
Ethanol Lock Therapy Markedly Reduces Catheter-Related Blood 
Stream Infections in Adults Requiring Home Parenteral Nutrition: 
A Retrospective Study from a Tertiary Medical Center

Kursat Gundogan, MD1, Nisha J. Dave, PharmD2,3, Daniel P. Griffith, RPh2,3, Vivian M. 
Zhao, Pharm D2,3, Therese A. McNally, RN2,4, Kirk A. Easley, MS5, Carla I. Haack, MD2,6, 
John R. Galloway, MD2,6,8, Thomas R. Ziegler, MD2,7,8,9,*

1Division of Medical Intensive Care, Department of Medicine, Erciyes University School of 
Medicine, Kayseri, Turkey 38039;

2Nutrition and Metabolic Support Service, Emory University Hospital, Atlanta, Georgia, USA 
30322;

3Pharmaceutical Services, Emory University Hospital, Atlanta, Georgia, USA 30322;

4Nursing Services, Emory University Hospital, Atlanta, Georgia, USA 30322;

5Department of Biostatistics and Bioinformatics, Rollins School of Public Health, Emory 
University, Atlanta, Georgia, USA 30322;

6Division of General and Gastrointestinal Surgery, Department of Surgery, Emory University 
School of Medicine, Atlanta, Georgia, USA 30322;

7Division of Endocrinology, Metabolism and Lipids, Department of Medicine, Emory University 
School of Medicine, Atlanta, Georgia, USA 30322;

8Center for Clinical and Molecular Nutrition, Emory University, Atlanta, Georgia, USA 30322.

9Section of Endocrinology, Atlanta Veterans Affairs Medical Center, Decatur, Georgia, 30033

Abstract

Background: The use of central venous catheter (CVC) access for home parenteral nutrition 

(HPN) is associated with catheter-related blood stream infections (CRBSI). There is limited data 

on the use of ethanol lock therapy (ELT) to prevent CRBSI in adult HPN patients. Our aim was to 

determine whether the routine institution of ELT decreased the incidence of CRBSI compared to 

historic controls at Emory University Hospital (EUH) in Atlanta, Georgia, U.S.A.

Methods: EUH medical records of adult HPN patients discharged with a tunneled, silicone CVC 

on ELT were retrospectively studied during a pre-hoc determined 14-month observation period (n 

= 87; 13,386 catheter days) and compared to clinically similar HPN patients from the same 

institution before institution of the ELT protocol for all appropriate patients. The ELT protocol 
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involved instilling 2 mL of 70% ethanol into each catheter lumen daily after the HPN cycle, 

following initial flushing with normal saline.

Results: Only five of 87 patients (5.7%) who received ELT were diagnosed with a CRBSI 

(0.45/1000 catheter-days) during observation. We compared these data with our previously 

published clinically matched patient population from EUH (n= 22) receiving HPN via a silicone 

CVC without ELT. Of these historical controls (45.5%) were diagnosed with one or more CRBSIs 

(8.7/1000 catheter-days) during observation (P <0.001 versus the current ELT cohort).

Conclusions: In this retrospective study with historical controls from the same academic center, 

institution of ELT in adults requiring HPN via a silicone CVC was associated with a marked (19-

fold) reduction in CRBSI.
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Introduction

Patients with short bowel syndrome, dysmotility syndromes, inflammatory bowel diseases, 

enterocutaneous fistulae, and partial or total bowel obstruction due to intra-abdominal cancer 

and other causes often require long term parenteral nutrition (PN) after discharge from the 

acute hospital setting.1–3 Home parenteral nutrition (HPN) patients require long-term central 

venous catheter (CVC) access for PN administration.

The daily use, maintenance and manipulation of the CVC can lead to the development of 

catheter-related blood stream infections (CRBSI). Further, patients with recurrent CRBSI are 

at a greater risk of developing life-threatening conditions such as chronic thrombosis, multi-

drug resistant infections and septic complications.4 It has been estimated that each 

hospitalization for these complications can cost between $4,000 to $56,000, which is a 

major financial burden to both patient and healthcare providers.5

Microorganisms are most commonly introduced into the catheter via the hub, skin entry site, 

and via translocation from the gut lumen wherein they combine with plasma, platelets and 

fibrinogen lining the intraluminal surface of the catheter. Once attached, bacteria form a 

complex biofilm, consisting of sticky extracellular polysaccharide polymers that facilitates 

further bacterial attachment and matrix formation

which is difficult to eradicate via endogenous immune mechanisms and systemic antibiotics.
5–7

Ethanol lock therapy (ELT), a treatment modality developed in the 1980s and originally 

designed for the management of catheter occlusion, has been shown to have apparent 

efficacy in decreasing CRBSI.1–5,7,8 Medical grade ethyl alcohol (ethanol), typically at a 

concentration of 70%, is slowly instilled into the catheter and allowed to dwell for several 

hours (e.g. between discontinuation and reinstitution of cycled PN).9 Ethanol is an excellent 

antiseptic and destroys the biofilm layer quickly and efficiently by denaturing 

microorganism proteins and lipids.10 A previous pilot study showed that ELT used to treat 
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tunneled central venous catheter CRBSI is safe and can be easily integrated into clinical 

practice.11 However, a recent small prospective randomized controlled trial was suspended 

early following the release of the European Society for Clinical Nutrition and Metabolism 

(ESPEN) guidelines that discourage ELT due to evidence in some patients of systemic 

toxicity and catheter occlusion.12 In the suspended study by Salonen et al, 18 subjects 

requiring HPN were administered ELT versus 20 similar subjects administered conventional 

saline heparin lock therapy, without a difference in CRBSI incidence and without adverse 

events noted.13 A recent meta-analysis of retrospective studies in pediatric patients requiring 

PN for intestinal failure established the efficacy of ELT to prevent CRBSI with minimal 

complications.14 However, there is limited data investigating the use of ELT to prevent 

CRBSI in adult HPN patient populations.2

Our previous study documented that complex adult patients with intestinal failure discharged 

on HPN from our tertiary university hospital had a very high incidence of post-hospital 

infections, including CRBSI, during the initial 4 to 6 months after discharge. Given the high 

rates of infection in our complex patient population, we instituted standardization of 

tunneled, cuffed, silicone central venous catheter (CVC; Hickman®) placement for long-

term HPN patients prior to discharge and the concomitant initiation of ELT upon discharge. 

This retrospective study was designed to evaluate the efficacy of ELT via tunneled, cuffed 

CVC in HPN patients from our institution, versus results with similar catheters for HPN but 

with conventional heparin lock therapy in the rate of CRBSI in our adult HPN patient 

population.

Materials and Methods

Study Design

Following approval for study methods by the Emory University Institutional Review Board, 

a retrospective chart review was performed using the Emory Healthcare (EHC) electronic 

medical records system. Patient charts for all adult patients discharged on HPN from two 

EHC-affiliated institutions (Wesley Woods Geriatric Center and EUH) in Atlanta, GA, USA, 

between February 2012 and March 2013 were reviewed. A total of 98 patients were initially 

evaluated and 11 were excluded from further analysis (1 subject for non-compliance with 

ELT and one subject who received less than 1 week to ELT).

Clinical setting

The clinical setting in which the study was carried out (EUH), is a 700-bed tertiary care 

academic teaching hospital in Atlanta, GA, with a few subjects entered after transfer from 

EUH to Wesley Woods Geriatric Center on the Emory campus. The multidisciplinary EUH 

Metabolic and Nutrition Support Team (NST) has been in existence since the 1980’s and 

cares for approximately 150 HPN patients monthly. The EUH NST is responsible for 

management of specialized parenteral and/or enteral nutrition support in 35–50 EUH 

inpatients daily and discharges home 2–4 new HPN patients monthly. All EUH, HPN 

patients have weekly lab draws for chemistries and a complete blood count for 2 weeks post-

discharge and then every other week thereafter by home care nursing companies. Blood 

draws are obtained more frequently as clinically indicated.
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Patients

Inclusion criteria: 1) Adult (≥ 18 year old) study subject had been discharged from EUH or 

Wesley Woods Geriatric Center or EUH between a pre-defined period of February 1, 2012 

through March, 31, 2013; 2) Study subject’s HPN was managed by the EUH Nutrition and 

Metabolic Support Service in conjunction with the primary care physician; and 3) Study 

subject was expected to receive HPN and ELT via a tunneled, cuffed, silicone CVC for ≥ 90 

days.

Exclusion criteria: 1) Patient has clear documentation of poor follow-up and/or poor 

compliance with the use of ELT; 2) Patient received<1 week of ELT during the study period.

We did not screen for substance abuse for patients given ELT, given our anecdotal dramatic 

reduction in BSI with this approach. However, all patients are monitored closely by the EUH 

NST and their home infusion/nursing companies. In addition, careful education and 

instruction is provided to patients on initiation of therapy for concerns of abuse.

Home Ethanol Lock Procedure

Training for ELT required the home health nurse (or observed subject) to slowly infuse the 

ethanol lock (2 mL 70% ethanol) into each lumen after the discontinuation of nocturnal 

HPN, after first flushing with 10 mL of sterile normal saline. The home health nurse then 

returned that evening before re-initiation of the HPN infusion and withdrew 3–5 ml of blood 

containing the ethanol lock solution from each lumen. The amount withdrawn from each 

lumen was then discarded and the device was again flushed with 10 mL of sterile normal 

saline. After this first demonstration, the family members were trained on how to instill 

subsequent ethanol locks slowly into each lumen per the below procedure in which ethanol 

locks were slowly flushed into the bloodstream and not withdrawn back for discard:

Procedure:

• After each infusion of HPN or IV product through the CVC, the infusion product 

is disconnected from the CVC, each catheter port is cleaned with alcohol prep 

pad and then flushed with 10 mL of sterile normal saline.

• Using sterile technique, 2 mL of sterile 70% ethanol lock is slowly injected into 

each intravenous (IV) catheter lumen over 1–2 minutes and allowed to dwell in 

the lumens(s).

• Prior to the next infusion through the CVC (HPN, IV fluids, or IV antibiotics), 

using sterile technique, flush each lumen of the catheter slowly with10 mL of 

sterile normal saline to flush ethanol lock into the bloodstream.

Definition of CRBSI

The study subjects were considered to have a CRBSI based on the Infectious Diseases 

Society of America (IDSA) Guidelines for Diagnosis and Management of Intravascular 

Catheter-related Bloodstream Infection.15
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Data Collection

Patient data, in addition to that contributing to the diagnosis of CRBSI, was collected 

through the last day of HPN received during the study period. Data collection included: 

patient demographics (age, gender, body mass index), pertinent past medical and surgical 

history leading to HPN indication, type of initial catheter at entry into the observation, 

insertion date of all catheters during study period (to calculate total catheter days), number 

of total ELT days with HPN therapy, number of catheters inserted for HPN, and mean blood 

glucose values during the hospitalization prior to the discharge on HPN.

Data Analysis

Using the data above, the incidence of CRBSI in HPN patients was determined. The number 

of infections was determined in relation to the number of HPN days and number of catheter 

days during the observation period, as per our earlier study without ELT.16 No patient in the 

ELT group had been treated with antibiotic lock therapy prior to entry.

Statistical Analysis

The incidence rates of CRBSI in the HPN patients were estimated and compared by 

performing generalized estimating equations (GEE) and Poisson regression analysis. The 

GEE approach allows for covariate adjustment. CRBSI incidence rates per 1000 catheter-

days were estimated and compared using exact methods based on the Poisson 

distribution17,18. Ninety-five percent confidence intervals were calculated for the CRBSI 

incidence rates assuming a Poisson distribution. Incidence rates were compared between the 

current data with ELT therapy and the subset of subjects from our earlier study (n=22) who 

were discharged home with a Hickman® catheter without ELT,17 using an exact test for 

comparing Poisson-distributed rates.

Results

Patient characteristics, indication for HPN, and initial catheter characteristics are shown in 

Table 1.The majority of the 87 patients enrolled in the current ELT-era cohort were female 

(64.4%). The mean age was 51.4±12.8 years, and the two most common primary indications 

for HPN were intestinal fistula (33.3%) and chronic pancreatitis (17.2%). The most common 

initial catheter location was the right internal jugular vein (74.7%), and the most common 

number of lumens was 2 (94.3%). The mean hospital blood glucose level during the 

hospitalization from which the patients were discharged on HPN was 123 ± 25 (SD) mg/dL.

Analysis per patient:

A total of 87 patients were initially discharged with tunneled Hickman® CVCs to receive 

ELT and 3-in-1 HPN solutions, generally administered 5–7 days weekly ± additional normal 

saline hydration on an as-needed basis. A total of 40 of these patients (46%) required a 

hospital readmission for any cause during the period of observation. Twenty-two of the 87 

patients (25.3%) required removal of the initial CVC placed during the index hospitalization 

for discharge on HPN during the observation period. Importantly, only five of the 40 patients 

were readmitted for CRBSI infection (5.7%) during the period of observation; in these cases, 

three of the infected catheters were replaced with a new Hickman CVC, one was replaced 
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with a non-Hickman CVC, and 1catheterwas not replaced as HPN was no longer deemed 

necessary. A total of 16 of the 22 patients required CVC replacement due to catheter 

malfunction (18% of the original cohort of 87 patients); an additional patient had the 

damaged CVC removed and not replaced. ELT was continued in all patients who required 

catheter replacement for HPN.

Analysis of CVCs used and ELT administered:

As shown in Table 2, the 87 subjects had their initial and subsequent CVC (n= 107 total 

catheters) placed for a total of 13,386 catheter days and ELT was administered on a total of 

11,074 days (82.6% of days with a CVC for HPN). Of these, 101 (94.4%) CVCs were 

double lumen Hickman catheters.

Analysis of CRBSIs and comparison to data prior to ELT:

A total of 5 CRBSIs were diagnosed in 5 of the 87 patients during the study for a prevalence 

rate of 5.7% of all patients followed with ELT (Table 3). The median (range) pre-discharge 

hospital blood glucose values were statistically similar for the 5 patients with and 82 

subjects without CRBSI during the post-hospital observation period [with CRBSI 123 (114–

161) versus without CRBSI 117 (90–252) mg/dL; P=0.147]. All patients grew gram-positive 

organisms as the cause of their CRBSI [coagulase-negative Staphylococcus (n=4), 
Staphylococcus aureus (n=1), Bacillus species (n=1)]; one patient developed a poly-

microbial CRBSI (coagulase-negative Staphylococcus + Serratia merracans). The median 

time to infection from initial hospital discharge for HPN was 37 days (range 13–274 days).

In our previous report on infections (including CRBSI) from EUH for patients requiring 

HPN, 22 patients were discharged with a Hickman catheter16. In these retrospective 

controls, 10 patients (45.5%) were diagnosed with one or more CRBSIs (19 infections over 

2188 days of follow-up) for a CRBSI rate of 8.7 per 1000 catheter-days (95% confidence 

interval: 5.2, 13.6).16This CRBSI rate was markedly reduced after institution of ELT at our 

hospital; the 5 CRBSIs outlined in this new report represents a rate of only 0.45 per 1000 

catheter-days (95% confidence interval: 0.15, 1.05), a marked (≈ 19-fold) and statistically 

significant reduction relative to our previous study of similar HPN patients (P < 0.001).

Discussion

The present retrospective study strongly suggests the clinical efficacy of ELT in reducing the 

rate of CRBSIs in adults requiring HPN. Routine daily implementation of ELT via a 

tunneled, cuffed silicone CVC upon discharge in HPN patients was associated with a 

marked decrease in the incidence of CRBSI compared to our own historical controls with 

similar complex patients from the same tertiary care academic center. This corresponds 

directly with our clinical observations of a marked apparent reduction in CRBSIs since our 

ELT policy was initiated several years ago in such patients. Patients receiving plastic 

peripherally-inserted central catheters (PICCs) were not included in this analysis as ELT is 

contraindicated and incompatible with PICC lines. During the pre-ELT and the post-ELT 

time periods outlined here, the same nutrition support team personnel followed each patient 

closely over time. Such follow-up occurred via direct management of the outpatient HPN in 
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conjunction with commercial home health care vendors, and in hospital and outpatient clinic 

follow-up at EUH and the Emory Clinic. The current study has several limitations, including 

the retrospective study design and the small sample size. We also do not have comprehensive 

data on whether any of the historical controls received antibiotic lock therapy during their 

course of observation. However, such treatment would have biased results against the 

benefits of ELT we observed. Due to the retrospective design of the study, matching was 

based upon similar demographics, and primary indication for home PN. We did not match 

based upon frequency of infusion or format of the PN infused via Hickman catheter before 

versus after institution of ELT therapy at our institution. Such matching in future prospective 

studies would be difficult as patient home PN infusions days, daily calorie amounts, days on 

lipids, etc. are going to vary over time depending on clinical conditions. In either the 

historical non-ELT or the current ELT cohorts, we did not monitor use of tissue plasminogen 

activator therapy, which is in our standardized orders for HPN patients after discharge from 

EUH.

Our data are consistent with those of others, but to our knowledge, ours is the largest 

retrospective study on the efficacy of ELT in adults requiring HPN published to date. John et 

al reported in a retrospective study that patients requiring HPN receiving ELT had a lower 

rate of CRBSI than previously observed in their HPN patients.2 Adjusted data for tunneled 

CVC pre- and post-ELT (n=15) showed a 3.5-fold reduction of CRBSI-related hospital 

admissions from 10.1 to 2.9 per 1000 catheter days (P < .001). A retrospective study by 

Davidson et al reported 59 patients with similar high-risk clinical characteristics of patients 

in our study.19 In their study, the rate of CRBSI per 1000 catheter days was 10.97 before 

either antibiotic lock therapy (ALT) or ELT and 1.09 after initiation of ALT (n=51) or ELT 

(n=8) a 10-fold reduction (P < .001). The volume of 70% ethanol used in ELT in the studies 

of John et al. and Davidson et al was 3 mL, while we used 2 mL of 70% ELT in our 

institutional ELT protocol during this study period. In light of the clinically perceived 

increase in the number of catheters requiring replacement due to catheter malfunction, and 

based on the data of John et al2 and Davidson et al19, our institution increased the standard 

volume of ELT to 3 mL shortly after the study period and this remains our current practice 

given excellent empiric clinical results. Corrigan et al conducted a retrospective study which 

aimed to investigate the number of hospital readmissions and length of stay for CRBSI 

between patients receiving HPN or intravenous fluid (IVF) at home (with or without ELT) 

compared to care in a skilled nursing facility (SNF).20Their study included 364 patients, 93 

of which developed a CRBSI during the period of observation (6 patients with home IVF 

and 87 received home PN). Of the 38 patients in the SNF group, there were 56 re-admissions 

for CRBSI versus the 93 patients in the HPN group, in whom 106 re-admissions were 

required for CRBSI. There were no re-admissions for CRBSI in 81% of HPN patients after 

starting ELT. Taken together, these finding suggest that adult HPN patients have a lower 

incidence of CRBSI when treated with ELT.

Current data also suggests the efficacy of ELT in children requiring HPN. Ardura et al 

evaluated children (n=24) with intestinal failure and assessed CRBSI and safety outcomes 

before and after ethanol lock prophylaxis.21 Patients received ELT prophylaxis for a median 

of 266 days (range 12–365 days). Before ELT prophylaxis, CRBSI rates were 7.01 per 1000 

catheter days; in contrast, after ELT implementation CRBSI rates dropped markedly to 0.64 
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per 1000 catheter days (p=0.04), an 11-fold reduction in CRBSI rates and similar to our 

observations. Mouw et al evaluated the use of ELT to prevent catheter-related infections in 

10 children with short bowel syndrome.22 All of the patients had a silicone tunneled CVC 

catheter and received ethanol lock volumes of 0.5 to 2 mL. The patients had a total of 26 

CVC during a total of 3,556 catheter days. Before ELT, there were 6 CRBSI in 538 catheter 

days (11.20/1000 catheter days) in 5 patients; this rate was decreased to 2.06/1000 catheter 

days with ELT, a 5.4-fold decrease.

Lopes et al performed a randomized clinical study to evaluate ELT therapy for the 

prevention of non-tunneled CRBSI in pediatric patients up to 5 years of age.23 They found 

CRBSI rate was significantly lower in the ELT group compared with the control group, but 

when the occurrence of CLABSI was evaluated per 1000 catheter-days, no significant 

difference was found between groups. The frequency of side effects and catheter breakage 

was greater in the ELT group than in the control group.

In a recent prospective, double-blind, randomized controlled trial conducted by Salonen et 

al,1338 adults newly initiated on HPN were randomized to either treatment with ELT (n = 

18) or to standard of care heparin lock therapy (n = 20). Four patients in the ELT group and 

one patient in the control arm developed a CRBSI during the period of observation (p = 

0.17). No significant adverse side effects were noted during the study. However, this trial 

was suspended early upon the release of ESPEN clinical practice guidelines suggesting that 

ELT should not be used in chronic HPN.12 Unfortunately, this recommendation was based 

on limited data, including a meta-analysis of 11 studies in which subjects (not all of whom 

were receiving HPN) were discharged with both silicone (n=5 studies) and non-silicone (n=6 

studies) CVCs, in which ELT is known to cause thrombosis and catheter breakage.24 One 

study reported asymptomatic septic pulmonary embolism as a CRBSI complication in HPN 

patients25, but this complication was not diagnosed in our cohort with CLABSI.

Conclusions

Available studies, albeit largely retrospective, strongly suggest that ELT may be an effective 

approach to reduce CRBSIs in both adults and children requiring HPN. Prospective, 

rigorous, carefully controlled, randomized clinical trials (RCTs) are clearly needed to 

document efficacy of this approach. In order to define optimal modes of ELT administration, 

such RCTs should ideally evaluate the volume and concentration of ethanol administered, as 

well as the number of days/week of HPN in which ELT may be optimally required to reduce 

CRBSIs.
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Clinical relevancy statement:

CRBSI are a major complication in patients requiring home parenteral nutrition. This 

study compared CRBSI rates in clinically similar adult patients from the same tertiary 

academic medical center receiving HPN via tunneled silicone central venous catheters 

before and after institution of a policy to use ELT in all appropriate HPN patients. Results 

show a marked (19-fold) decrease in CRBSI rates with ELT.
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Table 1.

Patient demographics and initial catheter characteristics

Variables n = 87

Age, years (±SD) 51.4 ± 12.8

Sex, n (%)

Female 56 (64.4)

 Male 31 (35.6)

BMI, kg/m2 (range) 25.99 (15–62)

Primary indication for HPN, n (%)

 Intestinal fistula 29 (33.3)

 Chronic pancreatitis 15 (17.2)

 Bowel obstruction 11 (12.6)

 Short bowel syndrome 10 (11.5)

Postoperative bowel dysfunction 6 (6.9)

 Cancer 6 (6.9)

 Malnutrition/malabsorption 5 (5.7)

 Other intestinal failure indications 5 (5.7)

Mean hospital BG (mg/dL), mean ± SD 123 ± 25

Initial CVC venous location, n (%)

Right internal jugular 65 (74.7)

Left internal jugular 11 (12.6)

Left subclavian 8 (9.2)

Right subclavian 2 (2.3)

Right common femoral 1 (1.1)

Initial CVC lumens, n (%)

Dual lumen Hickman 82 (94.3)

Single lumen Hickman 4 (4.6)

Triple lumen Hickman 1 (1.1)

BG: blood glucose; BMI: body mass index; CVC: central venous catheter; HPN: home parenteral nutrition
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Table 2.

Analysis of CVCs used and ELT administered

Variable Value

Total number of CVC days 13,386 days

Total CVCs placed 107 CVCs

Total ELT days 11,074 days

CVC = central venous catheter; ELT = ethanol lock therapy
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Table 3.

Microbiological culture results for CRBSIs during the period of observation

Catheter type/location Time to CRBSI (day 
from hospital 

discharge)

Culture Site Microorganism

Patient 1 37 Culture 1 Peripheral blood Coagulase negative Staphylococcus

Double lumen/right internal jugular Culture 2 Central catheter tip Coagulase negative Staphylococcus

Patient 2 17 Culture 1 Peripheral blood Staphylococcus Aureus

Double lumen/right internal jugular Culture 2 Central catheter tip Staphylococcus Aureus

Patient 3 122 Culture 1 Peripheral blood Coagulase negative Staphylococcus

Double lumen/right internal jugular Culture 2 Peripheral blood Coagulase negative Staphylococcus

Culture 3 Central catheter tip No growth

Patient 4 274 Culture 1 Central catheter blood Coagulase negative Staphylococcus + 
Bacillus Species

Double lumen/right internal jugular Culture 2 Peripheral blood Coagulase negative Staphylococcus

Patient 5 13 Culture 1 Peripheral blood Coagulase negative Staphylococcus + 
Serratia Marcescens

Double lumen/right internal jugular Culture 2 Central catheter tip Serratia Marcescens

CRBSI = catheter-related bloodstream infection
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