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1. Glossary of Terms and Abbreviations 
AE  adverse event 
AF  atrial fibrillation 
AFACS atrial fibrillation after cardiac surgery, incorporating atrial fibrillation, atrial 

flutter and atrial tachycardia 
AV  atrioventricular 
BHF  British Heart Foundation 
CABG  coronary artery bypass graft 
CAG  Confidentiality Advisory Group 
CI  confidence interval 
CRF  case report form 
CTU  Clinical Trials Unit 
DSMC  Data Safety and Monitoring Committee 
ECG  electrocardiogram 
eCRF  electronic case report form 
EQ-5D-5L EuroQol EQ-5D 5-level questionnaire 
HRA  Health Research Authority 
ICH-GCP International Council for Harmonisation Good Clinical Practice 
ICU  Intensive Care Unit 
IRAS  Integrated Research Application System 
ITT  Intention-to-treat 
IV  intravenous 
JRMO  Joint Research Management Office 
[K+]  potassium concentration 
LSHTM  London School of Hygiene & Tropical Medicine 
NHS  National Health Service 
NSAE  non-serious adverse event 
Participant An individual who takes part in a clinical trial 
PI  Principal Investigator 
PIS  Participant Information Sheet 
RCT  randomised clinical trial 
REC  Research Ethics Committee 
SAE  serious adverse event 
SOP  standard operating procedure 
TMG  Trial Management Group 
TSC  Trial Steering Committee 
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2. Signature Page 

2.1. Chief Investigator Agreement 

The clinical study as detailed within this research protocol (Version 2, 15/12/2020), or any 
subsequent amendments will be conducted in accordance with the current Research 
Governance Framework for Health & Social Care (2005), the World Medical Association 
Declaration of Helsinki (1996) and the current applicable regulatory requirements and any 
subsequent amendments of the appropriate regulations. 
 
Chief Investigator Name: Prof Ben O’Brien 
 
Chief Investigator Site: Barts Heart Centre 
 
 
Signature:        Date:  15/12/2020 
 
 

2.2. Statistician Agreement 

The clinical study as detailed within this research protocol (Version 2, 15/12/2020) or any 
subsequent amendments will be conducted in accordance with the current Research 
Governance Framework for Health & Social Care, the World Medical Association Declaration 
of Helsinki (1996), Principles of ICH E6-GCP, ICH E9 - Statistical principles for Clinical Trials, 
ICH E10 - Choice of Control Groups and the current applicable regulatory requirements and 
any subsequent amendments of the appropriate regulations. 
 
Statistician Name: Professor Elizabeth Allen 
 
Statistician Site: London School of Hygiene and Tropical Medicine 
 
 
Signature:            Date:  15/12/2020 
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3. Summary / Synopsis 

3.1. Protocol Summary 

Short Title Tight K Trial 

Design Multicentre, non-inferiority randomised clinical trial 

Sites 15-25 NHS Hospitals 

Aim To determine whether a strategy of maintaining serum 
potassium levels at ≥3.6 mEq/L is non-inferior to a strategy of 
usual treatment (≥4.5 mEq/L) on the occurrence of new onset 
atrial fibrillation after cardiac surgery (AFACS) post-surgery in 
patients undergoing isolated coronary artery bypass graft 
(CABG) surgery 

Primary outcome The presence of new onset AFACS until hour 120 after initial 
admission to ICU/post-operative care facility, discharge from 
hospital, or with occurrence of a site-reported episode of AFACS 
(whichever occurs first). 

Secondary outcomes  The number of patients experiencing at least one episode of 
AFACS or Holter-identified AF (irrespective of total duration).  

 Duration of Holter-identified AF. This will be the mean of the 
following; total time spent in AF divided by the time the 
monitor was attached. This will be identified on Holter 
monitors until hour 120 after initial admission to ICU/post-
operative care facility, discharge from hospital, or with 
occurrence of a site-reported episode of AFACS – whichever 
occurs first. 

 Median number of Holter-identified AF episodes experienced 
by patients until hour 120 after initial admission to ICU/post-
operative care facility, discharge from hospital, or with 
occurrence of a site-reported episode of AFACS – whichever 
occurs first. 

 Number of patients experiencing at least one episode of a 
non-AF arrhythmia, identified on Holter monitors until hour 
120 after initial admission to ICU/post-operative care facility, 
discharge from hospital, or with occurrence of a site-reported 
episode of AFACS – whichever occurs first. 

 In-patient mortality 

 6-month mortality 

 Critical care length of stay 

 Hospital length of stay 

 Costs relating to potassium therapy 

 Quality of life at 6 months 

Inclusion criteria 1. Scheduled to have isolated CABG surgery 
2. Patient in sinus rhythm 
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Exclusion criteria 1. Age less than 18 years 
2. Previous history of Atrial Fibrillation, Atrial Flutter and/or Atrial 

Tachyarrhythmia  
3. Pre-operative high-degree atrioventricular (AV) block (defined 

as Mobitz type 2 second degree AV block or complete heart 
block) 

4. Pre-operative serum [K+] greater than 5.5 mEq/L 
5. Current or previous use of medication for the purposes of 

cardiac rhythm management 
6. Dialysis-dependent end-stage renal failure 
7. Concurrent patient involvement in another clinical study 

assessing cardiac rhythm post-operative interventions 
8. Unable to provide informed consent 

Number of Participants 1684 participants, approx. 842 in each trial arm 

Trial arms Intervention: Serum potassium levels maintained at ≥3.6 mEq/L 
(‘Relaxed’) 
Control: Serum potassium levels maintained at ≥4.5 mEq/L 
(‘Tight’) 

Trial duration 4.5 years 
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3.2. Trial Flowchart 
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4. Introduction 

4.1. Background 

At least one in three patients is affected by atrial fibrillation after cardiac surgery (AFACS), 
with most episodes occurring in the first five post-operative days1-3. AF occurrence is 
associated with increased morbidity, short and long-term mortality3-6, intensive care unit 
(ICU) and hospital stay7, 8, and cost of care9. Persistence of these associations, after 
adjustment for potential confounding factors, suggests that they may be causal10. The 
incidence and prevalence of AFACS and its associated costs are expected to increase as the 
surgical population ages11. Extensive effort is undertaken to prevent AF after cardiac surgery 
from occurring, but clinical practice in this area is highly variable and the evidence base for 
most interventions is sparse12, 13. 

Potassium plays an important role in cardiac electrophysiology14. Serum potassium 
concentrations ([K+]) are commonly low following cardiac surgery15, and appear marginally 
lower in those suffering atrial arrhythmias in non-surgical cohorts16. Despite an absence of 
proof that this association is causal, efforts to maintain serum [K+] in the ‘high-normal’ 
range (≥4.5 mEq/L), as opposed to just intervening if potassium drops below its lower 
‘normal’ threshold (<3.6 mEq/L), are considered ‘routine practice’ for AF prevention in post-
surgical patients in many centres across the world17. From the (unpublished) data from our 
British Heart Foundation (BHF) funded Tight-K Feasibility Study, all 160 patients would have 
required at least one dose of potassium to supplement their levels to this high-normal range 
and 45.5% of all serum [K+] measurements were below 4.5mEq/L at some point. Data from 
the same pilot study show a median number of potassium doses given in the ‘tight’ group 
(high-normal serum potassium target) of seven, compared to a median of one, with most 
patients not receiving any potassium supplementation at all, in the ‘relaxed’ group. We did, 
for the first time ever, show that the practice does achieve a separation in serum potassium 
levels between the two groups, so the protocol is indeed effective in achieving higher serum 
potassium levels. 

The efficacy of the practice of maintaining high-normal serum potassium levels for the 
prevention of AFACS, however, remains unproven and data supporting it are extremely 
limited, being derived from observational studies rather than randomised trials17. Indeed, 
no data exist to demonstrate that maintaining a high-normal potassium level is beneficial in 
these circumstances, or that aggressive replenishment of potassium in these patients 
improves outcome18. 

Meanwhile, potassium supplementation may cause discomfort or harm. Routine central 
venous potassium administration in the early post-operative period, when oral 
supplementation is not possible, is time-consuming, costly and associated with clinical risk: 
rapid infusion can prove fatal19, and leaving central venous catheters in situ for the sole 
purpose of potassium replacement increases infection risk20. Oral replacement (when 
feasible) is commonly associated with profound nausea and gastrointestinal side effects, 
and is very poorly tolerated by patients21, 22. The annual costs of intravenous potassium 
exceed those for other drugs in many cardiac surgical units due to the large quantities 
administered23. Nursing time (e.g. for drug checks and administration) will add to this cost. 
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4.2. Feasibility study results 

We recruited 160 patients between 28 August 2017 and 24 April 2018. The average 
recruitment rate was thus 20 patients per month over two sites. Of 601 screened patients, 
24% were recruited, 48% were eligible but not recruited and 27% were ineligible. 
Randomisation was acceptable and was successful in all recruited patients. Provisional data 
on the need for potassium administration showed that in the relaxed arm, 19 out of 79 
patients (24.1%) had at least one measurement below 3.6mEq/L and therefore required 
potassium supplementation. In the tight arm, 80 out of 81 patients (98.8%) with potassium 
data had at least one measurement below 4.5mEq/L and required potassium. Data available 
on potassium protocol violations across both the Tight and Relaxed Groups demonstrated a 
rate of 9.8% (283/2886), defined as a serum potassium measurement that either resulted in 
(1) supplementation being administered when it should have been withheld or (2) 
supplementation being withheld when it should have been administered.   

The follow-up rate was 91.3% at 28 days post-surgery. Twelve patients (7.5%) were not 
followed up post-discharge and 2 patients (1.3%) died prior to 28 days post-surgery. 

4.3. Rationale for the trial 

The routine maintenance of serum [K+] ≥4.5 mEq/L is of unproven efficacy, may be 
unpleasant or hazardous for patients, and is costly. We shall address this issue, performing 
the first appropriately powered non-inferiority multicentre randomised trial of a strategy of 
'relaxed' potassium supplementation versus a strategy of 'tight' potassium supplementation, 
which is defined as standard of care. The findings will have important consequences for 
patients and clinicians, regardless of whether or not potassium supplementation is found to 
be non-inferior for the prevention of AF after cardiac surgery. A survey of practice patterns 
in Europe and North America suggests that there is genuine equipoise, with 67% of 
caregivers practising in Europe reporting that their institution has a protocol for maintaining 
high-normal serum potassium levels after cardiac surgery12, 13. So one in three do not. 

The Tight K Trial will set out to test the hypothesis that AFACS will be no more common 
after coronary artery bypass graft (CABG) surgery when serum potassium levels are 
maintained ≥3.6 mEq/L as when they are maintained ≥4.5 mEq/L. 

5. Aim and Objectives 

5.1. Aim 

The aim of the Tight K Trial is to determine whether a strategy of maintaining serum 
potassium levels at ≥3.6 mEq/L is non-inferior to a strategy maintaining levels ≥4.5 mEq/L on 
the occurrence of new onset AFACS post-surgery in patients undergoing CABG surgery. 

5.2. Hypothesis 

New onset AFACS will be no more common after CABG surgery as when serum potassium 
levels are maintained ≥3.6 mEq/L than when they are maintained ≥4.5 mEq/L. 
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5.3. Objectives 

5.3.1. Primary objective 

 Assess whether new onset AFACS is as prevalent in the first 120 hours after isolated 
CABG surgery, when a strategy of serum [K+]  maintenance of ≥4.5 mEq/L, as with a 
strategy of serum [K+] maintenance of ≥3.6 mEq/L. 

5.3.2. Secondary objectives 

 Estimate the AFACS burden on recovering CABG surgery patients 
 Estimate the cost of delivering potassium interventions 

6. Trial setting and design 

6.1. Setting 

6.1.1. Site requirements 

 Perform CABG surgeries on site 

 Compliance with all responsibilities as stated in the Tight K Model Agreement for Non-
Commercial Research 

 Compliance with all requirements of the trial protocol, including the trial treatment and 
follow-up schedules 

 Compliance with the Research Governance Framework for Health and Social Care and 
International Council for Harmonisation Guidelines on Good Clinical Practice  
(ICH-GCP) 

6.1.2. Site and PI responsibilities 

 Identify at least one local Principal Investigator (PI) 

 Ensure agreement is obtained to incorporate the Tight K Trial into routine post-surgical 
and critical care clinical practice across multiple disciplines and relevant post-operative 
ward environments 

 Adherence with the most recent approved version of the trial protocol 

 Ensure training of relevant site staff in accordance with the trial protocol and ICH-GCP 
requirements 

 Establish workflows to randomise a high proportion of eligible patients  and maintain a 
screening log Agree to adhere to individual patient randomisation allocations 

 Agree to timely data collection, entry and validation 

 Agree to prompt notification of all adverse events 

6.1.3. Site initiation and activation 

The following must be in place before a site can be activated for recruitment: 

 Completed site initiation visit 

 All relevant institutional approvals (e.g. local confirmation of capacity and capability) 

 Fully signed Tight K Model Agreement for Non-Commercial Research 

 Completed Delegation Log and Training Logs 
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Once the London School of Hygiene & Tropical Medicine (LSHTM) Clinical Trials Unit (CTU) 
have confirmed that all necessary documentation is in place, a site activation email will be 
issued to the PI, at which point, the site may start to screen for eligible patients. 

All local staff (i.e. PIs, local investigators, research teams) involved in the conduct of the trial 
must be listed and signed off on the Delegation Log, once trained to carry out their 
delegated duties. The Delegation Log should be copied and sent to the Tight K Trial Team at 
the LSHTM CTU whenever changes are made 

6.2. Trial design 

The Tight K Trial is a pragmatic, multicentre, non-inferiority randomised clinical trial (RCT). 

6.3. Outcome definitions 

6.3.1. Definition of AFACS 

AFACS will be defined as an episode of atrial fibrillation, flutter or tachyarrhythmia lasting ≥ 
30 seconds that is both clinically detected and electrocardiographically confirmed (on either 
electrocardiogram (ECG), telemetry or Holter monitoring24). A copy of the ECG, and/or 
rhythm strip/telemetry printout should be stored locally for future verification if required. 
Episodes lasting <30 seconds will not be counted for the purposes of the primary endpoint. 

Local guidelines will be used to diagnose any of the three contributing atrial dysrhythmias.  

ECG criteria for Atrial fibrillation are24: 

1. Absolutely irregular RR intervals in the absence of complete AV block 
2. No distinct P waves on the surface ECG 
3. An atrial cycle length (when visible) that is usually variable and less than 200ms. 

Atrial flutter refers classically to a pattern of regular tachycardia with atrial rate  240 beats 
per minute lacking an isoelectric baseline between deflections. A characteristic ECG 
‘sawtooth’ pattern may be present in leads II, III and/or aVF, but is not seen in all.  
Continuous undulation of the atrial complex without a sawtooth appearance can sometimes 
be identified.  
Atrial tachycardias are regular atrial rhythms with a sudden onset / offset at a constant 

atrial rate  100 beats per minute, with an isoelectric baseline between deflections. The P-
wave morphology is different to that of sinus rhythm and the ventricular rate is usually 
regular.  
It can be challenging to discriminate between atrial flutter and atrial tachyarrhythmias on 
electrocardiographic grounds alone. For the purposes of this study, they will thus be 
categorised together. 

6.3.2. Definition of Holter-Identified AF 

Holter-Identified AF will be defined as an episode of atrial fibrillation, flutter or 
tachyarrhythmia (as defined above) lasting ≥ 30 seconds that is detected on Holter 
monitoring24 but not reported by site as AFACS. Episodes lasting <30 seconds will not be 
counted for the purposes of the secondary endpoints. 
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6.3.3. Definition of non-AF arrythmias 

Non-AF arrhythmias are defined as; 
1. Non-AF supraventricular arrhythmia of ≥ 30 seconds 
2. Ventricular tachycardia/fibrillation (defined as more than 3 beats at ≥ 100bpm) 
3. Mobitz type 2 block (any duration) 
4. Complete heart block (any duration) 
5. Other ventricular pause ≥ 3 seconds 

6.4. Primary outcome 

The presence of new onset AFACS until hour 120 after initial admission to ICU/post-
operative care facility, discharge from hospital, or with occurrence of a site-reported 
episode of AFACS (whichever occurs first). 

6.4.1. Adjudication of primary outcome 

Episodes of clinically detected AFACS will first be matched to Holter monitor data, provided 
by the core lab, to confirm diagnosis. If Holter data does not support the diagnosis of AFACS, 
is unavailable or cannot be used, the ECG, and/or rhythm strip/telemetry printout will be 
requested from the site and will be reviewed by an independent event validation committee 
(EVC) who are blinded to treatment allocation. 
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6.4.1.1. Primary outcome adjudication outcomes 

 If site-reported AFACS is confirmed by Holter monitor data or by ECG the episode will 
be recorded as Confirmed AFACS. 

 If site-reported AFACS is not supported by either Holter data or ECG the episode will be 
recorded as No AFACS.  

 If AFACS is reported by site, but Holter monitor data or ECG is not available to confirm 
the diagnosis, this will be recorded as Probable AFACS.  

Episodes adjudicated as either Confirmed AFACS or Probable AFACS will be included in the 
primary endpoint. Episodes adjudicated as No AFACS will not be included in the primary 
endpoint. 

6.5. Secondary outcomes 

 The number of patients experiencing at least one episode of AFACS or Holter-identified 
AF (irrespective of total duration).  

 Duration of Holter-identified AF. This will be the mean of the following; total time spent in 
AF divided by the time the monitor was attached. This will be identified on Holter monitors 
until hour 120 after initial admission to ICU/post-operative care facility, discharge from 
hospital, or with occurrence of a site-reported episode of AFACS – whichever occurs first. 

 Median number of Holter-identified AF episodes experienced by patients until hour 120 
after initial admission to ICU/post-operative care facility, discharge from hospital, or with 
occurrence of a site-reported episode of AFACS – whichever occurs first. 

 Number of patients experiencing at least one episode of a non-AF arrhythmia, identified on 
Holter monitors until hour 120 after initial admission to ICU/post-operative care facility, 
discharge from hospital, or with occurrence of a site-reported episode of AFACS – 
whichever occurs first. 

 In-patient mortality 

 6-month mortality 

 Critical care length of stay 

 Hospital length of stay 

 Costs relating to purchasing and administering potassium therapy 

 Quality of life at 6 months 
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7. Selection and withdrawal of participants 

7.1. Inclusion criteria 

1. Scheduled to have isolated CABG surgery 
2. Patient in sinus rhythm 

7.2. Exclusion criteria 

1. Age less than 18 years 
2. Previous history of Atrial Fibrillation, Atrial Flutter and/or Atrial Tachyarrhythmia  
3. Pre-operative high-degree atrioventricular (AV) block (defined as Mobitz type 2 second 

degree AV block or complete heart block) 
4. Pre-operative serum [K+] greater than 5.5 mEq/L 
5. Current or previous use of medication for the purposes of cardiac rhythm management 
6. Dialysis-dependent end-stage renal failure 
7. Concurrent patient involvement in another clinical study assessing cardiac rhythm post-

operative interventions 
8. Unable to provide informed consent 

7.3. Co-enrolment 

Co-enrolment with observational studies is permitted in Tight K.  

Co-enrolment is prohibited in trials assessing cardiac rhythm post-operative interventions. 

Co-enrolment with other interventional trials will be assessed by the Trial Management 
Group (TMG) on a case-by-case basis, with input from the Trial Steering Committee (TSC) 
where necessary.  

7.4. Withdrawal of participants 

7.4.1. Criteria for withdrawal from the trial 

A participant may decide to withdraw from the trial at any time without prejudice to their 
future care. 

7.4.2. Withdrawing from the trial treatment 

Participants who withdraw from the trial treatment will be treated according to standard 
clinical care. They will remain in the trial and will continue to be followed up by the research 
team unless otherwise indicated by the participant. 

7.4.3. Withdrawing from trial and/or follow-up 

Participants may decide to withdraw from any further contact by the research team. In this 
case data will be collected remotely, unless otherwise indicated by the participant.  

7.4.4. Withdrawing from the trial 

Participants who withdraw from the trial while in hospital will be treated according to 
standard clinical care. Participants who withdraw from the trial after discharge from hospital 
will be followed up as per standard clinical care by local clinical team. Participants will be 
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encouraged to allow data that have been collected before withdrawal to be used in the 
analyses. However, if consent to use already collected data is also withdrawn, then these 
data will be discarded. There will be no further follow-up from the research team. 

7.4.5. Reporting withdrawal 

The LSHTM CTU should be informed by email if a participant has withdrawn from the trial, 
from trial treatment or from follow-up. Once informed the Tight K CTU will complete a 
withdrawal form on the trial electronic case report form (eCRF). 

8. Trial procedures 

8.1. Screening 

Staff at the participating sites will identify patients who are scheduled to have a CABG 
procedure from hospital waiting lists. If patients are scheduled to have an isolated CABG 
procedure, then their notes will be reviewed to confirm that they are eligible to participate. 
Research staff will approach patients at their scheduled pre-assessment appointment or 
prior to their scheduled hospital appointment via post, telephone or email to discuss the 
study. 

8.1.1. Screening log 

Sites will complete a screening log for all patients screened for the trial. This will include 
patients who are randomised, who met one or more of the exclusion criteria and who were 
eligible but not randomised. 

Anonymised screening information will be sent monthly to the LSHTM CTU, a template 
screening outcome log will be provided to each site. 

8.2. Informed consent procedure 

Patients will be given a copy of the patient information sheet (PIS). The PI or another 
delegated member of the direct care team, or research team if that is not practicable, will 
approach the patient and the patient will be given the opportunity to discuss the trial and 
have any queries answered. Written consent to participation in the trial will be obtained on 
a consent form. A baseline health questionnaire, the EuroQol EQ-5D 5-level questionnaire 
(EQ-5D-5L), will be completed by the patient at this time. 

One environment where recruitment may commonly occur will be the pre-operative 
hospital appointment prior to the planned surgery date. At this appointment, the PI or 
another delegated member of the research team will discuss the study further and answer 
any questions the patient may have. The research team should ensure that that the PIs or 
another delegated member of the direct care team, or research team, is available to the 
patient prior to the pre-operative assessment if consent / recruitment is going to occur at 
that meeting. 

Patients attending for surgery who have been transferred from another hospital may not 
have a pre-assessment appointment before they arrive at the hospital. They should be given 
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a copy of the PIS to read as soon after arrival as possible before discussing the study in 
greater detail with the research team. 

It is recommended that patients are allowed 24 hours to consider whether or not to take 
part in the study. 

8.3. Randomisation 

Patients who have consented to take part will be allocated using an online randomisation 
system to receive either ‘tight’ or ‘relaxed’ potassium control. Where possible, 
randomisation should occur on the day of the CABG surgery, prior to surgery. 

Treatment allocation will be random and in a 1:1 ratio between the two groups. The 
randomisation allocation sequence will be computer generated using randomly permuted 
blocks of varying size and stratified by participating site. 

8.3.1. Intervention arm 

Those randomised to the 'Relaxed' Group will receive K+ supplementation only if their serum 
[K+] drops below 3.6mEq/L. 

8.3.2. Control arm 

Patients randomised to the 'Tight' group will receive K+ supplementation only if their serum 
[K+] falls below 4.5 mEq/L (current practice). 

8.3.3. Blinding 

Blinding patients and clinical staff to the treatment allocation is not possible. The analysis of 
Holter monitor data will be carried out blind to the treatment allocation. 

8.4. CABG postponement or cancellation post-randomisation 

8.4.1. CABG rescheduled within 6 months of randomisation 

If the CABG is likely to be rescheduled the participant will remain in the trial, awaiting the 
new date. The randomised allocation received on the original date of surgery should be 
carried out on the new date of CABG, the allocation can be verified using either the 
randomisation system or by checking with the Tight K CTU. Participants must not be 
randomised again.  

Consent must not be assumed to carry over after any delay to surgery, the participant 
should be asked if they give ongoing informed consent to continue in the trial. A new 
consent form does not need to be completed. 

If the delay exceeds 4 weeks the baseline data should be reconfirmed or updated at the 
point of the new surgery date. 

Follow-up should occur 6 months after the new date of surgery. 

8.4.2. No CABG rescheduled within 6 months of randomisation 

The participant will remain in the trial as part of the intention to treat (ITT) analysis.  
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If CABG has not been rescheduled by 6 months from the date of randomisation the patient 
should be followed up at that point. 

If CABG is rescheduled after the 6 month follow-up has taken place the patient should be re-
screened for eligibility, and if found to be eligible for the trial may be re-consented and re-
randomised as a new patient.  

8.5. Trial treatment 

The trial treatment will start when participants are admitted to the ICU or another post-
operative care facility after their surgery. Patients for whom surgery took place, but who did 
not undergo an isolated CABG, will not be given the trial treatment and minimal data will be 
collected up to discharge.  

The participant will undergo regular blood investigations, as per current practice. The 
frequency of [K+] monitoring will be according to local protocols, clinician/nursing staff 
preference and clinical need. All other treatments will be given according to standard clinical 
care and clinician’s preference. 

The administration route used for all potassium replacement will be prescribed according to 
clinician preference and given according to existing standardised protocols. This may include 
intravenous (IV) or oral potassium formulation, administration of potassium-rich nasogastric 
feeding regimens, recommending the consumption of potassium-rich foods or avoidance of 
potassium losing drugs. 

The use of IV magnesium, beta-blockers and anti-dysrhythmic agents will be as per current 
practice in both groups. 

The trial treatment period will end 120 hours (5 days) after initial admission to ICU/post-
operative care facility, discharge from hospital, or with occurrence of a site-reported 
episode of AFACS – whichever occurs first. 

8.5.1. Patients with AFACS 

Once a participant has a site-reported period of AFACS, there will be no restriction on 
potassium supplementation and the participant should be treated according to current 
practice. Data collection will continue until the end of the 120 hours or discharge from 
hospital.  

8.6. Holter monitoring 

In addition to the usual care, participants will also be asked to wear an external heart 
rhythm monitor for up to 120 hours (5 days) following their CABG surgery. This will monitor 
their heart rhythm for any irregular heart rhythms conditions, such as AF. The Holter 
monitor will be applied just before the patient arrives on the intensive care unit, or as soon 
as possible after their arrival. Time and date of monitor application to the patient must be 
documented in the diary card included in the monitor packaging.  
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8.6.1. Holter monitoring after AFACS 

In the event of an episode of site-reported AFACS, Holter monitoring will continue until the 
end of the 120 hours or discharge from hospital. However, if the Holter monitor is removed 
after a site-reported period of AFACS, e.g. for cardioversion, it does not need to be replaced. 

8.6.2. Sending Holter monitor data to the core lab 

Holter monitors and the diary card will be posted, or their data uploaded, to the core 
laboratory group based at Wythenshawe Hospital, Manchester University NHS Foundation 
Trust. The monitor and diary card should be returned to the CoreLab as soon as possible 
after the end of the 120 hours intervention period. 

8.6.3. Holter core laboratory 

Holter monitor data will be reviewed by the core laboratory. Pseudonymised patient data 
will be analysed blinded to participant allocation, after the acute episode of care and will 
only be reviewed post-hoc.  

If the core lab analysis flags up any clinically significant dysrhythmia, then these will be fed 
back via the CTU to the participant’s site PI and copied to the site research team, as and 
when that information becomes available. It is important to note that in clinical practice, 
Holter monitor data are diagnostic, but not prognostic, and the way they are used here in 
the context of a research trial is no different. 

8.6.4. Unused Holter monitors 

The Holter monitors remain trial property. Any unused Holter monitors must be returned to 
the core lab once recruitment activity has ended at each site.  

8.7. Follow-up 

All participants will be followed up 6 months (+/- 1 month) after surgery, or 6 months after 
randomisation if surgery did not proceed. Follow-up will occur either in person, via a 
telephone call, email or post. An EQ-5D-5L questionnaire will be completed by the patient at 
this time. Participants will be asked to provide information about further episodes of AFACS 
and other heart rhythm problems, and stroke after their hospital discharge, if known. 

Participants will also be followed up remotely via NHS Digital or via Information Services 
Division for sites in Scotland for any hospitalisations for AFACS between discharge and 6 
months post-surgery. 

8.8. End of trial 

The end of the trial is defined as last participant, last follow-up. 
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9. Data collection 
Data collected for all participants will include collation of adverse events attributed to K+ 
replacement, including gastrointestinal symptoms from oral K+ replacement. Medication at 
hospital discharge will be collated, including whether anticoagulation is commenced for 
AFACS. Additional staff time for delivering the intervention will be recorded on site visits 
and will be informed by expert clinical view. 

Detailed information will be collected on the resource use associated with delivering each 
protocol, including the total number of replacement K+ interventions and the number of 
tests for monitoring potassium levels. 

9.1. Trial treatment period 

The trial treatment period commences when the participant is admitted to ICU or another 
post-operative care facility after their surgery. The participant’s inclusion into the trial and 
randomised allocation must be clear upon admission to ICU or another post-operative care 
facility. 
 

Period 1 (0–24 hours post-admission to ICU) 
Period 2 (24-48 hours post-admission to ICU) 
Period 3 (48-72 hours post-admission to ICU) 
Period 4 (72-96 hours post-admission to ICU) 
Period 5 (96-120 hours post-admission to ICU) 
Follow-up (6 months (+/- 1 month) post-CABG surgery) 

9.2. Trial Procedures Table 
 Before 

Surgery 
Day of 

Surgery 
ICU Stay  

(commences on admission to ICU) 
Discharge Follow-

up 

 Period 
1 

Period 
2 

Period 
3 

Period 
4 

Period 
5 

Review of 
eligibility 
criteria 

X         

Consent X         

Baseline X         

Randomisation  X        

Trial 
treatment 

  X X X X X   

Holter 
Monitoring 

  X X X X X   

Clinical events   X X X X X X X 

Safety 
monitoring 

  X X X X X X X 

EQ-5D-5L X        X 
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9.3. Trial procedures 

9.3.1. Before surgery 

 Consent 

 Quality of life questionnaire (EQ-5D-5L) 

9.3.2. Baseline 

 Age 

 Gender 

 Ethnic origin 

 Cardiac medication and indication (including beta-blockers, calcium channel blockers, 
ACE-inhibitors, Angiotensin II reception blocker, aldosterone antagonists, 
anticoagulation) 

 Medical history: family history of dysrhythmia, chronic obstructive pulmonary 
disease/lung disease, diabetes mellitus (and type), hypertension, myocardial infarction, 
chronic kidney disease, transient ischaemic attack or stroke / cerebrovascular accident 

 Imaging data: Left ventricular ejection fraction, left atrial size and mitral regurgitation 
or stenosis (defined as moderate or worse) 

 CHADSVASC score will be calculated 

9.3.3. Periods 1-5 

 Potassium blood readings (measured as per clinician preference and local pathways) 

 Potassium administration 

 Clinically significant pacing modes 

 Resternotomy 

 Duration of central venous lines left in situ 

 Clinical events, including:  
 AFACS and date/time of event  

 ECG and/or rhythm strip/telemetry printout stored in source 
documentation (in the event of AFACS) 

 Non-AF supraventricular tachycardia (equal or greater than 30 seconds) 
 Ventricular tachycardia/fibrillation (more than 3 beats at >100 bpm) 
 Mobitz type 2 block 
 Complete heart block 
 Other ventricular pause of greater than or equal to 3 seconds if not described 

above 

 Safety monitoring 

9.3.4. Discharge (from ICU and hospital) 

 ICU length of stay 

 Hospital length of stay 

 Medications 

 Clinical events, including:  
 AFACS (yes/no) 
 Non-AF supraventricular tachycardia (equal or greater than 30 seconds) 
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 Ventricular tachycardia/fibrillation (more than 3 beats at >100 bpm) 
 Mobitz type 2 block 
 Complete heart block 
 Other ventricular pause of greater than or equal to 3 seconds if not described 

above 

 Safety monitoring 

9.3.5. Follow-up 

 Quality of life questionnaire (EQ-5D-5L) 

 Clinical events, including:  
 AFACS and date/time of event  
 Non-AF supraventricular tachycardia (equal or greater than 30 seconds) 
 Ventricular tachycardia/fibrillation (more than 3 beats at >100 bpm) 
 Mobitz type 2 block 
 Complete heart block 
 Other ventricular pause of greater than or equal to 3 seconds if not described 

above 

 Safety monitoring 

9.4. Compliance and loss to follow-up 

9.4.1. Loss to follow-up 

The majority of participants remain in hospital for 5 days after their CABG surgery, so loss to 
follow up over that period is unlikely. 

The participants will subsequently be followed up at 6 months following CABG surgery. 
Participants will be given an ID card to remind them they are taking part in the study and to 
optimise event reporting during follow-up to the trial team. 

9.4.2. Compliance 

Given that a large number of different health providers care for post-operative patients in 
different hospital locations, it is conceivable that protocol violations will occur. These 
violations may either result from a patient from the ‘Relaxed’ group being treated as if they 
are in the ‘Tight’ Group, or vice versa. 

Patients, as they are not blinded, can play a role in reminding staff which to group they have 
been allocated. Patients will wear colour coded wristbands to help staff to identify which 
group they have been allocated to. The trial is not blinded to caregivers on the ICU/surgical 
ward so there is always a risk of concomitant treatment bias, but training will be put in place 
to minimise this.  

It is critical for the success of the trial that junior doctors and nursing staff in all the post-
operative areas where patients may spend time are informed about the trial’s goals and 
protocols. It is more likely that protocol violations will occur once the patient leaves the ICU 
and arrives on the post-operative step down ward. These wards have lower staff-to-patient 
ratios and a higher turnover of staff members.  Data will be reviewed for each site’s first 5 
patients and then every 3 months on a rolling basis. If there is an issue with one of the 
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patients from the sites first 5 recruited, that site will be monitored more closely, and the 
next 5 patients recruited will also be reviewed. 

9.4.3. Data Handling and Record Keeping 

Data will be entered onto an online database and stored securely on Rackspace servers; 
http://www.rackspace.co.uk and managed by Sealed EnvelopeTM. Data will be kept for 20 
years following completion of the trial. 

Pseudonymised patient data will be stored on non-networked PCs at the Core Lab at 
Wythenshawe Hospital, Manchester University NHS Foundation Trust, with regular external 
code-locked USBs (with or without secure cloud back-up). 

The data controller for the trial is the Chief Investigator (Barts Health NHS Trust are the data 
controller’s organisation) and the data processors are LSHTM and Wythenshawe Hospital. 

Patient data will be kept confidential and managed in accordance with the Data Protection 
Act (2018), NHS Caldecott principles, the Research Governance Framework for Health and 
Social Care, and the conditions of Research Ethics Committee Approval. 

10. Monitoring and Audits 
The conduct of the trial will be supervised by trained staff from the LSHTM CTU. The trial 
will be monitored on a regular basis using central statistical monitoring. Full details will be 
available in the monitoring standard operating procedure (SOP) and the trial will be 
monitored according to this agreed plan. 

Local investigators shall ensure that all trial data are available for trial-related monitoring, 
and sponsor and regulatory authority audits. The sponsor also holds the right to monitor or 
audit the study. 

11. Safety monitoring 

11.1. Definition 

Safety reporting for each patient should commence from time of randomisation to 
completion of follow-up at 6 months after the CABG surgery. For any participants who do 
not have CABG surgery safety reporting will commence at randomisation and complete 6 
months after the randomisation date.  

Expected events are defined as any of the outcomes (see Section 6.2.1, 6.2.2) or expected 
complications of potassium supplementation, CABG surgery or usual clinical care (see 
Section 11.2). These events may or may not require hospitalisation or prolongation of 
existing hospitalisation. These events will be recorded in the eCRF, but do not need to be 
separately reported. 

Unexpected events are defined as all other events and should be reported as either a 
serious adverse event (SAE) or non-serious adverse event (NSAE), depending on their 
severity. 

http://www.rackspace.co.uk/
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11.2. Expected adverse events 

 Skin irritation from ECG electrodes 

 Hyperkalaemia ([K+] ≥5.5 mEq/L) 

 Line site complications (phlebitis, infection etc.) 

 Nausea 

 Constipation* 

 Vomiting* 

 Myocardial infarction* 

 Stroke 

 Renal failure requiring dialysis* 

 Renal impairment not requiring dialysis* 

 Wound infection (sternum or donor site)* 

 Return to theatre for bleeding* 

 Prolonged mechanical support 

 Post-op delirium 

 Non-cardiac chest pain* 

 Heart failure* 

 Pleural effusion* 

 Chest drain insertion* 

 Pericardial effusion* 

 Chest infection (pneumonia)* 

 Lung atelectasis* 

 Pneumothorax* 

 Shortness of breath caused by any expected AEs marked above with an asterisk(*) 

 Blood transfusion 

 Pericarditis 

 Ulnar nerve paraesthesia 

 Heart block requiring pacemaker 

 Urinary tract infection 

 Suprapubic catheter 

 Urinary retention 

 Intra-aortic balloon pump insertion 

11.3. Unexpected Serious Adverse Events 

Any untoward medical occurrence/effect that: 
1. Results in death 
2. Is life-threatening* 
3. Requires hospitalisation or prolongation of existing hospitalisation 
4. Results in persistent or significant disability or incapacity 
5. Consists of a congenital anomaly or birth defect 
6. Is otherwise considered medically significant by the investigator 

*Life-threatening, in the definition of a SAE, refers to an event in which the patient was at 
risk of death at the time of event. It does not refer to an event that hypothetically might 
have caused death if it were more severe. 
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Unexpected SAEs should be reported to the CTU within 7 days of the site becoming aware of 
the event. The report should include an assessment of seriousness and causality (see 
Section 11.5.2) by the Principal Investigator, or a member of staff delegated this task, at 
each site. 

The Chief Investigator will be responsible for the prompt notification of findings that could 
adversely affect the health of patients or impact on the conduct of the trial. Notification of 
confirmed unexpected and related SAEs will be to the Sponsor, the Research Ethics 
Committee (REC) and the Data and Safety Monitoring Committee (DSMC). 

11.4. Unexpected Non-Serious Adverse Events 

Unexpected NSAEs should be evaluated by the PI or a member of staff delegated this task. 
This should include an assessment of causality (see Section 11.5.2) and intensity (see Section 
11.5.1) and reports made within 14 days of the site becoming aware of the event. The CTU 
will keep detailed records of all unexpected adverse events reported. Reports will be 
reviewed by the Chief Investigator to consider intensity, causality and expectedness. As 
appropriate, these will be reported to the Sponsor, the DSMC and the REC. 

11.5. Reporting unexpected adverse events 

Investigators will make their reports of all unexpected adverse events, whether serious or 
not, to the CTU at LSHTM. 

11.5.1. Assessment of intensity 

Mild: The patient is aware of the event or symptom, but the event or symptom is easily 
tolerated. 
Moderate: The patient experiences sufficient discomfort to interfere with or reduce his or 
her usual level of activity. 
Severe: Significant impairment of functioning; the patient is unable to carry out usual 
activities and/or the patient’s life is at risk from the event. 

11.5.2. Assessment of causality 

Probable: A causal relationship is clinically / biologically highly plausible and there is a 
plausible time sequence between onset of the adverse event and being on the trial. 
Possible: A causal relationship is clinically / biologically plausible and there is a plausible 
time sequence between onset of the adverse event and being on the trial. 
Unlikely: A causal relationship is improbable and another documented cause of the adverse 
event is most plausible. 
Unrelated: A causal relationship can definitely be excluded and another documented cause 
of the adverse event is most plausible. 

11.6. Urgent Safety Measures 

The Chief Investigator may take urgent safety measures to ensure the safety and protection 
of the clinical trial patients from any immediate hazard to their health and safety. The 
measures should be taken immediately. In this instance, the approval of the REC prior to 
implementing these safety measures is not required. However, it is the responsibility of the 
Chief Investigator to inform the Sponsor and REC (via telephone) of this event immediately. 
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The Chief Investigator has an obligation to inform the REC in writing within 3 days, in the 
form of a substantial amendment. The Sponsor (Joint Research Management Office [JRMO]) 
must be sent a copy of the correspondence. 

11.7. Annual Safety Reporting 

The Chief Investigator will send an Annual Progress Report to the main REC using their 
template (the anniversary date is the date on the REC “favourable opinion” letter from the 
REC) and to the Sponsor. 

11.8. Overview of the Safety Reporting responsibilities 

The Chief Investigator has the overall safety oversight responsibility. The Chief Investigator 
has a duty to ensure that safety monitoring and reporting is conducted in accordance with 
the Sponsor’s requirements. 

12. Statistical Considerations 

12.1. Power calculations and sample size determination 

1684 participants are to be recruited from 15-25 centres allocated in a ratio of 1:1. 

The sample-size calculation is based on a prevalence of new onset AF in the tight potassium 
control arm of 35%, which is at the lower end of the published figures and supported by our 
pilot data that showed an overall prevalence of 36.8% (95% confidence interval [CI] 29.1 to 
44.9). 

The co-applicants (from diverse backgrounds in cardiothoracic surgery, cardiothoracic 
intensive care, cardiology and clinical trial management) reached consensus that a clinically 
relevant non-inferiority margin is 10%. If there is a true difference in favour of tight 
potassium control of 2%, then 1514 participants are required to be 90% certain that the 
upper limit of a one-sided 97.5% CI (or equivalently a 95% two-sided CI) will exclude a 
difference in favour of tight potassium control of more than 10%. Allowing for a 10% loss to 
follow-up means we need to recruit 1684 participants. 

12.2. Trial statistician 

The trial statistician is Professor Elizabeth Allen. Statistical analysis will be coordinated from 
the CTU at LSHTM.  

12.3. Statistical analysis 

Statistical analysis of outcomes will be carried out blind to treatment allocation. 

12.3.1. Summary of baseline data and flow of participants 

Baseline characteristics of enrolled participants will be summarised by treatment arm. 
Descriptive statistics for continuous variables will include mean, standard deviation, median, 
range and number of observations. Categorical variables will be summarised as counts and 
proportions. Screening, enrolment, reasons for non-enrolment, randomisation and loss to 
follow-up will be detailed in a CONSORT flowchart. 
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12.3.2. Primary and secondary outcome analyses 

The primary and secondary efficacy outcome analysis will be carried out using a modified 
intention-to-treat (mITT) population which excludes patients who did not undergo isolated 
CABG. An analysis on a per-protocol population will also be carried out. Definition of the 
per-protocol analysis will be determined before database lock. 

Analysis will follow a pre-specified analysis plan approved by the senior statistician, Chief 
Investigator and the DSMB prior to unblinding the study database. Every effort will be made 
to obtain outcome measures on all participants.. No significance tests will be performed to 
test for differences at baseline.. The primary analysis will be an unadjusted analysis.  

For the primary outcome the prevalence of new onset AF hour 120 after surgery or 
discharge from hospital we will use a one-sided 97.5 confidence interval approach to test for 
non-inferiority between the two treatments.  

The one-sided 97.5% CI for the between group difference point estimate will be calculated. 
Non-inferiority of the relaxed arm will be accepted if the upper bound of the 97.5% CI lies 
within the pre-specified non-inferiority margin of 10% 

The same approach will be used for the secondary outcomes; inpatient and six-month 
mortality after enrolment (secondary outcomes).  

For all other secondary outcomes, we will use linear regression to test for non-inferiority 
between the two arms of the trial. Effect sizes between treatment conditions will be 
calculated and following convention (Cohen 1988) statistically significant effect sizes <=0.2 
will be considered not relevant and for this study a non-inferior difference between 
conditions.  

An adjusted analysis will be carried out, adjusted for the stratification factor site with any 
other adjustment factors pre-specified in the Statistical analysis plan. Additional exploratory 
analyses will control for any baseline measures that appear to be imbalanced between 
arms. All subgroup analyses will be specified a priori in the Statistical Analysis Plan and 
carried out using formal tests for interaction included in the statistical models and assessed 
for statistical significance using Likelihood ratio tests. 
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13. Ethics 

13.1. Declaration of Helsinki and Good Clinical Practice 

The study will conform to the spirit and the letter of the Declaration of Helsinki, and in 
accordance with Barts Health and ICH-GCP. The study will be carried out in accordance with 
the ethical principles in the Research Governance Framework for Health and Social Care, 
Second Edition, 2005 and its subsequent amendments as applicable and applicable legal and 
regulatory requirements. 

13.2. Ethical committee review 

Health Research Authority (HRA) Research Ethics Committee London – Queen’s Square have 
reviewed and approved the trial. The REC number is 19/LO/1064.  Each centre will retain a 
copy of the approval letter in the trial site file. 

13.3. Confidentiality Advisory Group 

Permission has been granted by the Confidentiality Advisory Group (CAG) to allow hospital 
notes to be screened for eligibility by delegated members of the research team without 
needing written consent, and for staff to contact patients prior to a clinic appointment to 
inform them about the trial. The CAG reference number is 19/CAG/0146. 

14. Management and oversight 

14.1. Trial Management Group (TMG) 

Prof Ben O’Brien (St Bartholomew’s Hospital) 
Prof Julie Sanders (St Bartholomew’s Hospital) 
Mr Neil Roberts (St Bartholomew’s Hospital) 
Dr Niall Campbell (Wythenshawe Hospital) 
Prof Hugh Montgomery (University College London) 
Ms Trudie Lobban (Arrhythmia Alliance) 
Prof Diana Elbourne (LSHTM) 
Prof Elizabeth Allen (LSHTM) 
Dr Zia Sadique (LSHTM) 
Ms Laura Van Dyck (LSHTM) 
Ms Kimberley Potter (LSHTM) 
Mr Richard Evans (LSHTM) 
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14.2. Trial Steering Committee (TSC) 

Dr Rob Henderson (Trent Cardiac Centre) – Chair 
Mr Jatin Desai (King’s College Hospital, retired) – Independent 
Dr Matthew Lovell (Royal Devon and Exeter Hospital) – Independent 
Dr Kurt Rützler (Cleveland Clinic, USA) – Independent 
Mr Steve Stevenson (Patient representative) – Independent 
Mr Richard Duncker (Patient representative) – Independent 
Ms Beatrice Moloce (Royal Brompton Hospital) – Non-independent 
Dr Nick Barrett (St Thomas’ Hospital) – Non-independent 
Prof Ben O’Brien (St Bartholomew’s Hospital) – Chief Investigator 
Prof Diana Elbourne (LSHTM) – Co-investigator 

14.3. Data Safety and Monitoring Committee (DSMC) 

Dr Philip Jones (University of Western Ontario, Canada) – Chair 
Dr Ly-Mee Yu (University of Oxford) 
Prof Thomas Walther (University Hospital in Frankfurt (Main), Germany) 
 
Ms Joanna Sturgess (LSHTM) will be the statistician reporting to the DSMC. 

14.4. Event Validation Committee (EVC) 

Membership to be confirmed. 

15. Finance and Funding 
This trial is funded by the British Heart Foundation (BHF). 

16. Indemnity 

16.1. Sponsorship 

This trial is sponsored by Barts Health NHS Trust. 

16.2. Insurance 

All recruiting centres will be covered by NHS indemnity for negligent harm providing 
researchers hold a contract of employment with the NHS, including honorary contracts held 
by academic staff. Medical co-investigators will also be covered by their own medical 
defence insurance for non-negligent harm. 

17. Dissemination of Research Findings 
It is our intention to disseminate the results of the trial as widely as possible, including to 
the patients who participated. This is likely to be through a publication in a peer reviewed 
journal. Publications will follow the CONSORT guidelines25. Authorship will follow 
international guidelines. 
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