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This change package summarises the learnings from the project led by SingHealth-
Singapore General Hospital and the National Kidney Foundation as part of the National
Diabetes Collaborative designed and facilitated by NIU. 

This document outlines blueprint for change—an actionable framework for unblocking
tunnelled hemodialysis catheters (THCs) in the community, achieving the aim of avoiding
and reducing diabetes hospital admissions. It reflects our collaborative approach,
detailing the iterative process of small-scale testing, refinement, and adaptation.

This change package underscores the power of collaboration and community integration.
By engaging stakeholders at every level, we amplify our impact and foster a culture of
shared responsibility for health outcomes. Through collaboration with healthcare clusters
and community partners, we drive sustainable change and improve patient outcomes.

I would like to take this opportunity to thank MOH, senior leaders, sponsors, patients and
teams for their contributions, dedication, and unwavering commitment. We will continue
to work with you to support the implementation of these learnings and contribute to better
health outcomes for our patients.

National Improvement Unit Singapore (NIU) was set up by Ministry of Health Singapore
(MOH) in 2021 to facilitate value creation for patients through enabling adoption of
improvement science by providers who design and deliver health and social care. The
goal is to reduce quality waste, inefficiency waste, and eliminate issues of overuse,
underuse, and misuse in healthcare.

NIU achieves its aim by collaborating with healthcare clusters to drive sustainable
improvements and one of this collaboration is to build a learning network around reducing
diabetes hospitalisation (identified as one of the healthcare system priorities). NIU
employed IHI’s (Institute for Healthcare Improvement) Breakthrough Series Collaborative
methodology and launched the 5-year National Diabetes Collaborative in 2021.

Message by NIU Director

Dr Eunice Wong
Director



Diabetes is a growing health problem with a significant global health disease
burden. The prevalence of diabetes in Singapore was 8.7% in 2021-2022.1 In the
context of Singapore’s rapidly aging population with steadily increasing life
expectancy, morbidity from chronic and non-fatal health problems caused by
diabetes, continues to present important challenges for the country’s health
system. In particular, diabetes is a major risk factor for chronic kidney disease
(CKD) and is the leading cause of end-stage kidney failure (ESKF) in Singapore,
accounting for 67% of new cases.2 The increasing incidence rate of the ESKF
from 418.8 per million population (pmp) to 556.1 pmp in 2020 has important
public health implications due to an increase in healthcare utilisation. 2
Specifically, the Organisation for Economic Co-operation and Development
(OECD) Health at a Glance Report 2019 showed that Singapore’s age-sex
standardised diabetes admission rate was 2.1 times higher than the OECD
average, after adjusting for prevalence.3 The top 2 reasons for diabetes
admissions were nephropathy and peripheral vascular disease.3 Hence, there is
a pressing need to create a new outpatient model of care to tackle the rising
epidemic of ESKF secondary to diabetes. 

The majority of patients with ESKF chose haemodialysis
(HD) as their long-term renal replacement therapy. 2
Vascular access for HD treatment is best achieved with an
arteriovenous fistula (AVF) or arteriovenous graft (AVG).
However, a significant number of patients require a
tunnelled haemodialysis catheter (THC) to receive life-
sustaining HD as bridging to AVF or AVG placement and
maturation, or as permanent access after all opportunities
for arteriovenous access have been exhausted. The use of
THC for HD vascular access is associated with a relatively
high incidence of complications, the most frequent of which
is catheter dysfunction or low flow, that can lead to
thrombotic complications.4 THC dysfunction is a major
problem in ESKF patients, with 17 – 33% of THCs requiring
removal due to blood flow that is inadequate, resulting in
inadequate dialysis.5 Thrombosis is a common cause of
THC dysfunction which can be treated with lytic dwell with
high success rates.5 In Singapore, administration of lytic
dwell to restore the flow of occluded THC is traditionally
performed in acute hospitals as an inpatient procedure,
resulting in delay in dialysis, inconvenience to patients,
increased hospital bed occupancy rates and overall
healthcare costs. Transition away from predominantly
inpatient care is essential to improve patient outcomes and
reduce the burden on our healthcare systems. 

The National Kidney Foundation (NKF)
Singapore is a non-profit health organisation
in Singapore.6 Being the biggest dialysis
provider in the nation, NKF provides
maintenance HD for 4529 patients in 40
dialysis centres (DC) in the community. Of
these, 660 (15%) patients are using THCs as
vascular access. In 2021, 168 cases were
referred to acute hospitals for dysfunctional
THC from these DCs over 6 months. Patients
with THC dysfunction would receive
treatment in the form of intraluminal lytic dwell
in the hospital and undergo dialysis before
being discharged back to the community.
These admissions could potentially be
averted by upskilling nurses in the
community. 

INTRODUCTION

BACKGROUND



The National Improvement Unit (NIU), as part of the National Diabetes
Collaborative, partnered with the Department of Renal Medicine of Singapore
General Hospital (SGH) and the National Kidney Foundation (NKF) to lead
this quality improvement project (QIP) to avoid hospital admission and
readmissions by reducing the referrals of THC dysfunction from community
dialysis centres to public healthcare institutions (PHI). 

PROBLEM STATEMENT

This QIP seeks to reduce the number of referrals from community DCs to PHIs for
THC dysfunction from a baseline median of 48 cases per month to 34 cases per
month by December 2023 respectively.

To achieve this aim, the QIP engaged renal physicians from all PHIs in Singapore including Alexandra
Hospital, Changi General Hospital, Khoo Teck Puat Hospital, National University Hospital, Ng Teng
Fong General Hospital, Sengkang General Hospital and Tan Tock Seng Hospital. Forty community DCs
under NKF were recruited to test the change ideas. The change ideas were implemented in stages and
included:

1. Optimising Blood flow, Locking solution, Anticoagulant and Standardising Technique (BLAST)
Instilling a solution with an anticoagulant effect such as heparin or sodium citrate in each THC lumen
after each haemodialysis session creates a barrier against clot formation. Optimising anticoagulant dose
according to patient’s bleeding and clotting risk will prevent circuit clotting and intra-luminal thrombus
formation in THC. Preventing blood influx by positive pressure technique during locking may also
prevent intra-luminal thrombus formation. These practices can prolong THC patency and functionality,
thereby reducing the need for thrombolytic agents or catheter replacement and improving the quality of
life of patients with ESKF on haemodialysis. 

2. Catheter flow restoration with Lytic dwEll at community diAlysis centRe (CLEAR)
Intraluminal administration of a thrombolytic agent in each THC lumen is recommended to restore the
function of dysfunctional THC due to thrombosis.7 The CLEAR initiative empowers community dialysis
centres to treat THC dysfunction by upskilling the community dialysis nurses to administer thrombolytic
agents. 

AIM



MEASUREMENT SYSTEM



THEORY OF CHANGE
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(A) Fundamental elements of the improvement initiative that should not be modified: 

Use of either heparin or sodium citrate as a locking solution for THCs after each dialysis
session, as recommended by the clinical guidelines and best practices.7  
Monitoring and documentation of THC patency, blood flow, and complications such as
infection, thrombosis, or bleeding.
Education and training of staff and patients on the proper technique and procedure for
THC care and maintenance.
THC flushing with normal saline during termination of HD prior to locking of solution.
Instilling locking solution with positive pressure.

(C) Resources and practical tools that exist to support implementation (including links if
applicable):

Literature review on the effectiveness and safety of heparin and citrate locking solutions
for THCs: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9448397/
Clinical practice guideline on vascular access for haemodialysis:
https://www.ajkd.org/article/S0272-6386(19)31137-0/fulltext

(B) Adaptable principles of the improvement initiative that can be modified: 

Choice of heparin or sodium citrate as the locking solution, depending on the
availability, cost, preference, and contraindications of each agent.
Frequency and duration of THC flushing during haemodialysis, depending on
the type of locking solution, the dialysis schedule, and the patient's condition.
Involvement and engagement of multidisciplinary team members, such as
nephrologists, nurses, pharmacists, vascular access specialists, and quality
improvement facilitators.

(D) Infrastructure requirements:
 

Reliable supply chain and inventory management system for heparin or sodium
citrate locking solutions and other necessary equipment and supplies.
Dedicated time for administering the locking solutions as part of THC care in
the dialysis centre.
Data collection and reporting system for tracking THC outcomes and process
measures.
Feedback and learning mechanisms for identifying gaps, barriers, and
opportunities for improvement.

CHANGE PACKAGE (BLAST) 
Prevention of occluded THC in the community dialysis centres



((A)  Optimise blood flow rates (QB) in patients with QB <300mL/min for early
detection of THC dysfunction

Early detection of THC dysfunction before it becomes non-functional is essential. A
dysfunctional catheter may be easily assessed in the community by increasing the
blood flow rates (QB). Most THCs are capable of achieving QB exceeding 300
mL/min. Other clues to a malfunctioning catheter when QB is >300 mL/min, is
arterial pressure more negative than -250mmHg, or venous pressure > 250mmHg
at blood flow rates of 400 mL/min.8 Hence, QB is optimised to at least 300 mL/min
for all patients on THC if there are no contraindications.

(C)  Optimise anticoagulant dose during dialysis to prevent intra-luminal
thrombus formation
The use of anticoagulants for haemodialysis is common due to the propensity of
clotting within the circuit, including THC. Hence, the dose should be individualised
based on patient’s bleeding risk and propensity for coagulation. 

(B)  Adopt protocol of specific locking solution with anticoagulant effect
Based on available evidence, a locking solution with an anticoagulant effect such
as heparin 1000 units/mL, or sodium citrate 4% are suitable choices for lock
solution to maintain patency of THCs.9 
In NKF:  

·All patients with newly inserted THCs, will receive sodium citrate 4% as a
locking solution 
·Heparin is used for patients with THC flow issues occurring in at least 2 HD
sessions while on sodium citrate 4% lock or patients who have received a
thrombolytic agent for THC malfunction (unless allergy to heparin or diagnosed
with heparin-induced thrombocytopenia). 
·Locking solution without anticoagulant effect such as normal saline, is only
used for patients with contraindications (e.g., allergy to sodium citrate 4% and
heparin).

(D)  Standardise termination of dialysis by flushing THC lumen with normal
saline and locking with positive pressure 
Once HD is completed, the THC is flushed with 5mL normal saline to clear any
residual blood. After which, positive pressure locking (applying pressure on the
syringe plunger while disconnecting it from the needleless cap or clamping the
catheter during the last part of the flush) is used to prevent backflow of blood into
the catheter. 

Maintain patency and prolonging lifespan of THC



(C) Resources and practical tools that exist to support
implementation (including links if applicable): 

·Unblocking Protocols
·Referral Forms
·Informed Consent Form
·Competency checklist
·Data collection sheet

(A) Fundamental elements of the improvement initiative that should not be
modified: 

Administration of thrombolytic agents to restore the flow of malfunctioning THC
should be done by trained and credentialed personnel.
Use of a thrombolytic agent (registered drug) to restore flow of malfunctioning
THC.
Dose and dwell time of thrombolytic agent supported by literature i.e., Urokinase
30,000 units/lumen for 1 hr.
Ensure patient safety when considering thrombolytic agent to restore the flow of
dysfunctional THC by developing clear and specific inclusion and exclusion
criteria (see Annex X below).
Monitor appropriate outcome, process and balancing measures.
Patient consent is to be obtained before thrombolytic agent administration. 

(B) Adaptable principles of the improvement initiative that
can be modified: 

Healthcare worker who administers the thrombolytic agent
can be a doctor, nurse or dialysis technician. 
Informed consent should be obtained from the patient or legal
representative prior to the administration of the thrombolytic
agent, it can be verbal or written as deemed appropriate by
dialysis centre management. 

(D) Infrastructure requirements: 

·Adequate time for unblocking or available HD slot 
·Availability of thrombolytic agent

CHANGE PACKAGE (CLEAR) 
Restoration of occluded THC 



(A)  Define the roles and responsibilities of team members
Institutional leaders: identify risks and legal issues to be addressed, for example, consent
for undertaking an unblocking procedure for malfunctioning THC was developed and
endorsed by the NKF medical board. They also provide the necessary resources when
needed.
Team lead and co-lead: labour and workload distribution, define the time frame for
expansion, measures and deliverables, decide on means and frequency of communication
and resolve conflicts.
Other team members: provide support that may include quality improvement methods,
implementation, data collection and analysis.

(C) Obtain patient consent for THC unblocking before thrombolytic administration 
NKF senior management requested written informed consent for patients undergoing
THC lytic dwell flow restoration. Informed consent was obtained for all patients. 

(B) Frequent team meetings to review and discuss project progress 
Teams met on a weekly basis to discuss cases on THC restorations performed to
celebrate success, seek learnings and overcame challenges through collaborative
problem solving. There was trust and openness in sharing perspectives with a focus
on improvement and not judgement. Using the Plan-Do-Study-Act (PDSA) cycle
approach, the team made quick adjustments to the workflow when testing the
change ideas. (Annex – PDSA)

(D) Adopt evidence-based THC unblocking pathway using thrombolytics, with
eligibility criteria catered for community setting 
A checklist with inclusion and exclusion criteria for patients to receive lytic dwell in
community DCs was developed after gathering input from all stakeholders. The
checklist was reviewed and revised periodically with inputs from all team members
and following learnings from our PDSA cycles. 

Establish clinical governance framework and accountability structure

Build capability in community dialysis centres

(A) Conduct training on THC flow restoration procedure to nominated
champions identified in each dialysis centre
Train the Trainer model was adopted. Hands-on simulation training sessions were
initially conducted by renal physicians and subsequently taken over by NKF nursing
champions, supported by the PHI renal physicians. 

(B) Competency assessment of community dialysis nurses on THC flow
restoration
Competency is assessed using a checklist after the simulation training in addition
to supervised restorations by newly trained staff from senior clinical champions.



Financial model to incentivise patients to seek care in the
community and outpatient setting 
Discussion in progress between the National Improvement Unit and MOH.

PROCESS MAP (CLEAR) 



EVIDENCE FOR IDEAS 

Outcome Measures

BLAST & CLEAR: No. of referrals from participating dialysis centres to PHIs
(Public Healthcare Institutions)  for THC blockage

*Yellow boxes reflecting the total number of dialysis centres participating in CLEAR workflow at different
months on the graph

CLEAR: No. of admissions averted with the successful restoration of THC flow
at participating dialysis centres



CLEAR: Cumulative no. of admissions averted with the successful
restoration of THC flow at participating dialysis centres

By end Dec 2023, CLEAR has averted a total of 56 admissions with the
successful restoration of THC.

Process Measures

BLAST: No. of patients with occluded THC presenting at all
dialysis centres 

*Chart reflects an interrupted time series with different change ideas tested over time
and therefore does not reflect causality of a single intervention.



CLEAR: Number of patients with occluded THCs eligible for CLEAR presenting at
participating dialysis centres VS number of eligible patients with THC flow
restoration being performed at participating dialysis centres 

*The intent of the above chart was to track the process reliability of our THC restoration and that we were not
missing eligible patients who presented with occluded THC. The discrepancy between the two line charts
helped refine our eligibility criteria.

CLEAR: T chart on Days between unsuccessful restoration of THC at
participating dialysis centres

*Yellow boxes reflecting date of unsuccessful restoration, total number of DC included
in CLEAR, drug used and the name of DC where unsuccessful restoration took place.



CLEAR: No. of community dialysis centres participating in
CLEAR workflow

CLEAR: No. of community nurses trained & competent in
CLEAR workflow

*A total of 100 community dialysis nurses have been trained to date, of
which 88 are from participating dialysis centres.



*No feedback score for July 2023 as no THC restoration was performed
# Feedback score not done for 2 restorations as the same patient had multiple
restorations (pt 207, pt 211)

Balancing Measures

CLEAR: Average patient feedback score

CLEAR: Time between 72-hr catheter related infective complications

There was no 72-hr catheter-related infective complications reported during the
project duration from 31 Dec 2021 to 31 Jan 2024 (date of publication)



1 = Strongly Disagree;  2 = Disagree;   3 = Neutral;  4 = Agree;  5 = Strongly Agree
*A one-time survey collected in August 2023 from 32 NKF nurses (12 DC) before
spreading to 24 DC

CLEAR: Perception of community nurses towards CLEAR workflow*



PATIENT AND STAFF STORIES



MEET OUR TEAM

Dr Tan Ru Yu
Team Lead,

Sr Consultant SGH

Dr Jason Choo
Medical Director, NKF

(from 1 Apr 2023)

Ms Lucy Lu
Sr Nurse Manager,

NKF

Ms Pauline Tan
Deputy Director
Nursing, NKF

Ms Yasmin Ng
Sr Improvement
Specialist, NIU 

(till 31 Jan 2024)

Mr Shady Botros
Project Director, IHI

Dr Behram Ali Khan
Medical Director           
(till 31 Mar 2023)

Dr Pang Suh Chien
Team co-Lead,

Sr Consultant SGH

Ms Ng Li Choo
Sr Nurse Clinician,

SGH

Ms Serene Xin
QI facilitator, SGH

Ms Shiva Shangari
Improvement

Specialist, 
NIU (from 1 Feb 2024)

Mr Michael Chan
Patient advocate

Mr Neo He Xiang                   
QI Facilitator, SGH

Seow Yee Ting
Cluster Coordinator,

SHS IPSQ

Dr Yeo See Cheng
Head & Sr Consultant,

TTSH

Dr Weng Wanting
 Sr Consultant, TTSH

Dr Allen Liu
Sr Consultant,

KTPH

Dr Chua Horng Ruey
Head & Sr

Consultant, NUH,
Nephrology

Dr Umer Farooq Khan
Assoc Consultant, NUH

Dr Charmaine Sia
Consultant, NUH

Dr Priyanka Khatri
Consultant, AH

Dr Shilpa Rastogi
Head & Sr Consultant,

NTFGH

Core Team

Support Team



MEET OUR TEAM

Dr Tan Chee Wooi
Consultant, SGH

Dr Alvin Tng 
Consultant, SGH

Dr Charles Ng
Assoc Consultant,

CGH

Dr Koduri Sreenkanth
Head & Sr Consultant,

CGH

Dr Shashidhar Baikunje
Head & Sr Consultant,

SKH

Dr Mahesh Ekanayaka

Assoc Consultant, SKH

Mr Tim Oei
CEO, NKF

Prof Kenneth Kwek
CEO, SGH

Prof Tan Chieh Suai
Head & Sr Consultant,
Renal Medicine, SGH

Dr Lim Eng Kok
Group Director, Office
of Value-Driven Care
& Future Workforce

Support Team

Project Sponsors

A/Prof Goh Su Yen
Senior Consultant,

Endocrinology, SGH

SingHealth Cluster Integrators

Point of Contact 

BLAST (Optimising Blood flow, Locking solution, Anticoagulant & Standardising Technique)
Ms Pauline Tan, Deputy Director, Nursing, NKF

      Email: pauline.tan@nkfs.org

Ms Lucy Tan, Senior Nurse Manager, NKF
      Email: meihua.lu@nkfs.org

CLEAR (Catheter Flow Restoration with Lytic DwEll at Community DiAlysis CentRe)
Dr Tan Ru Yu, Senior Consultant, Department of Renal Medicine, SGH 

      Email: tan.ru.yu@singhealth.com.sg

Dr Jason Choo, Medical Director, NKF
      Email: Jason.choo@nkfs.org
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Optimise blood flow rates (QB) in patients with QB <300mL/min for
early detection of THC dysfunction
Optimise anticoagulant dose during dialysis to prevent intra-luminal
thrombus formation
Standardise termination of dialysis by flushing THC lumen with
normal saline and locking with positive pressure 

Improvement for the above change ideas could be tracked by auditing a
sample of 10-15 patients per month for compliance.

Adopt protocol of specific locking solution
with anticoagulant effect

Data was collected retrospectively. A crude measure on
the consumption of normal saline, heparin and sodium
citrate could be used alternatively  

BLAST
In retrospect, we could have better

monitored our process measures for
BLAST 

Fig.1 % Normal Saline Usage as locking solution

   Fig.2 % Sodium Citrate Usage as locking solution

Fig.3 % Heparin Usage as locking solution

BLAST: Percentage of THC patients
using respective locking solution

Fig.1 depicts a notable 19.4% decline in the utilisation of
normal saline as a locking solution, indicating a sustained
reduction in its usage over time. Fig. 2 and 3 illustrate a
consistent upward trend in the adoption of sodium citrate
and heparin, indicating a concurrent increase in their
usage. These findings highlight an ongoing transition
within clinical practices towards the increased adoption of
sodium citrate and heparin as preferred locking solutions
for THCs. It can also be seen from these figures that the
usage of saline is continuing to decrease over time while
the usage of sodium citrate and heparin is continuing to
increase respectively.
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Adaptability, Flexibility & Learning from Others
Alteplase 2mg was initially selected due to its ease of dilution, user preference and
familiarity.  However due to a global drug shortage, its unregistered drug status in
Singapore and escalating drug price of Alteplase 2mg vial, we later pivoted to the use of
Urokinase 60,000 units vial. 

In addition to Urokinase 60,000 units being a registered drug, no additional infrastructure,
and cold chain during transport were required, allaying the concerns of drug integrity due
to temperature excursion. Taking a leaf from KTPH Urokinase protocol which had been
tested in local population, we then adopted Urokinase 30,000 units/lumen which
simplified the drug preparation process with no wastage and allowed a higher Urokinase
dose to be used.

CLEAR

A common vision &
progressive learning:

• Bringing together individuals who share a common
vision, facilitated by the National DM collaborative
acting as a catalyst, ensured the availability of
essential resources at the opportune moment.
• Collaborative efforts across disciplines proved
indispensable in enhancing patient care and
outcomes, enabling prompt initiation of treatment,
reducing healthcare expenses, and enhancing staff
job satisfaction.
• Initially focusing on four dialysis centres, we
progressively incorporated additional PHIs to
expand the patient pool, accelerating our learning
curve. This expansion eventually encompassed all
36 dialysis centres.
• Through iterative rapid-scale testing, we swiftly
refined our THC restoration process, as
demonstrated by our PDSA cycles

The SGH-NKF journey
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Our Commitment & Journey Together

10 February 2023 - Senior Leadership with CLEAR team at Dr Ross
Wilson’s Project Consultation

18 Apr 2023 - National DM Collaborative Cluster Leadership Engagement -
CLEAR team with Dr Don Berwick & Dr Ross Wilson

14 Oct 2023 - CLEAR team at SGH
Department of Renal Medicine 50th
Anniversary Gala Dinner 

7 Nov 2023 - Core team having project
consultation with Brandon Bennett, IHI
improvement advisor


