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1. Abstract
The enhanced recovery pathway for patients undergoing colorectal surgery already offers significant benefits to outcomes, mortality and length of stay. Oesophageal Doppler-guided goal-directed fluid optimisation is an established component of this pathway. The immediate post-operative recovery period offers a further area to optimise fluid balance and thus improve outcomes. 

We hypothesise that extending oesophageal Doppler monitoring and goal-directed fluid optimisation into the immediate overnight recovery period, will improve patient outcomes as evidenced by a valid widely used surrogate marker, length of stay. We will also examine its effect on patient oxygen delivery index (DO2i) during this postoperative period, as well as mortality and morbidity rates. Comparisons will be made with a randomised control group in a prospective single-centre study at a tertiary academic hospital. 
2. Introduction

The enhanced recovery pathway (ERP) for patients undergoing colorectal surgery is now an established standard of care in the United Kingdom and increasingly worldwide. There is established, high-level evidence demonstrating its improvement in length of stay, 30-day morbidity and mortality [1,2 – Gouvas et al, Walter et al]. 

Maintaining adequate fluid balance plays an important role in this pathway. Hypovolaemia and poor organ perfusion can pass undetected during major surgery [3 – Price et al], and is a major factor determining postoperative complications [4 – Wakeling et al]. Routinely measured cardiovascular variables are insensitive indicators of hypovolaemia with gut hypoperfusion developing in 63% of high risk patients undergoing surgery [5 – Mythen et al].  Patients having colorectal surgery are especially at risk as they are often elderly and have multiple co-morbidities compounded by bowel preparation and preoperative fasting.

Through a series of three trials, we aim to further examine the perioperative fluid optimisation techniques and outcomes for patients undergoing colorectal surgery on the Enhanced Recovery Pathway. By building on lessons already learnt, we hope to demonstrate good evidence for the adoption of further interventions to optimise fluid optimisation.

“Goal-directed peri-operative fluid balance” now has an accepted place in the management of patients undergoing colorectal surgery, with strong levels of experimental evidence demonstrating improved tissue oxygenation [6 – Jhanji et al] and improved patient outcomes [7, 8, 9 – Gan et al, Noblett et al, Pearse et al]. However, the best method and physiological targets to assess adequate intravascular filling in this context is yet to be determined [10 – Kehlet et al]. Currently, goal-directed fluid therapy guided by oesophageal Doppler (OD) monitoring has been shown to reduce complications rates, and subsequent length of hospital stay, with less gastrointestinal disturbance and less morbidity [11, 12 – Roche et al, Singer]. Further utilisation of OD may be possible with extension of OD-guided goal-directed fluid therapy into the immediate post-operative recovery period, with similar improvements in outcomes. 
Randomised controlled trials looking at post-operative oesophageal Doppler use cardiac and poly-trauma surgery patients demonstrated a lower complication rate and shorter length of stay in the OD groups [13,14 – McKendry et al, Chytra et al], however a recent NHS evidence review on oesophageal Doppler use in high-risk surgery reported that although there was potential benefit, insufficient evidence for its widespread use post-operatively currently existed. [15 – Mowatt et al]. Previously due to the rigidity of intra-operative OD probes, this could not be extended post-operatively without sedation. However, with the development of softer smaller probes, these can now be used in the post-operative setting with awake patients.

The group most likely to benefit from this extension would be higher risk surgical patients, currently identified for extended overnight critical care post-operative recovery with either ASA scores greater than 3 pre-operatively [16, 17 – Bowles et al, Harari et al], anaerobic threshold score of <11 ml/min/kg [18 – Older et al] or those undergoing major complex surgery.
3. Aims & Hypotheses

Extension of OD-guided goal-directed fluid optimisation into the immediate 16–hour post-operative period, in high risk colorectal ERP patients, achieves an oxygen delivery index ≥600ml/min/ m2 for the majority of the duration of this period, and subsequently improves patient outcomes.
4. Proposed Trial

Single-centre prospective single-blinded (assessor blinded to outcomes) randomised control study within an academic tertiary referral hospital setting.
Compare outcomes of high-risk colorectal ERP patients with 16 hour extended post-operative OD-guided DO2i-targetted goal-directed fluid optimisation versus a randomised control group
5. Research Population & Recruitment
Participants will be identified from the planned admissions list produced routinely by the Enhanced Recovery Pathway nurse specialist. 

Patients will be offered opportunity to participate in trials at routine pre-operative assessment prior to elective admission. The Enhanced Recovery specialist nurse will inform patients of the opportunity to enter the appropriate trial and patients will be given patient information sheets. Patients will be assessed for inclusion and exclusion criteria at this stage initially.
Inclusion Criteria
· Elective or semi-elective patients due to undergo colorectal surgery as part of Enhanced Recovery Protocol under the care of five paired consultant colorectal surgeons and anaesthetists at a tertiary academic hospital

· High-risk participants will be defined as having pre-operative ASA grade III and above OR
· Anaerobic threshold  (11 ml/min/kg OR undergoing major complex surgery (as per OPCS 4.5 classification - Office of Population, Censuses and Surveys Classification of Surgical Operations and Procedures) and planned for OIR by anaesthetist due to complexity of surgery necessitating planned Overnight Intensive Recovery
· Minimum post-operative Overnight Intensive Recovery admission of 16 hours to qualify for inclusion in study

Exclusion Criteria

· Patients under 18 years old

· Emergency operations

· Lack of capacity to consent

· Pregnancy

· All excluded patients from patient groups to be reported in results

· Contraindications to oesophageal Doppler probe

1. nasal injuries or polyps

2. severe oesophageal/laryngeal/pharyngeal disease

3. recent oesophageal/laryngeal/pharyngeal surgery

4. thoracic aortic aneurysm

5. severe bleeding diathesis

6. long-term systemic steroid therapy (relative)
7. portal hypertension
· Post-operative Overnight Intensive Recovery period <16 hours
Patients will be enrolled as a new subject if they satisfy the inclusion criteria and grant consent to participation. Each participant will be given a unique study number. If the same patient undergoes further surgery during the study period and once more satisfies the inclusion criteria and grants consent, they will be given a new unique study number for that hospital episode.
6. Consent

Informed written consent will be taken by a research fellow on day of surgery. All consultant anaesthetists and surgeon collaborators involved in the routine care of ERP patients will be familiar with the research protocol and may also consent the participant in the absence of the chief investigator. 
7. Randomisation & blinding

Randomisation
Participants will be randomised and allocated according to the sequentially numbered, sealed opaque envelope technique. Numbers will be generated by an online random integer generator (www.random.org/integers). Randomisation will be restricted to blocks of four, to reduce potential imbalance of smaller population study size, and stratified according to major and complex major procedures and also stratified according to anaerobic threshold, to accommodate for influential known prognostic factors. Participants will be enrolled on the day of surgery and allocation envelopes will be handed to anaesthetists on enrolment. 
Blinding
Study will be single-blinded to assessor. Anaesthetists and critical care nursing staff will be aware of allocation. It will not be possible to blind patients to group allocation. OD monitoring in the control group in the control group cannot be ignored on grounds of clinical safety, therefore, blinding might encourage unintentional crossover and distort results.

The chief investigator will be aware of allocation and therefore cannot be blinded from assessment. Co-investigators will assess coded outcome data and will not be aware of allocation. Potential revealing may occur as there may be more measurements from the intervention group.

8. Clinical Protocol
Standardisation of Variables

Participants in both groups will:

· follow standard pre-operative protocols as per ERP
· receive the standard intra-operative anaesthetic care according to ERP protocol, including intra-operative fluid balance monitoring and goal-directed therapy guided by CardioQ oesophageal Doppler (Deltex Medical, Chichester UK). I2P Doppler probes will be used which are suitable for use post-operatively as well with 24-hour durability. These will be placed nasally rather than orally to allow for post-operative use.
· admitted for a planned Overnight Intensive Recovery (OIR) critical care admission, during which they will receive one-to-one nursing and will be under the care of a dedicated critical care medical team.
· have an arterial line placed and maintained as part of their routine peri-operative care. This will be used for blood sampling during the study.

Initial Measurements

The following demographic data to be collected from all patients from clinical notes and standard ERP pre-operative assessment documentation transcribed in pre-existing ERP database:

· Age (years)

· Gender

· Body mass index (BMI)

· Pre-operative resting pulse (bpm)

· Pre-operative systolic blood pressure (mmHg)

· Pre-operative diastolic blood pressure (mmHg)

· Pre-operative Haemoglobin (g/dl)

· Neutrophil;Lymphocyte ratio

· Albumin (g/dl)

· Physiological POSSUM score

· Anaerobic threshold (mls/kg/min) – if known

· Smoking status
· Weight & height

· ASA score

The following operative data will be collected from all participants from clinical notes and standard ERP peri-operative documentation transcribed in pre-existing ERP database:

· Procedure (free text)

· Classification (complex major vs. major)

· Indication (cancer/IBD/other)

· Surgery duration (minutes)

· Estimated blood loss (litres)

· Primary anastamosis

· Stoma formation

· Intra-abdominal drain

· Operative POSSUM score

· Arterial Line

· Transfusion (units)

· Anaesthetic duration (minutes)

· Total fluid volume given (litres)

· Types of fluid given

· Start & end of surgery DO2i (ml/min/m2)
-  Start & end of surgery urine NGAL assay

-  Start & end of surgery serum NGAL assay

-  Start & end of surgery serum CRP

This information will be used to demonstrate comparability between intervention and control groups.
Intervention

Participants allocated to the intervention group of the trial will then have OD monitoring extended into the immediate 16-hour post-operative period:
1. At the end of surgery, the I2P oesophageal Doppler probe will remain in-situ.
2. Position will be checked to ensure adequate signal strength prior to fixing the probe in place. This can be adjusted in the post-operative period should it become dislodged or signal strength be deemed inadequate. Spare I2P probes will be available post-operatively if replacement is required. 
3. A dedicated CardioQ-ODM oesophageal Doppler monitor will accompany the patient for the post-operative period.
4. Goal-directed fluid optimisation guided by oesophageal Doppler-derived stroke volume (SV) values with a target SV pre-determined during surgery. Boluses of 250ml intravenous fluid (Gelofusin (Braun, Sheffield, UK) and additional vasoconstrictors or inotropes will be given to patients to reach this target. These interventions will continue or be repeated as indicated by DO2i values. 

Control
Participants randomised to the control arm of the trial will undergo standard post-operative care as per ERP, however their I2P oesophageal Doppler probe will remain in-situ for the 16-hour post-operative period:

1. At the end of surgery, the I2P oesophageal Doppler probe will remain in-situ.

2. Position will be checked to ensure adequate signal strength prior to fixing the probe in place. This can be adjusted in the post-operative period should it become dislodged or signal strength be deemed inadequate. Spare I2P probes will be available post-operatively if replacement is required. 

3. Measurements will be taken at the end of the operation and then at the end of the 16-hour recovery period.

Measurement
Standard post-operative OIR monitoring will be undertaken hourly in both groups. Measurements and documentation will be performed by critical care nursing staff and will be entered into ITU observation notes and charts. Measurements (and derived measurements) will be taken of:

· mean arterial blood pressure (MAP - mmHg)

· urine output (UO – mls/hr)

· heart rate (HR – bpm)

· peripheral capillary refill (PCR – sec)

Further measurements will be taken two-hourly from arterial blood gas samples from arterial line in-situ:

· arterial oxygen partial pressure (PaO2 – kPa)
· arterial oxygen saturation (SaO2 - %)
· haemoglobin (Hb – g/dl)

· lactate (Lac – mmol/l)
If the patient does not have an arterial line (i.e. removed post-operatively or stopped working), then measurements of haemoglobin will be taken using using the standard recovery point of care test, Hemocue (Hemocue – Quest Diagnostics, Angelhlm, Sweden). If this is not possible then, the last available haemoglobin value will be used for DO2i calculations.
Measurement will be taken from following devices

· MAP :

invasive/non-invasive BP

· UO :


urinary catheter

· HR / SaO2 :

pulse oximetry

· Hb / Lac / PaO2 :
arterial or venous blood gas sampling or Hemocue (Hb only)
· PCR


critical care nursing staff
Oesophageal Doppler monitoring will be undertaken in the intervention group in this post-operative period:

· Initial measurements at start of 16-hour recovery period

· Further measurements will occur at minimum 1 hour regular intervals on a background of continuous monitoring.
· Any intravenous fluid bolus administration, or the addition or change in any vasoconstrictor therapy, will be documented and further measurements taken 10 minutes following administration 
Measurements (and derived measurements) will be taken of:
· stroke volume (SV – ml)

· stroke distance (SD – cm)

· corrected flow time (FTc – ms)

· cardiac output (CO – l/min)

· total volume intravenous fluid given (l)

Oxygen delivery index (DO2i) will then be derived from these values:

· DO2i = CI x Hb(g/l) x SO2 x 1.34 ml/g/Hb (constant)

· CI (cardiac index - l/min/m2) = CO/BSA

· BSA (body surface area - m2) = weight(kg)0.425 x height(m)0.725 x 0.007184 (constant)
Oeosphageal Doppler monitoring data will be downloaded from the monitors at the end of this period via USB interface. Data will be anonymised as all patient data is recorded under their trust hospital number. This data will then be transferred to a secure password-protected database from the USB data stick. 

The timing and dose of intravenous fluid administration will be taken from recovery notes. These will be collated with the oesophageal Doppler monitoring data.
In addition urine and serum NGAL assays will be taken at the end of the 16-hour recovery period, from participant’s urinary catheters and arterial catheters respectively, to detect early acute kidney injury.

Completion

Following completion of the 16 hour post-operative period, final measurements will be taken in both groups. Further use of OD-monitoring will be continued as per clinical need. 
At this stage of the study, some of the secondary endpoints of the study will be provided – (1) the intervention group will provide proportion of duration of post-operative recovery where DO2i >600ml/min/m2 and (2) both groups will provide difference in DO2i from start and end of 16-hour recovery period. These will be used to validate the primary endpoint.
Participants from both groups will then continue standard post-operative care as per ERP protocol.

Further Measurement

Operative, anaesthetic, post-operative events and complication data will be collected prospectively from ERP documentation. The primary endpoint - length of stay (defined as surgical fitness for discharge) - as well as secondary endpoints of morbidity rates and inpatient mortality will be collected from this data.

Post-operative events to be recorded in all patients

· Discharge from OIR/ITU (hours)

· Clinical fitness for discharge (days)

· Total length of stay (days)

· Flatus (days)

· Bowel movement (days)

· Oral diet (days)

· TWOC (days)

· Drain removal (days)

· Epidural removal (days)

Post-operative complication rates will be recorded in all patients from clinical notes and standard ERP peri-operative documentation transcribed in pre-existing ERP database. These will be gathered from routine clinical care and documentation:

· Ileus

· Intra-abdominal abscess

· Hospital-acquired chest infection (defined as per trust microbiology guidelines) 
· Hospital-acquired wound infection (defined as per trust microbiology guidelines) 
· Hospital-acquired urinary tract infection (defined as per trust microbiology guidelines) 
· Acute kidney injury (defined as per the KDIGO or AKIN criteria based on serum creatinine, urine output, need for renal replacement therapy and NGAL urine & serum assays levels.

· Myocardial infarction (defined either as regional wall motion abnormality (RWMA) on echocardiography or 2 of 3 from ECG changes indicative of MI, chest pain, serum troponin rise)

· Pulmonary embolism (as diagnosed by CT pulmonary angiogram)
· Deep vein thrombosis (as diagnosed by clinical suspicion confirmed with venous ultrasound)
· Anastamotic leak (and mode of confirmation)

· Re-operation

· Readmission

· In-hospital and 30-day Mortality
This data will be collated and checked against the patient notes following patient discharge by the principal investigator. The results of these outcomes will be blinded to the assessors of data (other investigators).
Following discharge, the final secondary endpoint data - 6-month mortality - will be collected from the hospital Electronic Patient Records software. This mortality data is supplied from a national system collecting data from GPs – Demographics Batch Service which queries against Personal Demographics Service (PDS). 

This data will be entered into the pre-exisiting database.
Adverse Effects

Critical care nursing and medical staff will receive training sessions in the use of the OD monitor and probes to ensure competence. The OD monitor and probe will only be used by trained competent staff.

Oesophageal Doppler nasal probes are generally well tolerated but if not, patients may request removal – this will exclude their results from the trial, but this proportion will be noted in the results.

Participants in the control group will receive the same standard of care currently provided for high-risk patients. Both groups may have higher frequency of blood sampling than standard care but this will be via arterial lines which are part of standard care. They are not being inserted to facilitate these measurements and sampling of blood will not cause any additional patient discomfort. Standard infection control and good clinical care provisions will be made with any sampling.

Duration

Intervention is limited to 16 hours post-operatively. Further data will be collected from routine ERP observations and measurements during inpatient admission. Final data will be collected at 6-months post-operatively from general practitioner.

Participants will be enrolled in the study from day of surgery until 6-months post-operatively, although consent will have been sought for long-term follow-up data to be collected without need for further intervention.
9.   Outcomes

Primary Outcomes

- Length of stay (defined as surgical fitness for discharge)

Secondary Outcomes
- Difference in post-operative DO2i in both groups over 16-hour post-operative period (defined as difference in DO2i measurements at start and end of 16-hour period)

- Proportion of duration of post-operative DO2i >600ml/min/ m2 in intervention group (defined as the proportion of  oxygen delivery index readings derived from oesophageal Doppler monitoring DO2i >600ml/min/ m2 over a 16 hour period)

- Mortality
- 6-month mortality
- Morbidity
1. Post-operative organ dysfunction (renal, cardiac, respiratory)

2. Infection (wound, chest, urine, intra-abdominal)

3. Venous thrombo-emolic events (PE, DVT)

4. Anastamotic leak

5. Delayed restitution of normal gastrointestinal function (nausea & vomiting, ileus, delayed bowel openings, delayed oral nutrition)

6. Re-operation

7. Re-admission

8. Overall morbidity
10.   Statistical Analysis

Sample Size

According to data already collected on length of stay of colorectal enhanced recovery patients from January 2010 until present with an ASA >3, the mean length of stay is 9.39 with a standard deviation of 4.85. This is the population group we intend to study. From previous studies of improved length of stay with post-operative oesophageal Doppler fluid optimisation (13 – McKendry et al, 14 – Chytra et al), we can expect a possible decrease of between 2.5 and 3.5 days.
Assuming a mean length of stay of 10 days in the control group and an improved length of stay reduced down to 7 days in the intervention group, with a standard deviation of 4.9 days, 43 patients would be required per group in order to detect this difference with a power of 80% using a significance level of 0.05.

Dropout is likely to be low, but taking this into account, a dropout rate of 5% and rounding up, 3 additional patients would be required in each group.

Therefore a suitable sample size would be 46 patients per group.

Potential Bias

Systematic data collection arrangements are in place to avoid information bias. Selection of patients for the study is representative of the population to benefit from this intervention and is randomised to reduce selection bias. Confounding is reduced by standardised ERP pathways and recruitment of participants into single studies only. There is a single team of observers collecting and analysing results to reduce observer bias. Participant data will be analysed on an intention-to-treat basis to accommodate for dropout or non-compliance.
Methods & Models of Intended Analysis

For continuous data, groups will be compared using the unpaired t-test or, for data that are non-Normally distributed, the Mann-Whitney U test. Binary variables will be analysed using the chi-squared test or Fisher's exact test as appropriate. Multivariable analyses will be performed using multiple linear regression for continuous variables and multiple logistic regression for binary variables. P-values and 95% confidence intervals will be calculated; a P-value of less than 0.05 will be regarded as being statistically significant.
Data Analysis Program

Sample size calculations have been and statistical analysis will be performed using the statistical software package Statsdirect (Altrincham, United Kingdom, www.statsdirect.com 2010, Version 2.7). Any statistical method not covered by Statsdirect will be performed using the statistical software package Stata (Texas, USA, www.stata.com 2010, Version 11).
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11.    Ethical Approval
Approved by Research & Ethics Committee South East London 2 on 22/02/2011 (Reference 11/H0802/9).
Substantial amendement (version 1.1) of addition of NGAL urinary assays for detection of acute kidney injury approved on 09/06/2011. Substantial amendment (version 1.2) of addition of paired serum NGAL & CRP assays to urinary NGAL assays, to increase sensitivity of acute kidney injury approved on 24/11/2011.
12.    Funding
Financing of this trial is kindly provided by a New Services and Innovation Grant awarded by the Guy’s & St. Thomas’ Charities.

The oesophageal Doppler probes and monitors are already in use at the Trust provided by Deltex Medical (Chichester, UK). Their added use in this project is approved by the Anaesthetics and Overnight Intensive Recovery department. 

A full-time research assistant is currently funded jointly with contribution by the medical device manufacturer, Deltec Medical (Chichester, UK). Further matched funding is being sought from another medical device manufacturer, LiDCO Ltd. (Cambridge, UK) – this is currently under consideration.
The principal investigator and co-investigators have received no personal commercial funding.
13. Quality Assurance
A full-time medically-qualified research fellow will be responsible for day-to-day management of the trials and act as principal investigator. He will be assisted in data collection by members of the ERP multidisciplinary team, including surgeons, anaesthetists, junior medical staff, Enhanced Recovery nurse specialist, Enanced Recovery research assistant, ward & critical care nursing staff, dieticians and physiotherapists. 
The project will be supervised by the other named investigators through regular meetings and correspondence. They will also monitor the project to assure quality of research being undertaken.

Data will be collected and stored according to NHS and local trust confidentiality guidelines and be maintained in line with good clinical practice standards. The data custodian is the principal investigator. Data will be anonymised if analysis needs to occur outside research team. All databases will be stored on trust computers and password protected.
The educational supervisors will lead both day-to-day and periodical monitoring and audit of results.
Research data will also be subject to standard monitoring provided by registration with the Guy’s & St. Thomas’ NHS Trust Research & Development team who will request reports and conduct monitoring as appropriate according to their standard good clinical research practice guidelines.

All members of the research team are employees of Guy’s & St. Thomas’ NHS Foundation Trust and standard NHS indemnity arrangements are therefore already in place. 

14. Dissemination

The results of the trials will be submitted for publishing in peer-reviewed journals and for presentation at conferences. An interim and final annual internal report will also be produced for the funding body, Guy’s & St. Thomas’ Charities. 

As this project is funded by a “New Services & Innovation” grant, the results will also be presented to the trust for clinical evidence and justification of continued funding of any recommendations.
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