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Abstract

 Background—Prophylactic ethanol lock therapy (ELT) reduces central line–associated 

bloodstream infections (CLA-BSIs) in children with intestinal failure (IF). However, the risk of 

associated complications is unclear. We aim to describe our experience with prophylactic ethanol 

locks in a cohort of patients with IF.

 Materials and Methods—Thirty patients on ELT from 2010–2013 were identified by review 

of our intestinal rehabilitation registry. Patient demographics, CLA-BSI events, and line 

complications were extracted. Comparisons in infection and complication rates when on and off 

ELT were made using a Poisson mixed-effect regression model.

 Results—CLA-BSIs when on and off ELT were 3.1 and 5.5 per 1000 catheter days, 

respectively (P < .015). Overall complication rates were similar in both groups. In those patients 

who experienced a complication, the complication rates on ELT compared with time off ELT were 

significantly lower (P < .003). Line perforation or breakage rates declined significantly when on 

ELT, from 1.8 to 1.53 per 1000 catheter days (P < .006). Line occlusion rates also decreased on 

ELT, from 0.6 to 0.3 per 1000 catheter days (P = .056). Infecting organisms were not different on 

and off ELT, and patients experienced a similar number of polymicrobial infections on or off 

therapy. Klebsiella pneumoniae was the most common infecting organism in both groups.

 Conclusions—Ethanol lock therapy use reduces both CLA-BSI and central line complication 

rates in children with IF. These results underscore the safety and efficacy of ELT use in this 

population.
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 Introduction

Pediatric intestinal failure (IF) occurs when adequate nutrition cannot be delivered through a 

child’s gastrointestinal (GI) tract to support normal growth and development. The most 

common cause of pediatric IF is short bowel syndrome (SBS), which is characterized by the 

loss of enteral autonomy following intestinal resection. In all cases of IF, parenteral nutrition 

(PN) is required for an extended period of time, necessitating the placement and 

maintenance of a central venous catheter.

Central line–associated bloodstream infection (CLA-BSI) is a primary bloodstream infection 

(BSI) in a patient who had a central line at least 48 hours before development of the BSI and 

is not related to an infection at another site.1 CLA-BSI rates for surveyed, pediatric inpatient 

units reported in the 2012 National Healthcare Safety Network data summary ranged from 

0.5–1.9 per 1000 catheter days.2 The IF population has a higher risk for CLA-BSIs due to 

the use of PN, relative immune-deficient state, poor intestinal motility, frequency of line 

access, and reduced mucosal barrier function. Indeed, recent surveys of this population 

revealed rates between 8.0 and 10.2 infections per 1000 catheter days.3–5 These infections 

may briskly become life threatening, add to healthcare costs, and increase the risk of liver 

injury.6,7

Concerns for the development of antimicrobial resistance and the high antibiotic 

concentrations required to penetrate biofilms have led to the use of alternative lock agents 

(such as ethanol and taurolidine) with a more favorable profile.8 Pediatric ethanol lock 

therapy (ELT) was first described as an adjunctive treatment of CLA-BSIs in the pediatric 

oncology population, then as a prophylactic agent in the pediatric population receiving home 

PN.9,10 Ethanol is a widely used antiseptic that exhibits broad-spectrum antimicrobial and 

antifungal activity through the disruption of cell membranes, denaturation of proteins, and 

cell lysis.11 It is also capable of penetrating biofilms.8

Few studies have examined a prophylactic ELT strategy for reducing CLA-BSIs in the 

pediatric IF population. Five observational studies that included up to 23 patients per study 

have demonstrated efficacy.3–5,12,13 A meta-analysis of 4 of these studies revealed a 

reduction of 7.67 BSIs per 1000 catheter days with the use of ELT, although ELT protocols 

differed among studies.14 Still, little is known of ELT-associated complications. The goal of 

our study was to evaluate the potential benefits and associated complications of ELT in a 

large cohort of patients with IF managed by a single center.

 Materials and Methods

The design was a retrospective cohort study with unplanned crossover performed with the 

approval of the Cincinnati Children’s Hospital Investigational Review Board. All patients 

included in this study required daily PN for IF of diverse etiologies. All patients were 

followed by the intestinal rehabilitation program at Cincinnati Children’s Hospital Medical 

Center and were enrolled in the Intestinal Rehabilitation Registry. Home care, including PN 

and ethanol prescriptions, was coordinated through the intestinal rehabilitation program.
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 ELT Protocol

Criteria for use of ELT included >3 line infections in a 1-year time period, >2 gram-negative 

line infections in a 1-year time period, 1 episode of a fungal line infection, continuation of a 

referral hospital ELT, or removal of 2 lines due to infections. Exclusion criteria included 

perceived allergy to ethanol, hypercoagulability, a loss of 2 or more catheters to line 

occlusion, psychosocial situations preventing safe use, guardian objection to the use of 

ethanol, or lines identified as possibly unsafe to use with ethanol (eg, polyurethane catheter). 

ELT is not used with peripherally inserted central catheters due to their composition 

(polyurethane) and the paucity of data informing its use in these devices.

Following the decision to begin ELT, the central venous catheter (CVC) priming volume was 

determined. Homecare orders were placed and primary care giver education accomplished. 

ELT dwells were performed daily during a planned window from CVC access. The CVC 

windows were largely determined by PN cycling tolerance and ranged between 2 and 12 

hours daily. They were not influenced by the presence of multiple CVCs.

The CVC was flushed with normal saline. A priming volume of 70% ethanol solution was 

instilled into the CVC lumen and allowed to dwell for a minimum of 2 hours and up to 12 

hours. During this time, neither medications nor PN were administered through the line. At 

the conclusion of dwell time, ethanol and a small flash of blood were drawn from the CVC 

and discarded. The line was then flushed with at least 5 mL of normal saline and use 

resumed. At no time was heparin used in solutions administered to patients on ELT. 

Although study participants use ethanol from a variety of manufacturers based on timely 

availability and cost, our own home care currently reconstitutes to 70% ethanol 

concentration from 98% dehydrated alcohol (Akorn Pharmaceuticals, Lake Forest, IL).

 Study Population

Patients on ELT during the study period of January 1, 2011, to December 31, 2013, were 

identified by review of our intestinal rehabilitation registry. All patients also experienced 

some amount of time off ELT during the study period, and thus each patient acted as his or 

her own control. Events prompting return to time off ELT included admission to hospitals 

not trained in ELT use, replacement of a central line, or failure to continue during inpatient 

admission. Some patients entered the study period on ELT, which was started for infections 

occurring before the study start. Data fields were extracted and separated by status of ELT 

use. Fields extracted include those pertaining to demographic information, etiology of IF, 

CLA-BSI events, line complications, and infecting organism. Catheter days while on and off 

ELT were calculated and events reported per 1000 catheter days. An event occurring in a 

patient with multiple lines was only counted against 1 line, since most line infections were 

monomicrobial, thus likely originating from a single source.

 Data Analysis

Descriptive analyses were performed to characterize the population using median and range 

values. A Poisson mixed-effect regression model was employed to assess significance of 

difference between the number of bloodstream infections when the patient was on and off 

ELT. Sex, age, and group were considered fixed effects, whereas a random patient effect was 
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used to adjust for correlation. A zero-inflated Poisson (ZIP) model was used to analyze the 

number of complications between groups and the number of infections by infecting 

organism group, on and off ELT, to account for the large number of days when patients did 

not experience a complication (zero count). Thus, in our analysis using ZIP modeling, the 

denominator is the number of catheter days, and the resulting value is predictive. We also 

calculated the incidence rate of CLA-BSIs per 1000 catheter days in general and by 

organism classification. Central line days exceed days in the study period due to the 

existence of multiple simultaneous lines.

 Results

Thirty patients (50% female) were identified during the 3-year study period (Table 1). The 

median age at study conclusion was 6 years (range, 1–20 years). The diagnostic categories 

included primary IF, SBS, and parenteral support following multivisceral transplant. Primary 

IF was caused by pseudo-obstruction (6 patients), metabolic or mitochondrial myopathy (3 

patients), and tufting enteropathy (1 patient). SBS resulted from necrotizing enterocolitis (3 

patients), gastroschisis (3 patients), jejunal or ileal atresia (4 patients), and trauma (1 

patient).

Total line days were 23,202, of which 14,337 days were on ELT and 8865 days were off 

ELT. The median (range) of line days on ELT was 296 (50–1107) days. The median (range) 

of line days off ELT was 210 (0–1127) days. CVC type included 87 tunneled lines, 61 

peripherally inserted central catheters, and 8 Mediports. Patients occasionally required short-

term peripherally inserted central catheter (PICC) lines between tunneled line placements 

due to infection or other indications for line removal. These PICC lines were not exposed to 

ELT.

Bloodstream infections occurred in 22 of the 30 patients studied and occurred at a rate of 

5.53 infections per 1000 catheter days when off ELT (Figure 1). BSI events off ELT ranged 

from 0–8 infections per patient during the study period. On ELT, BSI events occurred at a 

rate of 3.14 per 1000 catheter days with a range of 0–7 events per patient. ELT significantly 

lowered the BSI incidence compared with time off ELT (P < .015). Using Poison regression 

methods and adjusting for age and sex, the difference between the predicted BSI incidence 

on and off ELT remained significant (P < .013).

Overall, the observed complication rate on ELT was 1.95 events per 1000 catheter days and 

2.37 events per 1000 catheter days off ELT (Figure 1) (P = .432). When the 16 patients 

without complications during the study period were excluded, complications on and off ELT 

occurred at rates of 2.98 and 8.46, respectively. The ZIP model revealed that, after adjusting 

for age and sex, the mean number of complications per 1000 catheter days was lowered by 

71% in patients who had suffered at least 1 complication (P = .003). The perforation or 

breakage rate on ELT was 1.53 events per 1000 catheter days compared with 1.8 events per 

1000 catheter days off ELT. After adjusting for age and sex, this difference was also found to 

be significant (P = .006). Line occlusion rates were observed to decrease on ELT to 0.28 

events from 0.56 events per 1000 catheter days off ELT (P = .056 adjusted for age and sex 
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with ZIP modeling). Two extravasation events while on ELT produced a rate of 0.14 events 

per 1000 catheter days. There were no extravasations off ELT.

Klebsiella pneumoniae was the organism cultured most frequently in both groups during 

febrile episodes. Enterococcus faecalis was the gram-positive organism cultured most 

frequently when off ELT compared with Staphylococcus aureus when on ELT. Candida 
albicans was cultured while on ELT, but multiple Candida species were recovered from 

polymicrobial infections in both groups. Gram-positive, gram-negative, fungal, and 

polymicrobial infections were not individually and significantly different between time on 

and off ELT (P = .19 for gram-positive, gram-negative, and polymicrobial infections; fungal 

counts too low for statistical analysis by zero-inflated Poisson regression) (Table 2).

 Discussion

ELT has previously been shown to reduce CLA-BSIs in the pediatric IF population.14 A 

criticism has been that ELT is associated with more line complications, specifically breakage 

and occlusion, although authors previously evaluating this were unable to demonstrate 

significance between groups on and off ELT.15 To address, this we evaluated our 3-year 

experience with ELT in a larger cohort of patients. Our study group is an appropriately 

heterogeneous representation of the IF population. Our design compares time on ELT with 

time spent off ELT, allowing patients to serve as their own controls.

Our data confirm that with the use of ELT, there is a significant reduction in CLA-BSIs in 

this population. Overall, we began with a low BSI rate; thus, the magnitude of difference is 

smaller than previously reported.14 The organisms causing infection in both groups are 

diverse but are not different between groups. This supports the general consensus that 

ethanol does not affect selectivity of infecting organisms or lead to drug resistance.

In vitro studies have demonstrated polymer elution with ethanol exposure from polyurethane 

and Carbothane catheters but not silicone catheters.16–18 In addition, polyurethane catheters 

exhibit less elasticity following ethanol exposure.19 However, neither polyurethane nor 

silicone catheters exhibited a significant change in breakage force after exposure.19 Indeed, 

clinical studies assessing differences in line breakage or perforation in the pediatric 

population have largely been inconclusive.14,15 We demonstrate a small but significant 

reduction of breakage or perforation rates in lines exposed to daily ethanol locks. We 

propose that this reflects greater attention to line care in patients requiring ethanol locks 

rather than a direct improvement of line integrity with ethanol.

Previous retrospective studies and 1 prospective study have demonstrated increased catheter 

occlusion rates when ELT is in use.5,20,21 Occlusion has been attributed to ethanol 

interaction with plasma protein or heparin. Indeed, in vitro studies have confirmed that the 

commonly used ethanol concentration of 70% induces heparin precipitation.22 In addition, 

plasma protein has been shown to aggregate in the presence of 70% ethanol.23 Our data did 

not indicate any increase in occlusions when on ELT. Although our protocol requires 

withdrawal of the lock solution prior to use, we discourage the use of heparin through lines 
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requiring ELT. Thus, we suspect heparin precipitation as the predominant cause of line 

occlusions reported in previous studies.

Shortcomings of our study are generally similar to those of previous studies of the pediatric 

IF population. The group being studied is very heterogeneous, with a broad range of ages, 

catheter sizes, and etiologies of IF. PICCs composed of polyurethane and inserted at other 

institutions were not exposed to ELT. Patients occasionally required PICC lines between 

tunneled line placements due to infection or other indications for line removal. These PICC 

lines were invariably composed of silastic material rather than polyurethane when inserted 

within our own institution; however, they too were not exposed to ELT. Due to the nature of 

our registry, we were unable to determine whether internally or externally placed PICC lines 

produced different infection or complication rates than tunneled central venous catheters.

The shortcomings of our study and those involved when studying this population in general 

highlight the need for multicenter collaboration. A prospective, randomized, placebo-

controlled study across several centers is needed to adequately and conclusively demonstrate 

ethanol lock efficacy and safety in children. Using methods for comparative effectiveness to 

evaluate the effectiveness of different durations (hours/day) on ELT, number of days per 

week on the ELT and the different concentrations of ethanol used are also needed.

Using a robust cohort study with unplanned crossover, we studied ethanol locks in a large 

pediatric IF population. We observed no difference in overall central line complications in 

patients when on and off ethanol lock therapy. Reduced perforation and breakage rates were 

observed with ELT, which is likely due to improved line care awareness. As expected, we 

also observed a decrease in the central line–associated bloodstream infection rate with ELT. 

Our data support previous studies indicating that ELT is an effective method for the 

prevention of central line–associated bloodstream infections and add that this strategy is safe 

for use in children with critical central lines without increasing complications.
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Clinical Relevancy Statement

Both adults and children with intestinal failure require daily central venous access, 

putting them at great risk for bloodstream infections. Ethanol lock therapy has emerged 

as a method of prophylaxis that does not increase the risk of antimicrobial resistance, but 

the association with complications such as catheter obstruction or perforation remains 

speculative. We report infection and complication rates in a cohort of patients while on 

and off ethanol lock prophylaxis. Our data confirm a reduction in bloodstream infections 

without increasing complication rates. We conclude that prophylaxis with ethanol lock 

therapy is not only effective but also safe in the pediatric intestinal failure population.
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Figure 1. 
Line complication and bloodstream infection rates on and off ethanol lock therapy (ELT). 

After adjustment for age and sex, ELT was found to significantly decrease rates of BSI (P < .

015), overall complication counts in patients who experienced a complication (P < .003), 

and perforation and breakage rates (P < .006).
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Table 1

Demographics of Study Participants.

Demographic Category Valuea

No. of patients 30

Patient age, median (range), y 6.5 (1–20)

Sex

  Male 15

  Female 15

Etiology

  Short bowel syndrome 11

  Pseudo-obstruction 6

  Congenital enteropathy 1

  Metabolic 3

  Post-multivisceral transplant 9

Total line days 23,202

Line type

  Tunneled central venous catheter 87

  Peripherally inserted central catheter 61

  Port 8

a
Values are presented as numbers unless otherwise indicated.
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Table 2

Rates of Bloodstream Infection by Organism Classification and Ethanol Lock Therapy (ELT) Status.

ELT Status
Organism
Classification

Rate (per 1000
Catheter Days)

Off ELT Gram positive 2.48

Gram negative 1.35

Fungal 0.00

Polymicrobial 1.13

On ELT Gram positive 1.39

Gram negative 0.84

Fungal 0.07

Polymicrobial 0.84
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