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 36 

Abstract 37 

Backgrounds and Aims 38 
Long term central venous access for Home Parenteral Nutrition (HPN) is associated with catheter related 39 
complications. The most studied and well known of these is Catheter Related Blood Stream Infection (CRBSI). 40 
This paper looks at other venous access complications, including blocked and damaged catheters, catheter related 41 
thrombosis and CRBSI. This paper will also present treatment outcomes for each of these complications. This 42 
paper will also examine if there are any correlating patient or catheter related factors that can help predict future 43 
catheter related complications. By demonstrating the treatment outcomes for each line complication, it is hoped 44 
this will contribute to the literature that could be used for standard setting in complications related to long term 45 
central venous access. 46 

Methods 47 
HPN data was analysed from the Greater Glasgow and Clyde (GGC) Home Parenteral Nutrition Database (HPN) 48 
which is a comprehensive, prospectively maintained electronic record of all HPN patients treated in GGC. The 49 
time period of data collection was 1998-2017. Descriptive statistics were used to report data frequency, age, and 50 
catheter days’ distributions. Data were not normally distributed and so non-parametric tests were used. 51 
Spearman’s Rho correlation was used to measure correlation between two numeric groups. Catheter complications 52 
were reported as a rate in count data, meaning that more than one event could be recorded per patient, with 1,000 53 
catheter days as the person-time denominator. Poisson means test and Fisher exact tests were used to compare 54 
different rates, as complications were treated as count data increasing over variable total time periods.  P < 0.05 55 
with 95% confidence interval (CI) was considered significant in all tests. Comparisons between binary data sets 56 
used 2 sample t-test to compare the groups.  57 

Results 58 
From 169 patients, 101 (59.8%) were female and 68 (40.2%) were male. The age when first starting HPN ranged 59 
from 16 to 79 years old with a median of 56 years. Total catheter days was 173,151 derived from 408 catheter 60 
insertions on 169 patients. 282 complications occurred in 85 patients over the study period. An overall catheter 61 
complication rate of 1.62/1000 days was found.  84 patients did not experience a single complication. There were 62 
171 proven catheter infections in 66 patients over the study period. Infection rate from the entire period of report 63 
was 1.35 infections/1000 catheter days. This decreased over time. Infection was found to be correlated with length 64 
of time on HPN, catheter location, catheter diameter and use of Taurolock-Hep100. Thrombosis (n=16) was 65 
associated with total time on HPN(r2 = 0.187, P <0.05) and the number of infections (r2 = 0.207 P <0.05). Damage 66 
was strongly associated with increasing time on HPN with (r2 of 0.494 and P <0.005). Blockage was not associated 67 
with any patient or catheter factors. Overall catheter salvage rate for CRBSI by antibiotic treatment was 61.87%. 68 
Success varied according to organism cultured. Catheter salvage was less successful in other complications and 69 
overall catheter salvage rate was 41, 115 catheters were salvaged from 282 complications.  70 

Conclusions 71 
This study has provided a baseline for rates of less common venous access complications in HPN and their 72 
management. Catheter salvage is possible after at least 41% of complications. It is likely that experience is helpful 73 
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whether that of individual patient, the team or a clinical network. Our results support the use of smaller central 74 
venous catheters, in upper body veins, and the use of Taurolock-Hep100 in patients who have recurrent infections 75 

Introduction 76 

Home parenteral nutrition (HPN) is a long-term intravenous treatment for patients with intestinal failure for 77 
whom oral or enteral feeding cannot meet nutritional, fluid or electrolyte demands  (1). HPN can be considered 78 
a life preserving treatment for some disease states requiring intravenous supplementation to sustain life Jones 79 
(2). The use of HPN as part of treatment for chronic intestinal failure has been acknowledged by many centres, 80 
including the National Health Service (NHS) (3). The estimated prevalence of HPN patients in 2010 was 15 to 81 
20 per million adults and 16 per million in children within the United Kingdom (UK) (3). The British Artificial 82 
Nutrition Survey (BANS) reported that there has been a steady increase in HPN patients in England Smith and 83 
Naghibi (4).  84 

Using long-term parenteral access  for nutrition has risks, such as metabolic complications and catheter 85 
complications (5). Some common catheter-related complications include thrombosis, blockage, damage, and 86 
infection (6). Catheter complications can result in the loss of venous access for patients and pose a life-87 
threatening risk. Managing and treating these complications has evolved over the last 25 years with new 88 
methods now standard of care, including catheter salvage for Catheter Related Blood Stream Infection (CRBSI). 89 
Catheter salvage for CRBSI, whereby antibiotics are given through the catheter has been recommended by 90 
ESPEN (7). By salvaging the catheter, venous access may be preserved. (8). Published literature has so far 91 
focused on infection as the primary complication due to its higher prevalence. Less evidence exists for the other 92 
documented catheter complications, leading to variation in practice. (9) 93 

The primary aim of this study was to determine associated factors for specific post-insertion catheter 94 
complications using a prospectively collected database of an HPN patient population over a 19 year period. 95 
Secondary aims included assessment of the treatments for these complications and this paper will present the 96 
treatment outcomes from a single tertiary referral centre managing HPN patients.  97 

 98 

 99 

 100 

 101 

 102 

 103 

 104 

 105 

 106 

 107 
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 108 

Materials and Methods 109 

Data Collection 110 
HPN data was analysed from the Greater Glasgow and Clyde (GGC) Home Parenteral Nutrition Database (HPN). 111 
This is a comprehensive, prospectively maintained electronic record of all HPN patients treated in GG&C. The 112 
time period of data collection was 1998-2017.  113 

The majority of catheters were inserted by two consultant surgeons. Difficult catheters were inserted by vascular 114 
radiologists. All catheters were tunnelled, mainly Hickman or Broviac catheters with some implantable ports. 115 
Catheter tips were sited in the lower third of the superior vena cava or the right atrium using X-ray screening. 116 
Only parenteral nutrition was used in the catheter, with blood sampling and use for other drugs or blood products 117 
forbidden unless in exceptional circumstances such as treatment of CRBSI. Patients and relatives performing HPN 118 
procedures were trained by GG&C specialist nutrition nurses. District nurses performing procedures had specific 119 
training either by GG&C specialist nurses or nurses from an HPN homecare company using GG&C protocols. If 120 
a patient suspected a complication, they had access to a 24-hour helpline at GRI and could be admitted directly to 121 
the GRI general surgical department. If the patient had been admitted to another hospital by emergency 122 
ambulance, they were transferred to GRI as soon as possible. This meant that ascertainment of the details of the 123 
complications was as complete as possible. All admissions and complications were documented on the database 124 
at the time of the episode.   125 

Patient gender, age (when starting HPN), HPN indication, underlying disease, catheter days of HPN therapy, 126 
complications and mortality during HPN therapy were collected. Indications for HPN were categorised as short 127 
bowel syndrome, fistulae, obstruction or malabsorption. Underlying disease to HPN was categorised as Crohn’s 128 
disease, mesenteric ischaemia, malignancy, motility disorders, radiation enteritis, or other (chronic pancreatitis, 129 
diverticular disease, auto-immune enteropathy, and post-operative complications).  Catheter days for each patient 130 
were calculated as the total number of days a patient had a catheter in situ, up to the permanent removal of the 131 
catheter (weaned from HPN), death of the patient, 132 

 or maximal follow up date (catheter still in situ at the end point of the period analysed).  133 

Complications were grouped as infections, thromboses (defined as thrombosis of a central vein including 134 
subclavian, jugular, femoral SVC or IVC), damage (defined as physical damage to catheter i.e. cut or broken or 135 
split), cuff extrusion (defined as extrusion of the Dacron cuff of the catheter from the skin exit site)  and blockages 136 
(defined as a catheter blocked and not solved by simply flushing with saline or heparinised saline). HPN-related 137 
and disease-related cause of death were recorded. Diagnosis of a catheter-related infection was defined as clinical 138 
suspicion with positive central blood cultures in the absence of other positive sources (10). The diagnosis was 139 
achieved by paired qualitative blood culture from catheter lumen and peripheral vein (7).  140 

Successful catheter salvage was defined as the ability to continue using the same venous catheter for at least one 141 
month after the treatment of the presenting complication.  142 

 143 
 144 
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Data Analysis 145 
Data was analysed using SPSS and Microsoft Excel. Descriptive statistics were used to report data frequency, 146 
age, and catheter days’ distributions. Data were not normally distributed and so non-parametric tests were used. 147 
Spearman’s Rho correlation was used to measure correlation between two numeric groups. Catheter complications 148 
were reported as a rate in count data, meaning that more than one event could be recorded per patient, with 1,000 149 
catheter days as the person-time denominator. Poisson means test and Fisher exact tests were used to compare 150 
different rates, as complications were treated as count data increasing over variable total time periods.  P < 0.05 151 
with 95% confidence interval (CI) was considered significant in all tests. Comparisons between binary data sets 152 
used 2 sample t-test or chi-squared to compare the groups.  153 

 154 

 155 

 156 

 157 

 158 

 159 

 160 

 161 

 162 

 163 

 164 

 165 

 166 

 167 

  168 

 169 

 170 

 171 

 172 

 173 

 174 
 175 

 176 
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Results 177 

Demographics 178 
In the period of April 1998 to May 2017, there were 175 patients recorded in GGC NHS HPN database. Six 179 
exclusions were made due to insufficient data on their records. All six patients were from hospitals other than 180 
GRI.  More than half (96) of the patients came from GGC, with others from surrounding health boards   181 

 From 169 patients, 101 (59.8%) were female and 68 (40.2%) were male. The age when first starting HPN ranged 182 
from 16 to 79 years old with a median of 56 years. Total catheter days was 173,151 derived from 408 catheter 183 
insertions on 169 patients. The median time for one catheter was 242 (IQR = 462) days. 184 

Table 1 shows the number of patients on HPN by underlying disease and indication for parenteral nutrition. 185 
Underlying disease in the “Other” category consisted of chronic pancreatitis, diverticular disease, auto-immune 186 
enteropathy, and post-operation complications not categorised otherwise. 187 

Table 1 HPN underlying disease and indications. 188 

Indication Number Percentage 
Crohn’s 43 25% 

Fistula 7  
Short bowel syndrome 33  
Malabsorption 1  
Obstruction 2  

Ischaemia 36 21% 
Fistula 1  
Short bowel syndrome 32  
Other 2  
Obstruction 1  

Malignancy 22 13% 
Fistula 5  
Short bowel syndrome 14  
Other 1  
Obstruction 2  

Radiation Enteritis 16 16% 
Fistula 2  
Short bowel syndrome 4  
Other 2  
Obstruction 7  
Malabsorption 1  

Motility Disorder 13 8% 
Fistula 1  
Short bowel syndrome 1  
Other 2  
Obstruction 8  
Malabsorption 1  

Other 39 23% 
Fistula 14  
Short bowel syndrome 17  
Malabsorption 4  
Obstruction 4  

Total 169  
 189 

190 
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Table 2 Location of catheters inserted and catheter type. 191 

Catheter location/catheter type Number 

Femoral 24 
Single Lumen 24 

 
Groin 1 

Implantable Port 1 
 

Left External Jugular 3 
Single lumen 3 

 
Right External Jugular 2 

Double Lumen 2 
 

Left Internal Jugular 37 
Single Lumen 30 
Double lumen 6 
Implantable Port 1 

 
Right Internal Jugular 80 

Single lumen 68 
Double lumen 8 
Implantable Port  4 

 
Left Subclavian 174 

Single Lumen 168 
Double Lumen 1 
Implantable Port 2 
Not available 3 

 
Right Subclavian 67 

Single Lumen 61 
Double Lumen 2 
Implantable Port 2 
Not available 2 

 
Midline Catheter 1 

 192 

There were 408 catheter insertions recorded. From these records, 397 insertion records stated the venous access 193 
used (Table 2). Catheter type information was available in 398 insertion records whilst data for catheter diameter 194 
was present for 358. Two hundred and seventeen (60.6%) catheters inserted were 6.6 Fr diameter whilst 141 195 
(39.4%) were 9.6 Fr diameter. 196 

 197 

 198 

 199 
 200 
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Catheter complications 201 
282 complications occurred in 85 patients over the study period. The total number of catheter days was 173,151, 202 
giving an overall catheter complication rate of 1.62/1000 days.  84 patients did not experience a complication. 13 203 
patients had a high complication rate (>6). Figure A shows a histogram of total complications/1000 catheter days. 204 

Figure A Histogram of total complications per 1000 catheter days 205 

 206 

 207 

The frequency of each catheter-related complication is presented in Figure B 208 

 209 

Complication rates were not found to be associated with age, sex, underlying disease process or catheter care 210 
provider.  211 

14%

6%

14%

61%

5%

Blockage Thrombosis Damage Infection Cuff Extrusion

Figure B Percentage of total catheter complications by each type of catheter complication.  
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Complication rates and infection per 1000 catheter days varied with the duration of HPN. Patients on HPN for 212 
less than two years had significantly higher infection rate per 1000 catheter days compared to patients on HPN 213 
for more than or equal to two years (p = 0.008). Patients on HPN for more than 2 years had a statistically 214 
significantly higher rate of catheter damage (p = 0.009) There was no significant difference regarding blockage 215 
rate or thromboses (Table 3). 216 

Table 3 Separate complication rates/1000 catheter days related to years on HPN. 217 

Years on 
TPN 

Infection/1000 catheter 
days (% of total 
complications) 

  

Blockage/1000 
catheter days (% of 
total complications) 

  

Damage/1000 
catheter days (% of 
total complications) 

  

Thrombosis/1000 
catheter days (% of 
total complications) 

  
≤ 2 years 1.6 (75.6%) 0.22 (8.9%) 0.06 (2.6%) 0.06 (2.6%) 

> 2 years 1.01(63.4%) 0.20 (10.1%) 0.32 (16.3%) 0.08 (4.3%) 

 218 
 219 
Infection 220 

There were 171 proven catheter infections in 66 patients over the study period. Infection rate from the entire 221 
period of report was 1.35 infections/1000 catheter days. Triennial breakdown is presented in Figure C. There was 222 
a reduction in infection rate over successive time periods. 223 

 224 

 225 

Figure C Infection/1000 catheter days over sequential time period 226 

 227 

 Kruskal Wallis p<0.05 (CI 95%) for all periods then followed by Mann-Whitney U test between two consecutive periods p<0.05 (CI 95%). 228 
 229 

Infection was found to be correlated with length of time on HPN, catheter location, catheter diameter and use of 230 
Taurolock-Hep100 (Taurolock-Hep100TM; TauroPharm GmbH) (Table 4).  231 
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Table 4 Univariate analysis of factors associated with increased infection rate. 233 

Catheter Location Total infection per 1000 
catheter days (rate) 

Rate ratio (RR) P value 

Jugular 1.2  
1.15 
 
 
2.14 

 
NS*  
 
 
<0.005 

Subclavian 1.38 

Groin 2.96 

Catheter Diameter Total infection per 1000 
catheter days (rate) 

Rate ratio (RR) P value 

6.6Fr 1.00 
1.69 <0.001 

9.6Fr 1.69   

Catheter lock Total infection per 1000 
catheter days (rate) 

Rate ratio (RR) P value 

Heparin 1.2  
3.87 <0.001 

Taurolock-Hep100 0.31  

Years on HPN Total infection per 1000 
catheter days (rate) 

Rate ratio (RR) P value 

< 2Yrs 1.60   
1.58 

 
<0.05 

>2 Yrs 1.01 

*no significant (NS) difference between jugular and subclavian, however significance was found between both jugular and subclavian 234 
compared to a groin location. 235 
 236 

 237 

The reduction in infection rate associated with Taurolock-Hep100 is further emphasised when comparing the 238 
infection rate of the patients who were switched from Heparin to Taurolock-Hep100. In the group of patients who 239 
were changed to Taurolock-Hep100 catheter lock, the incidence of infection fell from 2.36 per 1000 catheter days 240 
to 0.3 per 1000 catheter days (Rate ratio 7.87, p<0.001).  241 

 242 

 243 

Thrombosis 244 
There were 16 recorded central venous thrombotic events in nine patients over the study period.  245 

Nine thromboses were associated with subclavian (7) or internal jugular catheters (2). One thrombosis was 246 
associated with a midline and has not been analysed further here. Two thromboses were associated with the 247 
catheter tip being found in the azygous vein – one of these was accidental but the other was purposeful in a patient 248 
with severe vascular access problems. Four thromboses occurred associated with catheters in the femoral vein. 249 

One patient had a thrombosis of the left subclavian vein, but the active catheter was in the right subclavian vein 250 
and it was thought that the thrombosis was associated with the difficult removal of a catheter on the left side 251 
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previously. Two thromboses were chronic. Of the eleven acute thromboses with satisfactory catheter tip position, 252 
there was evidence of recent or current infection in all but two cases.  253 

Total time on HPN (r2 = 0.187, P <0.05) and the number of infections (r2 = 0.207 P <0.05) was associated with 254 
number of thromboses. However, there was no statistically significant association between thrombosis and 255 
catheter damage or blockage.  256 

By then making infection a binary data group (any infection/fist infectious event vs no infection) as has been done 257 
in previous studies (11), we found a slight increased relative risk of thrombosis in patients who had previously 258 
had any infection (≥1). RR was 1.67.  This was not at the level previously reported and was not considered 259 
statistically significant. 260 

Blockage 261 
There were 41 recorded blockage events in 26 patients over the study period. Blockage was not associated with 262 
other catheter complications nor was it associated with any other patient or catheter characteristics. There was a 263 
higher rate of blockage in patients using a 9.6Fr catheter (0.23 blockages/1000 catheter days) compared to 6.6Fr 264 
(0.21 blockages/1000 catheter days) but this was not statistically significant. 265 

Treating infection as binary data and comparing to blockage events, there were still no statistically significant 266 
correlations in univariate analysis. 267 

Damage 268 
There were 41 damaged catheters in 20 patients reported over the study period. The nature of the damage ranged 269 
from accidental cutting of the catheter when removing a swab covering the hub, through splitting of the catheter 270 
to damage due to a dog biting the catheter. Damage was strongly associated with increasing time on HPN with an 271 
r2 of 0.494 and P <0.005. Damage was not associated with any other complications, catheter factors or patient 272 
factors.  273 

Similarly to above, treating infection as a binary outcome did not reveal any association with catheter damage, 274 
though this has been reported previously. 275 

Cuff Extrusion 276 
13 episodes of cuff extrusion in 13 patients occurred in the study period. Six of these events occurred in 277 
341catheters made by one manufacturer while seven occurred in 55 catheters made by another manufacturer. This 278 
was a statistically significant difference and is discussed later on (p<0.05 Chi-squared). 279 

Implanted Ports 280 
There were 10 implanted ports in 3 patients who had 9245 HPN days during this study period. Complications 281 
recorded were four infections and one blockage, all requiring port replacement.  Two ports were replaced because 282 
of leakage after around 2 years of use. This equates to a complication rate of 0.54 per 1000 catheter days and an 283 
infection rate of 0.43 per 1000 catheter days.  284 

 285 
 286 
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Treatment Outcomes 287 
 288 

Infection 289 
There are guidelines on management CRBSI in HPN patients. Catheter salvage is recommended by ESPEN and 290 
our centre has a treatment pathway based upon this. The success of the catheter salvage pathway is dependent 291 
upon the organism cultured from the patient. The rates of infection according to organism are presented in Table 292 
5. 293 

 294 

Table 5 Type of catheter infections and organisms grown 295 

Type of Infections Staph. 
Epidermidis 

Staph. 
aureus MRSA Coliforms Yeast Other 

Exit site and tunnel 1 1 0 0 0 0 

CRBSI 67 17 5 61 34 6 

Total 68 18 5 61 33 6 

 % 35.6% 9.4% 2.6% 31.9% 17.3% 3.1% 

 296 

Table 6 Management of catheter infections and salvage rate depending on infective organism 297 

Organism 
Antibiotic treatment Directly  Total catheter  

Salvaged Removed removed removed 

Staph. epidermidis 55 (79.7%) 14 12 26 (32.1%) 

Staph. aureus 4 (44.4%) 5 10 15 (78.9%) 

MRSA 2 (50%) 2 1 3 (60%) 

Coliforms 21 (41.2%) 30 20 50 (70.4%) 

Yeast 0 0 34 34 (100%) 

Other 4 (66.7%) 2 3 5 (55.6%) 

 298 

Overall catheter salvage rate by antibiotic treatment was 61.87%. Success varied according to organism cultured 299 
as shown in Table 6. All proven yeast infections resulted in immediate catheter removal as per ESPEN guidance.  300 
Although the catheter salvage guidelines advised that Staphylococcus epidermidis infections should be treated 301 
with antibiotics, some catheters were removed because of clinical concern, or at other hospitals. 302 

Thrombosis 303 
There were 16 catheter related central venous thrombosis events over the study period. Thrombosis differs to the 304 
other complications in its mode of presentation and may present either acutely or as a chronic problem. Treatment 305 
options for this complication also differ, depending on patient factors and time to presentation.  306 
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Of the 15 thrombosis events (excluding that associated with a Midline catheter), two were associated with the 307 
catheter tip being in the azygous vein and both catheters were moved.  308 

Of the remaining 13, 3 did not have their catheter removed or exchanged. 2 of these patients had chronic SVC 309 
thrombosis and 1 had upper limb thrombosis on the contra-lateral side to the catheter. These patients were 310 
managed with long term anti-coagulation.  311 

5 of the 10 thromboses were treated with tissue Plasminogen Activator (12)  2mg/hr for 48 hours infused down a 312 
fresh catheter inserted into the thrombus. 3 of these showed improvement on imaging and in symptomatology but 313 
all had residual abnormalities. In the other thromboses, the patient’s had symptoms for more than one week or 314 
had contra-indications to fibrinolysis.  315 

10 patients had the catheter replaced in a new location with the tip away from the thrombus. 6 subclavian catheters 316 
were replaced in the femoral vein. 2 groin catheters which had been placed because of previous thrombotic events 317 
were replaced in jugular veins. One patient with very difficult venous access and a groin catheter with thrombosis 318 
was changed to sub-cutaneous fluids for 18 months (after which they reverted to PN via a left internal jugular 319 
catheter following venoplasty). The patient had significant opioid dependency issues and was felt to be extremely 320 
high risk for anticoagulation. One patient who had multiple infections before developing a thrombosis, changed 321 
to enteral nutrition for six months and was able to restart parenteral nutrition successfully when enteral nutrition 322 
failed. 323 

All patients with signs of concurrent infection were treated with at least six weeks of antibiotics intravenously. 324 

All patients except those with malpositioned catheter tips and one patient who was changed to subcutaneous fluids 325 
were anticoagulated.  326 

Blockage 327 
Over the study period, 41 blockages were recorded in 26 patients. 39 records were included in the data analysis 328 
due to incomplete data for 2 blockage events. The local treatment pathway for managing blocked catheters was 329 
to first try conventional unblocking methods with HepsalTM  (Baxter; 10 units of sodium heparin /ml 0.9% 330 
saline) solution, and if this failed to escalate first to  Urokinase (SynerKinase 10,000 units in 2-3ml saline) and 331 
then to Alcohol solution (2.8ml absolute alcohol made up in pharmacy  to 4ml with water for injection to 332 
produce 70% alcohol – unlicensed). If it was completely impossible to push any solution into the catheter, it was 333 
replaced immediately. Should this method of catheter flushing fail to restore adequate flow through the catheter, 334 
then the catheter was exchanged, and a new catheter inserted.  The numbers of each of these treatment 335 
modalities are presented in Table 7.   336 

 337 

 338 

 339 

 340 

 341 

 342 
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Table 7 Management of catheter blockages and success rate 343 

 Total Success Failure 

All Blockages 39 9 30 

Urokinase lock only 24 5 19 

Urokinase then Ethanol lock 2 2 0 
Ethanol lock only 1 1 0 
Ethanol then Urokinase lock 1 0 1 
Primary catheter exchange 12   

Hepsal catheter lock 1 1 0 

 344 

Of 24 blockage events that had a Urokinase solution lock initially, 5 had an immediate resolution, with a further 345 
2 requiring Ethanol catheter lock as part of their treatment 346 

2 blockages had Ethanol catheter lock as their initial treatment and this proved successful in one event, with 347 
another going on to have Urokinase catheter lock but ultimately change of the catheter.  348 

Damage 349 
41 damaged catheters were recorded over the study period. 41.3% of patients with a damaged catheter were able 350 
to avoid a catheter exchange to restore central venous access. 351 

3 catheters were removed immediately due to the presence of concurrent or recent infection or thrombosis. They 352 
have been excluded from this analysis.  353 

Seventeen other catheters did not have repair attempted and were replaced. Six 9.6Fr catheters were replaced (two 354 
double lumen catheters, two very old catheters, one catheter because no repair kit was available, and one reason 355 
was not recorded). Eleven 6.6Fr catheters were replaced immediately (one was very old, and no repair kit was 356 
available for 10 others). This is shown in Table 8.  357 

Table 8 Management of catheter damage and repair success rate by catheter size 358 

 Catheter replaced /No repair attempt Repair attempted Repair 

Success 

(%) 

All damaged 

catheters 

17 21 17 (81%) 

6.6Fr 11 7 5* (71%) 

9.6Fr 6 13 12 (92%) 

Unknown size 0 1 0 (0%) 

*3 of these repairs lasted for less than 2 months 359 

  360 

Before 2014 sixteen attempts at repair were made with no attempt in four catheters and the three unsuitable for 361 
repair because of infection or thrombosis, with success in 14 of 16 catheters. From 2014 onwards repair was 362 
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only attempted in 5 of 18 catheters with success in 3 cases. Table 9 shows a high immediate catheter 363 
replacement rate and a lower repair success rate after 2014.  This is discussed later in this paper.  364 

Table 9 Catheter damage and success of repair attempts by time period 365 

 Catheter replaced /No repair attempt Repair attempted Repair 

Success 

(%) 

Before 2014 7 16 14 (87.5%) 

2014 onwards 13 5 3 (60%) 

 366 

Cuff extrusion 367 
All thirteen catheters where the cuff had extruded from the skin were replaced. 368 

Implanted Port complications 369 
All 5 port complications necessitated port replacement.  370 

Overall salvage rate 371 
After 282 complications, 115 catheters were salvaged (41%). 372 

 373 

Discussion 374 
This paper examines complications of venous access over 19 years of HPN practice in Greater Glasgow and 375 
Clyde. The underlying disease to HPN was dominated by Crohn’ disease and mesenteric ischaemia patients, two 376 
conditions with potential to cause short bowel syndrome (1, 13) which also was the most frequent indication for 377 
HPN patients in this study. We have examined all post catheter insertion complications, not just infection as has 378 
been most commonly examined in existing literature, and have presented our treatment outcome data for these 379 
complications.  380 

The overall complication rate is similar to other reports (14) and has fallen with time. In Scotland, a national 381 
Managed Clinical Network for HPN functioned from 2000-2012. Since this produced and promoted evidence 382 
based protocols for care, it probably contributed to the falling complication rate (15). Effective management of 383 
complications is important to reduce loss of venous access. This study reports an overall catheter salvage rate of 384 
41%. 385 

Limitations of this study 386 
Any observational study using a database is limited by the completeness and accuracy of the data. This data was 387 
collected prospectively and used for clinical care, which has meant that few patients had missing data and 388 
maximum accuracy has been achieved. Although some patients were admitted urgently to their local hospital, 389 
transfer to GRI was virtually universal thereafter. 390 

 391 
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Infection 392 

The overall infection rate found during 173,151 total catheter days was 1.35 infection per 1000 catheter days. This 393 
is within the range in other reports (8, 14, 16). A previous retrospective study from 12 centres in explored factors 394 
associated with infection (9). Those factors were age, education, underlying disease, presence of stoma, HPN 395 
indication, length and place of HPN training, catheter carer, administration frequency, type of catheter, catheter 396 
diameter, catheter location, use of catheter aside for HPN, and catheter flush lock. The only factors which were 397 
associated with infection in the current study were time on HPN, catheter location, catheter diameter and the use 398 
of Taurolidine as a catheter lock. We found that patients in their first two years of HPN were more likely to 399 
develop infection than those who had been on HPN for a longer period. 400 

As previously described (7, 17), our data demonstrates a higher incidence of infection in catheters in the femoral 401 
vein. We would only use groin catheters in patients with issues with venous access in the upper body. 402 

With regards to CRBSI, our data has shown a lower infection rate/1000 days when using a smaller lumen catheter, 403 
something not previously shown in published literature. .One previous study found smaller diameter catheters had 404 
significantly more frequent infections (9) whereas this report found the opposite association. There are significant 405 
differences in methodology.  Bozzetti’s study was a questionnaire study requesting data from several centres in 406 
Europe.  It investigated only the first catheter infection in HPN patients. Meanwhile the current study includes all 407 
infections throughout the study period measured as count data. Multiple infections in the same patient could be 408 
included. These differences may contribute to the different result. 9.6Fr diameter catheters were initially used 409 
within GG&C. However, in 2010, this was changed to 6.6Fr based on the recommendation made by ESPEN (18) 410 
that 6.6Fr was associated with lower rate of blockage and thrombosis, but not infection. Our data suggests that 411 
6.6Fr Catheters are also associated with a lower infection rate. This could be due to the higher luminal pressures 412 
during feed and flush infusions, preventing accumulation of bacteria or growth medium. (19). However catheter 413 
size may not be an independent variable from time period in this study. 414 

Most catheters were flushed using 10u/ml of Heparin with Saline solution (Hepsal: 10u Sodium Heparin/1ml 0.9% 415 
NaCl). Taurolidine-heparin combinations started to be used in 2002 for patients with more than three 416 
infections/year (20). Taurolidine is an amino acid derivative that carries antimicrobial activity (21). As far back 417 
as 1998, a case report described reduction in catheter infection rate in a single patient using Taurolidine line lock 418 
(22) and in recent years this has been more widely used after a prospective study supported the earlier 419 
recommendation (23). Our data reinforces the clinical impact that using Taurolidine-heparin solution can have, 420 
significantly reducing infection rates, particularly in selected patients with recurrent catheter infections who have 421 
been using Heparin-saline solution. 422 

Infection, as reported in other studies was the most common (61%) complication. Two retrospective studies on 423 
complication and length of treatment reported that catheter-related complications were more likely to happen later 424 
in the course of treatment (9, 24). Our data showed that infection was more likely to occur in the first 2 years of a 425 
patient using HPN and that catheter damage was more likely to occur with increasing patient time on HPN. Since 426 
the majority of our patients are self-caring, it is perhaps logical that increasing practice with catheter care might 427 
lead to lower infection rates. 428 

Our rate of infection per 1000 catheter days gradually reduced over successive time periods. The last period, 2015 429 
– 2017, was the lowest, 0.7 infection per 1000 catheter days. Several changes have occurred over the years which 430 
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might contribute to this improvement. The team’s experience of HPN has steadily increased. The number of 431 
specialist nutrition nurses has increased from one to four. Taurolidine-heparin locks were introduced in 2002 for 432 
any patient who had more than 3 infections in a year. In 2014 CurosTM disinfecting port protectors were introduced 433 
and by 2015 all patients used CurosTM port protectors as default.  434 

 435 

Management of infection 436 

In terms of managing CRBSI, the use of antibiotics to avoid catheter removal has been recommended for some 437 
years (10). The most recent European guidelines on chronic intestinal failure includes the recommendation that 438 
catheter salvage should be attempted for infection (1). The data in this paper shows that the organism isolated was 439 
important in determining the management of infection. GGC has developed a guideline for catheter infection in 440 
HPN patients  (20). All yeast-related catheter infections carry risk of systemic yeast infection such as fungal 441 
endocarditis and uveitis so the catheter was removed (25). If other organisms had been isolated, the infection had 442 
the potential to be treated with antibiotics without removing the catheter. 443 

Two large studies have reported their catheter salvage methods and results in some detail.  444 

In a large UK study of 588 patients with 2134 HPN years, 297 infections were noted during the period. Antibiotic 445 
catheter locks (Vancomycin and Urokinase), and systemic antibiotics (Vancomycin) were given whilst waiting 446 
for the culture and antibiotic sensitivity results. Catheter removal was indicated in proven yeast infection, 447 
mechanical catheter complications, or septic shock. Antibiotic treatment length was 14 days, however, if there 448 
was no clinical improvement in 48 hours, the catheter would be removed. They reported a 72.5% catheter salvage 449 
rate during the study period. Similar salvage rates to the current study were reported for CoNS (79.8%) although 450 
the rate for Staph aureus was better than in our study (56.7%). (8).  451 

Another large cohort with 1040 HPN patients has been reported (16). This centre had 70%, (325 of 465) catheters 452 
salvaged. CoNS and Staph. aureus salvage rate was 77.8% and 86.8% respectively. The centre started with broad 453 
spectrum antimicrobials, Vancomycin and Cefepime, via catheter and administered small volumes of Vancomycin 454 
or 70% ethanol as catheter lock whilst waiting for the culture result. Antibiotics based on sensitivities were given 455 
for seven to 14 days if the blood culture was positive. Longer duration of antibiotic treatment, recommended for 456 
28 days, was given for Staph. aureus or Pseudomonas sp. infection. Catheter removal was indicated in yeast 457 
infection, relapse infection within 4 weeks of treatment, and metastatic infection, such as abscess, endocarditis, 458 
and joint infections. This centre had markedly higher Staph. aureus salvage rate, 86.8%, compared to the previous 459 
centre reported by Dibbs et al, 56.7%, and our current report, 44.4% (Table 6). The different method of treatment 460 
was a possible explanation to the different salvage rate. The centre reported by Varayil, et al. gave antibiotics for 461 
28 days compared to the ESPEN recommended two weeks for Staph. aureus infections.  462 

Given better salvage rates for Staph Aureus in these studies, we should consider giving longer antibiotic courses 463 
for Staph, aureus infection. 464 

Thrombosis 465 
Central venous thrombosis is a rare but very serious catheter complication, which may lead to loss of vascular 466 
access (26). This is one of the indications for intestinal transplantation. It is therefore important to consider this 467 
complication carefully. The low incidence of this complication leads to difficulties in analysing the risk factors 468 
leading to thrombosis. Reports from some years ago (27) emphasise that the thrombosis rate is higher if the 469 
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catheter tip is inappropriately placed. This is in keeping with our results. A prospective cohort reported relative 470 
risk (RR) of thrombosis in patients with catheter-related infection to be 17.6 (CI 95%, 4.1 – 74.1) (11). Another 471 
prospective cohort found a significant association between catheter-related infection and incidence of thrombosis 472 
(28). We found that the majority of patients with thrombosis had associated infection at the time of the event. A 473 
higher number of infections over the years was also associated with an increased risk of thrombosis as shown by 474 
the positive Rho value. The presence of infection at any time increased the relative risk of thrombosis to 1.67, but 475 
this was not statistically significant in contrast to van Rooden’s report using a similar measure. The association of 476 
thrombosis with infection could be due to localised inflammation at the catheter tip in the presence of CRSBI 477 
resulting in vessel epithelial injury and promoting pro-thrombotic factors through classical pathways, or the 478 
presence of thrombus might make infection more likely. 479 

Patients who had a greater total time on HPN had a slightly higher risk of having had thrombosis. The fairly weak 480 
correlation (r2 = 0.187) is possibly due to the low event number recorded. One might hope that as line insertion 481 
techniques have improved and line infection rate has fallen, that in the future patients on HPN for several decades 482 
will avoid loss of venous access due to thrombosis. 483 

Thrombosis is the most varied and difficult to manage complication. Catheter replacement does not treat the 484 
underlying process. As recommended in a “Top Tips” article by the British Intestinal Failure Alliance (BIFA) 485 
(29), thrombosis management involving a catheter depends on the chronicity of the event. Acute thrombosis can 486 
be treated by tPA into the clot directly, but our data shows that in reality, there are likely to be many 487 
contraindications to tPA infusion. Long term anti-coagulation remains the mainstay of treatment and choice of 488 
anti-coagulant depends on the length of available gut for absorption. Warfarin is the choice of this centre as it can 489 
be easily monitored. The BIFA article does not explicitly state that new central venous access should be sought 490 
but our preference was to site a new catheter, using femoral access temporarily, to avoid further clot stimulus and 491 
risking SVC stenosis or complete obstruction. The low numbers involved in this complication make forming any 492 
evidenced based guidelines particularly difficult, but as this is such a potentially catastrophic complication, then 493 
more collaborative research should be undertaken.  494 

Blockage 495 
Catheter blockage was not associated with increasing time on HPN, nor associated with any other patient factors. 496 
Our data did show that blockage rate was slightly higher in larger bore catheters (although not statistically 497 
significant) and this fits with ESPEN guidance. This is most likely due to lower intra-luminal pressures generated 498 
in a wider diameter catheter during HPN infusion. There is also a chance that we have under reported the true 499 
incidence of blockage rates as this data was culled from a database of patient admissions. There may have been 500 
cases of catheter blockage which were successfully managed either by District Nurses, local Emergency 501 
Departments or Nutrition Nurses avoiding admission.  502 

Our results show that for blockage complications in HPN catheters, an escalating treatment pathway of Hepsal, 503 
Urokinase/Alcohol catheter lock and then catheter exchange, can prevent an unnecessary exchange in almost a 504 
quarter of patients.  505 

However, most patients with a blockage complication will require a catheter exchange, and more research is 506 
needed to try and identify the key risk factors in catheter blockage to prevent this complication.  507 
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Damage 508 

Damage to the external part of catheters was strongly associated with increasing time on HPN (r2 = 0.494). This 509 
is most likely due to a simple wear and tear phenomenon although is very patient dependant. There was no 510 
correlation with any other patient or catheter complication factors. Each catheter was assessed for suitability for 511 
repair by experienced nutrition team members. Where possible, repair of a catheter was undertaken to avoid the 512 
risks associated with new catheter insertion.41.3% patients presenting with catheter damage had their catheter 513 
repaired, mainly by our experienced Nutrition Nurses.   514 

Our data show that we repaired more 9.6Fr catheters than 6.6Fr. In recent years we have had technical issues with 515 
the repair kit for 6.6mm catheters and our data confirm that we have been reluctant to attempt repair. The repair 516 
kit has recently been updated so it may be that improved repair rates will be achieved in the future. 517 

Our success rate before we began to have problems with the repair kit is comparable to that reported by Wouters 518 
(30) who has demonstrated that repair is possible in more than 90% of damaged catheters and that this can double 519 
the life of the catheter. 520 

Cuff extrusion 521 

The issues with 6.6mm repair kits led to a change in manufacturer of catheters in our department. Unfortunately 522 
we then noted an increase in cuff extrusions despite an unchanged policy that the cuff should be placed halfway 523 
along the skin tunnel rather than at the exit site. This was also shown by a statistically significant change in cuff 524 
extrusion between manufacturers. We then changed back to the original manufacturer though we were informed 525 
that the cuff material for both manufacturers had changed because of a worldwide shortage of Dacron. We also 526 
increased the time to suture removal from the plate retaining the catheter because of this problem. 527 

Implanted port complications 528 

In this study, the number of patients using implanted ports for HPN was low. However there was no evidence that 529 
the complication rate was higher than other patients. It is worth noting that port salvage is more difficult than 530 
catheter salvage and port replacement was the means of managing all complications in this series (31). 531 

Overall salvage rate 532 

One of the main outcomes from this study is that we have produced a baseline for catheter salvage rate from a 533 
wider range of complications than infection. Preserving venous access is key to maintaining patients on HPN (2) 534 
and overall catheter salvage rate might provide a useful marker of the quality of HPN care in the future.   535 

 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 
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Conclusion  545 

• This study has provided a baseline for rates of less common venous access complications in HPN and 546 
their management. 547 

• Catheter salvage is possible after at least 41% of complications. 548 

• It is likely that experience is helpful whether that of individual patient, the team or a clinical network. 549 

• Our results support the use of smaller central venous catheters, in upper body veins, and the use of 550 
Taurolock-Hep100 in patients who have recurrent infections.  551 

• Cuff Extrusion is associated with a lack of Dacron.  552 
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