restricted their activities of daily
life.
In the randomised controlled trial by Patel et al from 2014, data on quality-of-life were
available in 53% of patients, and indicated that there was no difference in preference
between PICCs and PORTs.130 In summary, from the patient’s perspective, current scientific evidence gives us no real guidance in the choice of vascular access system for
chemotherapy. It is obvious that more well-conducted controlled trials and qualitative
studies reporting patient-reported outcome and quality- of-life are warranted in order to
assist us in future decision-making.
Aspects of healthcare economy
There has been an increase in the use of PICCs in recent decades due to the apparently
lower costs, insertion availability, perceived patient safety and ease of removal compared to other implanted central venous access devices such as t-CVCs and PORTs.122
123

The insertion and removal of a PORT must be performed by a physician in an oper-

ating theatre (OT) or interventional radiology (IR) suite, whereas PICCs are typically
inserted by a specialist nurse in locations outside OT and IR- suites.
The only RCTs addressing the cost of vascular access devices in patients with cancer,
questioned the apparently lower cost of PICC.130 Comparing costs of access devices
between different healthcare systems can be challenging.131 Other studies are mainly
retrospective and only a few have a relevant control group (Table 14).132-143
All of these studies differ regarding the access device used, implantation techniques,
definitions used, and how clinical outcomes were assessed. Furthermore, they were
conducted in healthcare systems with different tariffs for implantation, maintenance,
staff and complication management. These differences make any meaningful comparison between trials very difficult. Health-economic trials comparing relevant VADs in
similar patient groups would be of interest to practice in order to inform decisions. In
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conclusion, the impact of CVCs on healthcare costs very much depends on where the
studies are conducted and which perspectives are used.
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2006

2005-

2013

2012-

Periard142/2008

Walker140/2013

catheter

RCT, PICC vs peripheral

control group
Switzerland

mainly

Hospitalised pt

cancer

Mixed,

60

141

24,638

maintenance
Placement labour and cost

complications

Insertion,

healthcare resources
and

Unit costs and the use of

Hospital and complications

Implantation (room and staff)

complications and removal

Insertion, care, maintenance,

Implantation

maintenance
complications

Insertion,

Equipment, staff and room
and

BSI)

Prospective cohort without

UK

Mixed

401

26

149

n.a.

PICC: 36

PORT: 34

PICC: 791

PORT: 1777

Cost analysis includes

on PICC

USA

Cancer

Cancer

Cancer

n.a.

Cancer

cer

PICC: 81% can-

cer

of

Complications (CR-DVT and

of

Italy

UK

USA

France

Australia

CH

patients

Number

prospectively collected data

review

Retrospective

Pernar139/2016

2000-

2013

Randomised controlled trial

Biffi/1362014

PORT vs. Hickman

2007

2014

2011-

control

Randomised controlled trial

Retrospective

LaRoy134/2015

2010-

Wu/1352016

Prospective

PICC vs PORT

Viart133/2014

2013

with

Randomised controlled

N.a.

2010

2004-

Patel130/2014

group

Retrospective

PORT:96% can-

2013

Rotzinger132/2017

charac-

2011-

Patient
teristics

Country

year

studied

Type of study

Author/published

Years

2295 EUR

712 GBP

690 USD

-

radiologist led PICC insertion

Nurse led PICC insertion <

-

-

Cost IR < OR

666 EUR (OR)

287 EUR (IR)

23.63 USD/day

5,492 USD

242 EUR

Cost PORT

205 (CR-DVT);706 (BSI)

491 USD

-

-

-

220 EUR

12.09 USD /day

13,274 USD

201 EUR

Cost PICC

Table 14. Studies reporting the cost of peripherally inserted central catheters (PICC) and/or totally implanted access ports (PORT).
EUR=euros, USD= US dollars, BSI=bloodstream infection CR-DVT = catheter-related bloodstream infection.
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Aims of the thesis

AIMS OF THIS THESIS
The overall aim of this thesis was to examine patient safety, patient satisfaction
and cost to the healthcare system regarding the use of long-term vascular access
devices in patients with cancer.
In Study I, we conducted a prospective audit of PORTs implanted at our hospital,
to evaluate the incidence of complications and patient satisfaction.
In Study II, we investigated whether micro-organisms can be transmitted into a
PORT chamber by injection through a PORT membrane contaminated with micro-organisms, and if so, to what extent. Furthermore, we evaluated if flow
through the needle during insertion could reduce the number of bacteria transported across the membrane.
Study III was designed to answer the question: Which of the two commonly used
long-term CVCs used in cancer therapy (PICC and PORT) is associated with the
least number of complications (i.e. safest for the patient). In addition, we evaluated how patients perceive their CVC.
Based on the results from Study III, the aim of Study IV was to perform a
healthcare cost analysis and examine the actual costs associated with PICC and
PORT from the healthcare system’s perspective.
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PATIENTS, METHODS AND
STATISTICS
Study I
In Study I, we prospectively enrolled patients eligible for PORT implantation and
followed them for up to six months. Follow-up included chart reviews and interviews.
Setting: The hospital is a 500-bed general county hospital including most medical, oncological and surgical specialties except neurosurgery and cardiac surgery.
No solid organ or stem cell transplantations are performed. All nursing staff handling central vein access ports receive special training, and about 150-200 ports
are implanted each year by the Department of Anaesthesia and Intensive Care.
Patients: Patients ≥18 years of age and with a predicted survival of more than 6
months were invited to take part in the study. Exclusion criteria were: ongoing
severe infection; severe coagulation disorder at the time of implantation; or inability to communicate in English or a Scandinavian language.
Port implantation: Two different central vein port systems where used; the
Bard® port with a silicone Groshong catheter and B.Brauns Celsite® port ST301
with an open-ended silicone catheter. Prior to surgery the patients received a total
body wash using a sponge containing 4% chlorhexidine. Antibiotic prophylaxis
was not routinely administered. All port systems were implanted in an operating
theatre with maximal sterile precautions (cap, mask, gown, gloves and a large
drape). The implanting physician was assisted by a theatre nurse. The surgical
area was prepared with a solution containing 70% ethanol and 0,5% chlorhexidine, and the skin passively dried for 1-2 minutes before sterile draping. All pro-
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cedures were carried out by either a resident or specialist anaesthesiologist using
the Seldinger percutaneous technique. The procedure was routinely carried out
under local anaesthesia, but in some cases propofol sedation was also used. Ultrasound-guided venepuncture and fluoroscopy was used, and the internal jugular
vein was the first choice because of the minimal risk for pinch-off syndrome and
its good ultrasound accessibility compared to the subclavian vein. The catheter
was then tunnelled towards the infraclavicular area where a pocket just large
enough for the port reservoir was prepared using a single sharp skin incision and
subsequent blunt dissection. After correct tip positioning, with the help of fluoroscopic guidance, in the right atrium or distal superior vena cava, the catheter was
connected to the port reservoir. The port reservoir was then punctured, and system function verified by aspirating blood. Post-implantation chest x-rays were
not routinely performed and the patient was able to use the port immediately after
implantation.
Port care: All port handling was carried out by nursing staff with specific training in port handling stressing the importance of good adherence to hygiene precautions. Written instructions for port care and problem-solving were easily
available through the hospital IT-system. Access-team support (anaesthesiologist/intensive care nurse) was available on a 24-hour basis from the Department
of Anaesthesiology and Intensive Care. Prior to puncture of the reservoir membrane, the skin was disinfected with a solution containing 70 % ethanol and 0.5
% chlorhexidine. During this procedure, sterile or high purity gloves were used.
Intravenous positioning was verified by blood aspiration prior to use. After use,
40 ml of 0,9% saline was flushed through the system. When the port needle was
left in situ, it was covered with a semi-permeable transparent dressing (TegadermTM HP). During continuous use intravenous positioning was verified once
a day. When indwelling, the port needle was changed once a week. Intermittent
injections were performed through a NIM attached to the needle (Smartsite®).
NIMs were disinfected with ethanol/chlorhexidine solution before use. Dressing
and NIMs were changed and the area around the puncture site disinfected every 3
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days and weekly in the home-care setting. Resting ports were not routinely
flushed. Antithrombotics and intraluminal or subcutaneous heparin was not routinely used.
Port problem-solving: When catheter occlusion occurred the first step was to
try to flush the system with a 10 ml syringe containing isotonic saline. If this
failed, a 2,5-5ml syringe was tried with caution by an anaesthesiologist. Alteplase 0,2mg/ml, ethanol 70% or hydrochloric acid 1mmol/ml was used to restore
catheter patency if flushing with saline was unsuccessful, depending on the probable cause of occlusion. Prior to installation of ethanol or hydrochloric acid, a
chest x-ray was taken to rule out catheter fracture or disconnection.
Data collection: Patients were invited to take part in the study on the day of
scheduled surgery. Written and verbal information about the study was provided
and patient consent obtained. At implantation we collected the following data:
patient characteristics (age, gender, disease, laboratory results); implantation
characteristics (vessel choice, procedural time, use of antibiotics, anaesthetic
method, implantation difficulties, use of ultrasound/fluoroscopy, anaesthetist
training level); and patient perception during the procedure. One week after port
implantation patients were interviewed and the information cross-checked with
the patient’s notes as regards port-related complications. Interviews were performed by telephone. This procedure was repeated once a month for the entire 6month follow-up period. All interviews and chart reviews followed a specific
protocol. Two research nurses and the first author conducted the interviews and
chart reviews.
Microbiological methods: When an infection was suspected, swab cultures
from the area around the reservoir and tunnel as well as blood cultures drawn
from the port and a peripheral vein, were obtained. Swabs were transported in
Amies medium with charcoal. Identification and antibiotic susceptibility testing
were performed using standard methods at our local microbiology laboratory
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(www.srga.org accessed January 1, 2007). A culture from the reservoir pocket,
and the catheter tip were taken from all systems removed. The tip was then cultured using a standardised semiquantitative method for up to 2 days.103 The tip
culture results were categorised as follows: >15 CFU; 1—15 CFU; and negative
culture. When blood cultures were performed, a minimum of 10 ml blood was
injected into an aerobic and an anaerobic bottle, respectively. The bottles were
incubated for up to six days using an automated blood culture system
(BacT/ALERT, bioMe´rieux, Inc., Durham, NC). Identification and antibiotic
susceptibility testing were performed using standard methods for all colonies detected.

Definitions: Catheter colonisation was defined as a positive tip culture in the
absence of clinical symptoms of SIRS.144 Port pocket and/or tunnel infection was
defined as local signs of inflammation around the port/tunnel with culturepositive fluids from the port pocket/tunnel.144 A CRI, was defined as a positive
tip culture in a patient with at least two of four SIRS symptoms and no other
source of infection.145 A CRBSI was defined as isolation of the same microorganism from tip culture and from a blood- culture drawn from another vessel,
together with at least two of the four SIRS criteria.144 The criteria for “difficult
implantation” were: more than four attempts to puncture the vessel and/or necessity to change access vein.146 Catheter-related DVT, was defined as occlusion
(partial or total) of the vein into which a catheter had been placed. Catheter occlusion was defined as inability to aspirate or flush via the catheter. Procedural
time was defined as the time from the application of local anaesthetic to completion of the last suture.
Statistical methods: Descriptive analyses were performed to characterise the
patient population. The significance of differences between groups was determined using the χ2-test for categorical variables and Student’s t-test for continuous variables. Two-tailed tests of significance were used. A number of univariate
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logistic regression analyses were performed to estimate the risk for port-related
colonisation and infection. We used multivariable regression models controlling
for catheterisation time. All analyses were conducted using a statistical software
package (SPSS, version 13.0. for Windows, SPSS Inc., Chicago, IL, USA).
Ethics: The study was approved by the Regional Ethics Review Board at the
University of Linköping (reference number: M207-07).

Study II
In Study I, we found that the number of suspected local PORT infections was
causing concern among patients and staff. Therefore, in Study II we investigated
the extent to which micro-organisms can be transmitted across a PORT injection
membrane, and if there is a way to reduce such transmission. Our hypothesis was
that micro-organisms from the PORT exterior would be transmitted via the cavity
of the needle-tip. Furthermore, when flushing the needle during insertion, the
number of micro-organisms transferred would decrease.
Figure 10 Schematic drawing of the non-coring needle-tip and its corresponding volume. (Reprinted with the permission of B.Braun Medical).
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Microbial strains, preparation of contaminated solutions and PORT material
Four different microbiological species, typically isolated from venous port infections, were examined: Staphylococcus aureus strain ATCC 29213; Staphylococcus epidermidis strain CCUG 21989; Candida albicans strain CCUG 19915; and
Klebsiella pneumoniae strain CCUG 4521.
We prepared three different suspensions of S. epidermidis, S. aureus and C. albicans with concentrations mimicking various levels of contamination: very high
level (undiluted cultured microbial mass); high level (pus-equivalent)147 and low
level. For K. pneumoniae only the high-level concentration was used.
The undiluted preparation of micro-organisms supplied was used as the very
high-level concentration. The micro-organisms were then suspended in 3 ml of
0.9% NaCl to a concentration of 0.5 McFarland (primary dilution; high-level).
The suspensions were further diluted in 0,9% NaCl 1:10.000 for S. epidermidis
and S. aureus, and 1:1000 for C. albicans (secondary dilution; low-level).
In order to quantify the number of CFUs transmitted during puncture using the
standard puncturing technique, thirty PORTs were used in ten different combinations of micro-organism and concentration (n=3 in each). Using three individual
PORTs for each experimental condition 100 µl samples of the very high-level
(undiluted microbial mass), of the primary dilution (high-level suspension) and
of the secondary dilution (low-level suspension) of S. epidermidis, S. aureus, C.
albicans was spread across the PORT membrane. For K. pneumoniae, only the
high-level primary dilution solution was used on three PORTs.
The BBraun Celsite® (Boulonge, France) 301 PORT including a 22G needle
with an inner diameter of 0.47mm was used. The needle tip volume is 5.5 x 10-4
ml. Figure 10.) The experiments were conducted in a Laminar Air Flow working
station.
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Comparison of bacterial transport through the PORT membrane with or
without the use of flow through the non-coring needle
The aim was to investigate if transmission of micro-organisms could be reduced
by changing the puncture technique by maintaining a low positive pressure flow
through the non-coring needle during insertion. A total of 40 PORTs were prepared, 10 each with very high-level concentration of S. epidermidis and S. aureus, and 10 each with the high-level concentrations. Five PORTs of each preparation were then subjected to injection with a constant low flow and 5 served as
controls with no flow applied during membrane puncture.
The low positive pressure injection was accomplished by puncturing the membrane with a preset flow rate through the needle of 250 ml per hour (0.07 ml per
second) 0.9% NaCl. The infusion rate was controlled by a standard syringe driver
(Perfusor ® BBraun, Melsungen AG, Germany). Immediately following puncture, the flow was stopped to prevent dilution of the sample. Thereafter, 1.5ml of
0.9% NaCl was manually flushed through the needle into the chamber using a
prefilled syringe. The control “no-flow” ports were handled the same way except
for not being attached to a syringe with flow during puncture.
Culture and Colony-Forming Unit counts
Fluid from the outlet metal nipple of the PORTs was collected in a sterile container and duplicate 100 µl samples were incubated on human blood agar plates
(S. aureus, S. epidermidis, K. pneumoniae) and sabouraud agar plates (C. albicans) at 37 °C for 24 and 48 hours, respectively. After incubation, the number of
CFU was counted manually and estimates of the concentration in CFUs/ml and
the mean number of CFUs introduced to the chamber were made.
Cultures and CFU counts were performed on the applied suspensions in order to
verify viability of the contaminants and to determine the actual concentrations of
the suspensions.
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Statistical analysis
Numbers are presented as medians with ranges. Comparisons between no-flow
and flow groups were performed with the Mann-Whitney test. P-value < 0.05
was regarded as significant. Analyses were performed using IBM ® SPSS ver.
24.

Studies III and IV
Study design and participants:
The PICC versus PORT trial (PICCPORT) was a pragmatic, open-labelled, randomised clinical trial evaluating adverse events, patient perception and health
economics with two types of CVC (PICC and PORT) in patients with nonhaematological cancer. Patients were randomised in a 1:1 allocation ratio at two
oncology centres (Ryhov and Växjö County Hospitals, Sweden). These hospitals
have catchment area populations of 360 000 and 196 000 respectively. Ethics
approval was granted by the Regional Ethics Committee in Linköping, Sweden
(reference number: EPN 2013/56-31). The trials registration was accepted after
the inclusion of 22 patients at www.clinicaltrials.gov (NCT0197102).
The trial was conducted according to the principles of the International Council
for Harmonisation - Good Clinical Practice and the Helsinki Declaration, and
adheres to the CONSORT statements including several features of a pragmatic
approach (the selection of participants being practical and sequential and that the
outcome is directly relevant to patients, care-givers, and practice).148
Patients > 18 years-of-age with a life-expectancy longer than 4 weeks and
planned for chemotherapy through a CVC, were eligible for inclusion. Exclusion
criteria were: ongoing severe systemic infection; clinically significant upper extremity/central deep venous thrombosis; severe coagulopathy; inability to communicate; or an imminent need for a dialysis fistula. Printed information was
given, and all participants gave informed consent before randomisation.
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Randomisation and masking:
Patients were screened for eligibility by the nursing staff at both in- and outpatient clinics. Eligible patients were subsequently informed and included by a
physician at the Department of Oncology. The randomisation sequence was
computer-generated and prepared by an independent statistician using a block
size of four with stratification to the two recruiting centres. It was not feasible to
blind the patient, clinician or trial assessors to the arm allocated due to the obvious nature of the devices. Data on randomisation, after implantation and at follow-up after one, three, six, and 12 months were collected and registered by staff
in the clinical trial unit.
Definitions
A CR-DVT was defined as symptoms or clinical signs of a DVT (pain, redness,
swelling, tenderness in a relevant area) confirmed by ultrasound or computed
tomography, or a DVT incidentally detected on imaging for other reasons. Evaluation of clinical signs leading to imaging was at the discretion of the treating
physician. No periodic imaging was carried out to identify silent thrombosis.
Catheter occlusion was defined as the inability to aspirate or flush via the catheter and was included in the analysis only if alteplase or ethanol instillation was
required to resolve the occlusion. Catheter-associated infections were defined
according to Infectious Diseases Society of America.103
Outcomes
The primary outcome was a clinically significant CR-DVT verified by US and/or
CT. We chose CR-DVT as our primary outcome because meta-analyses have
shown this complication to be more frequent in patients with a peripherally inserted central catheter than those with a centrally inserted port.13 16 Secondary
outcomes defined a priori, were a composite end-point describing the occurrence
of catheter-related adverse events requiring intervention (thrombotic, occlusive,
infectious, mechanical), patient satisfaction and health economics. Pain was
graded according to the NRS.
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Cost evaluation and cost definitions
Costs were divided according to the following categories: implantation (staff,
catheter, equipment, pharmaceuticals and materials); catheter maintenance (staff
cost, dressing, needle and hub changes); complication (diagnostic assessments,
out-patient consultations, hospitalisation, staff, medications); and removal (staff,
equipment, cultures and materials).
Staff cost per minute was derived from hourly gross wages (stratified per staffcategory) and subsequently multiplied by the duration of staff involvement to
yield the total staff cost per patient. Data regarding staff involvement during device insertion and PORT removal were based on prospectively collected data
from the hospital patient data management system (MetaVision®). The time consumed during catheter care (e.g. dressing changes), catheter complication-related
problem solving (e.g. catheter occlusion and suspected infection) or PICC removal were retrospectively estimated by four nurse experts at the oncology department.
Insertion time was defined as the time the patient spent in the room where the
catheter was inserted (preparation, procedure and post-procedural actions). The
insertion time was estimated using data from the local booking system (PICCgroup) or actual data from the operating theatre patient data management system
(MetaVision ®). Procedural time was defined as the time from the injection of
local anaesthetic to anchoring of the catheter device with skin sutures in place (=
labour time for the inserting clinician).
The cost of fluoroscopy (Philips Veradius Unity®), tip-location (Sherlock 3G ®)
and ultrasound (Secma SonoSite®) equipment was estimated using a per catheter-based cost including purchase and depreciation costs. Depreciation was calculated based on ten (tip-locating and ultrasound equipment) or seven (fluoroscopy)
years of use in a linear depreciation model. The cost of this equipment was also
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based on the proportion of annual use for PICC and PORT procedures in relation
to their annual total use.
The routines for catheter maintenance and care differ between PICCs and
PORTs. PICC dressings are changed weekly regardless of whether they are in
active use or not. For PORTs there is no requirement for regular dressing changes (the systems are totally implanted) thus dressings are only changed when the
catheter is in active use. In order to estimate the cost for PORT maintenance, we
randomly selected one in five patients in the PORT-arm and did a separate retrospective electronic chart review (Cambio Cosmic ™) to reveal how often the
PORT dressings actually were changed.
The cost estimate for catheter-related complications (CR-DVT, infection, occlusion and mechanical) was based on the cost for diagnostic assessment, nurse assessment, out-patient consultations, hospitalisation, drug therapy and removal
(staff and disposables). For the price of antibiotics in the cost estimation model,
we calculated the mean cost of the various antibiotics used. In the analysis we
included the cost of access devices removed due to both complication and at cessation of treatment.
Analyses were from the healthcare system’s perspective and did not estimate any
home-care or indirect costs. Pricing information regarding the cost of staff, medicines and diagnostic tools were acquired from the Ryhov County Hospital personnel department, hospital pharmacy and hospital economy department.
All costs were calculated in SEK and converted to EUR using a fixed rate of 100
SEK = 9.56 EUR.
Statistical analyses
With a two-tailed alpha of 0.05 and a power of 0.80, the trial was estimated to
detect a difference between groups of at least 7% in CR-DVT rate. The estimated
incidence of PICC CR-DVT (8%) was gathered from systematic reviews. 13 16
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The estimated incidence of CR-DVT in the PORT group (1.6%) was based on
data from Paper I in this thesis.33 Estimated incidences indicated that 174 patients
were required per group. To have margin for patients leaving the trial after randomisation we aimed at including 200 patients in each group. We stratified for
oncology centre since PORT implantation procedures differed.
Pearson’s Chi2, Fisher´s, Mann-Whitney U and Student t-tests were used to test
for differences between groups as appropriate. Analyses on primary and secondary outcomes were performed on the intention-to-treat (ITT) and per-protocol–
populations (PP). Multivariable Cox proportional hazard models were used to
identify independent predictors (centre, catheter type, treatment goal, sex, age,
bevacizumab and continuous 5-FU treatment) of CR-DVT and catheter-related
adverse events (thrombosis, occlusion, infection, mechanical issues or death)
during follow-up period. Predictors with p-values > 0.5 were stepwise manually
removed from the model. An adjustment for the futility analysis (the first 100
patients) was made. Analyses of CR-DVT-free catheter patency (primary endpoint) and adverse event-free catheter patency (secondary endpoint) were performed using the Kaplan-Meier method and the log rank test. These analyses
were planned a priori. Data on the use of either continuous 5-FU or bevacizumab
were compared with other regimens in a post-hoc analysis. Two sensitivity analyses were performed: one assuming that patients dropping out all had CR-DVT,
and the second by only including patients with symptomatic CR-DVT.
All p values were two-tailed, a value < 0.05 was considered statistically significant. Statistical analyses were performed using IBM® SPSS version 24. Data on
health care expenditure was compiled using Microsoft Excel®.
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RESULTS
Study I and III
Patient and PORT-catheter characteristics
Four-hundred and forty seven patients were included. The median patient age
was 62 years (range 20-88) in Study I and 65 (30-89) in Study III and 60% of
patients were female. A total of 81454 PORT catheter days were studied and the
median follow-up time was 180 days (Study I) and 220 days (Study III). Eightyone patients with PORT (18%) died during the follow-up period. No patient
death could be related to access port complications.
Implantation characteristics
Antibiotic prophylaxis was administered in 36 cases (8%) and an additional five
patients were under antibiotic treatment at the time of port implantation.
In 405 cases (90%) the inserting physician was a specialist anaesthesiologist.
Median procedure time was 25 minutes (range 9–75). Three hundred thirty ninepatients (75%) received local anaesthetic only, 111 patients (24%) received light
propofol sedation in addition to the local anaesthetic. In three cases (0.7%) general anaesthesia was required. The proportion of patients with moderate to severe
procedural discomfort was 25% in both the group receiving local anaesthetic only and the propofol sedation group.
Arterial puncture occurred eight times (1.8%), but no intra-arterial guidewire or
dilator placement occurred.
Early mechanical (up to one month after implantation) complications
No case of pneumo- or haemothorax was recorded. One patient had a port-related
haematoma appearing a few hours after surgery that was treated conservatively.
Two systems (0.8%) had to be removed due to suspected disconnection between
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the catheter and reservoir; in one case a faulty radiological diagnosis led to port
removal and in the other case suspected handling error during implantation
caused disconnection –both cases during Study I.
Occlusive and thrombotic complications
In Study I we registered 36 occasions (0.95/1000 catheter days) of catheter occlusion and/or failure to draw blood through the catheter. In Study III, alteplase
was required once to restore catheter patency. No catheter had to be removed
because of occlusion. In all PORTs studied, six (1.3% or 0.07/1000 catheter
days) clinically apparent CR-DVT were diagnosed by CT, ultrasound or phlebography. All these patients received anticoagulant therapy and three patients required catheter removal because of their CR-DVT. In patients with PORTs, no
clinically evident pulmonary embolisation occurred in patients with a CR-DVT.
Catheter colonisation and port-related infections
In 30/447 (6.7% or 0.36/1000 catheter days), local pocket infection was verified
by culture. Staphylococcus aureus and CoNS were the most common microorganisms responsible for local pocket infections. A CRBSI was recorded on
four occasions (0.9% or 0.05/1000 catheter days). Two patients had local signs of
infection around the reservoir, and verified S. aureus sepsis. These patients had
their port removed immediately and the infections were successfully treated with
antibiotics. Two PORT patients from Study III experienced CRBSI, one with a
potential bacterial translocation from the gut and one with a CR-DVT infected by
CoNS.
Table 15 Adverse events in the 447 PORTs studied. CR-DVT = catheter related deep venous thrombosis, CRBSI = catheter related bloodstream infection.
CR-DVT

CRBSI

Local infection

N(%)

6 (1.3)

4 (0.9)

30 (6.7)

Per 1000 catheter days

0.07

0.05

0.36
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Patient perception
During the implantation procedure in Study I, 25% of patients experienced moderate (23.4%) to severe discomfort (2.6%). There were no significant differences
between patients receiving local anaesthetic only or with propofol sedation. The
vast majority of patients (202/249 (81%)) felt that the access port facilitated their
treatment. One hundred and eighty-two (73%) patients reported that the port had
little or no effect on their daily living.
In Study III, one of four patients with PORT reported implantation related pain
NRS > 4. Similarly, 25% of patients in Study I experienced moderate to severe
implantation related discomfort.

Study II
Microbial transmission through the contaminated injection membrane
The results from the cultures in the first part of the experiment are shown in Table
16. The control cultures of the contaminant suspension confirmed that the patho-

gens applied to the PORT membrane surface were viable. In general, CFU concentrations in the saline flushed through the port were much lower than the applied contaminant suspension. Depending on the microbial concentration on the
PORT membrane, the number of CFU/ml flushed saline from the outlet sample
ranged between zero and numbers TNTC. Generally, the number of microorganisms was reduced by a factor of 103 – 104 during the passage through the
membrane.
When using low-level contamination dilutions (∼103-4 CFU/ml) of S. epidermidis
and C. albicans, no CFUs were grown from the samples flushed through the
PORT. The low-level contamination dilution of S. aureus gave 15 CFUs in the
outlet sample.
When puncturing the membrane through the high-level contamination smear
(∼106-7 CFU/ml) the number of microbes isolated from the PORT chamber sample increased to 2.6-3.4 x 103 CFU for the bacteria and 8 CFU for C. albicans.
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Puncture through a very high-level contamination smear (∼1011 CFU/ml) resulted
in an outlet sample CFU TNTC for S. aureus, 3.0 x 103 CFU for C. albicans, and
5.4 x 103 CFU for S. epidermidis.
The effect of continuous flow through the non-coring needle on bacterial
transmission across the injection membrane
Data from the transmission when using a modified injection technique are shown
in Table 17 and Figure 11. As seen, there was a significant reduction in the number of CFUs transported across the injection membrane when a continuous flow
was applied at the high-level concentration of both S. epidermidis (1750 vs. 20)
and S. aureus (1420 vs.130), respectively. This number corresponds to approximately a volume of 10-4 ml of contaminant fluid being transmitted through the
silicone membrane (Figure 10). The number of bacteria transported across the
membrane when using the flow technique was approximately 1% of that using
the standard no-flow technique.
When using the very high-level concentration this effect could not be evaluated
because the number of CFUs were TNTC in both the experimental and control
groups.
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3
3
3
3
3
3
3
3
3
30

S. aureus

C. albicans

S. epidermidis

S. aureus

K. pneumoniae

C. albicans

S. epidermidis

S. aureus

C.albicans

Total number tested

very high

high

low

Undiluted microbial mass

Undiluted microbial mass

Undiluted microbial mass

10
6

107

2.0 (1.8 - 2.3) x 103

TNTC

3.6 (3.0 - 4.4) x 103

5 (0 - 220)

2.2 (1.3 – 6.0) x 103

1.7 (1.0 - 2.3) x 103

10

1.7 (1.1 - 2.2) x 103

7

0 (0)

10 (0-20)

0 (0)

(range)

sample CFU/ml; median

Concentration cultured

107

10
3

104

10

smear CFU/ml

concentration
3

membrane contaminating

cal microbial

tested

Actual concentration of

Mimicked clini-

n = PORT

S. epidermidis

Micro-organism

Table 16. Results of cultures and concentration analysis. TNTC = too numerous to count, CFU=colony forming unit.
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10

10
10
10

S. epidermidis (very high concentration)

S. aureus (high concentration)

S. aureus (very high concentration)
Undiluted microbial mass

108

Undiluted microbial mass

10
7

(CFU/ml)

PORT
tested

Actual concentration

n=

S. epidermidis (high concentration)

Contaminating bacteria

TNTC

1.4 x 103 (460 - 2620)

TNTC

TNTC

130 (70 - 190)

TNTC

20 (10-50)

1.8 x 10 (1700 2800)

Flow

3

No-flow

Median CFU/ml (range)

N.a.

0.9

N.a.

1.1

flow vs. flow (%)

al transmitted (no-

Proportion of bacteri-

N.a.

0.008

N.a.

0.008

value*

p-

Table 17. The effect of flow through the insertion needle on bacterial transmission. CFU = colony forming unit, TNTC – too
numerous to count. * Mann-Whitney test.
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Figure 11. Boxplot showing the bacterial counts of the fluid in the port using
two different injection methods (no flow vs. flow) for the high concentration
of Staphylococcus epidermidis and Staphylococcus aureus applied on the
membrane. CFU = colony forming unit
CFU / mL
1000

100

10

p = 0.008
1

p = 0.008

No flow

Flow

S epidermidis

No flow

Flow

S aureus

Study III and IV
Participants were recruited between the 13th of March 2013 and the 16th of February 2017. The final date for data cut-off was the 16th of February 2018. Of
1597 patients eligible according to screening, 807 declined participation due to
device preference (61.5% and 35.7% requested PORT or PICC, respectively, and
reason unknown 2.9%) and 391 failed to meet the inclusion criteria. Of the 399
enrolled and randomised participants, 201 were assigned to the PICC group and
198 to the PORT group. Following randomisation, 10/201 (5%) patients in the
PICC group and 5/198 (2.5%) in the PORT group declined further participation
(Figure 12).
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Figure 12. CONSORT- diagram outlining the patient flow in Study III.
In the ITT- population, 16 patients (8 %) in the PICC group developed CR-DVT
compared to 2 (1 %) in the PORT group. With an absolute risk reduction for CRDVT of 7 % between the groups, 14 patients would need to receive a PORT instead of a PICC in order to avoid one CR-DVT. The CR-DVT-free Kaplan-Meier
time-to-event differed significantly between the two groups (HR 10.2 95% CI 2.3
- 44.6, p=0.001 by the log rank test) (Figure 13). Several potential risk factors for
CR-DVT (oncology centre, type of catheter, tip position, age, sex, type of cancer,
metastatic disease, and treatment with 5-FU infusion- or bevacizumab-containing
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therapy) were analysed using a Cox regression model. In this analysis catheter
type was the only significant risk factor.
Catheter-related thrombotic events occurred between days 4 and 142. Six of 18
(33%) CR-DVTs were diagnosed during the first month after implantation, all of
them in the PICC group. The catheters were left in situ despite CR-DVT in 14 of
18 (77.8 %) patients, all of whom received treatment with LMWH. Median time
to CR-DVT was for PICC 55 and for PORTs 93 days. Three of 18 CR-DVTs
were diagnosed incidentally when a CT-scan was performed for reasons not related to the catheter. One PICC patient with CR-DVT and subsequent pulmonary
embolisation had a lethal cerebral haemorrhage two days after LMWH treatment
was initiated. There was a reasonable causal relationship between the cerebral
haemorrhage and treatment with LMWH. One PORT patient with an infected
CR-DVT and mechanical problems experienced septic embolisation to lumbar
vertebrae. The CoNS infection originated in the PORT pocket and the patient had
recurrent bacteraemia after the PORT had been removed. The significant difference in the incidence of CR-DVT remained after performing sensitivity analyses.
When combining catheter-related adverse events (CR-DVT, exit site or pocket
infection, CRBSI and occlusion), and mechanical problems (including insertion
failure and accidental removal) into a composite variable, 45 (22.4 %) PICC patients compared to 26 (13.1 %) in the PORT group experienced an adverse event
(HR 2.7 (95% CI 1.6 - 4.6, P<0.001) as seen in Figure 14. Analyses on primary
and secondary outcomes on both the ITT and PP populations gave the same results.
In the PORT group, 49/190 (25%) of the patients answering the questionnaire
one month after insertion said that they experienced pain (NRS > 4) during
catheter insertion. The corresponding number in the PICC group was 14/176
(8%), p<0.001. At both 1- and 3–month follow-ups, fewer patients reported that
the PORT interfered with daily activities (showering and taking a bath) than did
PICC patients, but not with other activities.
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Figure 13. Kaplan-Meier curves showing the cumulative catheter related
deep venous thrombosis (CR-DVT) free time period for peripherally inserted catheters (PICC) and implanted port catheters (PORT): HR= hazard ratio, CI=confidence interval.
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Figure 14. Kaplan-Meier curves showing the cumulative adverse event free
time period for peripherally inserted catheters (PICC) and implanted port
catheters (PORT): HR= hazard ratio, CI=confidence interval.

Costs
Dressing changes occurred on average 18 times per PICC and 15 times per
PORT. The time consumed during PICC and PORT maintenance, nurse-led
complication assessment and removal, was 10 minutes for dressing changes, 30
minutes for occlusion assessment and installation of fibrinolytics, 15 minutes for
infection assessment and culturing, and 15 minutes for PICC removal. The corresponding median time consumption for PORT removal was 23 minutes (interquartile range 14).
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Combining the costs of all categories, the price per inserted device was 824.58
EUR for PICC and 662.34 EUR for PORT. When adjusting for total catheter
dwell time the price was 6.58 EUR/day for PICC and 3.01 EUR/day for PORT.
Table 18 Cost related to PICC and PORT from a health-care perspective.
PICC = peripherally inserted central catheter, PORT = implanted port
catheter. N= Euro
Cost group

PICC

PORT

Implantation

384

331

Maintenance

143

148

Complication

272

128

Removal

25

63

Total

825

662

Figure 15. Estimated cost in SEK and EUR per patient in the PICC and
PORT group. PICC = peripherally inserted central catheter. PORT = Implanted port catheter. SEK = Swedish krona. EUR = Euro
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DISCUSSION
The main finding in this thesis was that a low overall complication rate may be
achieved when evidence-based guidelines concerning the implantation and care
of vascular access devices are implemented. Furthermore, the use of PICC is an
independent risk factor for developing CR-DVT in patients with solid tumours.
Recent studies on cancer patients have shown CR-DVT rates of 4.3 -11.7 % for
those with a PICC and 1.6 - 3.3% for those with a PORT.33 69 72 149-151 Three systematic reviews including cancer patients have concluded that PICCs are associated with an increased risk for CR-DVT compared to traditional CVCs.13 14 16
Results from the small underpowered randomised trial by Patel et al are similar
to the findings in the present thesis.130 Hence, available evidence supports our
finding that CR-DVT is more common in cancer patients with a PICC when
compared to those with a PORT.
The pathogenesis of CR-DVT is multifactorial and several risk factors have been
suggested.84 152 The insertion of a venous catheter produces vascular injury at the
site of insertion, and shortly after insertion fibrin deposits adhere to the thrombogenic surface of the catheter.153 The blood flow in a catheterised vein is reduced
depending on the diameter ratio of the vein to the catheter.154 Stagnant flow, vascular injury and the hypercoagulability associated with both malignant disease
and the catheter itself are classic contributors (Virchow’s triad) to venous thrombosis.
In a systematic review, the incidence of CRBSI in patients with a PICC has been
reported to be 1.8 - 7.7 per 1000 catheter days.155 In another systematic review
including 57 250 patients comparing PICCs with CVCs, the relative risk for central line-associated blood stream infection was reported to be 0.9 (95% CI 0.3 to
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2.6) for PICCs in patients with cancer.97 Lebeaux et al reported a PORT-related
infection incidence of 0.1 - 1.5 per 1000 catheter days in oncology patients.95 In
this thesis (Studies I and III) we found a very low incidence of CRBSIs in both
PICC and PORT patients of 0 to 0.05 per 1000 catheter days. During recent
years, extensive programs related to catheter infection prevention have been introduced at our department resulting in a consistently low rate of catheter-related
infections.33 156-158 Hence, it is reasonable to believe that there is good adherence
to basic hygiene precautions in our hospital. In addition, other factors that could
have influenced the low infection rate is the appropriate utilisation of CVCs –
catheters are inserted with the correct indications and removed when no longer
needed.
It should be emphasised that the argument for choosing a PICC instead of a
PORT because of its easy removal if an infectious complication occurs, is not
justified due to the very low incidence of CRBSI in both groups. The choice of
device must therefore be based on its optimal properties not because of ease of
removal due to possible CRBSI, especially if the catheter increases the risk for
thrombosis.
We experienced more local infections in the PORT group. This difference was
not significant when dwell-time was taken into account. We believe that the difference in median dwell-time between the two systems (126 vs 220 days) was
probably the result of catheter survival bias i.e. PICCs are more often removed
when treatment is discontinued.
Our incidence of local PORT infection was higher (6.7% vs. 1.2%) than in the
Lebeaux et al. prospective observational study from 2012.95 However, it is important to notice that the Lebeaux-group only followed patients for 12 weeks
compared to our one-year follow-up. It is reasonable to believe that this explains
some of the difference.
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Early infection (within 30 days after implantation) suggest an implantation related infection, whereas late infection is linked to maintenance flaws. Since the median time to infection in the PORT group was 54 days (i.e. late infections) and
caused by skin flora, it is reasonable to believe that there is room for further improvement in basic hygiene precautions during PORT management in the dwellperiod. Addition of chlorhexidine dressings and consistent use of sterile gloves
may decrease the local infection rate.
Local PORT pocket infection may occur at any time posing both clinical and logistic challenges.33 159-164 When suspecting PORT pocket infection as one of several possible causes of local inflammation, the clinician responsible must decide
on whether or not the PORT membrane may safely be penetrated with the noncoring needle and used for infusion. The alternative is postponement of treatment
pending further investigation, and possibly removal of the PORT system altogether. The risk of puncturing the PORT membrane through possibly infected
tissues, leading to contamination of the PORT interior and subsequent bacteraemia, must be weighed against the risks and disadvantages of postponing cancer
treatment or establishing an alternative intravenous access.
The main finding of Study II was that when puncturing a contaminated PORT
membrane with a non-coring needle, a small fraction of the micro-organisms present on the membrane outside are transported through the membrane. The concentration of micro-organisms cultured from the outlet of the PORT system was
only a fraction of the concentration on the outer side of the membrane (103- to
104 - fold reduction). This number of micro-organisms can be significantly reduced by applying a continuous positive pressure flow through the non-coring
needle during insertion. We believe that bacterial transmission occur within the
cavity of the needle-tip itself (Figure 10) and not by adherence to the needle exterior. Hence, by applying flow in the non-coring needle, bacterial transmission
was reduced to approximately 1% of that with puncture without flow. To the best
of our knowledge such data have not previously been published. In extension,
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potentially infected PORTs could safely be accessed and thereby limiting interruptions in chemotherapy.
In recent years, PICCs have gained increased popularity. The reason for this may
be that insertion can be done without delay by specially trained nursing teams on
the ward, and that the capacity for insertion of PORTs is limited in many hospitals.165 However, the increase in the use of PICCs has taken place with little
high-quality evidence regarding its safety compared to traditional central catheters. It has been noted in several papers that despite the frequent use of central
vein access devices in oncology practice, there are few controlled trials comparing the quality and risk profiles of devices currently available.13 14 16 72 130 166
Several vascular access-related features must be taken into consideration by the
treating physician when discussing intravenous cancer treatment with the patient.
The decision to use a particular central venous access device should involve a
risk-benefit analysis including the risk for an adverse event, device availability,
expected time on the waiting list for implantation, patient preference and cost.
When assessing clinically relevant adverse events as a whole, the risk is almost
three times higher with a PICC than with a PORT.
Several authors have stated that PICC is the cheaper vascular access alternative
for patients with cancer. In Study IV, we demonstrate that PICCs are associated
with a higher cost to the healthcare system compared to PORTs, when including
clinically relevant dimensions of catheter insertion, care and removal. The difference in cost is mainly caused by costs related to the management of adverse
events. Adverse events are potentially avoidable by limiting the use of PICCs in
favour of PORTs in patients with cancer. Hence, both our patients and the
healthcare system stand to benefit from a change in practice by choosing the central venous catheter that is the most appropriate for the delivery of chemotherapy.
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Our findings are comparable to those reported by Patel et al in 2014 i.e. higher
costs with PICCs due to catheter related complications.130 In our material, PORT
implantation costs were marginally smaller than PICCs, mainly due to the price
difference in the pre-packed PICC kits. In contrast, implantation cost has been
reported to be lower for PICCs by both Patel, Rotzinger and Viart.130 133 167 When
analysing costs from a healthcare system’s perspective, it is important to include
all relevant factors involved in insertion, maintenance and adverse event-related
expenditure.
Several studies have investigated costs associated with both PICCs and PORTs
focusing on different perspectives and patient categories. Notably, only a few of
these have used a prospective study design with a control group. There are large
differences in calculated costs in previously published studies (Table 14). The
differences in the cost of long-term vascular access devices between studies
could be explained by several factors including differences in salary between
countries, different thresholds for hospital admission during treatment of adverse
events, material pricing and differences in healthcare systems.
At many oncology centres (ours included), the use of a PICC for chemotherapy
has been an integral and well-functioning part of day-to-day clinical practice for
many years. However, the results of the present study raise questions regarding
the appropriateness of the use of PICCs in cancer patients. On the other hand, a
shift toward increased utilisation of PORTs might delay start of treatment in
many cases due to the limited access to operating theatres. Meanwhile we believe
that the PICC has a role to play in the treatment of cancer patients. It must be
stressed that logistic challenges must be solved so that more patients will have
access to PORTs within a reasonable time. When assessing the situation as a
whole, more attention should be paid to selecting the best vascular access device
alternative for each individual, possibly guided by CR-DVT risk- assessment
tools.152 In light of the available evidence regarding safety, patient preference,
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and health economy more effort should be made in making PORTs available for
patients with cancer.
Based on data from the screening process of Study III, patients appeared to prefer
PORT over PICC when given the choice before starting their chemotherapy. This
observation is prone to bias from several sources including other patients, staff
and the internet. However, it is an interesting observation that needs further exploration.
In the randomised controlled trial by Patel et al from 2014, data on quality of life
were available in 53% of patients. These indicated that there was no difference in
preference between PICCs and PORTs.130 In our first study, PORTs were generally well accepted.33 In our randomised controlled trial, the implantation procedure was less painful in the PICC group, but PORTs interfered less with activities of daily life.164 It is obvious that more well-conducted controlled trials investigating patient-reported outcome measures and quality-of-life assessments are
warranted in order to provide the information we require to be able to inform our
patients and make the best decisions in the future.
This thesis has strengths that need to be mentioned. Data from the two clinical
trials (Study I and III) are both prospective, with the latter being a RCT. In fact,
Study III is the largest published RCT assessing differences between PICC and
PORT in a cancer population. Thus, the internal and external validity of our results is likely high.
There are limitations that must be discussed. First, the health-economic evaluation may be of limited value in health-care systems very different from the Nordic countries due to different reimbursement models, other wages and different
pricing. Second, we used a non-validated patients perceptions questionnaire during Study I and III. During Study I, patients were interviewed over the telephone
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which could have led to bias. Third, we included a wide range of cancer diagnoses which make interpretation in regard to specific subgroups difficult.
When recommending vascular access device to cancer patients, the avoidance of
harmful adverse events and maximum patient satisfaction must be the priority of
all clinicians.
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CONCLUSIONS
• The overall risk for vascular access device related adverse events is low in
patients with cancer.
• The risk for CR-DVT is higher in cancer patients with a PICC when compared to cancer patients with a PORT.
• The risk for adverse events as a whole is higher with PICC.
• The incidence of CRBSI is very low in both PICCs and PORTs.
• Local infection is a major reason for premature PORT removal.
• The incidence of insertion-related complications, and mechanical complications during the indwelling period is very low for both PICC and PORT.
• Patients experience more pain during the insertion of a PORT than a
PICC, but PICCs interfere with activities of daily life more than PORTs.
• Patients tend to prefer a PORT over a PICC when given the choice before
starting chemotherapy
• The cost of a PICC is higher than that of a PORTs from the health-care
system’s perspective. The difference in cost is mainly caused by complications associated with PICCs.
• Micro-organisms can be transported across the PORT injection membrane
when injecting through infected areas. The number of CFUs transported is
dependent of the concentration outside the PORT membrane and the contaminating species.
• The number of transported CFUs into the PORT interior can be reduced
by applying a positive-pressure flow through the needle when puncturing
the PORT membrane.
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FUTURE PERSPECTIVES
• The use of antibiotic prophylaxis during PORT insertion should be studied further in well-designed prospective RCTs.
• The use of chlorhexidine-containing dressings around PORT needles should be
evaluated in well-designed prospective RCTs.
• To clinically evaluate the safety and feasibility of anti-thrombotic PICCs, and
in the extension perform controlled trials comparing traditional PICCs with anti-thrombotic PICCs.
• Qualitative research to further explore which device related factors are important to cancer patients.
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