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Abstract

Background: Sodium bicarbonate (NaHCQO,) is one of the promising solutions that has good safety profile and theoretical
advantages regarding antimicrobial and antithrombotic properties but there are still limited reports.

Objective: To compare the efficacy in lowering rate of catheter loss due to catheter-related thrombosis (CRT) or catheter-
related blood stream infection (CRBSI) between sodium bicarbonate and heparin lock in prevalent chronic hemodialysis
(HD) patients.

Design: A multicenter, randomized, open-label study

Setting: In a developing country, Thailand

Patients: Chronic HD patients with tunneled central venous catheter

Measurements: Catheter loss rate, rate of catheter-related blood stream infection, catheter-related thrombosis, and exit
site or tunnel infection

Methods: The prospective multicenter randomized controlled trial was conducted, we randomly assigned | I8 patients
undergoing HD with tunneled central venous catheter to receive a catheter locking solution of sodium bicarbonate or
heparin. The primary outcome was a catheter loss rate due to CRT or CRBSI, while the secondary outcome was a composite
outcome of CRT, CRBSI, or exit site/tunnel infection (ESI/TI).

Results: The present study was stopped early due to an excess of catheter-related thrombosis in the sodium bicarbonate
group. From the first 6 weeks of follow-up, there were no catheter losses due to CRT or CRBSI in both groups. The sodium
bicarbonate group had a significantly higher rate of the secondary composite outcomes and this was entirely caused by CRT
with the median time to thrombosis of 23.6 days. Every CRT event could be successfully rescued by using a single dose of
recombinant tissue plasminogen activator (rt-PA).

Limitations: Short follow-up period.

Conclusions: In prevalent HD patients with tunneled CVCs, use of a sodium bicarbonate locking solution for prevention of
CRT is inferior to heparin and is associated with a high rate of catheter-related thrombosis.

Trial registration: The study was registered with the Thai Clinical Trials Registry TCTR 20200610003

Abrégé

Contexte: Le bicarbonate de sodium (NaHCO,) figure parmi les solutions prometteuses présentant un bon profil de
tolérance et des bienfaits théoriques en matiére de propriétés antimicrobiennes et antithrombotiques. Les rapports en
faisant état demeurent toutefois limités.
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Objectifs: Comparer I'efficacité du NaHCO, par rapport a I'héparine en tant que solutions de verrouillage du cathéter dans
la réduction du taux d’échec du cathéter en raison d’'une thrombose due au cathéter (TDC) ou d’une septicémie due au
cathéter (SDC) chez les patients suivant des traitements d’hémodialyse (HD) de fagon chronique.

Type d’étude: Essai randomisé ouvert mené dans plusieurs centers

Cadre: Etude réalisée en Thailande, un pays en développement.

Sujets: Patients sous HD chronique par cathéter veineux central tunnelisé.

Mesures: Le taux d’échec du cathéter, le taux de SDC, le taux de TDC et le taux d’infections au point d’émergence cutané
ou de tunnelites.

Méthodologie: Cet essai prospectif randomisé et contrélé est multicentrique et porte sur | I8 patients HD avec cathéter
veineux central tunnelisé. Les sujets ont été répartis aléatoirement pour recevoir une solution de NaHCO, ou d’héparine
comme solution de verrouillage du cathéter. Le principal critére d’évaluation était I'échec du cathéter en raison d’'une TDC
ou d’une SDC. Le critére d’évaluation secondaire était un résultat combiné de TDC, de SDC ou d’une infection au point
d’émergence/ tunnelite.

Résultats: L’étude a été interrompue prématurément en raison d’un trop grand nombre de thromboses liées au cathéter
dans le groupe recevant le NaHCO,. Dans les six premieres semaines de suivi, aucun échec di a une thrombose ou a une
septicémie n’avait été observé dans les deux groupes. Le groupe NaHCO, a montré un taux significativement plus élevé
d’événements liés au critére d’évaluation secondaire, et cela était entiérement causé par TDC; le délai médian avant la
thrombose était de 23,6 jours. Chaque TDC a pu étre restaurée avec succes grace a une seule dose d’activateur tissulaire
du plasminogene (rt-PA).

Limites: Courte période de suivi

Conclusion: Chez les patients prévalents suivant des traitements d’hémodialyse via un cathéter veineux central tunnelisé,
l'utilization du NaHCO, comme solution de verrouillage du cathéter a été associée a un taux élevé de thromboses dues au
cathéter et s’est avérée moins efficace que I'héparine pour les prévenir.

Enregistrement de I’essai: L’essai est enregistré au registre des essais cliniques thailandais TCTR 202006 10003
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patency. The main contributors to catheter loss are catheter-
related thrombosis (CRT) and catheter-related blood stream
infection (CRBSI).> Approximately 50% of CVC failed
within 1 year* and up to two-thirds of failures were due to
thrombosis.® The clinical impact of CRT is poorer clearance

Introduction

The current options for vascular access in chronic hemodi-
alysis (HD) patients comprise arteriovenous fistula, arterio-
venous graft, and central venous catheter (CVC). Choosing
type of vascular access should be individualized for each

patient to achieve his or her life goals.! Tunneled CVC is a
selected choice in patients who fail arteriovenous access or
have limited life expectancy. From a recent USRDS annual
data report, 80% of patients at HD initiation and 19.6% of
prevalent HD patients had been using CVC as vascular
access.> A major concern of tunneled CVCs use is catheter

of uremic toxins, such as decreased KT/V. In addition, CRT
was also associated with increased risks of missing dialysis
session, hospitalization, and mortality. Besides CRT, the
incidence of CRBSI had been reported from 1.1 to 5.5 epi-
sodes per 1,000 catheter days and was associated with
increases in morbidity, hospitalization, and death.®
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Instillation of catheter locking solution at the end of HD
session is a routine clinical practice to maintain catheter
patency. Although heparin has been widely used as the stan-
dard locking solution of CVC in HD patients, it is associated
with several risks,’ including bleeding from systemic antico-
agulant effect of the inadvertent leakage of heparin into the
circulation.®!'? and heparin-induced thrombocytopenia (HIT)
characterized as clotting and thrombocytopenia in certain
HD patients.

Citrate is another recommended solution from the 2019
updated Kidney Disease Outcomes Quality Initiative
(KDOQI) clinical practice guideline' due to non-inferior
efficacy to heparin. However, the U.S. Food and Drug
Administration issued an urgent warning about citrate-
related life-threatening cardiac toxicity when high concen-
tration of citrate was infused into HD patients.!* From these
reasons, initiation of another locking solution as an alterna-
tive is mandatory to circumvent heparin and citrate-related
complications in such HD patients.

Under such situations, sodium bicarbonate has been
recently used as one of the new upcoming alternative locking
solutions with potential good safety profile and advanta-
geous benefits involving antithrombotic and antimicrobial
properties. Regarding blood coagulation, the chelation of
calcium ions by sodium bicarbonate inhibits the conversion
of fibrinogen to fibrin,'*!3 resulting in decreased thrombosis.
With respect to antimicrobial effects, sodium bicarbonate
suppressed bacterial proliferation by lowering bacterial
adherence and biofilm formation of certain bacteria, espe-
cially Gram-positive organisms, including Staphylococci.'
Moreover, an abundant ionic factor could alter bacterial
membrane permeability and structure, leading to less viabil-
ity.!” However, only few studies have evaluated clinical effi-
cacy of the agent.

An earlier prospective randomized trial by El-Hennawy
et al'® demonstrated that sodium bicarbonate yielded a higher
catheter retention rate at 6 months among chronic HD
patients compared with normal saline. A following prospec-
tive cohort trial by El-Hennawy et al' in both acute and
chronic setting of HD patients showed that sodium bicarbon-
ate was statistically superior to normal saline in preventing
HD catheter loss due to CRT and CRBSI. However, instead
of heparin, normal saline solution (0.9% NaCl) was used as
the control in both studies and yielded quite low rate of CRT
(4.16 per 1,000 catheter), the value of which was surpris-
ingly comparable to the efficacy of heparin in several previ-
ous studies.”?*?!

Therefore, we performed a prospective multicenter, ran-
domized controlled trial (RCT) to compare the efficacy
between 7.5% NaHCO, and heparin 2,500 U per mL as a
locking solution for tunneled CVC in HD patients. The pri-
mary aim was to determine whether 7.5% NaHCO, locking
solution could reduce the catheter loss rate due to CRT or
CRBSI.

Methods
Study Population

This study was a prospective multicenter randomized control
trial (RCT) which was conducted from June 1, 2020 until 30
November 2020, in 7 HD centers in Bangkok, Thailand. Due
to the uncertainty in the efficacy of sodium bicarbonate as a
locking solution, the study was planned to follow up for 12
weeks and a preliminary analysis at 6-week during the fol-
low-up time was performed. Patients were eligible for enroll-
ment in the study when they were older than 18 years and
required long term twice- or thrice-a-week HD with tunneled
CVC. All patients should be clinically stable within 1 month
before enrollment, defined as no hospitalizations, no vascu-
lar access related infection, and no wvascular access
dysfunction.

We excluded patients with known coagulopathy or hemo-
philia, cirrhosis Child-Pugh B or C, thrombocytopenia less
than 100,000 u per liter, long-term receipt of systemic antico-
agulant therapy, history of HIT, and previously documented
central vein stenosis. Written informed consent was obtained
in all patients before enrollment. The study protocol was
approved by the Ethics Research Committee, Faculty of
Medicine, Chulalongkorn University, Bangkok, Thailand
(IRB no. 233/63) and was registered in Thai Clinical Trial
Registry (TCTR 20200610003).

Study Design

After providing written informed consent, eligible patients
were randomly assigned in a 1:1 ratio by a computer-gener-
ated randomization with the use of permuted block design
stratified according to frequency of HD (twice- vs thrice-a-
week). Patients were assigned to one of the 2 groups: heparin
LEO® (heparin sodium) pharmaceutical product (2,500 U
per milliliter, full luminal volume), or 7.5% NaHCO, (5 mL/
catheter lumen) locking solution after each HD session
(Figure 1). Before each HD session, the catheter site was
carefully examined for signs of exit site and tunnel infection
(ESI/TI) then the catheter locking solution was removed by
the HD nurse. Test flow of each catheter lumen was per-
formed to evaluate catheter dysfunction. If the flow problem
occurred, bedside managements, which included reposition-
ing the patients and performing rapid saline flushes to clear a
possible clot, were performed, respectively. During HD
treatment, patients in both groups received the same standard
prescription: blood flow rate at least 300 mL/min and sys-
temic heparin (loading dose 2,000 u and maintenance dose
1,000 u/hr until 1 hr before the end of dialysis session).
Monitoring for complications was provided to every patient
as the standard of care.

After completing HD treatment, each catheter lumen was
flushed with 10 mL of saline and checked for the residual
blood in the catheter. A repeated similar dose of saline flushing
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Eligible 205 chronic HD patients with tunneled CVC

\4

Excluded (n=87)

Not meeting inclusion/exclusion criteria 67

Refused to participate 20

118 patients randomized

v

Heparin group
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y

Discontinued early (n=1)

Death from heart failure 1

Completed the trial
n =60

v

Sodium bicarbonate group

n=57

\4

Discontinued early (n=5)
Patient's concern 3
Vascular access change to AVF 1

Shifting to another HD center 1

\ 4

Completed the trial
n=>52

Figure |. Consort flow diagram.

was performed until the catheter lumens were apparently clear.
Then, the solution was locked, depending on each group. In
heparin group, we used a volume exactly equivalent to the
internal volume of the lumen labeled on the catheter. In sodium
bicarbonate group, 7.5% NaHCO, 5 mL was locked in each
catheter lumen. In patients who were documented as CRT, a
recombinant tissue plasminogen activator (rt-PA, Alteplase 2
mg), instead of the usual locking solution, was administered in
each catheter lumen as a rescue therapy. The standard of care
during HD was strictly followed according to the Thai
Hemodialysis Clinical Practice Recommendation 2014
which was modified from the 2006 Kidney Disease Outcomes
Quality Initiative (KDOQI) recommendation, clinical practice
guidelines for vascular access.?

Outcomes

The primary outcome was a catheter loss rate defined as the
premature catheter removal from a complication of CRT or
CRBSI. According to the KDOQI 2006 guidelines,? catheter
dysfunction was diagnosed by failure to maintain an extra-
corporeal blood flow to 300 mL/min or greater at pre pump
arterial pressure more negative than —250 mmHg. Persistent
catheter dysfunction after bedside repositioning was defined
as CRT. The diagnosis of CRBSI was based on the definition
from The Centers for Disease Control and Prevention
(CDC).?* Patients with clinical manifestations and at least 1
positive blood culture from peripheral vein and no other
apparent sources were investigated whether they were met
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the criteria or not. Patients with bacteremia were immedi-
ately treated by the attending nephrologists and remained in
the study.

The secondary outcome was a composite outcome of
CRT, CRBSI, or ESI/TI rate. ESI was defined as hyperemia,
induration, and/or tenderness =2 c¢m from catheter exit site.
TI was identified if the development extended along the sub-
cutaneous tunnel. All events and adverse effects due to both
locking solutions were recorded by HD nurses in each center
and reported to the investigators.

Statistical Analysis

Calculation of the required sample size was based on assump-
tion that a catheter loss rate in sodium bicarbonate was
approximately 1% in 6 months. With a two-sided test, an
alpha level of 0.05, and power of 80% and dropout rate at
10%. Survival curves of the primary outcome and the sec-
ondary composite outcome of CRT, CRBSI, or ESI/TT were
prepared with the use of the Kaplan-Meier method and were
compared with the use of a two-sided log-rank test. Cox pro-
portional-hazards models were used to compare event-free
survival in the heparin and sodium bicarbonate groups, strat-
ified according to the HD center.

Continuous data were expressed as mean and standard
deviation (SD) or median and interquartile range (IQR). Two
dependent samples were compared by using paired t-test or
Wilcoxon signed rank test up to distribution pattern of the
data. Categorical data were expressed as percentage. P value
of <.05 was accepted as statistically significant. Post-hoc
analysis were performed to explore the unknown important
factors that might have important effects on the interested
outcomes. All statistical analyses were performed using
STATA® (StataCorp. Version 16. College Station, TX)

Results

The present study was stopped early due to an excess of
catheter related thrombosis in the sodium bicarbonate
group. Among 205 patients for whom tunneled CVCs were
used during the randomization period, 118 patients met the
inclusion criteria and agreed to participate in the study
(Figure 1). There were no significant differences between 2
groups regarding baseline characteristics, except for diabe-
tes mellitus (P = .01; Table 1). Five patients in the sodium
bicarbonate group (8.8%) and 1 in the heparin group (1.6%)
discontinued the study before the end of the study period.
The reasons for the discontinuation included patient’s con-
cern about catheter dysfunction problem (n = 3), vascular
access change to arteriovenous graft (n = 1), moving to
another HD center (n = 1), and death from heart failure
(n=1).

In the preliminary analysis at 6-week follow-up, the num-
bers of CRT in the sodium bicarbonate group were signifi-
cantly higher than the heparin group (40.4% vs 0%, P <

.001; Table 2). Every CRT event could be successfully res-
cued by utilizing a single treatment (2 mg for each catheter
lumen) of rt-PA as a locking solution instead of sodium
bicarbonate. The authors decided to cease the study. In the
primary outcome, there were no catheter losses due to CRT
or CRBSI in both groups during the 6-week study period
(Table 2).

As demonstrated in Table 2, the secondary composite out-
come, consisting of CRT, CRBSI, or ESI/TI, was signifi-
cantly higher in the sodium bicarbonate group when
compared with the heparin group (Hazard ratio 15.10; 95%
CI = [2.39-95.47], P = .004; Figure 2). The results were
unchanged in a model adjusted for HD centers. All events
from secondary composite outcome in the sodium bicarbon-
ate group were caused by CRT and the median time to throm-
bosis was 23.6 days. In the sodium bicarbonate group, there
were no incidences of CRBSI and ESI/TI. In the heparin
group, one patient developed CRBSI, while another patient
had ESI/TL

In post-hoc subgroup analysis, the effects of heparin on
the secondary composite outcome were superior to sodium
bicarbonate generally consistent across all subgroups with-
out heterogeneity (Table 3). In addition, every 1 g/dL increase
in hemoglobin level enhanced the risk of CRT by 1.23 times
(Hazard ratio, 1.23; 95% CI = [1.02-1.48]; P = .03) in the
sodium bicarbonate group (Supplementary Table S1).

Adverse Events

There were no serious adverse events that could be contrib-
uted to the locking solutions. In the sodium bicarbonate
group, 4 patients immediately developed symptoms, mostly
perioral paresthesia or metallic taste but spontaneously
recovered within 1 minute. Adverse events of interest due to
sodium bicarbonate related effect, including metabolic alka-
losis, and symptomatic hypocalcemia were not different
from the heparin group. At the end of the study, the mean
serum calcium levels were 8.8 vs 8.4 mg/dL and the means
of serum bicarbonate were 21.8 vs 22.1 mEq/L in heparin
and sodium bicarbonate group, respectively.

Cost-Related Outcomes

In our trial, we used 3 catheter locking solutions: heparin
LEO® (heparin sodium) pharmaceutical product (5,000
units/mL), 5 mL per vial, (USD5.83); 7.5% NaHCO,, 10 mL
per vial (USDO0.41); and rt-PA (Alteplase), 2 mg per vial
(USD56.95). In the heparin group, a total of 972 treatments
in 61 patients were performed. The total cost was
USD3,122.98 (USD3.21/HD session) which consist of hepa-
rin locking solution (USD2,840.68) and antibiotics for man-
aging infectious complications (USD282.30).

In the sodium bicarbonate group, a total of 898 treatments
in 57 patients were prescribed. The summation cost was
USD3,000.71 (USD3.34/HD session) which comprised
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Table 1. Baseline Characteristics of Heparin and Sodium Bicarbonate Groups.

Characteristic

Heparin (n = 61)

Sodium bicarbonate (n = 57)

Age (years), mean (SD)
Gender, n (%)

Male

Female
Weight (kg), mean (SD)
Height (cm), median (IQR)
Body mass index (kg/m?), median (IQR)
Diabetic mellitus, n (%)
Hypertension, n (%)
Previous smoking, n (%)

Yes

No
HD vintage (month), median (IQR)
Duration of tunneled CVC (month), median (IQR)
Site of CVC, n (%)

Right

Left
Internal jugular vein
Femoral vein
Serum albumin (g/dL), mean (SD)
Serum calcium (mg/dL), median (IQR)
Serum phosphate (mg/dL), median (IQR)
Serum bicarbonate (mEg/L), mean (SD)
Hemoglobin (g/dL), mean (SD)
Prothrombin time, median (IQR)
International normalized ratio, median (IQR)
Partial thromboplastin time, median (IQR)
Frequency of HD, n (%)

Twice-a-week

Thrice-a-week
Antiplatelet use, n (%)
Dialysate calcium, n (%)

2 mEq/L

2.5 mEq/L

3 mEq/L

3.5 mEq/L

58.7 (14.0)

26 (42.6%)

62.5 (14.9)

22 (38.6%)

35 (57.4%) 35 (61.4%)
59.2 (12.5) 56.2 (12.8)
160 (12.5) 160 (11.0)
22.75 (5.65) 21.40 (4.84)
26 (42.6%) 38 (66.7%)*
58 (95.1%) 52 (91.2%)
6 (9.8%) 12 (21.0%)
55 (90.2%) 45 (79.0%)
32 (39) 28.5 (53)
21 (20) 17 (19)

55 (90.2%)

48 (84.2%)

6 (9.8%) 9 (15.8%)
61 (100%) 56 (98.2%)
0 (0%) | (1.8%)
3.93 (0.38) 3.87 (0.35)
9.0 (1.2) 8.8 (0.8)
5.0 (2.9) 4.4 (2.0)
20.8 (2.9) 21.5 2.7)
9.4 (1.7) 9.5 (1.4)
12.9 (1.2) 12.8 (1.3)
.14 (0.12) 113 (0.13)
402 (132) 38.3 (9.3)
19 (31.2%) 16 (28.1%)
42 (68.9%) 41 (71.9%)
19 (31.6%) 24 (43.6%)
4 (6.6%) 6 (10.9%)
39 (63.9%) 26 (47.3%)
4 (6.6%) 2 (3.6%)
14 (22.95%) 21 (38.2%)

Note. *P = .01 when compared with heparin. IQR = interquartile range; HD = hemodialysis; CVC = central venous catheter.

7.5% sodium bicarbonate locking solution (USD371.92) and
rt-PA (2 mg) as rescue therapy (46 vials; USD2,628.79).

In summary, the unadjusted costs per treatment including
catheter locking solution, the rescue therapy, and antibiotics
for managing infectious complications over the 6-week study
were USD3.21 and USD3.34 in the heparin and sodium
bicarbonate groups, respectively (Supplementary Table S2).

Discussion

The present study has demonstrated that the use of 7.5%
sodium bicarbonate alone as a catheter locking solution in
chronic HD patients caused a significantly higher rate of
CRT when compared with heparin, the standard locking

solution (Table 2, Figure 2). Nonetheless, the catheter
patency could be successfully maintained with rt-PA as the
rescue therapy when CRT occurred. Therefore, no catheter
loss, as the primary outcome, was documented. The second-
ary composite outcome, comprising CRT, CRBSI, and ESI/
TI, was significantly greater in the sodium bicarbonate group
(Table 2).

To verify the real efficacy of sodium bicarbonate as a
catheter locking solution, heparin was used as the control in
the present study and it appeared that sodium bicarbonate
had significantly inferior antithrombotic property to heparin
(Table 2, Figure 2). Of note, the rate of CRT with sodium
bicarbonate in the present work was much higher than the
study by El-Hennawy et al'® (Table 2, Figure 2). The causes
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Table 2. Primary and Secondary Outcomes.

Heparin lock

Sodium bicarbonate lock

n =6l n=>57
Hazard ratio®
Rate/1,000 Rate/1,000 (95% confidence

Outcomes No. (%) catheter-day No. (%) catheter-day interval) P value
Primary outcome

Catheter loss 0 0 0 0 — —
Secondary outcome

Composite of 2 (3.3%) 0.8 23 (40.4%) 13.8 15.10 (2.39-95.47) .004

CRT, CRBSI,

ESI/TI

CRT 0 0 23 (40.4%) 13.8 — <.001

CRBSI I (1.6%) 0.4 0 0 — .56

ESI/TI I (1.6%) 0.4 0 0 — .56

Note. CRT = catheter-related thrombosis; CRBSI = catheter-related blood stream infection; ESI = exit site infection; Tl = tunnel infection.

?Adjusted for 7 clusters for HD centers.

1.00
)

0.75
L

0.50
|

Hazard ratio 15.1 (95%Cl 2.39 to 95.47), p = 0.004

0.25
L

Cumulative catheter event-free survival

— === Heparin
Sodium bicarbonate

0.00
|

T T T T

T
0 10 20 30 40
Time (days)

Figure 2. Kaplan—Meier plot for the time to a first episode of
catheter-related event.

of this discrepancy are still unclear but might be related to
several issues including differences in study population and
protocol. First, approximately 70% of our patients had over
1-year duration of tunneled CVCs. Fry et al® illustrated that
the l-year and 3-year catheter survivals among 812 HD
patients were 61% and 22%, respectively. In this regard, the
commonest causes of catheter failure were thrombosis and
fibrin sheath formation. Such findings may be implied to the
present study that the over 1-year used CVCs might already
have a heightened risk of CRT at baseline. Second, there
were more diabetes mellitus patients at baseline of demo-
graphic characteristics in the sodium bicarbonate group com-
pared with the heparin group (66.7% vs 42.6%, P = .01;
Table 1). Wojtowicz et al*® showed that diabetes mellitus
was one of the poor predictors of catheter survival (HR =
0.31, 95% CI = 0.11-0.92, P = .03) due to its pro-throm-
botic state. This could be explained by endothelial injury,
hyperfibrinogenemia, and platelet hyperreactivity related to
increased glucose levels as well as hyperinsulinemia.
However, the present study demonstrated that diabetes

mellitus as baseline comorbidity tended to increase the CRT
event rate but no statistical significance (HR = 2.03, 95% CI
= 0.92-4.48, P = .08). Finally, we used a lower concentra-
tion of sodium bicarbonate (7.5% vs 8.4%) which might
result in lower ionic factors and less antithrombotic effect.

As the present study included patients with twice-a-week
HD which had a longer time of inter-dialytic period than thrice-
a-week HD, one might consider that the properties of abundant
ionic factors and alkaline pH might not be optimally preserved
over the time in twice-a-week HD. To solve this question, we
performed post hoc subgroup analysis and the result showed no
difference between patients with twice-a-week and thrice-a-
week HD (P value for interaction = .946; Table 3).

Intraluminal administration of rt-PA as a thrombolytic
agent is currently recommended not only to dissolve CRT
but also to be used once weekly as a prophylactic therapy in
HD patients with high risk CRBSI.! In our trial, rt-PA was
used as a rescue therapy in patients with CRT event. Owing
to the great efficacy, all events of CRT could be rescued by
using only a single treatment of rt-PA. As the median time to
the first CRT event in the sodium bicarbonate group in the
present study was 23.6 days.

The unadjusted costs per treatment due to catheter locking
solution and rt-PA over the 6-week study was USD2.93 and
USD3.34 in the heparin and sodium bicarbonate groups,
respectively. However, if we calculated a total cost of catheter
care including the cost of managing infectious complications
(CRBSI and ESI/TI), the cost effectiveness between the 2
groups was comparable (USD3.21 vs USD3.34/HD session in
the heparin and sodium bicarbonate group, respectively).

As shown in Supplementary Table S1, one of the most
important risks of CRT from post-hoc subgroup analysis was
a higher hemoglobin level. Every 1 g/dL increase in hemo-
globin level potentiated the risk of CRT by 1.23 times (haz-
ard ratio = 1.23;95% CI = 1.02-1.48; P = .03) in the sodium
bicarbonate group. As the number of the patient was quite
small, the CRT-potentiating role of the heightened hemoglo-
bin level needs further investigations. Other baseline factors,
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Table 3. Subgroup Analyses for the Secondary Outcome.

Heparin Sodium
lock bicarbonate lock
(n = 6l) (n = 57) Hazard ratio
(95%confidence
Subgroup No. of participants/ total no. interval) P value P value for interaction
Diabetes mellitus .43
- Yes 126 16/38 12.86 (2.05-80.75) .006
- No 1/35 7/19 15.89 (2.78-90.63) .002
Smoking .26
- Previous smoking 0/6 6/12 — —
- Non-smoker 2/55 17/45 12.40 (1.90-80.95) .009
Antiplatelet drug use 95
- Yes 1/41 10/26 9.12 (0.95-87.21) .06
- No 1720 13/31 21.02 (4.52-97.80) <.001
Statin use .49
- Yes 1/35 11/30 15.75 (2.31-107.36) .005
- No 1/25 11/27 13.45 (2.31-78.15) .004
Erythropoiesis stimulating agents .09
(dose/week)
- =8,000 IU 2/45 11/34 8.42 (1.42-49.7) .02
- >8,000 U 0/16 12/23 —
HD vintage .09
- <3years 1/34 11/30 14.58 (3.15-67.49) .001
- =3years 1127 12/27 14.80 (1.53-142.81) .02
Central venous catheter duration .14
- <24 months 1/34 11/33 13.22 (3.33-52.43) <.001
- =24 months 1127 12/24 17.63 (1.58-196.51) .02
Serum phosphate .57
- <5.0 mg/dL 1/134 14/38 14.65 (1.80-119.49) .0l
- =5.0 mg/dL 1127 9/19 16.95 (3.98-72.24) <.001
Serum albumin 79
- <3.5g/dL 1/56 2/6 1.88 (0.54-6.54) 32
- =35g/dL 1/5 21/51 28.23 (4.11-.193.71) .001
HD frequency 95
- Twice a week 2/19 5/16 3.37 (2.01-5.63) <.001
- Thrice a week 0/42 18/41 — —

Note. HD = hemodialysis.

HD vintage, antiplatelet drug use, or statin use were not asso-
ciated with the CRT outcome.

The strength of the present study is that it is the first prospec-
tive multicenter RCT to compare the efficacy in reducing cathe-
ter loss rate due to CRT and CRBSI between sodium bicarbonate
and heparin among prevalent HD patients. Due to the obviously
higher rate of CRT events in sodium bicarbonate group from the
preliminary analysis, the present study was ceased after 6-week
study duration. Admittedly, this might reduce the power of the
primary and some secondary outcomes. In the present study, the
long-term catheter patency could not be determined.

Conclusions

In prevalent HD patients with tunneled CVCs, use of a
sodium bicarbonate locking solution for prevention of CRT

is inferior to heparin and is associated with a high rate of
catheter-related thrombosis.
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