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Abstract
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Background: Critically ill patients in intensive care units (ICUs) often require organ
support, including mechanical ventilation, vasopressors, and dialysis. Central venous catheters
(CVCs) are commonly used for drug administration, while central dialysis catheters (CDKs)
enable continuous renal replacement therapy (CRRT). This thesis investigated the potential
phenomenon of direct aspiration of a drug infused in a CVC into the CDK during CRRT, leading
to unintended clearance, and explored its clinical implications and also physicians’ catheter
insertion practices. To achieve this, experimental animal models and a cross-sectional survey
study were employed.

Methods and Results:
Study I examined the impact of catheter placement on drug concentration and vasopressor

requirements. Results showed lower antibiotic concentrations and a twofold increase in
noradrenaline demand, during CRRT, when CVC and CDK were placed in the same vessel
compared to separate vessels.

Study II assessed antibiotic clearance under endotoxaemic conditions, demonstrating higher
clearance in CRRT when both catheters were in the same vessel.

Study III explored how different CVC-CDK tip distances influenced clearance, during
CRRT. The lowest clearance was observed when catheter tips were parallel or when the CVC
tip was closer to the heart than the CDK.

Study IV investigated European ICU physicians’ catheter placement preferences. The right
internal jugular vein was the preferred site for both CVC and CDK. Ultrasound was frequently
used for insertion but less often for tip position confirmation. Notably, 70% of respondents
expressed concerns regarding catheter tip positioning in the same vessel, and 30% had suspected
drug aspiration from a CVC into a CDK during their clinical careers.

Conclusion: Direct aspiration of drugs from a CVC into a CDK can occur during CRRT,
potentially affecting drug clearance.

European physicians prefer the right internal jugular vein for placement regarding both
catheters, with ultrasound frequently used for insertion but less often for tip confirmation.
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AKI Acute Kidney Injury 
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Introduction 

Intensive care units take care of patients with failure in organ functions, who 
are in need of supportive care and/or treatment. Over the years, technology 
has advanced greatly, enhancing options for organ support. New treatment ad-
vances have indeed improved outcomes for intensive care patients but the 
mortality associated with intensive care is still high. Critically ill patients who 
receive renal replacement therapy (RRT) have higher morbidity and mortality 
over and above this. 
 
In intensive care, patients often require a central venous catheter (CVC) and 
if they receive RRT, they require an additional central venous dialysis catheter 
(CDC). Research to improve the safety of placing these catheters is extensive 
and frequently addresses insertion technique, site of placement and catheter-
related infections. To support clinicians there are guidelines addressing the 
placement of CVCs, CDCs and peripherally inserted central catheters (PICC 
lines). 
 
At the start of this thesis´s scientific investigations, we hypothesised that dur-
ing continuous renal replacement therapy (CRRT), a drug infused through a 
CVC could be directly aspirated into a CDC if the CVC tips are in close prox-
imity. Since the literature addressing this subject was limited, our research 
started with animal studies. After completion of the first studies and in order 
to optimise a clinical study we found a need for enhanced understanding of 
how clinicians place catheters, how they confirm tip position and whether they 
have considered the phenomenon of direct aspiration.  
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Background  

Intensive Care 
Intensive care medicine is a medical specialty that takes care of patients with 
failure in one or several vital organ systems such as pulmonary, hepatorenal, 
cardiovascular, etc. Intensive care provides the opportunity of supporting and 
sometimes replacing organ functions. 
 
Compared to other medical specialities such as surgery or obstetrics, intensive 
care medicine is a new discipline. It arose during the polio epidemic in 1952, in 
Copenhagen, where high numbers of patients presented with respiratory and 
bulbar failure 1. The need for tracheostomies and positive pressure ventilation 
was identified and initiated. The first intensive care units were then built to pro-
vide positive pressure ventilation, mostly used in anaesthesia at the time 2, 3.  
 
During the 1960s and 1970s, intensive care units were built in several parts of 
the world and since then, continuing development, inventions and education 
have led to the intensive care of today 2, 3. The intensive care unit (ICU) is a 
highly technological environment, where patients have a high burden of dis-
ease and acute situations are common. To be able to meet these demands, the 
intensive care multi-professional team plays an important role in reducing 
morbidity and mortality3, 4. 
 
According to the Swedish Intensive Care Registry, there are approximately 
42,000 to 45,000 ICU admissions per year in Sweden.5 The most common 
intensive care diagnosis is respiratory failure, followed by circulatory failure, 
cerebral insults and sepsis. Intensive care is associated with mortality of 7% - 
10%, which rises to 12% in patients who stay in intensive care for more than 
4 days. Mortality continues to rise and 30-day mortality is 20%. Different di-
agnoses and organ failures elevate the mortality rate even further. 
 
The intensive care environment also affects research. Studies in intensive care 
and emergency medicine are associated with certain difficulties such as the 
heterogeneity of patients and recruitment of incapacitated patients6, 7. Chal-
lenges also come from the time-sensitive nature of treatments, with short time 
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frames for study inclusion. Recruitment often takes place out of hours when 
staffing might be short. Family members are in despair or sometimes not even 
available to act as substitute decision-makers. Approximately 44% of random-
ised controlled trials in intensive care do not meet their recruitment targets6, 7. 

Acute Kidney Injury and Renal Replacement Therapy 
Among intensive care patients, acute kidney injury (AKI) has a prevalence of 
approximately 50%.8, 9. Traditionally, categorisation has been made in relation 
to the kidney, i.e. pre-, post renal and renal. However, since AKI often occurs 
as part of other underlying syndromes, it is now more commonly classified in 
relation to these conditions, such as sepsis associated-AKI, cardio-, renal-, 
hepatorenal AKI and others. Sepsis is recognised as the primary trigger for 
AKI in critically ill patients9, 10. Sepsis-associated acute kidney injury (SA-
AKI) contributes to approximately 50% of all AKI cases in critically ill adult 
patients11. 
 
Patients with acute respiratory distress syndrome have an excess 28-day mor-
tality attributable to AKI of 18.6 %12. 
 
The diagnosis and staging (1-3) of AKI is based on urinary output and creatinine 
levels as defined by the Kidney Disease Global Initiative AKI (KDIGO) 13. 
 
Urinary output and creatinine levels both have their shortcomings for diagno-
sis and prognosis. Urinary output is not only dependent on the kidney itself 
but also on factors such as the patient’s volume status, weight and current 
blood pressure. Creatinine is an indirect kidney marker depending on muscle 
mass and has a delay in elevation in AKI. Attempts to find more sensitive and 
specific markers for AKI have so far not been able to replace urinary output 
and creatinine14, 15.  
 
AKI is both an indicator of disease severity and a factor that affects outcome. 
Approximately 67% of hospital AKI cases normalise their creatinine and uri-
nary output within 7 days16. Patients with AKI at Stages 2-3 who recover 
within this time frame have a higher survival rate compared to those who never 
resolve their renal function, leading to a hospital mortality of 47%. Conse-
quently, preventing AKI is of utmost importance and if prevention is not pos-
sible, it is vital to avoid progression from the less severe stage 1 to the more 
severe stage 3. In some patients (4% to 13%), AKI is severe enough to require 
RRT, which is associated with high mortality8,9,17,18.  



 

 14 

RRT was described in animal experiments as early as 1912 by Abel and col-
leagues19. In 1924, Georg Haas performed the first haemodialysis (HD) in a 
human. However, the process of performing dialysis by blood purification was 
cumbersome and it was not until the late 1930s, that the discovery and use of 
cellophane tubes enabled further development19. During the early 1940s, ap-
paratus for human HD was developed simultaneously in different countries, 
including Sweden by Nils Alwall at Lund University20. In the following dec-
ades, after scientific work and technical inventions, the use of HD in renal 
failure patients became an established therapy and was the first procedure for 
replacing a human organ21. 
 
In intensive care, HD often led to hypotension and a risk of deteriorating renal 
function. This called for a less haemodynamically stressful method and even-
tually the continuous renal replacement therapy, CRRT, was developed. Kra-
mer described and initiated the use of continuous arterio-venous heaemofil-
tration (CAVH) by accessing the femoral artery19, 21. Morbidity associated 
with arterial catheterisation and the reliance of the patient’s own blood pres-
sure for fluid removal also drove the quest for further development towards 
the continuous veno-venous haemofiltration (CVVH) system used today 19,21. 
 
The initiation of RRT in the intensive care patient is based on factors such as 
potassium levels, acid-base status, urea levels, fluid status and the course and 
severity of the patient´s condition. Intoxication and chronic kidney failure can 
be other reasons for initiating RRT in the ICU. The optimal time to start RRT 
in AKI has not yet been clearly defined22-25.  
 
The circumstances under which RRT should be discontinued are not known 
even though many parameters have been evaluated, such as biochemical bi-
omarkers and urinary output. Urinary output prior to discontinuation is one of 
the best predictors but there is currently no recommendation for one specific 
approach to predict successful discontinuation of RRT. Observational studies 
have shown that a failed attempt to discontinue RRT is associated with greater 
mortality26,27.  

The Dialysis Machine and Dialysis Modes  
There are some important, main components of the dialysis machine. A blood 
pump drives the blood through a dialysate membrane while a haemodialyser 
and dialysate fluid move in the opposite direction. These different components 
can be altered to give different modes and doses of dialysis (Figure 1). 
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RRT can be delivered with diffusion (dialysis), convection (filtration), adsorp-
tion, or a combination of these. Diffusion is dependent on the concentration 
gradient between blood and dialysate. Diffusion is also affected by the mem-
brane thickness, surface area and dialysate temperature, whereas convection 
is dependent on the movement of water, which drags molecules across a hae-
mofilter membrane. Diffusion is suitable for small solutes and convection can 
clear larger molecules, depending on the size of the membrane pores and the 
size of the molecules. With convection, there is also a loss of fluid that needs 
to be replaced in the dialysis machine. Adsorption binds molecules to a filter 
in order to remove them from the blood 28,29.  

 
Figure 1. Simplified model of dialysis machine 

Different RRT modalities currently used internationally in the intensive care 
unit (ICU) include intermittent haemodialysis (IHD), CRRT, and hybrid ver-
sions classified as sustained low efficiency dialysis (SLED). In some ICU set-
tings, acute peritoneal dialysis (PD) is still used whereas in Sweden the dom-
inant modality is CRRT 29.  
 
The risk of haemodynamic instability related to RRT is lower with CRRT than 
with other modes. Another argument in favour of CRRT over IHD is the lower 
delivery of ultrafiltration and slower osmotic shift, reducing the risk of brain 
oedema in specific patient categories. There is no clear evidence that any spe-
cific modality is superior concerning mortality or renal recovery in critically 
ill patients with AKI28,30. However, a recent American retrospective cohort 
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study suggests that, in AKI patients, CRRT may result in 30% lower RRT 
dependence after hospital discharge, compared to IHD31. 

Filters and membranes  
Modern RRT filters are composed of groups of hollow fibres with a range of 
surface areas, from approximately 0.1 to over 2 m2. These fibres have a high 
porosity (30–50 A°) with a pore cut-off size of 30 kDa. The most commonly 
used membranes are polyacrylonitrile, polysulphone and poly (methyl meth-
acrylate) (PMMA) and allow a high ultrafiltration coefficient (over 20 
ml/h/mmHg), plus high diffusive and convective performance. Biocompati-
bility (the change in blood factors induced by membrane/blood contact) is also 
an important quality of these membranes29  
 
To some extent, different filters have different absorption properties. Charcoal 
haemoperfusion has been used in intoxication cases. Filters for immunomod-
ulation have been developed with the aim of affecting the sepsis cascade 32,33. 
 
A further development of the dialysis machine was the introduction of extra-
corporeal carbon dioxide removal for respiratory failure. There are several 
available devices that are minimally invasive and require low blood pump 
flow. However, the reduction of carbon dioxide is limited compared to tradi-
tional extra corporeal membrane oxygenation (ECMO) 34. 

Clearance 
Renal clearance is the rate at which certain substances are removed from the 
plasma by the kidneys and it depends on urine concentration and urinary vol-
ume. Renal clearance expresses the relationship between excretion of a sub-
stance per time constant and its concentration in plasma; 

  
Cx= Ux V/Px ml/min.  

 
Where Cx is the clearance for x, Ux is the urine concentration of x, V is the 
urine production per time unit and Px is the plasma concentration for x. 
 
Clearance can be used to compare the kidney’s or the dialysis machine's abil-
ity to clear specific substances or solutes. 
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Dialysis clearance is dependent on the blood flow through the filter and the 
amount of dialysate per minute. Studies on CRRT and intensive care mostly 
utilize weight-based effluent rates in mL/kg/h as a surrogate for dialysis dose 
1335,36,37. 
 
The prescribed effluent rate (mL/h) is the sum of the replacement fluid rate, 
dialysate rate and fluid removal rate. Several studies has showed that a higher 
dialysis dose do not improve patient outcomes and therefore small-solute 
clearance of 20-25 mL/kg/h is now considered the standard dose for CRRT in 
the ICU13, 35-38. 

Drug dosing and clearance in the critically ill patient 
Drug dosing in critically ill patients presents specific challenging circum-
stances due to the substantial physiological changes that occur to impair drug 
elimination. Additionally, these patients often have reduced serum albumin 
levels with decreased capacity to bind drugs and an increased volume of dis-
tribution due to volume overload38, 39. Another issue seen in critically ill pa-
tients is augmented renal clearance, which results in supra-physiologic drug 
clearance40. Since a patient’s individual drug clearance is rarely known at the 
bedside, it is typically estimated by the physician based on clinical judgement. 
 
Drug clearance in dialysis relies on classical pharmacological principles such 
as the drug’s volume of distribution, the level of protein binding, molecule 
size and charge. For critically ill patients who receive CRRT, there are recom-
mendations on drug dosing but these focus mostly on antibiotics38, 39. CRRT 
leads to amino acid loss as well as losses of water-soluble vitamins and other 
micronutrients. Caloric intake of approximately 35 kcal/kg per day should be 
provided with supplementation of water-soluble vitamins41. 

Central Venous Catheters 
In critical care, reliable access to the patient´s bloodstream is a priority in order 
to enable secure administration of drugs such as vasopressors and sedatives. 
As early as 1929, the German medical resident Forssmann inserted a non-flow 
catheter into his own arm and advanced it to what he believed to be the right 
heart19. This was an attempt to find a way to find a way to deliver drugs effec-
tively for cardiac resuscitation21. The placement technique was later refined 
by Seldinger 42.  
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In intensive care today, a CVC is part of standard care and in addition, being 
a vascular access, it can provide the opportunity for cardiac output monitoring. 
Between 60% and 90% of patients in the ICU are reported to have an indwell-
ing CVC and the most common indication is infusion of vasoactive drugs43. 
 
 If the patient requires CRRT, a double lumen CDC is used. The catheters are 
inserted in large veins, such as internal or external jugular vein, subclavian 
vein or femoral vein, but the tips are placed in the superior or inferior caval 
vein. A PICC-line is, as the name implies, inserted in a peripheral vein but 
also has its tip in the superior caval vein. The preferred position of the tip is 
in the lower 1/3 of the superior caval vein or in the cavo-atrial junction 44. 
 
These tip positions offer less risk of thrombosis and better access for CRRT, 
probably due to placement in a wider vessel44, 45. The position of these tips is 
confirmed with ultrasound, chest X-ray or by electrocardiography. However, 
the tip can move or migrate, for example, due to mobilisation of the patient46-

48. In one observational study, the tip of a PICC-line moved 2.4 ±1.7 cm cau-
dally if the arm was repositioned from an abducted to an adducted position49. 
 
There are guidelines for where to insert the catheters and recommendations 
for tip-position 44, 45, 50. 

Complications to central venous catheters 
Inserting a CVC, CDC or PICC-line in intensive care patients is often consid-
ered necessary for the patient’s wellbeing and survival. However, inserting 
and using them also present risks51, 52. The main complications can be divided 
into infections, thrombosis and insertional or mechanical trauma. The latter 
commonly includes pneumothorax, haemothorax, arterial and venous lacera-
tions51, 52. 
 
Reports on infections are divided into two main categories: central line-asso-
ciated bloodstream infection (CLABSI) and catheter-related bloodstream in-
fection (CRBSI). CLABSI is used for institutional surveillance and CRBSI for 
patient diagnosis (Table 1)53, 54. When it comes to interpreting the research, it 
is important to recognise these differences, since some studies cover CLABSI 
and others CRBSI. CLABSI is associated with higher mortality, prolonged 
ICU stays and overall hospital length of stay. CRBSI represents 25% of ICU-
acquired bacteraemia. Both are hence of major concern53, 54. 
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Table 1. Definition of CLABSI and CRBSI 

Table 1 Abbreviation Criteria Application 
CLABSI central line-associ-

ated bloodstream in-
fections 

Laboratory-confirmed blood-stream 
infection in a patient who has had a 
CVC in place for more than 48 hours 
before the date on which the blood was 
drawn for culture. 
-No other source of bacteraemia or 
fungaemia is identified. 

- More sur-
veillance 
than clini-
cal. 
- May over-
estimate 
number 

CRBSI Catheter-related 
blood-stream infec-
tion 

-Meets criteria for CLABSI but also 
signs and symptoms (fever, elevated 
LPK, erythema) at catheter site. 

-Clinical 
definition 
- Not used 
for surveil-
lance 

The burden of mortality and morbidity associated with these infections has led 
to enormous efforts to prevent them, including the development of guidelines 
and checklists. Many studies have focused on comparing differences in bac-
terial colonisation and infection between different catheter placement sites. 
The subclavian vein (SCV) has lower colonisation than the internal jugular 
vein (IJV) and the femoral vein (FV) placement but recent studies have not 
found convincing evidence that rate of infection differs between sites55. 
 
Bacterial colonisation of the catheter occurs via the extra- or intra-luminal 
route. The extraluminal route occurs predominately from the skin puncture, 
whereas intra-luminal spread comes from contamination when using the cath-
eter. Bacterial attachment to the catheter begins as early as within 24 hours of 
insertion. A biofilm on the surface of the catheter, both inner and outer, forms 
from the bacteria and contributes to CLABSI but does not always lead to clin-
ical manifestations52. 
 
Biofilm formation is the first step to forming a fibrin sheath on the catheter 
that facilitates subsequent catheter thrombosis. 
Catheter-related thrombosis is less understood and less studied than colonisa-
tion and infection. However, different insertion sites are considered important 
here as well, with the femoral catheter having the highest incidence and sub-
clavian the lowest among centrally inserted catheters. Thrombosis risk is 
higher in PICC-lines than in other central catheters since the tip often migrates 
from optimal placement and the PICC-line is inserted into a smaller vein com-
pared to other central catheters. PICC-lines are associated with 2.6-fold higher 
risk for thrombosis compared to other CVCs56–58. 
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Catheter-related thrombosis could be classified into superficial vein throm-
bosis (SVT) or deep vein thrombosis (DVT), thrombotic occlusion of the cath-
eter lumen, and the peri-catheter sheath.  
 
Most DVT related to catheters is asymptomatic. One study found that DVTs 
were detected in 71% of PICC lines with screening Doppler ultrasound but 
only 4% were symptomatic. Similar numbers for symptomatic DVTs for 
PICC- lines have been found in other studies. The thrombosis risk in other 
central catheters is reported to be 2.7/1000 catheters59–61. 
 
Insertional or mechanical complications include haemo- and pneumothorax, 
arterial puncture, haematoma, arrhythmia, nerve and vessel injury, air, embo-
lism, catheter malposition or accidental catheter removal. The reported inci-
dence of mechanical complications varies widely but is much lower than in-
fectious and thrombotic complications. In emergency settings, mechanical 
complications have been reported to be 1.5-3.2 per 1000 CVC days with the 
most common complication being pneumothorax62. 
 
Patient factors can influence complication rates. Immunosuppression and co-
agulopathy lead to a higher risk of CRBSI whereas high body mass index 
(BMI) is associated with more mechanical complications. A higher number of 
puncture attempts and lower level of physician training are associated with 
higher incidence of mechanical complications. Emergency situations also in-
crease the number of complications51,63. 
 
To reduce the number of complications, ultrasound has been recommended 
for placement of central venous catheters since 200464. 

Ultrasound 
In the 1880s, Pierre and Jaques Curie discovered piezoelectrics. These mate-
rials have the ability to produce soundwaves when an electric field is applied 
to them and produce an electric field when a sound wave hits them. During 
World Wars I and II, this discovery was combined with other discoveries 
about pulsed sound and its echo. Research investigations aimed at developing 
submarine detection and formed the basis of SONAR (sound navigation and 
ranging). Medical pulse-echo imaging was being developed during the 1940s 
and 1950s though collaboration between medical doctors, engineers and the 
navy. In the early years, the most widespread medical use was in obstetrics 
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and gynaecology but examinations also included breast scanning, and gall-
stone and tumour detection65. 
 
Ultrasound has long been used in intensive care for diagnostics and interven-
tion. The first use of ultrasound to guide CVC placement was described in 
198266. 
 
It took until the early and mid-90s before ultrasound was adopted more 
broadly in clinical practice for placement of CVCs, with the aim of reducing 
mechanical complications and improving success rates. The quality of the ul-
trasound was less developed than today and needle visualisation was some-
times difficult. The development of critical care ultrasound has continued with 
the development of ultrasound probes and machines, which have made the 
system easier to interpret and more feasible to use65.Today, it is a requirement 
that intensivists master basic lung ultrasound and echocardiography.  

 
 
In 2004, NICE guidelines recommended that ultrasound should be used for 
placement of jugular and femoral catheters64.  Ultrasound guidance for punc-
ture of the vessel is now well established for IJV, SCV and FV67–69. For cath-
eter insertion in the IJV, ultrasound is superior to landmark technique when 
comparing insertion time, success rate, mechanical complications and risk of 
infection. Landmark technique is based on the knowledge of anatomic struc-
tures and palpation of arteries next to the veins. Ultrasound for puncture and 
insertion in SCV took longer to be proven beneficial but also reduces compli-
cations69. 
 
Advantages of ultrasound use include the detection of anatomical variability; 
the ability to assess vessel patency; confirmation of venous catheterisation 
(not arterial), and the reduction of mechanical complications such as arterial 
puncture, haematoma and pneumothorax70. 
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Figure 2. Ultrasound of catheter insertion. 

A-B: visualisation of internal jugular vein (IJV) and carotic artery (CA). C-D Visual-
isation of needle in the vein, out of plane (C), and in plane (D). E-F Visualisation of 
the guidewire in the vein, out of plane (E), and in plane (F). 

Confirmation of Catheter Tip Position 
It has been suggested that the optimal placement of the CVC tip should be in 
the lower part of the vena cava superior or in the right atrium71. These posi-
tions are associated with lower risk of catheter dysfunction and thrombosis72. 
The optimal catheter position for CVCs in the FV is not yet known but the aim 
is to place the tip in the inferior caval vein. 

 
Traditionally, checking the correct position of IJV and SCV catheters can be 
done by X-ray, by patterns of the central venous pressure waveform, or by 
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electrocardiogram, with p-wave detection72,73. Using X-ray for verification of 
tip position also has the advantage of enabling detection of a pneumothorax.  
 
The value of routine chest X-ray has been questioned, since it is expensive, 
labour intensive, and often results in delayed use of the CVC. Despite this 
criticism, its use remains common in clinical practice74.  
 
For the past decade, the use of bedside echocardiography and lung ultrasound 
have been proposed for verification of tip position and detection of pneumo-
thorax. 
 
The use of point of care ultrasound (POCUS) for confirmation of catheter tip 
position can be made with different methods. One way is, to detect the guide-
wire directly in the superior vena cava or in the right atrium, before dilatation 
of the vessel. For practical reasons this will require two physicians. Another 
way is indirect detection of tip position. This is done by insonating the IJV, 
the SCV, the heart and simultaneous give a rapid injection of saline or an 
opacifying agent 74. The catheter tip can then be visually detected using echo-
genic turbulence. This has a high specificity and sensitivity for correct catheter 
position75. 
 
Lung ultrasound, to rule out or detect pneumothorax, has been shown to be 
superior to chest X-ray. It involves identifying the hyperechogenic line be-
tween two ribs that represent the interface between the visceral and parietal 
pleura, commonly referred to as lung sliding. The position of the lung point 
can also be a quantification of the pneumothorax 76,77. For further evaluation 
of pneumothorax, the motion mode (M-mode) can be used to look for the so-
called barcode and seashore sign (Figure 3). In the seashore sign the moving 
lung causes irregular, grainy noise compared to sand on a beach. In barcode 
sign there is no movement, often due to pneumothorax, and the M-mode cre-
ates straight lines resembling a barcode.  
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Picture from Radiopedia.org Case courtesy of Zuhoor Ud Din rID: 188046 

Figure 3. Ultrasound picture of barcode sign (left) showing pneumothorax and sea-
shore sign (right) showing normal lung. 

Recirculation and direct aspiration of drugs during 
CRRT 
CVCs are used to deliver essential drugs and nutrition to the critically ill pa-
tient. When CRRT is provided, a CDC is also inserted so that blood from the 
patient is drawn from one catheter lumen, into the dialysis machine and there-
after given back to the patient in another lumen of the same catheter. The tips 
of a CVC and a CDC are often close and it is therefore reasonable to believe 
that a drug given in a CVC can be directly aspirated into a CDC before giving 
the intended drug effect (Figures 4 and 5). 

 
  
 

 
 
 

 
A similar phenomenon is access recirculation in HD for chronic kidney dis-
ease, where dialysed blood returning to the patient through the venous needle 
re-enters the extracorporeal circuit through the arterial needle, rather than re-
turning to the systemic circulation78,79. This reduces dialysis clearance since 

Figure 4. A bed side chest X-ray show-
ing tips of a central venous catheter 
CVC (blue arrow) and a central dialysis 
catheter CDC (green arrow) 



 

 25

the un-cleared blood is diluted with already cleared blood. Significant recir-
culation can lead to a discrepancy between the amount of haemodialysis pre-
scribed and the amount of haemodialysis delivered. This is therefore an im-
portant issue in dialysis units78-81. 

 
Figure 5. Direct aspiration of infused drugs from a central venous catheter (CVC) 
into a central dialysis catheter (CDC). 

Recirculation is affected by dialysis blood-pump flow and by reversal of the 
catheter ports79,82. Factors that may influence the recirculation rate include the 
catheter insertion site, catheter tip position, catheter length, and intra-circuit 
pressure83. 
 
In ECMO, recirculation can also appear if the catheter tips are too close, re-
sulting in a lower oxygenation of blood than expected 84,85. 

 
Additionally, RRT is known to affect the results of transpulmonary thermodi-
lution measurements86–88. There is discussion as to whether this is dependent 
on temperature changes by the dialysis in combination with recirculation. 
However, a plausible contributor could also be direct aspiration 86–88. 
 
Compared to recirculation, the possibility of direct aspiration would show 
higher drug clearance. There are a few case reports where the occurrence of 
direct aspiration is highly suspected89,90. Kam et al. built an in vitro model 
describing the phenomenon91.  
Before start of this project, the literature addressing this phenomenon was 
scarce 

Different Dialysis Catheters 
Different designs have been developed to optimise the performance and func-
tion of the CDC. The catheters mainly differ in lumen diameter, material and 
tip design, such as the structure and shape of side and end holes. Common tip 
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designs are step-tip, symmetrical tips and split-tip (Figure 6). Different tip de-
sign can have an effect on recirculation and on complication rates. A meta-
analysis on long-term catheters compared catheter performance for different 
tips. The study found no differences between the- delivered blood flow rate, 
CRBSI or thrombosis. However, recirculation was lower in step-tip compared 
to split-tip catheters92. 

 
Figure 6. Different CVC tips. 
From the top: Step tip, symmetrical tip and split tip. 
Blue dots represent the outflow port where blow returns to the patient and red indicate 
inflow of blood to the dialysis machine. 

Recirculation in different temporary CDCs was tested in bench models and 
showed low recirculation (2%) for all tested catheters with no difference be-
tween tip models. When the ports were reversed, the recirculation rate was 
40% with a step-tip, and 10% in a symmetrical tip 83. 

Research in Intensive Care 
Randomised, controlled trials are considered the gold standard of research 
methods and the only study type that can show causality93. However, to enable 
advances in research and knowledge, compromises are often required. 
 
The intensive care environment makes clinical research challenging compared 
to many other facets of research. Patients are often incapacitated due to severe 
illness and cannot give informed consent. Their next of kin are often in a state 
of despair and the time frame for inclusion in a study might be short due to the 
severity if the medical condition 6,7. 
 
The case mix in an ICU can also affect inclusion time and the interpretation 
of results. In more recent years, many clinical studies have reported “non-in-
ferior” as their result. This may be due to of underpowered studies. 
On the other hand, including enough patients might be very costly and take a 
long time94. 
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In order to work around these obstacles, alternatives to clinical studies can 
include experimental research, surveys and epidemiological registry studies. 

Animal research and Ethics 
Animal research might be found necessary in order to prepare a clinical re-
search question or if a clinical study in humans is considered unethical.  
 
Before a drug can be tested in humans, animal research is required. The same 
applies for certain medical procedures. 
  
The EU (directive 2010/63/EU) and Swedish law (SFS nr 2018:1192 and SFS 
nr 2019:66) regulate the handling of animals for research. An animal experi-
ment is only permitted if an ethics committee has given an ethical permit.   
 
The specific ethical considerations in animal research involve the 3R princi-
ples of Replace, Reduce and Refine.  This means that if there is an alternative 
method to animal experimentation to answer the research question, then that 
method should be used. The number of animals in an experiment should be as 
kept as low as possible and it is important to gain as much information as 
possible from every experiment animal. The experimental method should be 
as optimal as possible and minimise pain and discomfort for the animal95. In 
this thesis these considerations were taken into account when designing the 
experiment. The animals used in Study II were the same as in Study III. 
 
To improve standardisation when conducting and reporting animal research, 
the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guide-
lines were developed in 2010 and further revised in 2020. The guidelines in-
clude a checklist and examples96, 97. There are also suggestions on how to 
standardise pre-clinical sepsis studies98. 
 
A recent report from the Swedish Research Council shows that the Swedish 
public has a high acceptance for animal experiments in medical studies. It also 
shows high trust in researchers to follow laws and regulations. It is important 
for researchers to continue to value this confidence99. 
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Survey methodology 
According to the Cambridge Dictionary, a survey is an examination of opin-
ions, behaviour, etc., made by asking people questions. It is a traditional 
method that is used frequently. One advantage of surveys is that they can in-
clude a large sample size, thereby collecting a large amount of information.  
Information can be obtained quickly and the cost is often low.  
  
However, survey studies have several drawbacks, such as selection and re-
cruitment bias; question misinterpretation; low response rate etc., all of which 
can influence the generalisability of the results. In order to increase transpar-
ency and to improve reporting of web-based surveys the Checklist for Report-
ing Results if Internet E-Surveys (CHERRIES) guidelines are recom-
mended100.  
 
By reporting all aspects of the survey, the reader can more accurately dissect 
the results.  
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General Aim and Rationale 

The primary aim of this thesis was to investigate the implications of catheter 
placement sites and the potential phenomenon of direct aspiration, particularly 
in the context of drug clearance during CRRT. Prior to the commencement of 
this project, the literature addressing direct aspiration was limited. There were 
a few case studies and only one bench model. 
 
Since the phenomenon had not been previously studied in vivo, our project 
began with animal experiments.  

 
Upon completing the experimental studies, further understanding of catheter 
placement was necessary to assess the clinical relevance of direct aspiration. 
We suspected that this phenomenon was underreported and aimed to deter-
mine whether physicians had ever suspected or identified it. Additionally, we 
sought to explore whether there were variations in physicians' practices re-
garding the placement of CVCs and CDCs, as well as their methods for con-
firming tip position. A survey study was conducted to address these questions. 

Aims 
I. To investigate, in an animal model if the relationship between the 

position of CVC and CVDC influences the elimination of infused 
drugs, during CRRT 
 

II. To investigate, in an endotoxaemic model, if dialysis-clearance is 
affected by CVC and CDC placement, during CRRT. 

 
III. To investigate, in an animal model, if different distances between 

CVC and CDC tip position, when placed in the same vessel, affect 
dialysis-clearance of drugs, during CRRT  

 
IV. To describe preferred choice of insertion site of central venous 

catheter, among European anaesthetists and intensivists, and to 
describe the use of ultrasound and considerations when placing 
more than one catheter in the same patient. 
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Materials and Methods 

Studies I-III were experimental animal studies and Study IV was an online 
survey study. Due to their methodological differences, Studies I-III are pre-
sented together, followed by Study IV. 

Materials and Methods Studies I-III 

Animal model 
In these studies a porcine animal model were used. To resemble an ICU set-
ting, ventilators, infusion pumps, dialysis machines and materials from human 
ICU was used. Sedation, anaesthesia and preparation were the same in all stud-
ies but with different protocols. 

Animals  
The studies were performed in 8-10 weeks old piglets of Norwegian landrace 
breed. The pigs have a body surface area (BSA) of 0.93-1.13 m2 and the ap-
proximate size of the superior caval vein for this size is 1.5 cm. Since the 
knowledge of direct aspiration was scarce; the sample size was kept small 
without calculation of power. The experiments were performed at Heden-
stierna Laboratoriet (Uppsala University, Sweden), in accordance with the 
guidelines of the Swedish Board of Agriculture and the European Convention 
on Animal Care.  
 
The studies follow ARRIVE Guidelines 96,97.  
 
Ethical approval was given by the Animal Ethics Board in Uppsala, Sweden 
(C 155/14 and 5.8.18- 08592/2019) 

Anaesthesia and preparation  
Anaesthesia was induced by injecting a mixture of tilétamin-zolazepam 6 
mg/kg and xylazin 2.2 mg/kg intramuscularly and was maintained by an infu-
sion of sodium pentobarbital 8 mg/kg/h and morphine 0.26 mg /kg/h dissolved 
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in 2.5 % glucose in a peripheral vein. Rocuronium bromide 1-3 mg/kg/h, was 
given as continuous infusion. Ringer’s Acetate solution was administered at 1 
ml/kg/h, resulting in a total fluid administration rate of 20-35 mL/kg/h. 

 
A tracheotomy was performed, and the animals were mechanically ventilated 
(Servo-I, Maquet, Stockholm, Sweden) with initial setting of: respiratory rate 
25/min, PEEP 5 cmH2O, inspired oxygen fraction 0.3, with the tidal volume 
that at baseline yielded a PaCO2 of 4.5 to 5.5 kPa. Respiratory rate was ad-
justed to keep PaCO2 of 4.5 to 6.0 kPa during the experiment.  Inspired frac-
tion of oxygen was adjusted to keep a saturation above 93% measured by pulse 
oximetry.  
A cervical artery was catheterised for pressure monitoring and blood sam-
pling. 
A central venous line and a 13.5 Fr dialysis catheter were inserted through the 
right external jugular vein (EJV) into the SCV. 
In Studies I and II an additional 13.5 Fr dialysis catheter was inserted through 
the FV into the inferior caval vein (Figure 7). Catheter tip- position was radi-
ographically confirmed.  
A 7 Fr Swan-Ganz catheter was inserted in the pulmonary artery from the left 
EJV. A urinary catheter was introduced via a bladder incision. 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 7. Cannulation of the an-
imal. CVC=central venous cath-
eter, CDC=central venous dial-
ysis catheter, EJV=external jug-
ular vein, FV=femoral vein 

 
 

At the end of the experiment the anaesthetic depths was controlled using a 
surgical forceps. If there was signs of insufficient anaesthesia, the anaesthesia 
was increased. The pigs were thereafter euthanised by intravenous potassium 
chloride. 
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Dialysis  
The CRRT machine (Multifiltrate, Fresenius medical, Stockholm, Sweden) 
was prepared with a priming-kit (multiFiltrate Ci-Ca® CVVHD 1000) with 
integrated filter (Ultraflux® AV 1000S) with a 1.8m2 surface area. 
 
CRRT was started with CVVHD-settings and kept throughout the experiment: 
blood flow: 60 ml/min, dialysate flow 1200 ml/h, citrate target 4 mmol/L, post 
filter ionized calcium level 0.25-0.34 mmol/L ultrafiltration 0 ml/min. The di-
alysis dose was 36-54 ml/kg/h and not adjusted for size. The dialysis flow rate 
was comparable to doses used in paediatric ICU patients with weight 20-30 
kg 101. 

Protocol Study I 
The pigs were anesthetised and after 30 minutes of steady state, the pigs were 
randomised to start CRRT in one of the CDC, i.e. in FV or EJV. CRRT was 
started followed by 30 minutes stabilisation period (Figure 8). 

 
Figure 8. The protocol to Study I 

An infusion of sodium nitroprusside (SNP) was started in a peripheral auricu-
lar vein and titrated with the goal of reaching a mean arterial pressure (MAP) 
of 50 mmHg. Next, an infusion of noradrenaline (20 µg/ml) was initiated in 
the CVC with the goal to keep MAP at 75mmHg during 30 minutes. At the 
same time, a gentamycin infusion was started and continued for 30 minutes in 
the CVC with a total dose of 3 mg/kg. After 30 minutes, the administered 
noradrenaline dose was registered and the plasma concentration of gentamy-
cin was measured. The dialysis circuit was then moved to the other CDC fol-
lowed by a 30-minute wash out period during which the CRRT continued. The 
experiment was repeated, hence the pigs acted as their own controls in a cross-
over design. 
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Protocol Study II 
At the beginning of the preparation, vancomycin (4.55 mg/ml) was started at 
9 mg/kg/h for 30 minutes and thereafter reduced to 3 mg/kg/h throughout the 
rest of the experiment. Gentamicin (10 mg/ml) was infused with 3 mg/kg for 
30 minutes and thereafter reduced to 1.5mg/kg/h. This was calculated to give 
a sufficient dose to reach steady state. The infusion was initially in a peripheral 
vein but was moved to the CVC in the EJV as soon as the CVC was inserted. 
Thereafter the pigs were randomised in pairs to start CRRT in one of the CDC, 
i.e. in EJV or FV. CRRT was started followed by 30 minutes stabilisation 
period. After stabilisation, lipopolysacharidase (LPS) was infused peripher-
ally in a dose of 0.5 µg/kg/h. In order to let the animals react to the LPS there 
was an expectation period of 60 minutes. During the expectation period, nor-
adrenaline (20 µg/ml) was given in the CVC, with a target MAP of 60 mmHg. 
 
Sixty minutes after start of LPS-administration an infusion of noradrenaline 
(20 µg/ml) was initiated, if not before, in the CVC with the goal of keeping 
MAP at 75mmHg for 30 minutes. Before and after the 30-minute period the 
plasma and dialysate concentrations of gentamycin and vancomycin were 
measured, and the administered noradrenaline dose was registered. After 30 
minutes, the circuit was shifted to the other CDC in EJV or FV.  The experi-
ment was repeated, hence the pigs acted as their own controls in a cross over 
design (Figure 9).  

 

 
 
Figure 9. Protocol to Study II 
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Protocol Study III 
At the beginning of the preparation, an infusion in a peripheral vein of Van-
comycin was started at 9 mg/kg for 30 minutes and thereafter reduced to 3 
mg/kg/h throughout the rest of the experiment. Gentamicin was infused with 
3 mg/kg for 30 minutes and thereafter reduced to 1,5mg/kg/h. This was calcu-
lated to reach steady state. When infusion rate was lowered, the infusions were 
moved to the CVC.  

 
CRRT was started, followed by a 30 minutes stabilisation period to make sure 
that the venous access and dialysis circuit were functioning adequately.  

 
The tips of the CVC and CDC catheters were placed in close proximity of 
each other. The position was confirmed using fluoroscopy.  After 1 hour and 
20 minutes of antibiotics infusion (T0), concentration samples of Gentamicin 
and Vancomycin were taken from blood and dialysate. After blood sampling, 
the tip of the CVC was withdrawn 2 cm cranially and the new position was 
again confirmed using fluoroscopy. After approximately 30 minutes (T1), 
concentration samples of gentamicin and vancomycin was taken from blood 
and dialysate. The procedure was repeated with the CVC tip 4 cm cranially 
from the start position (T2) and lastly 2 cm caudally from the start position 
(T3) (Figure 10). 

 
If needed noradrenaline (20 µg/ml) was given in the CVC with a target MAP 
of 60. 

 

 

 
Figure 10. Method Study III 

 

 



 

 35

Laboratory analyses  
Blood samples were obtained from an arterial line in a cervical artery. Blood 
gas and point care analyses were performed on an ABL 800 Blood gas ana-
lyser (Radiometer, Brønshøj, Denmark). Gentamicin was analysed on an Ar-
chitect ci16200 (Abbott Laboratories, Abbott Park, IL, USA) with reagents 
(1P31) from the same manufacturer. Dialysate clearance was calculated using 
the formula: 

 
Clearance = (dialysate concentration x dialysate flow)/ serum concentration. 

Blood sampling Studies I-II 
Plasma for analysis of antibiotic concentration was obtained at the start and at 
the end of the 30 minutes’ period of antibiotic infusion. Samples for blood 
gases were obtained at the start of CRRT, at beginning and at the end of both 
30 minutes’ periods.  

 
In Study I gentamicin concentration before infusion period 1 (i.e. 0) was sub-
tracted from the concentration after period 1. The gentamicin concentration 
before infusion period 2 was subtracted from the concentration after period 2 

Blood sampling Study III 
Plasma and dialysate was obtained for analysis of gentamicin and vancomycin 
concentration at the start position (0 cm), at -2, -4 and +2 cm from start posi-
tion. Samples for blood gases were obtained at the start of CRRT and at be-
ginning and at the end of the experiment 

Materials and methods Study IV 
The study was an international online cross-sectional survey study that utilised 
non-random, convenience and snowball sampling techniques. Physicians in-
volved in placing CVCs, in all level of training, were eligible to participate in 
the study. The study was designed and analysed according to the Equator 
guideline’s CHERRIES checklist 100. 
 
Participation in the survey was voluntary and anonymous with the potential 
research participants being informed of the above in the beginning of the ques-
tionnaire.  There were no sensitive personal information collected and all in-
formation was analysed on a group level to ensure anonymity. No incentives 
were given to the participants. 
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Ethical approval was waived by The Swedish Ethical Review Authority (Dnr 
2023-06421-01) 

Development of the questionnaire and pre-testing 
The research group performed a literature review and we did not found a val-
idated questionnaire to answer our research questions. After the review, an 
expert group consisting of specialists and researchers in anaesthesia and in-
tensive care agreed upon items for inclusion in the planned questionnaire. 
Based on the items, the questions were developed by the expert group. The 
Webropol 3.0 platform (Webropol Sverige AB, Linköping, Sweden) was used 
to construct the questionnaire (Figure 11).  

 
A pre-test group of four physicians completed a preliminary questionnaire. 
Afterward, they provided feedback on its scope, clarity, any omitted questions, 
response options, potentially redundant questions, and the time required to 
complete it. If a test person considered a question redundant or unclear a dis-
cussion in the expert group followed before possible reduction and revision. 
If a test person considered an item or a question unaccounted for, it was dis-
cussed in the expert group before potentially being added to the questionnaire. 
This process led to the adding of two questions and clarifications of others. 
The next step was cognitive interviews with two new participants while they 
completed the questionnaire. The interviews led to further revisions100,102. 

Pilot testing 
The revised pilot questionnaire was tested by a pilot-group of in total 11 phy-
sicians from Czech Republic, Finland, Germany, Norway and Sweden. The 
response rate of the pilot test was 100%. The pilot -group were asked questions 
to further optimise the questionnaire. After sensibility testing the final version 
of the questionnaire was constructed. 

Internal consistency and reliability 
The questions was ordinal and the risk of misinterpretation was considered 
low after pre-pilot interviews and sensibility testing. 
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Figure 11. Development of the final questionnaire. 

Questionnaire structure 
The questionnaire comprised 55 questions, 54 of which were ordinal and one 
open-ended. It spanned 33 pages, including an information letter, with a max-
imum of six questions per page. The questionnaire consisted of questions re-
garding participant characteristics and professional background, as well as 
questions about the participants' workplaces. It also focused on the choice of 
insertion site for various patient categories, the rationale behind the selection 
of the insertion site, and questions about the use of ultrasound. Additionally, 
the questionnaire had questions regarding the placement of two catheters in a 
single patient. 
  
The order of the questions were fixed but some were adaptive to reduce num-
bers of questions, based on previous responses. Each question offered a non-
response option. Participants could review their answers and if they wished, 
change their answer with a back button. The time to answer the questionnaire 
was approximately 10 minutes. 
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The first page of the questionnaire gave information that participation was 
voluntary, data collection was anonymous and results would be reported on a 
group level. The participant was also informed that by continuing and answer-
ing the questionnaire was to give informed consent. 

Survey distribution, study population and administration 
The survey was endorsed by the European Society of Intensive Care Medicine 
(ESICM) and, following endorsement, was made accessible on the ESICM 
homepage. It was also available on the homepage of the Swedish Society of 
Anaesthesia and Intensive Care (SFAI). 

 
European and Swedish intensivists and anaesthesiologists frequently use the 
ESICM and SFAI webpages for educational purposes and professional up-
dates. The survey was accessible to all visitors, not exclusively to members. 
 
To enhance dissemination, the questionnaire was promoted orally at Swedish 
intensivist and anaesthesiologist meetings and courses between May and Sep-
tember 2024. ESICM also promoted the survey in social media. Additionally, 
emails were sent to potential participants via Swedish national intensive care 
and perioperative medicine networks. Participants could access the question-
naire using a QR code or a hyperlink. 

 
A snowball sampling method was employed to enhance participation, 
whereby initial respondents were encouraged to forward the questionnaire to 
colleagues in the field. This approach impeded the reporting of non-respond-
ers and the calculation of the response rate. 
 
Participation was fully anonymous, and IP addresses were not recorded. No 
measures were implemented to prevent multiple submissions. 

 
Data were collected using Webropol 3.0, and the survey remained open be-
tween May and October 2024. 
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Statistical analysis methods 
Tests for normal distribution were performed using histograms and the 
Shapiro-Wilk test. Normally distributed data are presented as mean ±standard 
deviation (SD); data with a non-normal distribution are presented as median 
and interquartile range (IQR). The level of significance was set at p<0.05 
 
Study I. Data were analysed using SPSS, Version 22.0 (IBM Corporation, Ar-
monk, NY, USA). Normally distributed data were analysed with independent 
students´ t-test.  Non-normally distributed variables were analysed with 
Mann-Whitney U test. 
 
Study II. Data were analysed using Jamovi, Version 1.6.15.0 (IBM Corpora-
tion, Armonk, NY, USA) and Statistica Version 14 (Cloud Software Group 
Inc, Palo Alto, CA, USA). Normally distributed data were analysed with a 
paired Student’s t-test. Non-normally distributed variables were analysed us-
ing Wilcoxon signed-rank test. Testing for variance was analysed with 
Levene´s test and if p< 0.05 the values were logarithmically transformed. 
Mixed models were used to test for interaction between catheter position, car-
diac output and order of experiment period. 
 
Study III. Data were analysed using Jamovi 1.6.15.0 (IBM Corporation, Ar-
monk, NY, USA) and Statistica 14.1 (Cloud Software Group Inc, Palo Alto, 
CA, USA). Testing for normal distribution was performed using the Shapiro–
Wilk test or histogram. Differences in time point characteristics were tested 
for using an independent Student’s t-test or Mann–Whitney U test according 
to normality. A mixed linear model was used to test for differences between 
catheter positions with catheter distance and intercept as fixed effects and pig-
lets as random effect. 
 
Study IV. Data was exported from Webropol 3.0 to Excel and the statistical 
program R. Data are presented in percentages of total number of participants 
or percentages of the number of a group. In order to compare seniors with less 
experienced physicians, a cut-off at < 5 years of being a specialist was used. 
Seniors were considered everyone with > 5 years as specialists and less expe-
rienced physicians were those in training and < 5 years as specialists.  In order 
to compare workplaces, the hospitals were divided into university hospitals 
(U) and non-university hospitals (NU) (local and regional hospitals). Data 
were compared Pearson’s chi-squared test using R, version 4.4.2.   



 

 40 

Results 

The principal findings of this project indicate that direct aspiration is plausible 
in in vivo models, Studies I–III demonstrated that the positioning of central 
venous catheters (CVCs) and continuous dialysis catheters (CDCs) can influ-
ence drug concentration, dosing, and clearance during continuous renal re-
placement therapy (CRRT). When catheter tips are located within the same 
vessel, dialysis clearance is higher than when they are positioned in separate 
vessels. Furthermore, in cases where the tips are within the same vessel, the 
clearance rate is influenced by the distance between them. 
 
Study IV revealed that the majority of physicians, across various patient cate-
gories, prefer IJV for the placement of CVCs and CDCs. While ultrasound 
guidance is widely utilised for catheter insertion, it is not routinely employed 
to confirm tip positioning. Notably, 30% of participants reported having sus-
pected direct aspiration at some point in their careers, and many clinicians 
adjust catheter positioning when they consider the proximity of the CVC and 
CDC tips to be suboptimal. 

 
The results of the included studies are examined in greater detail below. 

Study I 
10/10 pigs were included in the experiment and followed the entire study pro-
tocol. Two pigs started with a lactate level of 3mmol/L or above, but did not 
exhibit other physiological derangements, and their lactate levels were nor-
malised before the start of the CRRT. There was no observed acidosis in any 
of pigs in any of the arterial blood samples. Vital parameters before and after 
the experiment is presented in table 2. 

Outflow and inflow pressures monitored in the CRRT circuit during CRRT 
were within the pre-set normal range for all pigs during the whole experiment. 
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Table 2 Study I. Variables before and after experiment 

Baseline variables 

Animal W CO PAP MAP pH Lactate Sat 
1 25 2 19 91 7.47 1.2 100 
2 26 3.4 20 103 7.47 1.1 99 
3 29 2.7 17 96 7.49 0.8 98 
4 30 1.6 19 70 7.41 1.8 99 
5 26 2.3 18 82 7.44 1.1 99 
6 29 1.7 15 84 7.52 1.5 99 
7 31 3.1 14 104 7.46 0.7 98 
8 22 2.1 16 89 7.43 1.4 98 
9 23 1.6 23 82 7.5 3.8 99 
10 27 2.6 19 92 7.43 3 98 
Variables after completed experiment 
Animal  CO PAP MAP pH Lactate Sat 
1  2.3 19 74 7.5 0.8 99 
2  4.3 19 73 7.48 1 99 
3  2.8 16 77 7.46 0.9 99 
4  5.3 18 73 7.37 1.3 99 
5  2.5 14 75 7.45 1.1 99 
6  3.9 15 72 7.39 0.9 98 
7  2.9 13 76 7.44 2.1 98 
8  2.2 14 75 7.41 1.5 98 
9  2 16 76 7.47 2.2 99 
10  2.5 17 74 7.47 1.1 98 
        

 Baseline values are before start of CRRT. Values after com-
pleted experiment are with CRRT and continued infusions of so-
dium nitroprusside and noradrenaline. W= weight (kg), CO: car-
diac output (L/min), PAP: mean pulmonary arterial pressure 
(mmHg), MAP: mean arterial pressure (mmHg), lactate: plasma 
lactate concentration (mmol/L), Sat: oxygen saturation of hae-
moglobin (%) 

Concentration of gentamicin in plasma was measured after 30 minutes of drug 
infusion given in a CVC through the EJV. The mean concentration was 
5.66(SD±1.23) mg/L with CRRT in EJV, i.e. CDC close to the infusion site, 
compared to 7.76(SD±2.30) mg/L with CDC in FV, i.e. distant from the infu-
sion site (p=0.02; Figure 12). 
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Figure 12. Gentamicin (GM) concen-
tration in serum (mg/L) with continuous 
renal replacement therapy (CRRT) in 
external jugular vein (EJV or femoral 
vein(FV). Infusion of GM was in EJV 

The amount of given noradrenaline was obtained from the intravenous pumps 
after the 30 minutes’ periods in each pig.  The mean infusion rate of noradren-
aline given in a CVC in EJV during 30 minutes with CRRT in CDC in EJV 
versus FV were 0.32(SD±0.16) and 0.15 (SD±0.08) µg/kg/min respectively 
(p= 0.006, Figure 13) 

 
 
 
 
 
 
 

Figure 13. Noradrenalin (NA) infusion 
rate required to maintain a medium ar-
tery pressure (MAP) of 75 mmHg. CRRT 
in the external jugular vein (EJV) or in 
the femoral vein (FV). NA infusion was 
in a CVC in EJV 

 
The 5 pigs with the highest cardiac output (CO), measured before each of the 
two infusion periods, and were compared with the 5 pigs with the lowest CO. 
The median noradrenalin infusion rate was 0.19 (IQR 0.21) versus 0.20 (IQR 
0.20) µg/kg/min in the high CO group compared to low CO group (p 0.97).  
The mean gentamicin concentration in the group with high CO was 6.24 (SD± 
2.01) and with low CO 7.18 (SD± 2.18) mg/L (p=0.33).  

Comparing the infusion rate and concentration between the first part of the 
experiment, i.e. before cross-over with the second part of the experiment i.e. 
after cross-over showed no difference. The mean noradrenaline infusion rate 
in the first part of the experiment was 0.27(SD± 0.17) and the second 
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0.21(SD±0.12) µg/kg/min (p=0.34). The mean gentamicin concentration at 
the end of the first part of the experiment was 7.3(SD±1.61) and at the end of 
the second part was 6.13(SD±2.43) mg/L (p= 0.23). Adjustment for CO and 
dialysis dose did not alter the results.  

Study II 
All 18 piglets were included in the experiment and all of them completed the 
protocol. There were no major differences in vital parameters before and after 
the experiments between the groups (Table 3). Outflow and inflow pressures 
in the dialysis circuit were within the pre-set normal range throughout the ex-
periment for all animals. The time between periods 1 and 2 ranged between 5 
and 30 minutes depending on calibration of ventilation and MAP goals. 
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Table 3. Vital parameters before and after CRRT (continuous renal replacement ther-
apy). 

Table 3 Study II 
Vital parameters 

Before CRRT 
EJV  

Before CRRT 
FV  

After CRRT 
EJV  

After CRRT 
FV  

 mean±SD 
mdian(IQR) 

mean±SD 
mdian(IQR) 

mean±SD 
mdian(IQR) 

mean±SD 
mdian(IQR) 

Heartrate (bpm) 148±32 149±31 162±46 163±32 

MAP (mmHg) 76±6 77±6 75±9 79±7 

CO (ml/min) 3.0±0.9 2.8±0.75 3.0±1 2.8±0.8 

PAWP (mmHg) 32±14 28±11 29±13 34±13 

SpO2 (%) 99(97-100) 98(96-100) 100(98-100) 96(93-100) 

Temp (°C) 37.0±1 37.0±0.8 37.1±0.7 37.1±0.9 

etCO2 (kPa) 4.8±0.8 5.2±0.5 5.0±0.5 5.1±0.6 

pH 7.36±0.05 7.36±0.04 7.36±0.05 7.37±0.03 

pCO2 (kPa) 5.9±0.6 6.0±0.5 5.9±0.5 5.8±0.4 

pO2 (kPa) 16.0±7.1 15.3±6.9 13.9±4.1 14.8±6.3 

HCO-3 (mmol/L) 22.7±4.9 24.1±1.5 23.9±1.4 23.7±1.5 

ScvO2 (%)  54±13 55±12 51±15 55±16 

P-Hb (g/l) 94±9 97±8 97±10 96±10 

P-Potassium (mmol/L) 3.9±0.2 3.8±0.2 3.9±0.2 3.9±0.2 

P-Sodium (mmol/L) 135±1.3 135±1.2 135±1.3 135±1.3 

P-Calcium (mmol/L) 1.4±0.07 1.4±0.07 1.4±0.08 1.4±0.07 

P-Cloride (mmol/L) 104±1.2 104±1.4 105±1.5 105±1.4 

P-Glucose (mmol/L) 7.8±2.1 7.9±2.1 7.3±1.7 7.3±1.7 

P-Lactate (mmol/L) 2.4±1.2 2.4±1.1 2.4±1.3 2.5±1.1 

     

EJV: External jugular vein, FV: Femoral vein, bpm:beats per minute, MAP: mean arte-
rial pressure, CO: Cardiac Output, PAWP: Pulmonary Artery Wedge Pressure, SpO2: 
Oxygen saturation, etCO2 :End tidal carbon dioxid, pCO2: Arterial carbon dioxide pres-
sure, pO2: Arterial oxygen pressure, HCO3-: Bicarbonate, PA-pO2: Pulmonary artery oxy-
gen pressure, ScvO2:  Central venous oxygen saturation, Hb: Haemoglobin P:Plasma, p: 
Pressure 

The dialysate clearance of gentamicin was higher when CRRT was performed 
in a catheter placed in the EJV, i.e., close to the drug infusion, compared to in 
the FV (21.0±7.3 vs 15.5±4.2 mL/min (p= 0.006)). The dialysate concentra-
tion of gentamicin was higher when CRRT was performed in a catheter placed 
in the EJV, compared to in the FV (5.4±2.4 vs 4.1±1.6 mg/L (p=0.013)). There 
was no difference in serum concentration of gentamicin between the EJV and 
FV (5.3± 1.8 vs 5.5±1.9 mg/L (p=0.34)). (Figure 14). 
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Figure 14. Gentamicin 
(GM) clearance 
(mL/min), Dialysate 
concentration and se-
rum concentration 
(mg/L) with continuous 
renal replacement ther-
apy (CRRT) in the exter-
nal jugular vein (EJV) 
or in the femoral vein 
(FV). Infusion of GM 
was in a CVC in the EJV 

 
 
Affirmative results were seen measuring vancomycin. Clearance (19.3±4.9 vs 
15.8±7.1 mL/min (p=0.021)) and dialysate concentration (10.8±2.6 vs 9.0±2.5 
mg/L (p=0.018)) were higher when CRRT was performed in a catheter placed 
in the EJV, i.e., close to the infusion rather than in the FV. The serum concen-
tration of vancomycin showed no difference between the EJV and FV 
(11.3±3.2 vs 12.1±2.9 mg/L) (p=0.089, Figure 15). 
 
 
 
 
 

Figure 15. Vancomycin (VM) 
clearance (mL/min), Dialy-
sate concentration and serum 
concentration (mg/L) with 
continuous renal replace-
ment therapy (CRRT) in the 
external jugular vein (EJV) 
or in the femoral vein (FV). 
Infusion of VM was in a CVC 
in the EJV 

 

The circulatory response to LPS and the amount of noradrenaline required to 
reach a target MAP of 75 mmHg varied between the individuals. One piglet 
suffered a 2-minute cardiac arrest but regained circulation after 1 dose of 
adrenaline and 2 minutes of cardiopulmonary resuscitation (CPR). In 15/36 
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experiment periods, the noradrenaline requirements were less than 1µg/kg: 
8/18 with CRRT in the EJV and 7/18 with CRRT in the FV.  This can also be 
expressed as 1µg/kg/ 30 minute or 2µg/kg/ 60 minutes, giving a dose as low 
as 0.03 µg/kg/min. 
 
The dose of noradrenaline required to reach a MAP of 75 mmHg was higher 
when infusion and CRRT were in the EJV compared with when CRRT was in 
the FV (p=0.02, Figure 16). The variance of noradrenaline dose was higher 
when infusion was in the EJV, close to the CDC. 
 
 

 
 
 
 
 
 
 

Figure 16. Logarithmic Noradrenalin (NA) 
dose required to maintain a medium artery 
pressure (MAP) of 75 mmHg. CRRT in the 
external jugular vein (EJV) or in the femo-
ral vein (FV). NA infusion was in a CVC in 
EJV 

 
 
The order of the experiment period did not affect clearance, dialysate or serum 
concentration of antibiotics. Position had a higher impact on dose than order. 
However, the noradrenaline doses were affected by order, resulting in a higher 
dose in experiment period 2. 

Study III 
Of the initial 18 piglets one was excluded due to technical problems with the 
antibiotic infusion and thereby a risk of incorrect concentrations. All other 
piglets completed the protocol. One pig became transient bradycardic when 
given cold saline bolus for cardiac output measuring. Heart rate returned to 
normal after end saline infusion. Two piglet became tachycardic which was 
interpreted as insufficient anaesthesia. They were given an extra bolus of Ket-
amine and thereafter the anaesthesia was deepened. The mean time at each tip 
place was 30±9 minutes. 
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Vital parameters was stable throughout the experiment (Table 4) 
 

Table 4  
Study III 
Vital parameters at different timepoints 
 T0 T1 T2 T3 

 
HR (bpm) 

 
84±14 

 
82±16 

 
79±16 

 
82±17 

MAP (mmHg) 74±13 75±14 79±12 80±9 

CO (L/min) 2.1±0.7 2.2±0.6 2.3±0.5 2.4±0.7 
pH 7.47±0.06 7.47±0.06 7.47±0.05 7.47±0.05 
P-Lactate (mmol/L) 1.9±0.5 1.8±0.5 1.75±0.5 1.75±0.5 
Hb (g/L) 82±4.4 81±4.7 79±4.9 78±4.3 

     

T0 represents when catheters are at 0 cm; T1 represents -2cm; T2 repre-
sents -4 cm, and T3 represents +2 cm. Mean time between time points 
was 30±9 minutes. HR:heart rate, bpm:beats per minute, MAP:mean ar-
terial pressure, mmHg:millimetres of mercury, CO:cardiac output, 
l/min:litres per minute, P-lactate:plasma lactate, mmol/L: millimoles per 
litre, Hb: haemoglobin, g/L:grams per litre. 

 

 
 
 

Figure 17. Clearance of gen-
tamicin (GM) and vancomycin 
(VM) at different tip distances 
between the central venous 
catheter (CVC) and central 
venous dialysis catheter 
(CDC). The highest clearance 
is when the CVC-tip is 4 cm 
caudally from the CDC-tip. 

 
 
 
 
 
 

 
The clearance of gentamicin and vancomycin was different between the dif-
ferent tip distances (Table 17). Dialysate concentrations of gentamicin and 
vancomycin was also different between the different tip distances. Dialysate 
concentration are presented in table 5. 
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Serum concentrations of gentamicin and vancomycin did not differ between 
different tip positions (Table 5). 
 

Table 5 
Study III 
Clearance and antibiotic concentrations at different tip distances 
Position  +2 cm 0 cm -2 cm -4 cm 
      
Clearance (ml/min) GM 17.8±8 20.5±8. 23.3±14 28.8±16 
 VM 17.4±6 16.1±6 20.4±8 28.8±22 
Dialysate conc(mg/ml) GM 3.5±1.4 4.0±1.8 4.9±3 5.8±2.1 
 VM 7.7±2.7 8.2±3.1 10.3±5 11.6±7.9 
Serum conc (mg/ml) GM 4.4±1.8 4.4±2.3 4.6±1.8 4.5±1.9 
 VM 9.7±3.5 10.2±3.6 10.3±3.2 9.3±3.3 
      

Study IV 
Study Participants 
A total of 385 physicians completed the survey. There were 1694 that opened 
the survey and 465 who started responding.  

 
In the ranking questions it was evident that 4 participants had misunderstood 
the answering alternatives and they were removed from these questions, but 
remained in all others.  

 
Participant distribution and characteristics are shown in Figure 18 and in Table 
6. A majority of the participants were Scandinavian 59% and 63% were male. 
The most common field of practice was a combination of anaesthesia and in-
tensive care (63%) followed by intensive care alone (27%). There were more 
specialists (80%) than participants in training and 15% had been a specialist 
for more than 21 years. A workplace with mixed ICU (82%) and mixed OR 
(71%) was the most common 
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Table 6 The survey participants % (N) 
Sex  

Female 37 (141) 
Male 62.5 (238) 
Do not wish to specify 0.5 (2) 

Main field of practice  
Combination of anaesthesia and ICU 62.9 (241) 
Anaesthesia 9 (36) 
ICU 26.9 (103) 
Other 0.8 (3) 

Practice setting  
University/Tertiary/Level III hospital 42 (162) 
County/Regional/Level II hospital 46 (176) 
Local/ Primary/ Level I hospital 12 (46) 

Main workplace  
ICU 33.6 (129) 
Anaesthesia/OR 12.8 (49) 
Combination of ICU and OR 52.6 (202) 
Other 1 (4) 

Specialist 80.3 (309) 
≤5 years 31 (96) 
6-10 years 25 (76) 
11-20 years 29 (89) 
≥ 21 years 15 (46) 

Training to become specialist 20 (76) 
≤ 1 year 16 (12) 
2-4 72 (55) 
≥5 years 12 (9) 

ICU  
Mixed 82 (315) 
Medical 4 (16) 
Surgical 3 (12) 
Specialised ICU 6 (24) 

Number of ICU beds  
≤ 4 6 (22) 
5-8 52 (191) 
9-12 74 (20) 
≥13 22 (80) 

Anaesthesia  
Mixed 71 (270) 
Thoracic 2 (8) 
Neuro 1.3 (5) 
ENT 0.8 (3) 
Other 2.6 (10) 
  

ENT: Ear Nose and Throat, ICU: Intensive Care 
Unit, OR: Operating Room 
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Figure 18. Participant distribution. Central Europe includes Germany, Austria, Swit-
zerland, the Netherlands, and Belgium. Eastern Europe includes Poland, Czechia, 
Slovakia, Hungary, Bulgaria, Estonia, Latvia, Lithuania and Ukraine. South Europe 
includes Italy, Croatia, Serbia, Bosnia, Albania, and Greece. Northern Europe in-
cludes Norway, Finland, Denmark and Iceland. Western Europe includes France, 
Spain and Portugal. Column 1 represent numbers of participant 

Preferred site of insertion  
The preferred site for catheter insertion in the ICU was the IJV (69%), fol-
lowed by the SCV (21%) and the left IJV (3%). For patients in the operating 
room (OR), the right IJV was also the most frequently selected site (83%), 
followed by the SCV (9%) and the left IJV (3%). Regarding the placement of 
CDCs, the most preferred site was the right IJV (82%), followed by the FV 
(10%) (See table 7). 
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For CVC placement in the right IJV, 54% of respondents reported a standard 
catheter length of 15 cm, 14% used a standard length of 20 cm, while 16% did 
not use a standard length. 

 
Across all patient categories, the IJV was the most commonly preferred inser-
tion site, except in patients with a tracheostomy, where the SCV was favoured 
by 52% of respondents. Among patients in the mobilisation phase, the right 
IJV and the SCV were equally preferred (41%) (Table 7).  
 
Furthermore, 46% of participants reported that their personal experience was 
the most influential factor in their choice of insertion site (see Table 8). 
 

Table 7.  Different hospital locations and Preferred insertions sites in different 
patient categories 

 RIJV SCV LIJV FV PL DNP 
Different hospital locations % % % % % % 
Preferred site of CVC placement in ICU (N 385)       
First choice 69 21 3 3 3 0 
Second choice 20 15 57 5 1 0.3 
Preferred site of CVC placement in OR (N 372)       
First choice 83 9 3 2 3 0 
Second choice 10 14 70 3 1 2 
Preferred site of a temporary CDC placement 
(N385) 

      

First choice  82 4 4 10  0 
Second choice 11 8 45 32  4 
       
Different patient categories       
Preferred site for placement of a CVC in patients  (N 
385) 

      

with BMI <18 70 23 2 2 0 2 
with BMI >30  78 18 3 0.5 1 0.3 
with tracheostomy 35 52 1 5 4 3 
who are hemodynamically unstable  69 18 2 10 0 0.3 
who are coagulopathic  71 3 2 19 5 2 
in a phase of mobilisation 41 4 1 0 11 6 
in hospital ward  48 28 1 2 16 6 
       
BMI: Body Mass Index , CVC: Central venous catheter, CDC: Central venous dialysis 
catheter FV:, Femoral vein, ICU:  intensive care unit, DNP: I never place these cathe-
ters, LIJV: Left internal jugular vein, PL: PICC-line, RIJV: Right internal jugular vein, 
SCV: Subclavian vein,  OR: Operating Room  

 



 

 52 

Table 8. Basis for decision for placement site 
  

Total F M 
 

LE S 
 

NU U 
 

 N382 N377  N380  N381  
 % % % p % % p % % p 
First choice    0.15   0.02   0.04 
Tradition at your hospital 18 18 17  23 14  21 13  
Your own experience 46 49 45 

 
43 49 

 
48 45 

 

Latest scientific evidence 11 6 14 
 

7 13 
 

8 14 
 

Local guidelines 9 11 8 
 

9 9 
 

7 11 
 

National guidelines 7 6 8 
 

6 9 
 

9 6 
 

International guidelines 9 10 8 
 

12 6 
 

7 12 
 

Second choice    0.03   0.06   0.80 
Tradition at your hospital 22 26 19 

 
25 20 

 
21 22 

 

Your own experience 24 23 25 
 

22 25 
 

25 23 
 

Latest scientific evidence 13 7 16 
 

12 13 
 

12 14 
 

Local guidelines 15 21 12 
 

16 15 
 

16 15 
 

National guidelines 10 10 11 
 

14 7 
 

11 9 
 

International guidelines 7 4 8 
 

6 8 
 

6 9 
 

No second choice made 9 9 8 
 

5 12 
 

9 8 
 

           
F: Female,  M:Male, LE: Less experienced, S: Senior NU: Local/Regional/Non university 
hospital, U: University hospital p: p-value  

Multiple catheters 
Among the participants, 35% reported that they regularly insert catheters into 
the same vessel, and 21% do so while another catheter is already in place. 
Additionally, 27% indicated that they do not place catheters on both sides of 
the neck. 

 
Figure 19. Distribution of partici-
pants reporting that they have sus-
pected direct aspiration of a drug in-
fused in a central venous catheter 
into a central dialysis catheter  

 
 
 
 
 
 
 
 
 

A total of 70% of participants stated that they consider the distance between 
the CVC and the CDC be important. Among them, 33% reported measuring 
this distance, and 50% adjusted the catheters if the tips were in close proxim-
ity. Furthermore, 29% of respondents suspected the occurrence of direct aspi-
ration from a CVC into a CDC (Figure 19). 
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Use of Ultrasound 
Ultrasound was widely reported for catheter insertion; however, its use for 
position confirmation was less frequent (Table 9). A total of 74% of partici-
pants stated that they used ultrasound for venepuncture in the SCV, a propor-
tion lower than for other catheter sites, where ultrasound usage ranged from 
95% to 98%. 

 
Regarding catheter tip verification, 9–15% of participants reported using ul-
trasound as their first-choice method for the IJV, SCV, and PICC-lines, 
whereas 42% reported using it for the FV. 

 
Regarding the preferred way of confirming tip position there were some re-
gional differences. In western and Northern Europe there was 97 and 84% 
who stated that x-ray was their preferred way of confirming IJV catheter po-
sition compared to 42% in Central Europe. In central Europe the preferred 
way was p-wave detection (53%). 



 Ta
bl

e 9
. U

ltr
as

ou
nd

 u
se

 fo
r C

V
C

 in
se

rt
io

n.
  

C
VC

: C
en

tra
l v

en
ou

s c
at

he
te

r, 
EC

G
: E

le
ct

ro
ca

rd
io

gr
am

, E
xp

: E
xp

er
ie

nc
e,

 H
os

p:
 H

os
pi

ta
l t

yp
e 

p:
 p

-v
al

ue
, t

ot
: T

ot
al

, U
S:

 U
ltr

as
ou

nd
  

F:
 F

em
al

e,
 M

: M
al

e,
 L

E:
Le

ss
 e

xp
er

ie
nc

ed
, S

:S
en

io
r, 

NU
:  

Lo
ca

l/R
eg

io
na

l/N
on

 u
ni

ve
rs

ity
 h

os
pi

ta
l, 

U
:  

U
ni

ve
rs

ity
 h

os
pi

ta
l 

 U
ltr

as
ou

nd
 u

se
 fo

r C
V

C
  in

se
rt

io
n 

in
: 

To
t 

To
t 

Se
x 

F 
M

 
 

Ex
p 

LE
 

S 
 

H
os

p 
N

U
 

U
 

 
In

te
rn

al
 Ju

gu
la

r V
ei

n 
N

 
%

 
N

 
%

 
%

 
p 

N
 

%
 

%
 

p 
N

 
%

 
%

 
p 

Fo
r v

en
ep

un
ct

ur
e 

37
9 

98
 

37
4 

99
 

97
 

0.
45

 
37

7 
99

 
97

 
0.

06
 

37
8 

99
 

97
 

0.
25

 
Fo

r G
ui

de
w

ire
 c

on
fir

m
at

io
n 

 
91

 
37

4 
89

 
92

 
0.

29
 

 
96

 
87

 
0.

00
2 

 
90

 
92

 
0.

59
 

Fo
r C

at
he

te
r c

on
fir

m
at

io
n 

 
46

 
37

3 
41

 
50

 
0.

09
 

 
45

 
47

 
0.

72
 

 
38

 
57

 
<0

.0
01

 
Pr

ef
er

re
d 

w
a y

 o
f t

ip
 c

on
fir

m
at

io
n,

 U
S 

34
3 

9 
33

8 
11

 
8 

0.
05

 
34

1 
9 

9 
0.

47
 

34
2 

7 
11

 
0.

11
 

X
-ra

y 
 

79
 

 
83

 
77

 
 

 
81

 
77

 
 

 
81

 
76

 
 

Fl
uo

ro
sc

o p
y 

 
3 

 
0 

5 
 

 
2 

4 
 

 
5 

1 
 

P-
w

av
e/

EC
G

 
 

9 
 

7 
10

 
 

 
8 

10
 

 
 

7 
11

 
 

I  
do

 n
ot

 c
on

fir
m

 ti
p 

po
sit

io
n 

 
8 

 
11

 
7 

 
 

4 
12

 
 

 
8 

9 
 

Su
bc

la
vi

an
 V

ei
n 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Fo
r v

en
ep

un
ct

ur
e 

32
1 

74
 

31
6 

68
 

76
 

0.
11

 
31

9 
75

 
72

 
0.

62
 

32
0 

77
 

69
 

0.
09

 
Fo

r G
ui

de
w

ire
 c

on
fir

m
at

io
n 

32
0 

68
 

31
5 

63
 

69
 

0.
27

 
31

8 
74

 
63

 
0.

03
 

31
9 

69
 

66
 

0.
59

 
Fo

r C
at

he
te

r c
on

fir
m

at
io

n 
31

6 
35

 
31

1 
31

 
38

 
0.

20
 

31
4 

39
 

33
 

0.
28

 
31

5 
30

 
41

 
0.

03
 

Pr
ef

er
re

d 
w

a y
 o

f t
ip

 c
on

fir
m

at
io

n 
U

S 
28

7 
11

 
28

2 
10

 
11

 
0.

09
 

28
5 

12
 

10
 

0.
89

 
28

6 
9 

11
 

0.
05

 
X

-ra
y 

 
77

 
 

83
 

74
 

 
 

77
 

76
 

 
 

76
 

78
 

 

Fl
uo

ro
sc

o p
y 

 
4 

 
0 

 
6 

 
 

3 
5 

 
 

7 
0.

7 
 

P-
w

av
e/

EC
G

 
 

9 
 

7 
9 

 
 

8 
9 

 
 

8 
10

 
 

I  
do

 n
ot

 c
on

fir
m

 ti
p 

po
sit

io
n 

 
9 

 
11

 
8 

 
 

5 
12

 
 

 
8 

10
 

 
Fe

m
or

al
 V

ei
n 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Fo
r v

en
ep

un
ct

ur
e 

35
6 

96
 

35
2 

96
 

96
 

0.
92

 
35

4 
98

 
95

 
0.

09
 

35
5 

96
 

94
 

0.
10

 
Fo

r G
ui

de
w

ire
 c

on
fir

m
at

io
n 

35
6 

89
 

35
2 

88
 

89
 

0.
80

 
35

4 
94

 
84

 
0.

00
3 

35
5 

89
 

88
 

0.
77

 
Fo

r C
at

he
te

r c
on

fir
m

at
io

n 
35

1 
40

 
34

7 
36

 
43

 
0.

22
 

34
9 

43
 

38
 

0.
31

 
35

0 
32

 
50

 
<0

.0
01

 
Pr

ef
er

re
d 

w
ay

 o
f t

ip
 c

on
fir

m
at

io
n 

U
S 

13
3 

42
 

13
0 

50
 

39
 

0.
14

 
13

3 
45

 
39

 
0.

79
 

13
2 

28
 

61
 

<0
.0

01
 

X
-ra

y 
 

54
 

 
50

 
56

 
 

 
52

 
56

 
 

 
67

 
38

 
 

Fl
uo

ro
sc

o p
y 

 
4 

 
0 

 
5 

 
 

3 
4 

 
 

5 
2 

 

I  
do

 n
ot

 c
on

fir
m

 ti
p 

po
sit

io
n 

 
58

 
 

54
 

61
 

 
 

53
 

62
 

 
 

58
 

59
 

 
PI

CC
-li

ne
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Fo
r v

en
ep

un
ct

ur
e 

96
 

95
 

93
 

97
 

93
 

0.
49

 
94

 
96

 
94

.0
 

0.
75

 
95

 
98

 
90

 
0.

10
 

Fo
r G

ui
de

w
ire

 c
on

fir
m

at
io

n 
95

 
82

 
93

 
84

 
82

 
0.

77
 

93
 

86
 

77
.6

 
0.

27
 

94
 

85
 

81
 

0.
57

 
Fo

r C
at

he
te

r c
on

fir
m

at
io

n 
96

 
48

 
93

 
56

 
46

 
0.

34
 

94
 

57
 

40
.0

 
0.

10
 

95
 

40
 

57
 

0.
09

 
Pr

ef
er

re
d 

w
a y

 o
f t

ip
 c

on
fir

m
at

io
n 

U
S 

84
 

14
 

81
 

14
 

15
 

0.
09

 
82

 
13

 
16

.3
 

0.
22

 
83

 
16

 
11

 
0.

54
 

X
-ra

y 
 

75
 

 
86

 
70

 
 

 
82

 
67

.4
 

 
 

71
 

82
 

 

Fl
uo

ro
sc

o p
y 

 
11

 
 

0 
15

 
 

 
5 

16
.3

 
 

 
13

 
8 

 

I  
do

 n
ot

 c
on

fir
m

 ti
p 

po
sit

io
n 

 
5 

 
6 

5 
 

 
5 

5.
9 

 
 

8 
2 

 



 

 55

Comparison between groups  
A comparison between sex revealed that male physicians, at a significantly 
higher rate than their female counterparts, preferred the use of the SCV in the 
ICU (28% vs. 11%, p=0.005) (Table 10). Across different patient categories, 
male physicians exhibited a greater preference for SCV compared to female 
physicians (p 0.02 to p < 0.001) (Table 11). Conversely, a higher proportion 
of female physicians favoured the use of PICC-lines in hospital ward patients 
compared to male physicians (21% vs. 12%, p < 0.001). Additionally, a 
greater percentage of male physicians (14%) than female physicians (5%) re-
ported relying on the latest scientific research to guide their choice of catheter 
insertion site (p=0.03). Furthermore, female physicians were more likely than 
male to use ultrasound for catheter tip confirmation in IJV catheters (11% vs. 
8%, p=0.05) (Table 9). In a sub analysis with experience, the differences be-
tween sexes remained. 
 
Senior physicians used the SCV to a greater extent than less experienced phy-
sicians, particularly in haemodynamically unstable patients (p=0.05) (Tables 
10 and 11). A higher proportion of senior physicians reported that the latest 
scientific research influenced their choice of insertion site compared to less 
experienced physicians (13.4% vs. 7%), while they were less likely to rely on 
hospital tradition (14% vs. 23 %, p=0.02) (Table 8). In contrast, less experi-
enced physicians reported more frequent use of ultrasound for verifying the 
guidewire in the vessel compared to senior physicians (p=0.002–0.03) (Table 
9).  
 
There were also differences in preferred insertion sites when comparing phy-
sicians from university hospitals with those working in non-university hospi-
tals, such as regional or local hospitals (Table 9-11). Among tracheostomy 
patients, university hospital physicians reported using the IJV less frequently 
(25%) than their counterparts in non-university hospitals (43%). They also 
demonstrated a higher use of SCV catheters (63% vs. 43.4%) and a lower use 
of PICC-lines (2.5% vs. 4.5%) (p < 0.001) (Table 11). 

 
In haemodynamically unstable patients, university hospital physicians re-
ported a lower use of right IJV catheters (63%) compared to non-university 
hospital physicians (74%), while favouring the femoral vein (FV) to a greater 
extent (16% vs. 6 %) (p 0.02). Similarly, in hospital ward patients, university 
hospital physicians reported using IJV catheters (43.2% vs. 51.4%) and PICC-
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lines (13% vs. 18%) less frequently than those in non-university hospitals (p= 
0.009). 
Additionally, physicians from university hospitals indicated that they used ul-
trasound for catheter verification in the vessel more frequently than physicians 
in non-university hospitals (p < 0.001–0.034) (Table 9). 

 
 
Table 10. Preferred insertion site when placing a CVC or CDC 

 
Preferred insertion 
site when placing a 

N F M p N LE S p N NU U p 

CVC in the ICU 373    376    378    
First choice    0.01    0.12    0.16 
RIJV 

 
78 64   73 66   74 62  

LIJV 
 

5 3 
  

3 3 
  

3 4 
 

 FV 
 

4 3 
  

1 5 
  

2 5 
 

 SCV 
 

11 28 
  

21 21 
  

18 25 
 

 PL 
 

3 3 
  

2 4 
  

3 4 
 

Second choice    0.01    0.04    0.003 
RIJV 

 
10 26  

 
19 21 

  
19 21  

LIJV 
 

65 53 
  

65 51 
  

64 48 
 

 FV 
 

6 5 
  

5 5 
  

2 9 
 

 SCV 
 

18 14 
  

10 21 
  

14  19 
 

 PL 
 

2 1 
  

1 2 
  

1 1 
 

CVC in the OR 316    318    319    
First choice    0.08    0.09    0.14 
RIJV 

 
85 81 

  
88  78 

  
84 81 

 

LIJV 
 

4 3 
  

 4 3 
  

5 1 
 

 FV 
 

3 2 
  

1 2 
  

2 3 
 

 SCV 
 

3 13 
  

5 13 
  

7 13 
 

PL 
 

4 3 
  

2 4 
  

3 3 
 

Second choice    0.12    0.05    0.02 
RIJV 

 
5 13 

  
10 10 

  
1 9 

 

LIJV 
 

77 66 
  

77 64 
  

 72 66 
 

 FV 
 

 2 4 
  

1 5 
  

1 8 
 

 SCV 
 

14 15 
  

11 17 
  

14  15 
 

 PL 
 

2 1 
  

 1 1 
  

1 1 
 

CDC 370    373    374    
First choice    0.77    0.26    0.24 
RIJV  79 83   83 81   84 78.8  
LIJV  4  3   4 3   4 2.6  
SCV  13 9   11 10   8 13.5  
FV  4  4   2 6   3 5.1  
Second choice    0.70    0.28    0.15 
RIJV  12 12   11 12   10 14  
LIJV  50 43   46 45   44  48  
SCV  28 33   35 29   32 31  
FV  7 9   5 11   10 5  
             
 Body Mass Index (BMI), Central venous catheter (CVC), Central venous dialysis catheter (CDC), Fem-
oral vein (FV), intensive care unit (ICU), I never place these catheters ( DNP),  Left internal jugular 
vein (LIJV), PICC-line (PL), Right internal jugular vein (RIJV), Subclavian vein (SCV),  Operating 
Room (OR),Female (F), Male (M), p-value (p), less experienced (LE) Senior (S), Regional/Local/Non-
university hospital (NU), University-hospital (U) 
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Table 11. Differences between groups in different patient categories 
 N F M p N LE S p N NU U p 
CVC in patients:  % %  N % %   % %  
with BMI< 18 380   <0.001 383   0.15 384   0.16 
RIJV 

 
82  63  

 
 75 67 

  
73 66 

 

   LIJV 
 

3 2 
  

1 3 
  

2 3 
 

   SCV 
 

11 31 
  

19 27 
  

21 27 
 

   FV 
 

1 2 
  

2 2 
  

1 3 
 

   PL 
 

0 0   0 0   0 0  
   DNP 

 
3 2 

  
4 1 

  
3 1 

 

with BMI> 30: 783   0.002 381   0.16 382   0.42 
RIJV 

 
88 72 

  
82 74 

  
80 75  

   LIJV 
 

1 3 
  

3 2 
  

2 3 
 

   SCV 
 

8 24 
  

13 21 
  

16 20 
 

   FV 
 

1 0.4 
  

0 1 
  

0 1 
 

   PL 
 

1 1 
  

2 1 
  

1 1 
 

   DNP 
 

1 0 
  

1 0 
  

1 0 
 

with Tracheostomy 379   0.02 382   0.09 383   <0.001 
RIJV 

 
42 31 

  
38 33 

 
 42 25 

 

   LIJV 
 

1 1 
  

2 1 
 

 1 2 
 

   SCV 
 

40 59 
  

45 57 
  

43 63 
 

   FV 
 

7 3 
  

5  4 
  

3 7 
 

   PL 
 

5 3 
  

5 3 
  

5 3 
 

   DNP 
 

4 3 
  

5 2 
  

5 1 
 

Haemodynamically 
Instable    

379   <0.001 382   0.05 383   0.02 

                         RIJV 
 

77 64   73 66   74 63 
 

   LIJV 
 

4 1 
  

4 1 
  

3 2 
 

   SCV 
 

7 25 
  

13 22 
  

17 19 
 

   FV 
 

11 10 
  

9 11 
  

6 16 
 

   PL 
 

0 0   0 0   0 0 
 

   DNP 
 

1 0 
  

1 0 
  

1 0 
 

with Coagulopathy 379   0.11 382   0.41 383   0.06 
RIJV 

 
70 71   69 72   72 70 

 

   LIJV 
 

1 2 
  

2 1 
  

1 3 
 

   SCV 
 

0  4 
  

3 2 
  

2 4 
 

   FV 
 

20 18 
  

18 19 
  

17 22 
 

   PL 
 

6 4 
  

5 5 
  

6 3 
 

   DNP 
 

3 1 
  

3 1 
  

3 0 
 

In Mobilisation 
phase 

380   0.001 383   0.05 384   0.335 

RIJV 
 

50 36   49 35   45 36 
 

   LIJV 
 

1 1 
  

1 1 
  

1 2 
 

   SCV 
 

28 50 
  

36 46 
  

38 46 
 

   FV 
 

0 0   0 0   0 0  
   PL 

 
14 8 

  
9 13 

  
11 11. 

 

   DNP 
 

6 5 
  

5 6 
  

5 5 
 

in Hospital Wards 380   <0.001 383   0.45 384   0.009 
RIJV 

 
59 41   52 44   51 43 

 

   LIJV 
 

1 1 
  

1 1 
  

1 1 
 

   SCV 
 

14 36 
  

24 31 
  

27  29 
 

   FV 
 

1 3 
  

2 1 
  

1 4 
 

   PL 
 

21  12 
  

15 17 
  

 18  13 
 

   DNP 
 

4 8 
  

6  6 
  

 3 10 
 

             
 
BMI: Body Mass Index , CVC: Central venous catheter, CDC: Central venous dialysis catheter FV:, Femoral vein, ICU:  intensive care 

unit, DNP: I never place these catheters, LIJV: Left internal jugular vein, PL: PICC-line, RIJV: Right internal jugular vein, SCV: Sub-

clavian vein,  OR: Operating Room 
Female (F), Male (M), p-value (p), less experienced (LE) Senior (S), Regional/Local/Non-university hospital (NU), University-hospital(U) 

 
 
 
 
 



 

 58 

Discussion 

This thesis aimed to examine the implications of catheter insertion sites and 
the potential phenomenon of direct aspiration, during CRRT. Additionally, it 
aimed to investigate whether drug clearance is influenced when the tips of the 
CVC and the CDC are positioned within the same vessel. Furthermore, we 
aimed to describe the placement practices of CVCs and CDCs among Euro-
pean physicians, along with their use of ultrasound. We also wanted to inves-
tigate the physicians’ considerations when placing two or more catheters in a 
single patient. 

 
Several key findings from our research provide insights into catheter position-
ing and its influence on drug clearance, which can affect the management of 
critically ill patients. 

 
The main results of this project are that direct aspiration is plausible in in vivo 
models and many colleagues have suspected this phenomenon. Studies I-III 
showed that CVC and CDC position can affect drug concentration, drug dos-
ing and clearance of drugs during CRRT. If the tips are in the same vessel, 
dialysis clearance is higher than if the tips are in different vessels. Further-
more, if the tips are in the same vessel, dialysis clearance is affected by the 
distance between the tips. The main finding in Study IV was that most physi-
cians, in most patient categories, prefer the IJV for placement of CVCs and 
CDCs. The use of ultrasound for catheter insertion is widely used, but not for 
control of the tip position. Of the participants, 30% had suspected direct aspi-
ration at some point in their career and many physicians adjust the catheters if 
they consider the distance between a CVC and a CDC too close. 

Catheter Insertion Sites 
The primary results from Study IV showed that the right internal jugular vein 
(IJV) was the preferred site for CVC insertion in both ICU and OR patients, 
with SCV and FV following as secondary choices. This preference was con-
sistent across various patient categories, including those with varying body 
mass index (BMI) and haemodynamic instability. The findings align with pre-
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vious studies that highlight the IJV as the most commonly used site but dif-
fered in the proportions placed in different vessels 55. Study IV reported higher 
use of IJV and lower use of the FV compared to previous results 55. However, 
regional and methodological differences between our study and others may 
explain some discrepancies. Most participants in our study were from Scandi-
navia, while physicians in the previous studies were primarily from France, 
which could contribute to the observed differences in catheter site preferences. 

Regarding insertion of CDCs, the preferred site was also the right IJV fol-
lowed by FV. This differs from the CRRTnet study that showed that the right 
IJV was the most common site (50%) for CDCs followed by the left IJV (27%) 
and the FV (15%) 103. The differences between our study and the others men-
tioned could be the self-reported nature of the data. This may introduce bias, 
as physicians may not always practice as they report104 . 

Physician Differences and Ultrasound Use 
Paper IV also revealed differences in catheter site preferences and ultrasound 
use based on sex, physician experience level, and hospital type. 

Male physicians were more likely to prefer the SCV for CVC insertion, 
whereas female physicians favoured the IJV. Male physicians reported to a 
higher degree that the latest scientific research influenced their choice of in-
sertion site. This might partly explain the difference between sexes since the 
SCV is favoured before IJV in recent literature 105. 

Senior physicians also reported a preference for the SCV more frequently than 
their less experienced counterparts did. Moreover, senior physicians were 
more likely to base their decisions on recent scientific literature.  

Ultrasound use was reported to be high for CVC placement. There were dif-
ferences between physicians practicing at different hospital types (university 
versus non-university hospitals). However, the use of ultrasound was high in 
all groups. Consistent with previous studies, our study found the lowest ultra-
sound usage was for insertion of catheters in the SCV. Even so, in our study, 
the percentage of usage was higher than previously reported 106,107 . 

The reported use of ultrasound as a first choice for tip verification was low for 
all catheter types. Ultrasound for catheter placement has been recommended 
for over 20 years, whereas ultrasound for tip control is a more recent tech-
nique. This could explain the low numbers and also indicates that new tech-
niques take substantial time to be adopted and established 64,67,108,109. 
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Impact of CVC and CDC Placement on Drug Clearance 
To the best of our knowledge, Papers I-III are the first in vivo studies to sys-
tematically investigate the impact of CVC and CDC placement on the removal 
of infused drugs. 

 
We hypothesised that during CRRT, the infusion of a drug through a CVC 
positioned in close proximity to the CDC would result in reduced systemic 
drug concentrations and increased clearance, compared to scenarios in which 
the drug infusion and CDC are located in separate vessels. This hypothesis 
was evaluated using experimental models, all of which demonstrated that drug 
clearance within the dialysis system is enhanced when the catheters are posi-
tioned in close proximity rather than further apart. 

 
Furthermore, findings from Paper III suggest that the distance between the tips 
of the CVC and CDC within the same vessel may significantly influence drug 
clearance. A plausible mechanistic explanation for this observation is the di-
rect aspiration of the infused drug from the CVC into the CDC. 

 
To test our hypothesis, we chose drugs commonly used in intensive care as 
markers. This was done with two or three different drugs: noradrenaline, gen-
tamicin and/or vancomycin. The reason for choosing these drugs was both to 
investigate the possible phenomenon of direct aspiration and also to explore 
the possibility of a future clinical study. 

 
Due to the severity of their illness, intensive care patients experience specific 
pharmacological challenges that must be considered. Additionally, in CRRT, 
several factors influence extracorporeal drug handling including molecular 
weight, hydrophilicity, dialysis mode, filter porosity and surface area, blood 
flow rate and total effluent rate110. Protein binding also plays a role in adsorp-
tion in the dialysis filter membrane. Gentamicin has a low-level protein bind-
ing whereas vancomycin has a high level 111,112. Studies have demonstrated 
that polysulfone membrane filters exhibit minimal adsorption of gentamicin 
while vancomycin undergoes rapid adsorption, though no further adsorption 
is observed beyond 30 minutes 110,113 . 

 
Since the results show similar dialysis clearance of both antibiotics, it is un-
likely that adsorption explains our results. 

 
Critically ill patients often exhibit significant variability in serum drug con-
centrations, including antibiotics and noradrenaline. 38,114115,116 117     
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The reasons for this are multifactorial, influenced by factors such as kidney 
function, body size and level of illness 38,39 .Drug dosing in critically ill pa-
tients during CRRT is typically based on the assumption that drugs are elimi-
nated from a relatively equilibrated central compartment 38,39,114 The results 
from Papers I-III suggest that the placement of CVCs and CDCs may influ-
ence drug clearance, potentially due to direct aspiration of a drug from a CVC 
into a CDC during CRRT. 

Direct aspiration will increase the risk of underdosing, further contributing to 
unpredictable pharmacokinetics, as a steady state of the drugs may not already 
have been achieved. This issue could be particularly problematic for drugs 
with a high protein binding or large volume of distribution, as they might enter 
the dialysis circuit before equilibration within the central compartment occurs. 
Consequently, this can lead to increased clearance during CRRT and exacer-
bate underdosing38,39.  

One could hence further speculate that a higher blood pump rate in the CRRT 
may contribute to a higher amount of direct aspiration. However, this aspect 
was not investigated our studies. Following the same line of reasoning, CO 
might also be expected to influence direct aspiration. Nevertheless, in our 
studies, CO did not affect gentamicin or vancomycin clearance, serum con-
centrations or NA dosing. 

A phenomenon resembling direct aspiration is access recirculation, mostly 
studied in ECMO and in haemofiltration for chronic kidney failure79, 81,82,84,118 
. Access recirculation occurs when blood that has been oxygenised or dialysed 
re-enters the extracorporeal circuit in the inflow port, thereby diluting the 
blood from the system circulation. In ECMO, recirculation leads to a reduction 
of oxygenated blood, and in renal replacement therapy, it leads to a reduction 
of clearance 84,85 . In intermittent haemodialysis, access recirculation is higher 
in catheters placed in the FV compared with the IJV or SCV, and this is spec-
ulated to be due to the lower blood flow in the FV 78,79,118 . Interestingly, in 
Study IV the femoral vein was less commonly used for CDC insertion com-
pared with previous findings where FV was more frequently selected 43.   

Recirculation also differs between different CDC tips. For example, it is lower 
in step-tip compared to split-tip catheters92. Since recirculation was not meas-
ured in Paper I-III, we are unable to determine if it was present and to what 
extent. However, the length of the catheters and size of the pigs, the dialysis 
method (CRRT) and information from the CDC manufacturer (stating an ac-
cess recirculation of less than 0.5%) makes it unlikely that recirculation is a 
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major contributor to the results. Although direct aspiration is a similar phe-
nomenon to recirculation, it will instead lead to a high dialysis clearance of 
drugs. One could speculate that different tip design might affect the possibility 
and amount of direct aspiration, however, this was not investigated in our 
studies. 

In clinical practice and in guidelines, there are no recommendation as to how 
to place multiple catheters44. Catheter tips can be placed with the CVC or CDC 
cranially or caudally (see Figure 20 A and B). 
 

         
Figure 20 A and B. Different tip positions of the central venous catheter (CVC) and 
the central venous dialysis catheter (CDC). 

The lowest antibiotic clearance was observed when the CVC was positioned 
either 2 cm distal to or at the same level as the CDC. This finding is expected 
because, in the absence of turbulent flow, the administered drug follows the 
natural direction of blood flow, moving away from the CDC. When the CVC 
tip was located 2 cm proximal (-2 cm) to the CDC tip, clearance increased, 
with an even greater rise observed at -4 cm. However, our study did not ex-
plore whether clearance continues to increase with further proximal displace-
ment or if there is a point at which it begins to decline. In an in vitro study by 
Vicka et al., the highest level of direct aspiration was reported at -4 cm 119. 

When exploring dual catheter placement (CVC and/or CDC) in Paper IV, we 
found that 70% of participants expressed concern about the positioning of the 
catheter tips when placed in the same vessel. Of the participants, 30% reported 
having suspected direct aspiration during their clinical careers. While Papers 
I-III cannot definitively confirm direct aspiration, the proximity of catheters 
appears to influence drug clearance. In Paper III, the lowest clearance of drugs 
was seen when the CVC tip was parallel to the CDC tip or closer to the heart 
(proximal) (compare picture 20A+B). 
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The results from Papers I-III suggest that if the catheter tips are very close 
together, adjustment of the catheter could be appropriate to reduce the risk of 
direct aspiration. The CVC tip should be placed proximal to the CDC, accord-
ing to Paper III. Even separating the catheter tips to different vessels, for ex-
ample to the EJV and FV, could be relevant. 

Direct Aspiration and Clinical Consequences 

The phenomenon of direct aspiration has been highly suspected in a few pub-
lished case reports 89,90. In the cases described, the suspected aspirated drugs 
were, among others, inotropes and vasopressors that had serious effects on the 
patients with circulatory failure. If this phenomenon occurred with less dra-
matic effects, there would be a risk of under-detection. When exploring dual 
catheter placement in Paper IV, we found that 70% of participants expressed 
concern about the positioning of the catheter tips when placed in the same 
vessel. Of the participants, 30% reported having suspected direct aspiration 
during their clinical careers. The lack of literature in the field in relation to the 
proportion of physicians stating this suspicion might indicate an underreport-
ing of the phenomenon. 

Of course, the consequences of direct aspiration, leading to underdosing of 
drugs, depends on the drug being given and its action. The potential risk ap-
pears to be lower for drugs administered at the bedside and titrated to prede-
fined physiological targets, such as noradrenaline and, to some extent, insulin. 
In these cases, a sustained low blood pressure or elevated blood glucose level 
would prompt an increase in the drug infusion rate. However, if direct aspira-
tion could lead to under-dosing with direct effects, it might potentially lead to 
altering clinical decisions. For example, if a higher noradrenaline dose is re-
quired, it could, by extension, lead to the introduction of a second line of vas-
opressor, i.e. vasopressin, with potentially harmful effects. 

An insufficient dose of antibiotics may also be of great consequence. Evidence 
to support adequate, timely antibiotic administration in sepsis is substantial 
120–122. This is important for mortality, length of stay, and health care costs. 
Too low an antibiotic concentration may facilitate the development of antibi-
otic resistance, of concern both for the patient but also for society 38,123,124. In 
the SMARRT-AKI22 trial, approximately 25% of the RRT patients did not 
reach the target antimicrobial exposure when using a standard dosing regimen. 
Further, an epidemiological study by Rewa et al. reported an association be-
tween higher dialysis doses and increased mortality in patients with AKI 103. 



 

 64 

There is growing evidence to advocate antimicrobial therapeutic drug moni-
toring: the results of this thesis would further support that regime and encour-
age monitoring of other drug concentrations, when possible124,125. Unfortu-
nately, in most hospitals today, laboratory resources are inadequate to meet 
this demand. 

Control of catheter tip position 
X-ray verification was not performed in Paper I. However, given the relation-
ship between catheter length and the size of the animals, it is highly unlikely 
that the femoral CDC tip extended beyond the diaphragm and, consequently, 
became positioned in close proximity to the CVC. In Papers II and III, catheter 
tip position was confirmed using fluoroscopy. 

Clinically, confirming the correct positioning of IJV and SCV catheters can 
be done with X-ray; by patterns of the central venous pressure waveform, or 
by electrocardiogram, with p-wave detection73. The value of routine chest X-
rays has been questioned since it is expensive, labour-intensive and often re-
sults in delayed use of the CVC. Despite this criticism, its use remains com-
mon in clinical practice74,75. In Paper IV, there was a higher proportion of phy-
sicians in Western and Northern Europe who preferred X-ray for tip control 
in the IJV (96% and 84% respectively) compared to central Europe (42%) 
where p-wave detection was preferred (52.6%). The tips of catheters placed in 
the FV was less frequently confirmed but ultrasound was often used for the 
purpose. 

Different central venous catheters and cannulas are known to migrate due to 
repositioning of the patient, diaphragm movements, and also by accidental re-
traction of the catheter 46–48. Hence, radiographic control of tip placement 
would not completely guarantee avoidance of direct aspiration. 

The use of POCUS for confirmation of catheter tip positioning is a possibility 
likely to increase with physicians’ growing experience thereof 76,80. In Paper 
IV, only 9-10.5% of the participants stated that they preferred using ultrasound 
for confirmation of IJV and SCV catheter tip position. 

Tip position confirmation of two tips using POCUS or ultrasound will proba-
bly be difficult, especially for measuring distance between the tips. In Study 
IV, 50% of the participants answered that if the tips of the catheters were con-
sidered too close, they adjust them. Paper III showed that clearance of drugs 
infused in a CVC is lower if its tip is parallel or closer to the heart compared 
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to the tip of the CDC. Even though traditional X-ray usage is likely to de-
crease, the need for it in patients receiving multiple catheters might remain. 
The tips of catheters placed in the FV are often not confirmed by X-ray and 
the interrelationship between the catheter tips is probably adjusted even less 
often. To my knowledge, the use of ultrasound for controlling measuring the 
distance between two catheter tips has not been described in the literature. 

Limitations 
To some extent, the limitations of this thesis and the studies included in it are 
addressed in the previous part of the discussion. However, there are still a few 
points to cover. 

Some of the limitations of this thesis and the included studies are inherent to 
those associated with animal experiments. While Papers I-III´s experimental 
design aimed to standardise the conditions, it may also affect the generalisa-
bility of the findings. 

The homogeneous cohort of healthy pigs differs significantly from the heter-
ogeneous and complex population of intensive care patients. However, given 
the physiological and anatomical similarities between pigs and humans, this 
model was suitable for testing our hypothesis. Additionally, the use of an an-
imal model reduces the influence of individual variability, such as differences 
in disease severity, thereby making the results less clouded. 

In Paper I and II, a cross-over design was used so that the animals would act 
as their own controls. This approach aimed to further minimise inter-individ-
ual variability in the response to noradrenaline and antibiotics. To enhance the 
clinical relevance of the studies, endotoxaemia was induced in Paper II using 
lipopolysaccharide (LPS). In Paper II, there was substantial variation in nora-
drenaline levels between animals, which was not seen in Paper I. This might 
suggest less consistent drug pharmacokinetics and indicate the difficulties of 
detecting direct aspiration in an intensive care patient cohort. Nevertheless, 
the findings supporting the phenomenon of direct aspiration remained con-
sistent with those observed in the other experiments. 

Furthermore, the short observation periods in the animal studies may not fully 
capture the long-term pharmacokinetic effects seen in clinical settings. In Pa-
per I, a difference in antibiotic serum concentration was observed between 
CRRT conducted via the EJV versus the FV. However, this difference was not 
detected in Paper II, which may suggest that under endotoxaemic conditions, 
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either the 30-minute experimental period was insufficient to reveal a discrep-
ancy. Furthermore, the study primary outcomes differed between Studies I and 
II and therefore also the protocols. In Study I the outcome was plasma con-
centration whereas in Study II it was dialysis clearance of antibiotics. 

Endotoxaemia was induced using LPS in Study II. Although this is not the 
preferred model for resembling human sepsis, it was selected in this experi-
mental setting to enhance the reproducibility of the endotoxaemic response, 
thereby minimising the number of animals required 98. The 30-minute duration 
was selected to ensure that the piglets remained in a comparable septic phase 
during both CRRT periods (EJV and FV). However, in a clinical setting, 
where CRRT often persists for hours or days, there might be a potential risk 
of reduced serum drug concentrations if the two catheter tips are too close. 

Further, the limitations to Study IV are similar to other online surveys. One 
limitation was the lack of a validated questionnaire to answer our question. 
We attempted to ensure validity by using several steps including sensitivity 
analysis and pilot-testing. The sampling method hampers the possibility to re-
port the response rate which may be considered a limitation. A total of 1,694 
individuals accessed the first page of the survey, while 385 completed it. How-
ever, as the survey was entirely anonymous and IP addresses were not rec-
orded, further investigation of these figures is not possible. 

To minimise respondent burden and encourage completion, the questionnaire 
was designed to be concise and avoid excessive time demands. While low 
response rates are a recognised challenge in online surveys this method of dis-
tribution also enabled access to a broader group of participants100,102,104. 

Furthermore, the sampling method introduces a risk of selection bias, as indi-
viduals who chose to respond may differ from non-responders. The number 
of responders was low compared to the total population of anaesthetists and 
intensivists across Europe. However, it is one of the largest surveys, on the 
topic of CVCs and the use of ultrasound. Finally, as the data are self-reported, 
there is also a potential risk of bias 104,126. Nonetheless, the questions were 
straightforward and focused on a routine procedure that most clinicians en-
counter on a weekly basis, which may help mitigate recall bias. 
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Conclusions 

The aim of this thesis was to study the possibility of the phenomenon of direct 
aspiration. In Study I, the results showed that the phenomenon of direct aspi-
ration is plausible in vivo. The results were supported in Study II, which 
showed that in endotoxaemia, dialysis clearance is higher if drug infusions in 
a CVC are in the same vessel as the CDC, compared to if the two catheters are 
in different vessels, during CRRT. Study III further revealed that if both a 
CVC and a CDC are placed within the same vessel, clearance of drugs during 
dialysis is affected by the distance between both tips, if drugs are infused in 
the central venous catheter. 

Finally, in Study IV, European physicians’ preferences for CVC and CDC 
insertion sites and the use of ultrasound for CVC placement were investigated. 
The favourite insertion site was the internal jugular vein for both catheters and 
for most patient categories. The use of ultrasound for placement was high for 
all insertion sites but low for control of tip position. As many as 70% of par-
ticipants expressed concern about the positioning of the catheter tips when 
placed in the same vessel. Of the participants, 30% reported having suspected 
direct aspiration during their clinical careers.      
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Future Perspectives 

The results of this thesis indicate that direct aspiration is a phenomenon that 
exists in vivo. Further, it has shown that many physicians have suspected di-
rect aspiration, indicating that it might be underreported. 

A clinical study is warranted to determine whether this phenomenon occurs in 
intensive care patients. Studies where two or more catheters are investigated 
are also few and far between, making this an area of research to explore. How-
ever, the above-mentioned limitations shed some light on the difficulty of 
demonstrating this phenomenon in a clinical ICU setting with heterogenic pa-
tients. Differences between hospitals and countries in CRRT initiation and 
use, and also in catheter placement, might further add to the complexity of a 
clinical study. 

Factors to consider in future studies, whether experimental or clinical, could 
be whether different dialysis filters, and modes and different blood pump 
rates, affect the risk of direct aspiration. Another area to explore is whether 
different catheter types present different risks. 

Ultrasound has made catheter insertion safe and mechanical complications are 
now very low. However, catheter-related infections are still a consideration 
and influence the research filed on catheter placement. The possibility of di-
rect aspiration might be an issue to take into account when designing new 
studies on catheter placement and when analysing results. Studies investigat-
ing ultrasound for control of CDC tips are still lacking and this should be an-
other area to pursue. 
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Populärvetenskaplig sammanfattning 
(Summery in Swedish) 

Inom intensivvården vårdas de mest kritiskt sjuka patienterna med sviktande 
vitala organsystem såsom till exempel hjärta, lungor och njurar. Patienterna 
behöver ofta understödjande behandling med hjälp av ventilator, blodtryckhö-
jande läkemedel och/eller dialys. Det är i dessa tillstånd nödvändigt att ha en 
säker åtkomst till patients blodbana för att kunna tillföra livräddande läkeme-
del. För att tillgodose det behovet, anläggs vanligen en central venkateter 
(CVK) i en större central ven. Spetsen på denna kateter placeras i den stora 
hålvenen, vena cava, ovanför eller nedanför hjärtat.  

Att vara så svårt sjuk att intensivvård krävs är förknippat med hög dödlighet. 
Till följd av sitt svåra sjukdomstillstånd får en stor andel av intensivvårdspa-
tienterna akut njurskada vilket ytterligare ökar dödligheten.  Cirka 4-10% av 
intensivvårdspatienterna bedöms ha så svår njurskada att de behöver under-
stödjande njurersättning med dialys. Inom intensivvård ges denna dialys van-
ligen i kontinuerlig form s.k. CRRT.  

För att kunna utföra CRRT behöver patienten ytterligare en central dialys ka-
teter (CDK). Denna kateter anläggs i samma kärl och på samma sätt som en 
CVK. Skillnaden dem emellan är att i en CVK tillförs viktiga läkemedel till 
patienten medan ur CDKn dras blod ut från kroppen, passerar genom dialys-
maskinen och renas för att sedan återföras till patienten. Blodet pumpas ut ur 
en CDK-skänkel, passeras dialysmaskinen och ges tillbaka i en annan en 
CDK- skänkel.  

Frågeställningen vid starten av denna avhandling var om ett givet läkemedel i 
en CVK kan direkt aspireras, d.v.s. dras ut, i en närliggande CDK. Det givna 
läkemedlet riskerar då att försvinna ur kroppen utan att ha hunnit få önskad 
effekt. Innan denna avhandling fanns ingen publicerad forskning som besvarat 
denna fråga.  

För att undersöka om direkt aspiration fanns valdes experimentella djurmo-
deller. Detta för att kunna standardisera försöken vilket inte skulle vara möj-
ligt hos intensivvårdspatienter.  
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Studie I visade att antibiotikakoncentrationen i blodet blev lägre och behovet 
av noradrenalin fördubblades när CVK och CDK var placerade i samma kärl 
jämfört med olika kärl. 

Studie II undersökte hur antibiotika-clearance påverkades vid sepsisliknande 
tillstånd. Resultatet visade högre clearance i CRRT när CVK och CDK var i 
samma kärl. 

Studie III analyserade hur olika avstånd mellan CVK- och CDK-spetsarna i 
samma kärl påverkade clearance. Lägst clearance uppmättes när spetsarna var 
parallella och CVK-spetsen låg närmare hjärtat än CDK 

Efter Studie I-III önskades ytterligare kunskap om hur läkare placerar CVKer 
och CDKer. I en enkätstudie undersöktes hur europeiska narkos- och intensiv-
vårdsläkare placerar CVK och CDK samt deras resonemang kring kateterpla-
cering. Resultatet visade att den högra jugularvenen var det föredragna kärlet 
för båda katetrarna, oavsett vårdmiljö och patientkategori. Ultraljud användes 
ofta vid placering men mer sällan för att kontrollera kateterspetsläge. Många 
justerade spetsläge vid behov, och 30 % hade någon gång misstänkt direkt 
aspiration av läkemedel från en CVK till en CDK.  

Den kliniska betydelsen av direktaspiration kommer vara beroende av vilket 
läkemedel som tillförs i CVKn. Vissa läkemedel, såsom blodtryckshöjande 
noradrenalin, kommer ha en direkteffekt hos patienten. Andra läkemedel, 
såsom antibiotika, riskerar att bli underdoserade vilket kan få betydande risker 
för patienten men kommer vara svårupptäckt kliniskt. 

Sammanfattningsvis har denna avhandling visat att direktaspiration av ett lä-
kemedel från en CVK in i en CDK kan ske under CRRT samt att detta kan ske 
även under sepsis-liknande förhållanden. Olika avstånd mellan de två kateter-
spetsarna påverkar också clearance av läkemedel under CRRT. Enkätunder-
sökningen visade att många läkare anser att kateterspetsläge har betydelse och 
har misstänkt direktaspiration. Den visade också att ultraljud ofta används för 
anläggande av centrala venkatetrar men sällan för kontroll av spetsläge. Att 
det finns så få studier och fallbeskrivningar publicerade om direkt aspiration 
kan indikera att det finns en under-rapportering av fenomenet.  

En klinisk studie för att undersöka om detta fenomen påverkar intensiv-
vårdspatienter är önskvärd.  
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