
e d i t o r i a l s

n engl j med 364;4 nejm.org january 27, 2011372

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Tackling the Achilles’ Heel of Hemodialysis
Wolfgang C. Winkelmayer, M.D., Sc.D.

More than 375,000 patients undergo long-term 
hemodialysis treatment in the United States, but 
the outcomes have remained abysmal, with the 
rate of death during the first year of hemodialy-
sis therapy exceeding 20%. Although the devel-
opment half a century ago of techniques for sus-
tainable vascular access rendered long-term 
extracorporeal treatment feasible, vascular access 
remains the Achilles’ heel of hemodialysis. The 
current options include arteriovenous fistulas, 
synthetic grafts, and central venous catheters, 
with a clear hierarchy among these options. Native 
arteriovenous fistulas — simple anastomoses of 
forearm arteries and veins — yield the best out-
comes. Among otherwise similar patients, those 
with functioning dialysis fistulas live the longest 
and have the fewest infectious complications. 
Such fistulas, however, need to mature for several 
weeks or months until they can accommodate 
the blood flow necessary for dialysis, and many 
fistulas never mature sufficiently for adequate 
use. Synthetic vascular grafts can be used in pa-
tients whose native vessels may not support a 
fistula. These grafts can be used sooner than 
fistulas but carry higher risks of infection. Least 
desirable of all the options is the implantation of 
a permanent, usually cuffed, central venous hemo-
dialysis catheter. Although central hemodialysis 
catheters can be inserted quickly and are avail-
able for use immediately, they are associated 
with particularly high rates of infection, hospi-
talization, and death. These catheters are prone 
to partial or total occlusion, which may lead to 
inadequate dialysis and missed dialysis sessions. 
As a result, maintaining central venous catheters 
is costly and burdensome to the patient. All in 
all, most clinicians agree that the use of central 
venous hemodialysis catheters should be avoided 
whenever possible.

There have been several initiatives aimed at 
increasing the number of patients in whom fis-
tulas are used for hemodialysis. As a result, the 
use of fistulas has increased in recent years, 
predominantly replacing the use of synthetic 
grafts; in 2007, fistulas were used 55% of the 
time, and synthetic grafts 27% of the time.1 Un-
fortunately, 18% of patients still use central ve-
nous catheters, either because they start dialysis 
without a functioning peripheral vascular access 
or because all suitable peripheral vessels have 
been exhausted over the course of years of hemo-
dialysis treatment and frequent vascular-access 
failures. In 2008, a central venous catheter was 
used in 74% of the patients in the United States 
who were undergoing hemodialysis for the first 
time as outpatients.2 Only 16% of patients had a 
maturing arteriovenous fistula or graft in place, 
strongly suggesting that more than half the pa-
tients initiating hemodialysis had to rely on cuffed 
central venous catheters for several months until 
a peripheral venous access could be established 
and would be available for use. The rates of asso-
ciated serious infections during the first months 
of hemodialysis treatment have been exceedingly 
high — more than 200 hospitalizations for (sys-
temic) vascular-access–related infections per 1000 
patient-years in the first 6 months.3

For patients who must rely on a central ve-
nous catheter for hemodialysis treatment, the 
findings by Hemmelgarn et al. in this issue of 
the Journal provide important new evidence.4 A 
simple regimen in which recombinant tissue 
plasminogen activator (rt-PA) was used for seal-
ing the two lumina of the dialysis catheter once 
a week (with heparin used for the other two treat-
ments each week) was superior to a regimen in 
which heparin seals were used after all the 
treatments; the rate of access failure was halved, 
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and access-related infection was reduced by two 
thirds. Certainly, rt-PA is substantially more ex-
pensive than heparin, but the authors suggest 
that using this clinically superior strategy may 
also be cost-effective because of the complica-
tions it prevents. One caveat is that because of 
the small study size, the hard end points of ac-
cess removal, access-related hospitalization in-
cluding infectious complications, and death from 
any cause or from an infectious cause could not 
be conclusively assessed. However, the study out-
comes were carefully selected and were as close 
a surrogate for a hard end point as we can find 
in this setting. Furthermore, the sample size was 
certainly too small to observe potential rare, but 
catastrophic, adverse events such as massive 
bleeding, though both heparin and rt-PA should 
be aspirated from the catheter lumen and dis-
carded immediately before the catheter is used 
so that little to none of the anticoagulant sub-
stances left in the catheter when it was sealed 
after the previous hemodialysis treatment should 
reach the systemic circulation.

The evidence from this trial is exciting be-
cause the use of rt-PA is among the first strate-
gies to show efficacy with respect to the end 
point of access failure. There are, however, sev-
eral studies that have shown the superior effi-
cacy of other strategies for sealing catheters, as 
compared with the use of heparin alone, with 
respect to vascular-access–related infectious out-
comes5; such strategies include the use of anti-
biotics (e.g., gentamicin) and citrate solutions. It 
would be interesting to directly compare the 
rt-PA strategy used in the present study with 
some of the other approaches. The protocol by 
Hemmelgarn et al., however, is appealing in that 
it seems to kill two birds with one stone — 
namely, access failure and infection.

Given this new evidence, one can expect that 
dialysis providers will swiftly adopt the strategy 
of using rt-PA once a week. The once-weekly 
rt-PA strategy has the additional value of acces-
sibility. Dialysis units already use rt-PA, although 
the use is based more on experience than on 
evidence, and can incorporate this proven treat-
ment regimen in their standard-of-care proto-
cols immediately. It is important to note, how-
ever, that rt-PA may invalidate certain laboratory 
measurements (e.g., parathyroid hormone and 
phosphate levels) when the blood used for those 
measurements is drawn through the central ve-

nous catheter, and so routine laboratory blood 
drawings should be scheduled accordingly.6,7

The study by Hemmelgarn et al. and some 
other recent findings8,9 allow tempered optimism 
that we are now making some progress in pro-
viding quality evidence to improve the care of 
the vascular access in patients with chronic kid-
ney disease who currently require dialysis. For 
others, increased screening for chronic kidney 
disease, routine reporting of estimated glomer-
ular filtration rate, greater awareness of the 
possible presence of chronic kidney disease and 
of its complications among providers and af-
fected patients, decreased use of the nondomi-
nant arm for blood drawings, and timely refer-
ral of appropriate patients to nephrologists may 
also improve the chances that arteriovenous fis-
tulas can be created early enough to be available 
for hemodialysis when needed.10 But there is still 
a long and treacherous journey ahead until the 
day we might be able to say that vascular access 
used to be the Achilles’ heel of hemodialysis.

Disclosure forms provided by the author are available with 
the full text of this article at NEJM.org.

From the Division of Nephrology, Stanford University School of 
Medicine, Palo Alto, CA.
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A Critic’s Assessment of Our Approach to Cardiac Arrest
Gust H. Bardy, M.D.

In this issue of the Journal, Weisfeldt et al.1 re-
port that ventricular fibrillation is identified less 
frequently during sudden cardiac arrest in the 
home than in public places, even when the arrest  
is witnessed. The authors surmise that age and 
coexisting illnesses are responsible and that the 
location of sudden cardiac arrest may be a sur-
rogate for underlying disease severity. In addi-
tion, poorer outcomes were observed with use of 
the automated external defibrillator (AED) in the 
home, as compared with public AED use. The 
authors conclude that perhaps AEDs should be 
reserved for public locations and cardiopulmo-
nary resuscitation (CPR) should be taught more 
broadly, as the better path to improving survival 
from sudden cardiac arrest. This research is con-
troversial in several respects.

Does this study really show that ventricular 
fibrillation in sudden cardiac arrest occurs less 
often in the home than in public? Without elec-
trocardiographic (ECG) data regarding the onset 
of the event, we cannot know for certain. What 
we do know is that untreated ventricular fibril-
lation will deteriorate to asystole over a period 
of minutes, and probably more rapidly in pa-
tients with more advanced cardiac disease; after 
25 minutes, nearly all patients are in asystole.2 
Although primary bradyarrhythmias as the cause 
of sudden cardiac arrest are becoming more 
common, most instances of bradycardia — spe-
cifically asystole — follow ventricular fibrilla-
tion. These considerations alter the interpreta-
tion of the findings that Weisfeldt et al. report. 
If the home rescuer takes just 60 seconds longer 
to call 911, as compared with the public witness, 
then the findings could be explained simply as 
a matter of response speed. The Home Use of 
Automated External Defibrillators for Sudden 
Cardiac Arrest trial (NCT00047411) showed that 
spouses confronted with the sudden collapse of 
a loved one commonly exhibit emotional dis-
tress and confusion, thus delaying an effective 
response.3

How much time actually elapses between wit-
nessing and assessing the collapse and dialing 
911? Does this interval differ between the home 
and the public setting? Does it differ between 
those who have CPR training and those who do 
not? Knowing the answers to these questions has 
broad implications. The greater number of by-
standers who witness sudden cardiac arrest in 
public makes calling 911 more likely to occur 
closer to the time of collapse. Moreover, those 
who have completed CPR courses know that they 
should call 911 promptly. Because seconds mat-
ter, even a modest delay in the 911 call could lead 
to differences in outcome. Consequently, the lone 
rescuer at home, who is probably less aware of 
the critical importance of speed, would lose the 
race to a public bystander.

What about AED use in the home? Certainly, 
at present, no grounds exist to broadly promote 
publicly financed home AEDs. However, this 
policy assessment should not dissuade persons 
from purchasing their own AEDs. The dismissal 
of home AEDs is premature, and other than the 
personal expense, there is no known downside 
to such a purchase. Moreover, some home res-
cuers do indeed act quickly and can save a life.3 
Perhaps the presence of ECG monitoring tech-
nologies in the home would prompt a more rap-
id response and shave off valuable seconds to 
minutes, improving outcomes of arrests at home.

As an alternative to a home AED, the in-
creased use of CPR does not make sense to me. 
At best, CPR represents a placeholder. Overall 
survival rates remain poor, and 300,000 sudden 
cardiac deaths still occur annually in spite of 
national CPR awareness. One simple reason for 
such gloomy results may be the logistic impos-
sibility of responding to a broadly disseminated, 
quasirandom event that causes death within 
minutes. Yet there may be another, more subtle 
reason for this bleak lack of progress. If CPR 
were a drug or a surgical procedure, its value 
would be tested prospectively, but it has not 
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Background
The effectiveness of various solutions instilled into the central venous catheter lu-
mens after each hemodialysis session (catheter locking solutions) to decrease the 
risk of catheter malfunction and bacteremia in patients undergoing hemodialysis is 
unknown.

Methods
We randomly assigned 225 patients undergoing long-term hemodialysis in whom a 
central venous catheter had been newly inserted to a catheter-locking regimen of 
heparin (5000 U per milliliter) three times per week or recombinant tissue plasmino-
gen activator (rt-PA) (1 mg in each lumen) substituted for heparin at the midweek 
session (with heparin used in the other two sessions). The primary outcome was 
catheter malfunction, and the secondary outcome was catheter-related bacteremia. 
The treatment period was 6 months; treatment assignments were concealed from 
the patients, investigators, and trial personnel.

Results
A catheter malfunction occurred in 40 of the 115 patients assigned to heparin only 
(34.8%) and 22 of the 110 patients assigned to rt-PA (20.0%) — an increase in the 
risk of catheter malfunction by a factor of almost 2 among patients treated with 
heparin only as compared with those treated with rt-PA once weekly (hazard ratio, 
1.91; 95% confidence interval [CI], 1.13 to 3.22; P = 0.02). Catheter-related bacteremia 
occurred in 15 patients (13.0%) assigned to heparin only, as compared with 5 (4.5%) 
assigned to rt-PA (corresponding to 1.37 and 0.40 episodes per 1000 patient-days in 
the heparin and rt-PA groups, respectively; P = 0.02). The risk of bacteremia from 
any cause was higher in the heparin group than in the rt-PA group by a factor of 
3 (hazard ratio, 3.30; 95% CI, 1.18 to 9.22; P = 0.02). The risk of adverse events, in-
cluding bleeding, was similar in the two groups.

Conclusions
The use of rt-PA instead of heparin once weekly, as compared with the use of hepa-
rin three times a week, as a locking solution for central venous catheters signifi-
cantly reduced the incidence of catheter malfunction and bacteremia. (Funded by 
Hoffmann–La Roche; Current Controlled Trials number, ISRCTN35253449.)
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Central venous catheters are used 
for vascular access in the majority of pa-
tients undergoing hemodialysis.1-3 The 

major complications of catheters include throm-
bosis and infection.4,5 Approximately 50% of 
hemodialysis catheters fail within 1 year6; up to 
two thirds of the failures are due to thrombo-
sis.7,8 Infection related to central venous catheters 
is also associated with adverse health outcomes 
and high health care costs; indeed, catheter- 
related sepsis is one of the most common causes 
of death in patients undergoing hemodialysis.9

The solution instilled into the central venous 
catheter lumens after each hemodialysis session 
and left in the catheter until the next session 
(catheter locking solution) is used to prevent 
thrombosis during the period between dialysis 
sessions and may also prevent catheter-related 
infection. However, evidence supporting the use 
of various locking solutions to achieve these ob-
jectives is limited. Heparin has been the tradi-
tional locking solution. Several small studies have 
assessed whether citrate and heparin are equally 
efficacious for maintaining catheter patency,10,11 
but the interpretation of the results was limited 
because the studies had a short follow-up period 
and included both uncuffed and cuffed central 
venous catheters. Recombinant tissue plasmino-
gen activator (rt-PA) has been used primarily to 
treat catheter thrombosis12-14; in one small ran-
domized trial, it was shown to be superior to 
heparin as a locking solution.15 The relatively high 
cost of rt-PA and its theoretical potential to cause 
bleeding, as well as the morbidity and mortality 
associated with catheter malfunction and infec-
tion, justify the need for more definitive evidence 
of the efficacy of rt-PA as a locking solution.

We performed a multicenter, randomized, 
blinded, controlled trial involving patients under-
going long-term hemodialysis through a newly 
inserted, tunneled central venous catheter to de-
termine whether substituting rt-PA (1 mg in each 
lumen) for heparin once a week as a catheter 
locking solution, as compared with using heparin 
three times a week, would decrease the incidence 
of catheter malfunction and bacteremia.

Me thods

Study Oversight
Hoffmann–La Roche funded the trial. The fund-
ing body had no role in the design or conduct of 

the study, in any aspect of data management or 
analysis, in the reporting of the study results, in 
the writing of the manuscript, or in the decision 
to submit the manuscript for publication. The 
trial was designed and conducted by the investi-
gators in collaboration with the trial’s steering 
committee (for a list of the members of the steer-
ing committee, see the Supplementary Appendix, 
available with the full text of this article at NEJM 
.org). The investigators and their research staff 
collected the data at each site. The University of 
Calgary oversaw data management and analyzed 
the data according to a prespecified statistical 
analysis plan. The protocol, including the statis-
tical analysis plan, is available at NEJM.org. The 
first author and the last (senior) author attest 
that the study was performed in accordance with 
the protocol and vouch for the accuracy and com-
pleteness of the reported data.

An independent data and safety monitoring 
board approved the protocol and reviewed the 
study for safety. A planned interim analysis of 
safety was performed after one third of the pa-
tient-years had been accumulated (at which time 
114 patients had undergone randomization) to 
determine whether the study should be stopped 
early because of safety issues; stopping the study 
was deemed not to be necessary.

Study Population
The study design has been described previously.16 
Briefly, adults undergoing hemodialysis in whom 
a tunneled catheter had been newly inserted into 
the upper central venous system were eligible to 
be included in the study if they were being treated 
with hemodialysis three times a week and were 
expected to continue undergoing hemodialysis 
with the use of a central venous catheter for  
6 months. Major exclusion criteria were long-term 
receipt of systemic anticoagulant therapy, a central 
venous catheter inserted by means of guidewire 
exchange, current use of antibiotics for catheter-
related bacteremia, major hemorrhage or intra-
cranial bleeding in the previous 4 weeks, intra-
cranial or intraspinal neoplasm, pregnancy or 
breast-feeding, and pericarditis. Patients with 
known catheter-related bacteremia could be eligi-
ble for the study once the infection had been treat-
ed and the patient had not received antibiotics for 
a period covering three hemodialysis sessions.

Patients were recruited at 11 Canadian sites, 
within 2 weeks after insertion of the catheter; 
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during the period before recruitment, the cathe-
ters were managed according to the usual prac-
tice at each center (Table 1 in the Supplementary 
Appendix). Patients were eligible for randomiza-
tion after the fourth hemodialysis session if the 
mean blood flow was at least 300 ml per min-
ute during sessions 3 and 4.

Study Procedures
After providing written informed consent, eligible 
patients were randomly assigned, in a 1:1 ratio, 
by a centralized computerized service (Axiom 
Real-Time Metrics), with the use of a permuted-
block design stratified according to center and 
catheter status (first hemodialysis catheter ever 
vs. previous use). Patients were assigned to one 
of two regimens for locking of the catheter after 
a hemodialysis session: rt-PA (1 mg in each lumen) 
once a week, at the midweek session, with unfrac-
tionated heparin (5000 U per milliliter, full lumi-
nal volume) used as a locking solution for the 
other two dialysis sessions that week, or 5000 U of 
unfractionated heparin per milliliter (full lumi-
nal volume) after each dialysis session. The rt-PA 
was administered in each lumen initially (1 mg in 
1 ml), with saline added to fill the lock to the full 
luminal volume. The study drug (rt-PA or hepa-
rin) was prepared and dispensed by the pharmacy 
in such a way that concealment of the treatment 
assignments was ensured, with four syringes pre-
pared per patient for administration of the lock-
ing solution. On the days on which heparin was 
used for all the patients, the heparin was pre-
pared and administered by the hemodialysis nurse 
according to the usual standard of care.

Patients were followed for 6 months after 
they underwent randomization. Patients who met 
the criteria for the primary outcome were fol-
lowed for at least 1 month after the primary 
outcome occurred and continued to be followed 
until one of the following occurred: the patient 
underwent six consecutive successful hemodialy-
sis sessions (mean blood flow, ≥300 ml per min-
ute during each treatment), 3 months elapsed, or 
the central venous catheter was no longer used. 
The follow-up period for these patients was ex-
tended so that the natural history of malfunc-
tion of the central venous catheter could be docu-
mented and the costs associated with maintaining 
patency could be assessed, for use in the eco-
nomic analysis. We included six consecutive suc-
cessful hemodialysis sessions as part of the defi-

nition of the extended follow-up period because 
a second malfunction typically occurs within  
2 weeks after the initial malfunction.17

Outcomes
The primary outcome was catheter malfunction, 
which was defined as the first occurrence of any 
of the following, after attempts to reestablish pa-
tency had been undertaken (see Table 2 in the 
Supplementary Appendix): peak blood flow of 
200 ml per minute or less for 30 minutes during 
a dialysis treatment, mean blood flow of 250 ml 
per minute or less during two consecutive dialy-
sis treatments, or inability to initiate dialysis ow-
ing to inadequate blood flow. The definition of 
catheter malfunction was chosen by the study in-
vestigators on the basis of published guidelines.18 
Catheter malfunction was selected as the primary 
outcome because of concern that recruitment 
would be limited if the sole outcome were re-
moval of the central venous catheter and because 
poor blood flow during dialysis is associated with 
adverse outcomes.19

Catheter-related bacteremia was defined ac-
cording to published criteria,16,20 with both “defi-
nite” and “probable” infections included in the 
outcome (Table 3 in the Supplementary Appen-
dix). Bacteremia was treated by the attending 
nephrologist; patients remained in the study and 
were followed for the primary outcome. If a new 
central venous catheter was clinically indicated, 
the patient’s data were censored at the time of 
removal of the initial central venous catheter.

Bleeding was classified as fatal bleeding, major 
bleeding (bleeding at a critical site or overt bleed-
ing with a fall in the hemoglobin level of 20 g per 
liter or more or requiring transfusion of 2 or 
more units of packed red cells), clinically impor-
tant nonmajor bleeding (overt bleeding requiring 
admission to the hospital or a visit to a medical 
facility or overt bleeding leading to an interven-
tion such as suturing), or minor bleeding (all 
other episodes of bleeding).

Statistical Analysis
We estimated that with a total of 340 partici-
pants (170 in each group), the study would have 
80% power to detect approximately a 34% reduc-
tion in the incidence of catheter malfunction with 
rt-PA once weekly, assuming a 1-year rate of cath-
eter malfunction of 95% in the heparin group 
and an annual dropout rate of 75% (on the basis 
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of data from the University Health Network, To-
ronto [unpublished data] and Little and Walshe17), 
at a two-sided alpha level of 0.05.16 Because en-
rollment was slower than expected, an interim 
analysis that was based on the overall event rate 
(with the group assignments concealed) was per-
formed after 197 patients had undergone ran-
domization, to determine what power the study 
would be expected to have if 225 patients were 
enrolled. This analysis showed that the study 
would have 80% power with the event rate at that 
point and an anticipated effect size of 50%. There-
fore, enrollment was halted after 225 patients 
had undergone randomization.

Survival curves for the primary and secondary 
outcomes were prepared with the use of the 
Kaplan–Meier method and were compared with 
the use of a two-sided log-rank test. Cox propor-
tional-hazards models were used to compare event-
free survival in the rt-PA and heparin groups, 
stratified according to center and catheter status. 
The results of analyses with models that included 
terms for the interaction between treatment and 
the stratification variables were nonsignificant; 
therefore, the results for the overall study popu-
lation are presented. Comparisons of primary 
and secondary outcomes were based on the treat-
ment assignments, irrespective of adherence to 
the intervention. We also performed a secondary 
analysis according to the actual treatment re-
ceived. Follow-up data were censored at the end 
of the study (January 15, 2010) or at the time of 
death, a switch to an alternative form of renal-
replacement therapy, removal of the central ve-
nous catheter or use of an alternative dialysis 
access, or the patient’s transfer to a clinical cen-
ter that was not involved in the trial — whichever 
came first. Statistical analyses were performed 
with the use of SAS, version 9.2 (SAS Institute) or 
Stata, version 11.1 (Stata) software. All reported 
P values are two-sided and have not been adjusted 
for multiple testing.

Although a full economic evaluation for this 
trial is not yet complete (administrative data on 
the cost of hospitalizations are not yet available), 
we provide a preliminary analysis of cost-effec-
tiveness, on the basis of the cost (in Canadian 
dollars, as of 2010) of the interventions ($64 for 
2 mg of rt-PA and $1.25 for 10,000 U of heparin) 
and the estimated cost of treating patients in 
whom bacteremia develops or catheter malfunc-
tion occurs. The cost of removal and replacement 

of a catheter ($1,228), and the mean cost of out-
patient and inpatient treatment for catheter-re-
lated bacteremia ($485 and $6,040, respectively) 
were estimated from a detailed cost analysis of 
hemodialysis vascular access.21

R esult s

Study Population
We assessed 2325 patients for eligibility, of whom 
225 underwent randomization; 110 patients were 
assigned to receive rt-PA, and 115 were assigned 
to receive heparin only (Fig. 1). All the patients 
received their assigned intervention except for 
one patient in the rt-PA group, who underwent 
emergency surgery before the first dose of the 
study drug was administered. The baseline char-
acteristics of the two groups were similar (Table 
1, and Table 4 in the Supplementary Appendix).

A total of 58 patients in the rt-PA group 
(52.7%) and 56 in the heparin group (48.7%) dis-
continued the study medication before the end 
of the 6-month study period. The median dura-
tion of follow-up was 115.5 days in the rt-PA 
group and 89.0 days in the heparin group. No 
patients were lost to follow-up.

Primary Outcome
The primary outcome occurred in 62 patients — 
22 (20.0%) in the rt-PA group and 40 (34.8%) in 
the heparin group (hazard ratio with heparin vs. 
rt-PA, 1.91; 95% confidence interval [CI], 1.13 to 
3.22; P = 0.02) (Fig. 2). There was no significant 
interaction between catheter status (first hemo-
dialysis catheter ever vs. previous use) and treat-
ment assignment (P = 0.84) or between clinical 
center and treatment assignment (P = 0.46). The 
results were unchanged in a model adjusted for 
catheter status and clinical center (hazard ratio 
with heparin, 1.88; 95% CI, 1.11 to 3.19) and in a 
sensitivity analysis with a composite outcome of 
catheter malfunction or early discontinuation of 
the study intervention (Fig. 1 in the Supplemen-
tary Appendix). A total of 31 patients (50.0%) 
met the criteria for the primary outcome because 
of a peak blood flow of 200 ml per minute or less 
for 30 minutes, 19 patients (30.6%) because of  
an inability to initiate dialysis, and 12 patients 
(19.4%) because of a mean blood flow of 250 ml 
per minute or less for two consecutive sessions.

The results were similar in a secondary analy-
sis that was performed according to the actual 
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225 Underwent randomization

2325 Patients were assessed for eligibility

2100 Were excluded
1818 Did not meet inclusion criteria or met

exclusion criteria
420 Had expected duration of CVC use of <6 mo
370 Were not undergoing in-center dialysis
201 Were receiving warfarin
201 Had poor blood flow during prerandomization 

dialysis sessions 3 and 4 or prior rt-PA use
141 Were unable to provide consent
485 Had other reason

135 Declined to participate
147 Were not eligible for reasons other

than inclusion or exclusion criteria

115 Were assigned to receive heparin 110 Were assigned to receive rt-PA

1 Did not receive rt-PA
owing to urgent need

for major surgery before
first dose of study drug

115 Were included in primary analysis 110 Were included in primary analysis

56 Discontinued intervention early
14 Had CVC removed

10 Had CVC infection
3 Had exposed cuff or mechani-

cal failure
1 Had accidental removal

4 Switched to peritoneal dialysis
3 Underwent transplantation
8 Switched to peripheral access
6 Missed two doses of study drug
3 Had major bleeding event
2 Had a change in dialysis 

schedule or moved
2 Underwent major surgery
3 Withdrew
1 Was withdrawn by physician
5 Started warfarin
5 Died

58 Discontinued intervention early
10 Had CVC removed

6 Had CVC infection
3 Had exposed cuff or mechani-

cal failure
1 Had accidental removal

4 Switched to peritoneal dialysis
3 Underwent transplantation

19 Switched to peripheral access
4 Missed two doses of study drug
2 Had major bleeding event
5 Had a change in dialysis 

schedule or moved
2 Underwent major surgery
3 Withdrew
2 Were withdrawn by physician
1 Started warfarin
3 Died

115 Received heparin 109 Received rt-PA

Figure 1. Screening, Randomization, and Follow-up.

CVC denotes central venous catheter, and rt-PA recombinant tissue plasminogen activator.
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treatment received. The primary outcome oc-
curred in 54 participants: 18 (16.4%) in the rt-PA 
group and 36 (31.3%) in the heparin group (hazard 
ratio with heparin, 2.13; 95% CI, 1.20 to 3.76).

Among patients in whom the primary out-
come occurred, immediate management of the 

central venous catheter included reversal of cath-
eter lines (in 13 of 22 patients in the rt-PA group 
[59.1%] and 14 of 40 in the heparin group 
[35.0%]; P = 0.07) and use of rt-PA (in 4 of 22 
patients in the rt-PA group [18.2%] and 20 of 40 
in the heparin group [50.0%]; P = 0.01). One pa-

Table 1. Baseline Characteristics of the Study Patients.*

Characteristic
rt-PA Group

(N = 110)
Heparin-Only Group

(N = 115) P Value†

Age — yr 61.6±16.6 64.8±15.2 0.13

Female sex — no. (%) 39 (35.5) 49 (42.6) 0.27

First dialysis catheter ever — no. (%) 67 (60.9) 70 (60.9) 0.99

Indication for current central venous catheter — no. (%) 0.34

Starting dialysis without peripheral access 60 (54.5) 58 (50.4)

Failure of peripheral access or awaiting peripheral access 21 (19.1) 27 (23.5)

Catheter-related infection 4 (3.6) 10 (8.7)

Transfer from peritoneal dialysis or failed kidney transplantation 13 (11.8) 8 (7.0)

Other 12 (10.9) 12 (10.4)

Cause of end-stage renal disease — no. (%) 0.38

Diabetic nephropathy 38 (34.5) 33 (28.7)

Glomerulonephritis 10 (9.1) 7 (6.1)

Polycystic kidney disease 3 (2.7) 3 (2.6)

Hypertension or vascular disease 15 (13.6) 27 (23.5)

Other 44 (40.0) 45 (39.1)

Duration of dialysis — yr 0.43

Median 0.5 1.0

Interquartile range 0.0–1.0 0.0–6.0

Coexisting or prior illnesses — no. (%)

Diabetes mellitus 60 (54.5) 64 (55.7) 0.87

Ischemic heart disease 26 (23.6) 21 (18.3) 0.32

Congestive heart failure 28 (25.5) 22 (19.1) 0.25

Cerebral vascular disease 12 (10.9) 17 (14.8) 0.30

Hypertension 104 (94.5) 102 (88.7) 0.12

Prior pulmonary embolism or deep-vein thrombosis 5 (4.5) 6 (5.2) 0.82

Prior gastrointestinal bleeding 12 (10.9) 9 (7.8) 0.43

Medications — no. (%)

Aspirin 53 (48.2) 57 (49.6) 0.43

Other antiplatelet agent 12 (10.9) 9 (7.8) 0.19

Serum albumin — g/liter 31.8±5.8 32.3±7.1 0.57

Hemoglobin — g/liter 106.0±16.0 106.1±15.5 0.96

Platelet count — ×10–9/liter 247.5±92.2 254.4±113.2 0.62

International normalized ratio 1.1±0.1 1.1±0.1 1.00

* Plus–minus values are means ±SD.
† P values for mean data were calculated with the use of Student’s t-test, P values for percentages with the use of the chi-

square test or Fisher’s exact test, and P values for medians with the use of the Wilcoxon rank-sum test.
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tient in the heparin group underwent an imme-
diate exchange of the central venous catheter.

Secondary Outcome
Catheter-related bacteremia (which was classified 
as definite, according to the published criteria 
used, in 45.0% of the cases) occurred in 5 pa-
tients (4.5%) assigned to receive rt-PA and 15 pa-
tients (13.0%) assigned to receive heparin alone 
(hazard ratio with heparin, 3.30; 95% CI, 1.18 to 
9.22; P = 0.02) (Fig. 3). This corresponded to rates 
of 0.40 and 1.37 episodes of bacteremia per 1000 
patient-days in the rt-PA and heparin groups, re-
spectively (P = 0.02).

Follow-up after the Primary Outcome
Patients who met the criteria for the primary out-
come were followed for up to 3 months or until 
removal of the catheter, with a median follow-up 
period that covered 11.5 and 10.0 dialysis sessions 
in the rt-PA and heparin groups, respectively. 
Treatment with rt-PA (outside the study protocol) 
for repeat malfunction of the original catheter 
occurred in 8.8% of the sessions (32 of 364 ses-
sions) in the rt-PA group and 12.8% of the ses-
sions (101 of 792 sessions) in the heparin group 
(P = 0.06) (see also Table 5 in the Supplementary 
Appendix).

Adverse Events
Serious adverse events were reported in 23 pa-
tients (20.9%) receiving rt-PA and 34 (29.6%) re-
ceiving heparin (P = 0.14) (Table 2). The rate of ad-
verse events was similar in the two groups: 70.0% 
(77 of 110 patients) in the rt-PA group and 68.7% 
(79 of 115 patients) in the heparin group (P = 0.83). 
Most patients had multiple events, with the result 
that there was a total of 454 adverse events and 68 
serious adverse events. Neither the frequency nor 
the severity of bleeding events was greater among 
patients in the rt-PA group than among patients in 
the heparin group. There were 4 intracranial bleed-
ing episodes, all in patients in the heparin group; 
1 episode was a fatal brain-stem hemorrhage. 
There were no intracranial bleeding episodes or 
deaths caused by bleeding in the rt-PA group.

Cost-Effectiveness Analysis
For each patient who received therapy for 6 months, 
the mean costs (in Canadian dollars) of rt-PA and 
heparin were $1,794 and $195, respectively; the 
cost of managing complications associated with 

catheter malfunction and catheter-related bacte-
remia per patient was $156 with rt-PA and $582 
with heparin. Thus, the incremental cost of car-
ing for patients with rt-PA as compared with 
heparin was $1,173 per patient, or $13,956 per 
episode of catheter-related bacteremia prevented.

Discussion

As compared with the use of unfractionated hep-
arin three times a week, the use of rt-PA as a 
catheter locking solution once a week (with hep-
arin used the other two times) significantly de-
creased the incidence of catheter malfunction 
and bacteremia among patients with a newly in-
serted hemodialysis catheter. The findings were 
consistent between patients for whom this was 
the first use of a catheter and those who had had 
previous catheters. The frequency of bleeding or 
other serious adverse events was not increased 
with the use of rt-PA.

Catheter thrombosis occurs at a frequency of 
0.5 to 3.0 events per 1000 catheter-days,4,22 re-
sulting in shortened dialysis treatments, less-
than-adequate dialysis, and increased morbidity 
and mortality.19 Thrombolytic agents are used to 
treat catheter malfunction in both nondialysis 
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Figure 2. Kaplan–Meier Curves for the Time to Catheter Malfunction, 
 According to Study Group.

The numbers in parentheses below the x axis are the numbers of patients in 
whom an episode of catheter malfunction occurred in the interval between 
follow-up assessments. The hazard ratio is for the group that received hepa-
rin as compared with the group that received recombinant tissue plasmino-
gen activator (rt-PA).
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catheters23,24 and dialysis catheters.12,13 Throm-
bolytic agents such as rt-PA preferentially bind to 
fibrin and activate plasminogen in close proxim-
ity to the clot to form plasmin, which dissolves 
the fibrin in the clot and prevents fibrinogen 
from forming more fibrin. The binding of rt-PA 
to fibrin confines fibrinolysis to the thrombus, 
theoretically averting systemic activation and jus-
tifying the use of this drug for the treatment and 
prevention of catheter malfunction.

Evidence to guide the use of locking solutions 
for the primary prevention of catheter malfunc-
tion has been based on studies in the critical 
care and oncology settings.25-27 It was uncertain 
whether these results could be generalized to 
catheters used for hemodialysis, which are larger, 
are used for longer periods, and require locking 
solutions to remain in place for up to 72 hours. 
A single randomized, crossover trial involving 
12 patients undergoing hemodialysis showed 
that locking with 2 mg of rt-PA in each catheter 
lumen was superior to locking with heparin.15 
Our results are consistent with these findings 
and indicate that the use of rt-PA as a locking 
solution at a reduced dose (1 mg in each lumen) 
and a reduced frequency (once a week) decreases 
the rates of catheter malfunction and bactere-

mia, although the number of catheters removed 
because of malfunction was small.

A few trials have evaluated other strategies 
for the primary prevention of catheter malfunc-
tion. A fixed dose (1 mg) of warfarin was shown 
to be ineffective for the prevention of catheter 
malfunction.28 The rates of catheter malfunction 
with 30% trisodium citrate were similar to those 
with heparin, although there was a reduction in 
catheter-related bacteremia in the citrate group.11

Catheter-related bacteremia is a serious com-
plication, with an incidence of 2.5 to 6.5 episodes 
per 1000 catheter-days.5,29 Furthermore, septice-
mia is responsible for more than 75% of deaths 
from infection among patients undergoing dialy-
sis.9 Several mechanisms may contribute to 
catheter-related bacteremia, including the forma-
tion of an intraluminal thrombosis, which may 
act as a nidus for the development of bacterial 
biofilm.30,31 Although antibiotic locking solu-
tions have been proposed for the treatment32 or 
prevention33,34 of bacteremia, side effects limit 
their widespread use.35 Although the interpreta-
tion of our results is limited by the small num-
ber of events, we found that the risk of bacte-
remia was increased by a factor of 3 in the 
heparin-only group as compared with the rt-PA 
group. Furthermore, the number of central ve-
nous catheters that were removed in both groups 
owing to an episode of presumed or confirmed 
bacteremia was not inconsequential. Although 
an earlier trial suggested that there was a reduc-
tion in the rate of bacteremia with 30% triso-
dium citrate as compared with heparin,11 two 
recent trials of 46.7% sodium citrate36 and tau-
rolidine–citrate37 did not show any significant 
difference. Since management of catheter-related 
bacteremia is expensive and often requires re-
placement of central venous catheters, our find-
ing that rt-PA reduces the risk of this complica-
tion without increasing the risk of bleeding is 
potentially very important.

Though our study is a relatively large, multi-
center trial with complete follow-up data, it has 
several limitations. First, although our primary 
outcome was defined according to published 
guidelines,18 it was a surrogate outcome that was 
based on measurement of blood flow. Ongoing 
evidence of catheter malfunction after the pri-
mary outcome provides support for the validity 
of this definition. Second, we discontinued en-
rollment early, owing to difficulties with patient 
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Figure 3. Kaplan–Meier Curves for the Time to a First Episode of Bacteremia, 
According to Study Group.

The numbers in parentheses below the x axis are the numbers of patients 
in whom a first episode of catheter-related bacteremia developed in the 
 interval between follow-up assessments. The hazard ratio is for the group 
that received heparin as compared with the group that received recombi-
nant tissue plasminogen activator (rt-PA).
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recruitment. However, even the smaller sample 
had adequate power to detect a significant differ-
ence in both primary and secondary outcomes. 
Third, because of protocol-mandated selection 
criteria, we were not able to perform analyses in 
potentially important subgroups, such as patients 
in whom the expected duration of use of a cen-
tral venous catheter was less than 6 months. 
Finally, a large proportion of patients discontin-
ued the study medication during the course of 
the study (often because of a switch to arteriove-
nous access or hospitalization), as has been ob-
served in previous trials involving patients un-
dergoing hemodialysis.38

In conclusion, we found that among patients 
undergoing hemodialysis, rt-PA administered once 
a week as a catheter locking solution (with heparin 

administered the other two times), as compared 
with heparin administered three times a week, 
led to a significant reduction in the incidence of 
both catheter malfunction and bacteremia.
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Table 2. Adverse Events.*

Event
rt-PA Group

(N = 110)

Heparin-
Only Group

(N = 115) P Value†

no. (%)

Any serious adverse event 23 (20.9) 34 (29.6) 0.14

Bleeding 0.93

Minor 7 (6.4) 9 (7.8)

Clinically important nonmajor 3 (2.7) 2 (1.7)

Major 3 (2.7) 4 (3.5)

Fatal 0 1 (0.9)

Hospitalization 0.15

For ischemic heart disease 3 (2.7) 5 (4.3)

For congestive heart failure 3 (2.7) 0

For arrhythmia 2 (1.8) 0

For cerebrovascular disease 1 (0.9) 2 (1.7)

For infection

Related to central venous catheter 2 (1.8) 4 (3.5)

Not related to central venous catheter 5 (4.5) 3 (2.6)

For bleeding event 1 (0.9) 3 (2.6)

For other event 8 (7.3) 18 (15.7)

Death 0.72

Cardiovascular-related 1 (0.9) 0

Infection-related 1 (0.9) 1 (0.9)

Bleeding-related 0 1 (0.9)

Other‡ 1 (0.9) 3 (2.6)

* Adverse events were reported until 30 days after the last dose of study medication was administered.
† P values were calculated with the use of the chi-square test or Fisher’s exact test.
‡ Other deaths in the heparin group were related to withdrawal of treatment, perforated bowel, and metastatic cancer  

(1 patient each); the other death in the rt-PA group occurred at home from complications of end-stage renal disease.
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diagnostic criteria. As Figure 4 of our article 
showed, acute otitis media is not always sponta-
neously remitting: otoscopic signs had not im-
proved at all or had deteriorated by the end-of-
treatment visit in 38% of placebo recipients. Even 
according to an alternative definition of treat-
ment failure, solely based on symptoms, antimi-
crobial treatment was beneficial. Our component 
of symptomatic failure was based on parental 
assessment of the child’s overall condition, be-
cause no symptom is specific to acute otitis me-
dia and the spectrum of symptoms varies among 
children and also among days in one child. Our 
holistic approach, easily applicable in clinical 
practice, did not measure any individual symp-
tom; rather, it measured all symptoms simulta-
neously, including adverse events. Thus, the com-
parison of the number needed to treat and the 
number needed to harm does not provide balance 
because, in our study, the clinical effects of harms 
are included in the number needed to treat.

We share the concern about the liberal use of 
antimicrobial agents. We agree that sicker patients 
benefit more from treatment, and this is what 

our study showed — “sicker” patients were those 
with bulging eardrums. If antimicrobial treat-
ment were restricted only to those patients, we 
would expect the use of antimicrobials to be 
decreased.

We acknowledge the diagnostic challenges and 
are aware that more education, as well as new 
technology, is urgently needed. However, we 
think that basing guidelines on the acceptance 
of the poor quality of diagnostics is not justified 
because they would lead to the withholding of 
treatment from children with true acute otitis 
media.
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Dialysis Catheters and Recombinant Tissue Plasminogen Activator

To the Editor: Hemmelgarn et al. (Jan. 27 is-
sue)1 evaluated prophylactic recombinant tissue 
plasminogen activator (rt-PA) for preventing di-
alysis catheter malfunction. I have a few caveats 
regarding their interpretation of the results.

The authors used a surrogate outcome (blood 
flow during dialysis) to define catheter malfunc-
tion. A more clinically meaningful end point, 
many would think, is the need for catheter re-
moval. Among those catheters in the heparin 
group in which malfunction developed, 50% re-
quired rt-PA instillation, but only 7.5% required 
removal because of malfunction (see Table 5 in 
the Supplementary Appendix, available with the 
full text of the article at NEJM.org). In other 
words, rt-PA instillation usually restored catheter 
patency. Rather than instilling rt-PA weekly, it 
might be more cost-effective to use heparin locks 
alone and reserve rt-PA instillation for catheters 
in which malfunction develops.

The authors observed less catheter-related bac-
teremia in the rt-PA group, which they attributed 
to prevention of bacterial biofilm. They enrolled 
only patients with incident-dialysis catheters. It is 

unknown whether rt-PA prevents catheter-related 
bacteremia in prevalent-dialysis catheters, which 
already have an established biofilm. Antimicro-
bial locking solutions, which reduce the inci-
dence of catheter-related bacteremia in patients 
with catheters for both incident and prevalent 
dialysis,2 may be preferred to prophylactic rt-PA 
instillation.
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The Authors Reply: We agree with Allon that 
rt-PA has been shown to be an effective strategy 
to treat catheter malfunction. As we found in our 
study, rt-PA as prophylaxis can reduce the risk of 
catheter malfunction and the requirement for 
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rt-PA as a treatment strategy, which typically sig-
nals recurrent malfunction, with a median surviv-
al advantage of only 10 to 18 days with each sub-
sequent treatment.1

Blood flow during dialysis is a surrogate out-
come, yet it is an established marker of catheter 
malfunction that is directly related to the ability 
to maintain adequate dialysis. This marker is the 
definition used by clinical-practice guidelines,2 
and its validity was further evidenced in our study 
by the frequency with which rt-PA was required 
after the primary outcome, which indicated on-
going deficiencies in blood flow during dialysis. 
Although catheter removal is an intriguing clini-
cal outcome, the specific criteria according to 
which a catheter should be removed for malfunc-
tion have not been defined, validated, or endorsed 
by guidelines.

Strategies to reduce the incidence of catheter-
related bacteremia should be encouraged. Al-
though antibiotic-based antimicrobial locking 
solutions may reduce rates of catheter-related 
bacteremia, ongoing concern about potential ad-
verse effects, including the development of anti-
biotic resistance,3 currently dampens enthusiasm 

for their use. Until large, blinded, randomized 
studies of antibiotic-based antimicrobial locking 
solutions are performed or these solutions re-
ceive approval from the Food and Drug Admin-
istration for use, or both, intermittent thrombo-
lytic locking will effectively serve an important 
dual purpose in incident-hemodialysis catheters.
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Iniparib in Metastatic Triple-Negative Breast Cancer

To the Editor: O’Shaughnessy and colleagues 
(Jan. 20 issue)1 report a 56% rate of clinical bene-
fit in the group of patients with metastatic triple-
negative breast cancer who received chemother-
apy plus the poly(adenosine diphosphate-ribose) 
polymerase (PARP) inhibitor iniparib. However, 
the result of targeted therapy depends on the ex-
istence and the level of expression of the target 
protein. It seems that this trial and other ongo-
ing trials of PARP inhibitors2 have been designed 
on the erroneous assumption that all breast can-
cers are PARP-positive. However, similarly to other 
target proteins, they are not. Recently, we report-
ed that 18% of BRCA1-associated cancers had low 
expression of or did not express nuclear PARP1 
protein.3 We also found low PARP1 expression in 
21% of triple-negative BRCA1-associated breast 
cancers and 2.7% of triple-negative carcinomas 
that were not related to BRCA1.4 Therefore, the 
results of trials of PARP inhibitors will be influ-
enced by the percentage of PARP-negative breast 
cancers (mainly BRCA1-related cancers) in the 
study groups. We propose that to reveal the full 

efficacy of PARP inhibitors, the expression of 
PARP protein in tumor cells should be taken into 
account in the interpretation of ongoing and fu-
ture trials of PARP inhibitors.
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