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Supplementary methods 

1. Study protocol (25 March 2021) 

 

POSTVenTT Protocol v5.0 25th Mar 2021 
Clinical Trials Network Australia (CTANZ) 

POSTVenTT (POST operative Variations in 

anaemia treatmenT and Transfusions) 

 

Prospective audit of anaemia after major abdominal surgery 

 

 

 

 

  



 

3 

 

 
 
     
 

POSTVenTT Protocol v5.0 25th Mar 2021 
Clinical Trials Network Australia (CTANZ) 

2 
 

Table of Contents 
Project Timeline ............................................................................................................................ 3 

Introduction ................................................................................................................................... 4 

Audit Standards ............................................................................................................................ 5 

Methods ........................................................................................................................................ 6 

1. Summary: ....................................................................................................................... 6 

2. Study Aims: .................................................................................................................... 6 

3. Project Timeline: ............................................................................................................. 6 

4. Patient Eligibility: ............................................................................................................ 7 

5. Covariates: ..................................................................................................................... 7 

6. Outcome Measures, Follow Up, and Data Collection: .................................................... 7 

7. Quality assurance: .......................................................................................................... 9 

8. Authorship: ................................................................................................................... 10 

Appendix: Data Dictionary .......................................................................................................... 13 

Appendix: Clavien-Dindo Classification System: ........................................................................ 18 

Appendix: Infection ..................................................................................................................... 20 

Appendix: Clinical Frailty Score .................................................................................................. 21 

Appendix: Reason for Re-admission to Hospital ........................................................................ 22 

Appendix: List of Investigators ...................................................... Error! Bookmark not defined. 

References .................................................................................................................................. 23 

 

  



 

4 

 
 
     
 

POSTVenTT Protocol v5.0 25th Mar 2021 
Clinical Trials Network Australia (CTANZ) 

3 
 

Project Timeline 

Patients will be collected in a prospective, sequential manner for two sets of two-week periods. 

The follow up is at 30 days. 

 

The Audit will commence following full approvals and set up.  There will be two periods of data 

collection, each of two-week duration. Data will be completed, cleaned and checked with data 

lock on December  31st 2021. 
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All relevant data will be inputted into a Case Report Form (Appendix) and subsequently transferred into the 

REDCap database. All Case Report Forms will be stored securely with the Investigator Site File (ISF) for the 

time period required by institutional protocol and/or local governance approvals, and subsequently destroyed.  

The REDCap application and data repository will be held in The University of Western Australia (UWA) data 

centre and governed by UWA information technology and security processes.  This includes appropriate best 

practices such as network firewalls, system and security monitoring and two factor authentication.  

REDCap access privileges will be managed and maintained by the UWA Clinical Trials Unit (CTU) to ensure that 

users can only access data relevant to their site.  That is, each site user will only have access to their site’s data.  

REDCap also implements authentication to validate the identity of users that log in to the system. 

REDCap maintains an audit trail that logs user activity, including contextual information (e.g. the project or record 

being edited). Whether the activity be entering data, exporting data, modifying a field, running a report, or 

add/modifying a user, among a plethora of other activities, REDCap logs actions. The logging record can be 

viewed by users who have appropriate privileges. 

Sites only hold the identifiable data (an identifiable master list of patients for this project will be kept at each site) 

and the de-identified data will be entered into the UWA REDCap.  The master list will be retained on a password 

protected computer and have restricted access to only staff directly involved with the project as determined by 

data access groups at each site.  The master list will be managed and retained on a password protected 

computer and destroyed once the project is closed (or when approvals have expired).  No identifiable information 

from the master list will leave each site unless otherwise specified in an agreement or approved protocol.  Data 

will be stored for at least five years after the completion of research activity. 

All sites will flag and screen patients as per instutional protocol and will be required to keep a log of patient 

details in their ISF. Data capture can be on paper CRF and held locally or de-identified data can be entered 

directly to the UWA REDCap database.   No identifiable data will be transferred to the REDCap database from 

any site. Patients will be only re-identifiable by their Redcap ID via the patient log at the site.  

7. Quality assurance: 

Design: This protocol was written with guidance from an expert cross-speciality advisory group and reviewed by 

the project expert advisory group, Professor Toby Richards (UWA, Australia),  Dr Peter Pockney (University of 

Newcastle, Australia), Dr Deborah Wright (University of Otago, New Zealand) and inputs from the trainees 

involved in the core management of the project. 

 
Data completeness: Following data collection, only data sets with >95% data completeness will be accepted 

for pooled national analysis. To emphasise the importance of data completeness to collaborators, data collection 

periods with >5% missing data points will be excluded from the study and collaborators from those periods 
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Grade Definition (examples listed in italics) 

I Any deviation from the normal postoperative course without the need for 

pharmacological (other than “allowed therapeutic regimens”), surgical, endoscopic or 

radiological intervention. 

Allowed therapeutic regimens are: selected drugs (antiemetics, antipyretics, 

analgesics, diuretics and electrolyte replacement), physiotherapy and wound 

infections opened at the bedside but not treated with antibiotics. 

Examples: Ileus (deviation from the norm); hypokalaemia treated with K; nausea 

treated with cyclizine; acute kidney injury treated with intravenous fluids. 

II Requiring pharmacological treatment with drugs beyond those allowed for 

grade I complications. Blood transfusions and total parenteral nutrition are also 

included. 

Examples: Surgical site infection treated with antibiotics; myocardial infarction treated 

medically; deep venous thrombosis treated with enoxaparin; pneumonia or urinary 

tract infection treated with antibiotics; blood transfusion for anaemia. 

IIIa Requiring surgical, endoscopic or radiological intervention, not under general 

Anaesthetic (GA). 

Examples: Therapeutic endoscopic therapy (do not include diagnostic procedures); 

interventional radiology procedures. 

IIIb Requiring surgical, endoscopic or radiological intervention, under GA. 

Examples: Return to theatre for any reason. 

IVa Life-threatening complications requiring critical care management with single organ 

dysfunction, or neurological complications including brain haemorrhage and ischemic 

stroke (excluding TIA). 

Examples: Single organ dysfunction requiring critical care management, e.g. 

pneumonia with ventilator support, renal failure with filtration; SAH; stroke 

IVb Life-threatening complications requiring critical care management with multi-organ 

dysfunction. 

V Death of a patient 
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Appendix: Clinical Frailty Score 
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Appendix: Reason for Re-admission to Hospital 

 

List admitting diagnosis and group to: - 

 

INFECTION – GENERAL 

 Such as; chest, urinary etc 

 

INFECTION – WOUND 

 Wound related complications including abscess 

 

POST OPERATIVE COMPLICATION – GENERAL 

 Such as; ileus, urinary retention, blocked drain, ‘off legs’. 

 

POST OPERATIVE COMPLICATION – PAIN 

 Where the main complication is ‘in pain’ 

 

TRANSFUSION – BLOOD or IRON 
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2. Hospitals participating in the POSTVENTT study 

New Zealand 

Auckland District Health Board, Bay of Plenty District Health Board, Canterbury District Health Board, 

Capital and Coast District Health Board, Counties Manukau District Health Board, Hawkes Bay 

District Health Board, Hutt Valley District Health Board, Northland District Health Board, South 

Canterbury District Health Board, Southern Cross Hospital (Auckland), Southern District Health 

Board, Tairawhiti District Health Board, Waikato District Health Board, Wairarapa District Health 

Board, Waitemata District Health Board, Whanganui District Health Board 

 

Australia 

New South Wales: Bankstown Hospital, Concord Hospital, Gosford Hospital, John Hunter Hospital, 

Maitland Hospital. 

Queensland: Cairns Hospital, Logan Hospital, Princess Alexandra Hospital, Queen Elizabeth II 

(Jubilee) 

South Australia: Flinders Medical Centre, Lyell McEwin Hospital, Mount Gambier and Districts 

Health Service, Port Augusta Hospital and Regional Health Services, Port Lincoln Health and Hospital 

Service, Royal Adelaide Hospital, The Queen Elizabeth Hospital, Whyalla Hospital and Health 

Services 

Tasmania: Hobart Hospital, Launceston Hospital, North West Regional Hospital 

Victoria: Albury-Wodonga Health, The Alfred, Austin Health, Barwon (Geelong), Bendigo Hospital, 

Eastern Health, Monash (Casey), Monash (Clayton), Monash (Dandenong), Northern Health, Royal 

Melbourne Hospital, St Vincent’s Hospital, Western Health (Footscray), Western Health (Sunshine) 

Western Australia: Armadale Hospital, Fiona Stanley Hospital, Hedland Health Campus, Royal Perth 

Hospital, Sir Charles Gardner Hospital, Saint John of God Midland 
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3. Statistical analysis plan 

Primary outcomes 

Definition of adherence to audit standards 

1. Identification, investigation, and management of pre-operative anaemia 

- Compliance was defined as the composite endpoint of non-anaemic patients, or anaemic 

patients without iron deficiency or patients with iron deficiency anaemia who received 

intravenous iron therapy. 

2. Tranexamic acid should be used when the risk of blood loss is high 

- Use of tranexamic acid in patients requiring intraoperative blood transfusion. 

3. Restrictive blood transfusion should be standard of care 

- Patients with a pre-transfusion haemoglobin of <70 g/L (or <80 g/L in patients with a history of 

cardiac disease) prior to post-operative blood transfusion. 

4. Post-operative haemoglobin levels should be measured 

- Patients who have a haemoglobin measured post-operatively in hospital. 

5. Oral iron should not be prescribed post-operatively 

- Patients with post-operative anaemia who are not prescribed oral iron. 

Analysis 

Adherence to each of the audit standards was assessed as described above, and presented as a 

percentage. For audit standards 1, 2, and 3, compliance with relevant post-operative outcomes was 

investigated in chi-squared, independent-samples t test, or Kruskal-Wallis tests. Multivariate adjusted 

analyses were performed investigating the effect of audit standard adherence with post-operative 

outcomes. For each outcome, the effect of audit standard adherence on relevant postoperative 

outcomes was adjusted for age, sex, ethnic background, surgery type, and surgical urgency, using 

binary logistic regression or Cox regression models.  

Variation between hospitals was visually assessed in unadjusted funnel plots with 95% and 99% 

confidence intervals. Length of stay was analysed as time-to-event data using the log-rank test with 

censoring for patients not discharged by end of study follow-up. 

Secondary outcomes 

Anaemia was measured at various time points (preoperatively, nadir haemoglobin on postoperative 

day 1-3, at discharge, and 30-day post-discharge follow up), defined according to the World Health 

Organization sex-specific cut-off values (<130g/L for men, <120g/L for women). 

Intra-operative and post-operative packed red blood cell transfusion was measured both as a 

binary variable (Yes/No), and as the number of units transfused in total during the intraoperative or in-

hospital postoperative period. For analysis, the number of units was grouped as a categorical variable 
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(0, 1, 2, ≥3), and analysed in chi-squared tests. 

Post-operative complications were defined for each patient as the worst post-operative 

complication according to the Clavien-Dindo classification, and measured in-hospital during the index 

surgical admission. These were further grouped as ‘no complications’, ‘minor complications’ (Grade I-

II), or ‘major complications’ (Grade III-V). 

Length of stay was defined as the duration of post-operative hospital stay in days. 

Re-admission was defined as a binary variable (Yes/No), according to re-admission to hospital for 

any reason (planned or unplanned) within 30 days of discharge. 
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Table 1. Surgical procedures  included in the POSTVenTT study for 2730 patients who 

underwent major abdominal surgery in 56 Australian and New Zealand hospitals, July 2021 

Operation Number 

All operations 2730 

Colorectal 760 (27.8%) 

Anterior resection 159 (5.8%) 

Right hemicolectomy 146 (5.3%) 

Other operation on Colon (bypass, colostomy) 103 (3.8%) 

Incisional hernia > 1 hr 91 (3.3%) 

Hartmann's procedure 72 (2.6%) 

Reversal of Hartmann's procedure / colostomy 37 (1.4%) 

Extended excision of right hemicolon/Extended right hemicolectomy 30 (1.1%) 

Multivisceral resections (defined as resections involving >/= 2 distinct parts of gastrointestinal 
tract or genitourinary or gynaecological (excluding ovaries only) or hepatopancreatobiliary) 

26 (1.0%) 

Caecectomy 18 (0.7%) 

Excision of left hemicolon 17 (0.6%) 

Abdominoperineal resection 15 (0.5%) 

Excision of sigmoid colon 11 (0.4%) 

Panproctocolectomy and ileostomy 9 (0.3%) 

Total excision of colon and ileorectal anastomosis 9 (0.3%) 

Excision of transverse colon 7 (0.3%) 

Extended excision of left hemicolon/Extended left hemicolectomy 6 (0.2%) 

Abdominoperineal pull through resection with colo-anal anastomosis +/- colonic pouch and 
associated stoma 

2 (0.1%) 

Pelvic Exenteration 2 (0.1%) 

Gynaecology 153 (5.6%) 

Total/Subtotal abdominal hysterectomy (+/- oophorectomy) 70 (2.6%) 

Multivisceral resections (defined as resections involving >/= 2 distinct parts of gastrointestinal 
tract or genitourinary or gynaecological (excluding ovaries only) or hepatopancreatobiliary) 

31 (1.1%) 

Ovarian cystectomy +/- omental biopsy (as sole procedure and including bilateral) 28 (1.0%) 

Hysterectomy with excision/biopsy and or removal of omentum and uterine adnexa for 
ovarian malignancy 

13 (0.5%) 

Myomectomy 5 (0.2%) 

Block dissection of pelvic lymph nodes (as sole procedure) 1 

Hepatopancreatobiliary 1224 (44.8%) 

Laparoscopic/Laparoscopic converted to open/Open cholecystectomy +/- exploration of 
common bile duct +/- cholangiogram 

1112 (40.7%) 

Liver resection 55 (2.0%) 

Pancreatectomy/Pancreatoduodenectomy (Whipple's procedure) 41 (1.5%) 

Splenectomy 13 (0.5%) 

Hepatojejunostomy 3 (0.1%) 

Transplant 32 (1.2%) 

Kidney Transplant 24 (0.9%) 

Liver Transplant 8 (0.3%) 

Upper Gastrointestinal 436 (16.0%) 

Other operations on small bowel including formation/reversal of Ileostomy 216 (7.9%) 

Bariatric Surgery 82 (3.0%) 

Anti-reflux surgery 61 (2.2%) 

Total/Partial gastrectomy+/- excision of surrounding tissue 54 (2.0%) 
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Oesophagectomy (Any) 17 (0.6%) 

Hellers Cardiomyotomy 6 (0.2%) 

Urology 113 (4.1%) 

Nephrectomy 50 (1.8%) 

Radical prostatectomy, reconstruction of bladder neck including bilateral pelvic 
lymphadenectomy 

38 (1.4%) 

Nephroureterectomy 11 (0.4%) 

Partial / Total cystectomy + with construction of intestinal conduit or bladder 7 (0.3%) 

Radical hysterectomy and lymphadenectomy (Wertheim's) 5 (0.2%) 

Laparoscopic/open pyeloplasty 4 (0.1%) 

Construction of ileal conduit including ureteric implantation 3 (0.1%) 

Vascular 12 (0.4%) 

Open abdominal aortic aneurysm repair 7 (0.3%) 

Aorto-bifemoral bypass 5 (0.2%) 
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Table 2. Missing data, by variable 

Variable Number 

Date of Birth  0 

Sex  0 

Height  97 (3.6%) 

Weight  41 (1.5%) 

Body Mass Index  99 (3.6%) 

American Society of Anesthesiologists Physical Status Classification  10 (0.4%) 

Past medical history - Cardiac  0 

Past medical history - Respiratory 0 

Past medical history - Diabetes Mellitus 0 

Past medical history - Neurological  0 

Past medical history - Liver disease 0 

Past medical history - No information   0 

Past medical history - Not available in the medical record   0 

Past medical history – Diabetes Mellitus Management  0 

Past medical history – Liver Disease Severity  0 

Preoperative Clinical Frailty Score  29 (1.1%) 

Smoking  21 (0.8%) 

Antiplatelet  5 (0.2%) 

Anticoagulation 3 (0.1%) 

Anticoagulation Bridging  3 (0.1%) 

Preoperative full blood count performed  3 (0.1%) 

Preoperative haemoglobin  3 (0.1%) 

Preoperative urea and electrolytes performed  5 (0.2%) 

Preoperative creatinine  7 (0.3%) 

Preoperative estimated glomerular filtration rate   11 (0.4%) 

Preoperative iron studies completed  6 (0.2%) 

Preoperative ferritin  7 (0.3%) 

Preoperative Oral Iron  4 (0.1%) 

Preoperative intravenous Iron  10 (0.4%) 

Preoperative intravenous Iron Timing  11 (0.4%) 

Date of Operation   0 

Operation Urgency   4 (0.1%) 

Operative Procedure  0 

Operative Contamination Classification  16 (0.6%) 

Intraoperative Tranexamic Acid Use  2 (0.1%) 

Intraoperative Transfusion  3 (0.1%) 

Haemoglobin prior to Intraoperative Blood Transfusion  6 (0.2%) 

Procedure Duration  33 (1.2%) 

Intensive Care Unit Admission  0 

Date of admission to critical care  2 (0.1%) 

Date of discharge from critical care  4 (0.1%) 

Intensive Care Unit Admission full blood count  2 (0.1%) 

Intensive Care Unit Admission haemoglobin  2 (0.1%) 

Intensive Care Unit Discharge full blood count  3 (0.1%) 

Intensive Care Unit Discharge haemoglobin  2 (0.1%) 

Intensive Care Unit Readmission  1 (<0.1%) 
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Intensive Care Unit Readmission Start  1 (<0.1%) 

Intensive Care Unit Readmission End  1 (<0.1%) 

Postoperative Complication 0 

Postoperative Complication Highest  1 (<0.1%) 

Postoperative Reoperation  0 

Postoperative Reoperation Date  0 

Postoperative Reoperation String  0 

Number of Medical Emergency Team Calls  2 (0.1%) 

Postoperative Antibiotics  5 (0.2%) 

Postoperative Antibiotics Respiratory  2 (0.1%) 

Postoperative Antibiotics Urinary Tract Infection  2 (0.1%) 

Postoperative Antibiotics Wound Infection 2 (0.1%) 

Postoperative Antibiotics Prophylactic 2 (0.1%) 

Postoperative Antibiotics Other  2 (0.1%) 

Postoperative Antibiotics No Information 0 

Postoperative Antibiotics Not Available 0 

Other reason for antibiotics  2 (0.1%) 

Postoperative Transfusion Units  2 (0.1%) 

Haemoglobin prior to Postoperative Blood Transfusion 2 (0.1%) 

Postoperative Iron  1 (<0.1%) 

Postoperative Haemoglobin  4 (0.1%) 

Postoperative Haemoglobin Nadir 13 (0.5%) 

Postoperative Haemoglobin Discharge  9 (0.3%) 

Discharge date  0 

Discharge destination  1 (<0.1%) 

Follow up Full blood count  54 (2.0%) 

Follow up haemoglobin  55 (2.0%) 

Patient location at 30 days post discharge/censor date    71 (2.6%) 

Follow up Complication Grade  76 (2.8%) 

Follow up Clinical frailty score  194 (7.1%) 

Follow up Readmission  55 (2.0%) 

Readmission Date  54 (2.0%) 

Type of readmission  53 (1.9%) 

Reason for planned admission  46 (1.7%) 

Reason for unplanned readmission  47 (1.7%) 

Follow up Readmission Complication Grade  47 (1.7%) 

Follow up Readmission Full Blood Count  55 (2.0%) 

Follow up Readmission Haemoglobin  47 (1.7%) 

Follow up Readmission Full Blood Count Additional  47 (1.7%) 

Follow up Readmission Haemoglobin Lowest  47 (1.7%) 

Follow up Readmission Transfusion 55 (2.0%) 

Haemoglobin prior to Follow up Readmission Blood Transfusion 65 (2.4%) 

Follow up Readmission Haemoglobin Discharge  47 (1.7%) 

Follow up Readmission Intensive Care Unit Admission  55 (2.0%) 

Follow up Readmission Reoperation 55 (2.0%) 

Readmission operation date  47 (1.7%) 

Readmission operation performed  47 (1.7%) 

Readmission Operation Urgency   47 (1.7%) 
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Table 3. Prevalence of anaemia from before surgery to 30 days after surgery. A total of 2676 
patients with complete data are included in this table and in Box 3 

 

 Pre-operative Post-operative days 1-3 Discharge 30-Day Follow Up 

Anaemic 677 (25.3%) 1451 (54.2%) 1283 (47.9%) 276 (10.3%) 

Not Anaemic 1738 (64.9%) 669 (25.0%) 835 (31.2%) 222 (8.3%) 

Not Checked 261 (9.8%) 556 (20.8%) 558 (20.9%) 2178 (81.4%) 

 
 
Table 4. Association of preoperative anaemia with in-hospital outcomes 

 Patients with 
anaemia 

Patients without 
anaemia P 

Patients 689 1772  

Intra-operative transfusion   <0.001 

Yes 56 (8.1%) 22 (1.2%)  

No 631 (91.6%) 1749 (98.7%)  

Missing data 2 (0.3%) 1 (0.1%)  

Post-operative transfusion   <0.001 

Yes 121 (17.6%) 44 (2.5%)  

No 568 (82.4%) 1727 (97.5%)  

Missing data 0 1 (0.1%)  

Post-operative complications   <0.001 

None 411 (59.7%) 1397 (78.8%)  

Minor (Clavien-Dindo I-II) 185 (26.9%) 287 (16.2%)  

Major (Clavien-Dindo ≥3) 93 (13.5%) 87 (4.9%)  

Missing data 0 1 (0.1%)  

Re-operation   <0.001 

Yes 37 (5.4%) 43 (2.4%)  

No 652 (94.6%) 1729 (97.6%)  

Post-operative Medical Emergency 
Team Call 

  <0.001 

Yes 61 (8.9%) 77 (4.3%)  

No 617 (89.6%) 1686 (95.1%)  

Missing data 11 (1.6%) 9 (0.5%)  

Length of stay (days)   <0.001 

Median (Interquartile range)  6 (3-13) 3.00 (1-6)  
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Figure 1. Identification, investigation, and management of preoperative anaemia, in A) elective, 

and B) expedited/urgent/immediate procedures 
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Table 5. Use of tranexamic acid by specialty, preoperative haemoglobin, and operative 

urgency 

 

Variable Tranexamic Acid 

Use 

No Tranexamic 

Acid Use 

P 

Number of patients 128 (4.7%) 2600 (95.3%  

Surgical urgency   < 0.001 

Immediate 13 (20.3%) 51 (79.7%)  

Urgent 20 (3.2%) 603 (96.8%)  

Expedited 15 (2.4%) 611 (97.6%)  

Elective 80 (5.7%) 1331 (94.3%)  

Surgical specialty   < 0.001 

Hepatopancreatobiliary 21 (1.7%) 1202 (98.3%)  

Colorectal 35 (4.6%) 724 (95.4%)  

Upper gastrointestinal 23 (5.3%) 413 (94.7%)  

Gynaecology 34 (22.2%) 119 (77.8%)  

Urology 13 (11.5%) 100 (88.5%)  

Transplantation 1 (3.1%) 31 (96.9%)  

Vascular 1 (8.3%) 11 (91.7%)  

Preoperative haemoglobin (g/L)   < 0.001 

<70 5 (55.6%) 4 (44.4%)  

70-79 2 (11.8%) 15 (88.2%)  

80-89 4 (7.1%) 52 (92.9%)  

90-99 6 (7.7%) 72 (92.3%)  

100-109 4 (3.1%) 126 (96.9%)  

110-119 11 (4.0%) 267 (96.0%)  

120-129 21 (4.8%) 421 (95.2%)  

130-139 28 (4.7%) 568 (95.3%)  

140-149 25 (5.2%) 458 (94.8%)  

>150 16 (4.3%) 354 (95.7%)  

Not checked 6 (2.2%) 263 (97.8%)  
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Figure 2. Hospital-level variation in adherence to audit standards (funnel plots).* A) 

Haemoglobin measurement prior to surgery. B) Anaemia assessed prior to surgery. C) Tranexamic 

acid for patients who received blood transfusions during surgery. D) Restrictive transfusion for 

patients who received blood transfusion after surgery. E) Haemoglobin assessment after surgery. F) 

Prescription of oral iron for patients with post-operative anaemia. 

* Each blue dot represents one hospital. 
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Sensitivity analyses excluding patients who underwent cholecystectomy 

After excluding patients undergoing cholecystectomy (n=1,112), 1,618 patients were included in the 

sensitivity analysis. Overall, 857 patients were female (53.0%), and the mean age was 59.9 (SD 16.6) 

years. In-hospital complications occurred in 561 patients (34.7%), of which 154 (9.5%) were major 

(Clavien-Dindo ≥3). The median length of hospital stay was 6 days (IQR 3-10). 

 

 Overall 

Number of patients 1618 

Age (years)  

Mean (Standard deviation) 59.9 (16.6) 

Female Sex 857 (53.0%) 

Ethnicity  

Aboriginal or Torres Strait Islander 26 (1.6%) 

Māori 55 (3.4%) 

Pacific Islander 27 (1.7%) 

Asian 110 (6.8%) 

European/other 1090 (67.4%) 

Missing 310 (19.2%) 

Body mass index (kg/m2)  

Mean (SD) 29.5 (7.7) 

Missing 38 (2.3%) 

ASA physical status  

I-II 776 (48.0%) 

III-IV 828 (51.2%) 

V 8 (0.5%) 

Missing 6 (0.4%) 

Other medical conditions  

Cardiac 502 (31.0%) 

Respiratory 302 (18.7%) 

Diabetes Mellitus 263 (16.3%) 

Neurological 128 (7.9%) 

Liver Disease 73 (4.5%) 

Smoking  

Current 280 (17.3%) 

Previous 460 (28.4%) 

Never 873 (54.0%) 

Missing 5 (0.3%) 

Surgical Specialty  

Colorectal 760 (47.0%) 

Gynaecology 153 (9.5%) 

Hepatopancreaticobiliary 112 (6.9%) 

Transplant 32 (2.0%) 

Upper gastrointestinal 436 (26.9%) 

Urology 113 (7.0%) 
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Vascular 12 (0.7%) 

Operative Urgency  

Immediate 55 (3.4%) 

Urgent 348 (21.5%) 

Expedited 192 (11.9%) 

Elective 1023 (63.2%) 

Operative Duration (minutes)  

Median (Interquartile range) 173 (115-242) 

 

Of the cohort, 1,536 (95.0%) had been discharged alive from hospital at the time of follow up, after a 

median hospital stay of six days (IQR, 3-9 days). Follow up at 30-days post-discharge was completed 

for 1507 patients (98.1% of patients discharged alive), of whom 188 (12.5%) had been readmitted 

(171 unplanned, 17 planned). 

 

Audit Standard 1 - Investigation and management of preoperative anaemia 

Haemoglobin levels were documented preoperatively for 1476 of 1616 patients (91.3%; elective 

surgery, 890 of 1021 patients [87.2%]; non-elective surgery, 586 of 595 patients [98.5%]), with a 

mean haemoglobin of 129.0 (SD 20.4) g/L. More than one-third (498/1476, 33.7%,) had preoperative 

anaemia. 
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Preoperative anaemia was associated with an increased risk of intraoperative and postoperative red 

blood cell transfusion, postoperative complications, reoperation, medical emergency team calls, and a 

longer length of hospital stay. 

 Anaemic Not Anaemic p value 

Number of patients 498 (33.7%) 978 (66.3%)  

Intraoperative Transfusion   <0.001 

Yes 56 (11%) 20 (2.0%)   

No 440 (88.4%) 957 (97.9%)  

Missing 2 (0.4%) 1 (0.1%)  

Postoperative Transfusion   <0.001 

Yes 116 (23.3%) 41 (4.2%)   

No 382 (76.7%) 937 (95.8%)  

Postoperative Complications   <0.001 

None 249 (50.0%) 681 (69.6%)   

Minor (Clavien-Dindo I-II) 168 (33.7%) 229 (23.4%)   

Major (Clavien-Dindo ≥3) 81 (16%) 67 (6.9%)  

Missing 0 (0%) 1 (0.1%)  

Reoperation   0.005 

Yes 35 (7.0%) 35 (3.6%)  

No 463 (93.0%) 943 (96.4%)  

Postoperative Medical Emergency 

Team Call 

  0.001 

Yes 53 (11%) 58 (5.9%)   

No 435 (87.3%) 913 (93.4%)  

Missing 10 (2.0%) 7 (0.7%)  

Length of Stay (days)   <0.001 

Median (Interquartile range)  9 (5-14) 5 (3-8)  
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Iron studies were performed in 220 patients (44.2%) with preoperative anaemia, of whom 116 (52.7%) 

had a ferritin <100 µg/L, and 58 (26%) had a ferritin <30 µg/L. Of the patients with iron deficiency 

anaemia, 40 (35% of 116) received IV iron preoperatively.  
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Adherence with this audit standard was achieved for 69.5% of the cohort. Audit standard adherence 

was associated with lower rates of intraoperative and postoperative pRBC transfusion, lower risk of 

major complications, and a shorter length of hospital stay. 

 Adherent Not Adherent Overall p value 

Standard #1: Preoperative 

Anaemia 

1122 (69.3%) 493 (30.5%) 1618  

Intraoperative units transfused    0.005* 

0 1084 (96.6%) 452 (91.7%) 1539 (95.1%)  

1 10 (0.9%) 10 (2.0%) 20 (1.2%)  

2 18 (1.6%) 15 (3.0%) 33 (2.0%)  

≥3 9 (0.8%) 14 (2.8%) 23 (1.4%)  

Postoperative units transfused    <0.001* 

0 1048 (93.4%) 409 (83.0%) 1459 (90.2%)  

1 30 (2.7%) 34 (6.9%) 65 (4.0%)  

2 17 (1.5%) 23 (4.7%) 40 (2.5%)  

≥3 27 (2.4%) 27 (5.5%) 54 (3.3%)  

Postoperative Complications    0.006* 

None 761 (67.8%) 293 (59.4%) 1056 (65.3%)  

Minor 270 (24.1%) 137 (27.8%) 407 (25.2%)  

Major 90 (8.0%) 63 (13%) 154 (9.5%)  

Length of Stay (days) 5.5 (3-9) 7 (3-19) 6 (3-10) <0.001* 

 

Multivariable adjusted analyses, adjusted for age, gender, ethnicity, surgical specialty, and operative 

urgency, demonstrated similar results to the univariate analysis. 

 

 OR (95% CI) p value 

Standard #1: Preoperative Anaemia   

Intraoperative Blood Transfusion 0.31 (0.18-0.55) <0.001* 

Postoperative Blood Transfusion 0.34 (0.22-0.50) <0.001* 

Postoperative Complication 0.70 (0.54-0.90) 0.006* 

Major Postoperative Complication 0.68 (0.46-1.01) 0.06 

Length of Stay 1.10 (0.97-1.24) 0.16 
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Audit Standard 2 - Intraoperative tranexamic acid administration 

Intraoperative tranexamic acid was used in 114 procedures (7.1% of 1616). The proportion of patients 

undergoing hepatopancreaticobiliary procedures other than cholecystectomy who received 

tranexamic acid was 7 of 111 (6%)  Use of tranexamic acid was more common in patients with 

preoperative haemoglobin <80 g/L, and in those undergoing non-elective procedures.  

 

Variable Tranexamic Acid 

Use 

No Tranexamic 

Acid Use 

P 

Number of patients 114 (7.1%) 1502 (92.9%)  

Surgical urgency   < 0.001 

Immediate 13 (24%) 42 (76%)  

Urgent 15 (4.3%) 333 (95.7%)  

Expedited 10 (5.2%) 182 (94.8%)  

Elective 76 (7.4%) 945 (92.6%)  

Surgical specialty   < 0.001 

Hepatopancreatobiliary 7 (6.3%) 104 (93.7%)  

Colorectal 35 (4.6%) 724 (95.4%)  

Upper gastrointestinal 23 (5.3%) 413 (94.7%)  

Gynaecology 34 (22%) 119 (77.8%)  

Urology 13 (12%) 100 (88.5%)  

Transplantation 1 (3%) 31 (97%)  

Vascular 1 (8%) 11 (92%)  

Preoperative haemoglobin (g/L)   < 0.001 

<70 5 (63%) 3 (38%)  

70-79 2 (13%) 13 (87%)  

80-89 3 (6%) 46 (94%)  

90-99 6 (9%) 58 (91%)  

100-109 3 (3%) 93 (97%)  

110-119 9 (5%) 177 (95.2%)  

120-129 17 (6.9%) 230 (93.1%)  

130-139 25 (7.7%) 301 (92.3%)  

140-149 24 (9.1%) 240 (90.9%)  

>150 16 (7.3%) 203 (92.3%)  

Not checked 4 (3%) 138 (97.2%)  
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Of the 76 patients (4.7% of total cohort) who received an intraoperative pRBC transfusion 

representing procedures with potentially significant blood loss, 22 (29%) received tranexamic acid. 

Adherence with this audit standard amongst patients having intraoperative transfusion was not 

associated with any significant difference in the number of units transfused intraoperatively or 

postoperatively, postoperative complications, or length of stay. 

 

 Adherent Not Adherent Overall p value 

Standard #2: Tranexamic 

Acid Use 

22 (28.9%) 54 (71.8%) 76  

Intraoperative units transfused    0.88 

1 4 (18%) 16 (30%) 20 (26%)  

2 10 (46%) 23 (43%) 33 (43%)  

≥3 8 (36%) 15 (28%) 23 (30%)  

Postoperative units transfused    0.97 

0 11 (50%) 25 (46%) 36 (47%)  

1 3 (14%) 10 (19%) 13 (17%)  

2 1 (5%) 6 (11%) 7 (9%)  

≥3 7 (32%) 13 (24%) 20 (26%)  

Postoperative Complications    0.49 

None 6 (27%) 27 (50%) 33 (43%)  

Minor 8 (36%) 12 (22%) 20 (26%)  

Major 8 (36%) 15 (28%) 23 (30%)  

Length of Stay (days) 13 (7.25-27) 11.5 (8-21.2) 12.0 (7.75-24.2) 0.92 

 

Multivariable adjusted analyses, adjusted for age, gender, ethnicity, surgical specialty, and operative 

urgency, demonstrated similar results to the univariate analysis. 

 

 OR (95% CI) p value 

Standard #2: Tranexamic acid use   

Postoperative Blood Transfusion 0.47 (0.11-1.86) 0.29 

Postoperative Complication 3.73 (0.79-22.61) 0.12 

Major Postoperative Complication 1.10 (0.20-5.94) 0.91 

Length of Stay 1.18 (0.58-2.42) 0.64 
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Audit Standard 3 - Restrictive postoperative transfusion  

Postoperatively, 159 patients (9.8%) received at least one pRBC transfusion, and all had a 

haemoglobin measurement prior to transfusion, mean 73.6 (SD 11.6) g/L (range 34-117). Overall, 65 

(41%) received one unit, 40 (25%) two units, 16 (10%) three units, and 38 (24%) four or more units. 

Restrictive transfusion guidelines were followed in 92 patients (58% of 159), but was not associated 

with any statistically significant difference in number of units transfused, postoperative complications, 

or length of stay.  

 

 Adherent Not Adherent Overall p value 

Standard #3: Restrictive 

Transfusion 

92 (57.9%) 67 (42.1%) 159  

Postoperative units transfused     

1 31 (34%) 34 (51%) 69 (41%) 0.31 

2 25 (27%) 15 (22%) 43 (26%)  

≥3 36 (39%) 18 (27%) 55 (33%)  

Postoperative Complications    0.97 

None 23 (25%) 20 (30%) 43 (27%)  

Minor 34 (37%) 22 (33%) 56 (35%)  

Major 35 (38%) 25 (37%) 60 (38%)  

Length of Stay (days) 13 (7-22) 13 (7.5-22.5) 13 (7-22) 0.97 

 

Multivariable adjusted analyses, adjusted for age, gender, ethnicity, surgical specialty, and operative 

urgency demonstrated similar results to the univariate analysis, except for length of stay, which 

demonstrated patients with restrictive transfusion were more likely to be discharged (HR 1.75, 95% CI 

1.01-3.03).  

 OR (95% CI) p value 

Standard #3: Restrictive Transfusion   

Postoperative Complication 1.21 (0.35-4.76) 0.77 

Major Postoperative Complication 2.39 (0.74-8.13) 0.15 

Length of Stay 1.75 (1.01-3.03) 0.045 
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Audit Standard 4 - Identification of postoperative anaemia 

Haemoglobin was measured on postoperative day 1-3 in 89.6% (1449/1618) of patients, and the 

mean nadir was 108 g/L (SD 19.8 g/L). More than three-quarters (79.4%, 1151/1449) of patients had 

anaemia during the first three days postoperatively. Of patients with preoperative anaemia, 3.4% did 

not have a postoperative haemoglobin measured during their inpatient stay. 

 

Excluding the 28 patients who died in hospital, and 54 who had not yet been discharged at follow-up, 

haemoglobin values were recorded for 1368 of 1536 patients prior to discharge (89.1%). The mean 

haemoglobin value was 115 g/L (SD 17.8 g/L, range 64-180 g/L), and anaemia was identified in 946 

patients (69.2%). Readmission within 30 days of discharge was more common amongst patients 

discharged with anaemia (142 of 930 patients followed up, 15.3% vs. 34 of 410 8.3%). A larger 

proportion of the 286 patients discharged with haemoglobin levels below 100g/L (18.6%) were 

readmitted within 30 days (61 of 283 patients followed up, 22% vs. 115 of 1057, 10.9%).  

 

Haemoglobin measurements at 30-days post-discharge were recorded for 342 of 1536 patients 

(22.5%); of these 208 (60.8%) had anaemia. Of the 946 patients with anaemia at discharge, follow up 

haemoglobin measurements were recorded in hospital records for 249 (26.3%), of whom 189 still had 

anaemia (75.9%). 

 

Audit Standard 5 - Management of postoperative anaemia 

Oral iron was prescribed postoperatively for six of 946 patients with anaemia at discharge (0.6%), and 

three of 422 patients without anaemia at discharge (0.7%). Intravenous iron was administered to 65 of 

946 patients with anaemia at discharge (6.9%), and to 37 of 286 patients with haemoglobin values 

below 100 g/L (13%).  
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