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346 Hospitals in USA 2009-2011

N =1,583,819 Elective surgery

41,421 Transfused

52% 2 units



NOT Older or Sicker ? 

NOT 
Operation



Patient Blood Management (PBM)

WHO WHA63.12



Benchmarking
• Audit

• Anaemia

• Anaemia management

• Transfusion protocol 
• Major Haemorhage
• Single unit

• Transfusion usage



Western Australia

77 % or the population 
resides in the Perth 
Metropolitan Area



• 2008 W.A. Government PBM program
• Jurisdictional Change Management 
• Quality improvement & Patient Safety
• 5 years

– Literature Review
• Multidisciplinary
• Multimodal



2. Single unit policy EDUCATION: –
Patients, ALL staff, Seminars, 1 on 1, meetings





National Comparative Audit
of Blood Transfusion

National Comparative Audit of 
Blood Transfusion

2015 Audit of Patient Blood Management in Adults 
undergoing elective, scheduled surgery

(http://hospital.blood.co.uk/audits/national-comparative-audit/national-comparative-audit-reports/

http://hospital.blood.co.uk/audits/national-comparative-audit/national-comparative-audit-reports/


National Comparative Audit
of Blood Transfusion

PBM Algorithn

PBM1 Pre-operative anaemia management

PBM2 Pre-operative transfusion allowed

PBM3 Pre-operative transfusion allowed only if preoperative anaemia optimisation has been 

attempted where appropriate

PBM4 Pre-operative transfusion - single unit transfusion policy

PBM5 Pre-operative anticoagulant and antiplatelet management

PBM6 Patients having intra operative transfusion in whom at least one PBM measure has been 

attempted (where appropriate)

PBM7 Patients having intra operative transfusion in whom all PBM measure have been attempted 

(where appropriate) 

PBM8 Post operative transfusion allowed (whether or not PBM measures attempted) - FIRST EPISODE

PBM9 Post operative transfusion following the single unit policy - FIRST EPISODE

PBM10 Post operative in whom  at least one PBM measure has been attempted (where appropriate)-

FIRST EPISODE

PBM11 Post operative in all PBM measures have been attempted (where appropriate) FIRST EPISODE



• PBM 1 – Iron Def. Anaemia
• 46-48% anaemic

– Screen?
– Identify?
– Investigate?
– Manage?

National Comparative Audit
of Blood Transfusion

Algorithm for PBM standard 1 : Pre operative anaemia management

Q6 All Patients except #NOF

Q11 With Hb result at least 
14 days before surgery

Q13 With Hb <130g/L male
Hb<120g/L female 

Q15  MCV < 78

Does not meet 
standard

Meets standard

Meets standard

#NOF

NO

NO

NO

All Others

YES

YES

Q17 Ferritin <30
YES

NO

Excluded

Meets 
standard

Meets standard

Q20 Oral or IV 
iron therapy

YES

NO

Does not 
meet 

standard

Q19 TSAT < 20

No Ferritin value

No TSAT value

No MCV value

YES Q20 Oral or IV 
iron therapy

YES

NO

Meets 
standard

YES

NO Meets standard

Q20 Oral or IV 
iron therapy

Q20 Oral or IV 
iron therapy

Does not 
meet 

standard

Meets 
standardYES

NO

Does not 
meet 

standard

NO

YES

NO

Meets 
standard 

Does not 
meet 

standard 

3897

1452

15

743

Procedure 
not known

1386

2838

642 94

505

16

27

0

503

1

1

430

16

20

37

•Not known 14

1 

1

Not known 1

1044



National Comparative Audit
of Blood Transfusion

POST OPERATIVE
PBM 8: Restrictive Policy

PBM 9: Single unit Policy

PBM 10: BT + any PBM 

PBM 11: BT + all PBMs

All Patients

Algorithm for PBM standard 9 : Post operative transfusion following the single unit 
policy (FIRST episode)?

Q62 Did the patient receive 
post operative transfusion? 

(day 1 to day 7)

Q71 h) i) Was there active bleeding?. 
Ticked box  plus ‘other’ free-text 

indicating  blood loss

Q71 f)
Was the Hb checked after each 

unit of red cells transfused?

PBM standard met

Excluded

Excluded

Q71 e)
How many units were transfused 

in each episode?

PBM standard not met

NO

YES

NO

YES

YES

YES

PBM standard met

1 unit

More than 1 unit

3897

2878

2447

1652

1492

777

143

996

Insufficient 
information

Not 
known

23

362

Not 
known

Insufficient 
information

69

Not 
known

Insufficient 
information 18

Insufficient 
information

17

NO



• 190 sites

• N=3897 

• Average blood Loss = 1184ml (644-1940)

• 8168 units RBC 
– (£996,496 - £5,186,680)

RESULTS

National Comparative Audit
of Blood Transfusion



National Comparative Audit
of Blood Transfusion

TYPE OF PROCEDURE
Total anaemic (F<120, 

M<130)

• Primary unilateral total hip replacement 52% (287/557)
• Primary bilateral total hip replacement 54% (15/28)
• Primary unilateral total knee replacement 53% (167/313)
• Primary bilateral total knee replacement 33% (9/27)
• Unilateral revision hip replacement 49% (118/243)
• Unilateral revision knee replacement 69% (43/62)
• Colorectal resection for any indication 69% (192/279)
• Open arterial surgery 47% (68/144)
• Primary coronary artery bypass graft 34% (39/113)
• Valve replacement +/- CABG 37% (151/406)
• Simple or complex hysterectomy 53% (168/317)
• Cystectomy 50% (17/34)
• Nephrectomy 66% (84/127)
• # neck of femur (arthroplasty) 77% (768/999)

Procedure not stated 77% (10/13)
Total 58% (2136/3662)



Benchmarking



PBM1 Pre-operative anaemia management

PBM2 Pre-operative transfusion allowed – Restrictive use

PBM3 Pre-operative transfusion allowed (PBM 2) - but PBM 1 attempted where appropriate

PBM4 Pre-operative transfusion - single unit transfusion policy

PBM5 Pre-operative anticoagulant and antiplatelet management

National Comparative Audit
of Blood Transfusion

46%

12%

2%

28%

63%

PREOPERATIVE



Pre - OP Anaemia

No BT BT Total

Not 
Anaemic 1,029 (75.8) 329 (24.2) 1,358

Anaemic 935 (67.3) 455 (32.7) 1,390

Total 1,964 (71.5) 784 (28.5) 2,748

Anaemic patients were 52% more likely to receive blood transfusion (p <0.0001)



Pre - OP Anaemia

• LOS anaemia 7 days (5-12) 
• LOS non-anaemia 7 days (5-10) 

75% of non-anaemic patients leave hospital by day 10
75% of anaemic patients leave hospital by day 12 

• Adjusting for sex, age and surgery type, 
LOS 7.5% longer p=0.004, 95% C.I. [1.02, 1.13]



Pre - OP Anaemia

Anaemic patients were 3.62 times more likely to die 
p-value = 0.0001, 95% C.I. [1.85, 7.11]

Did not die Died Total

Not 
Anaemic 1,354 (99.2) 11 (0.8) 1,365

Anaemic 1,359 (97.1) 40 (2.9) 1,399

Total 2,713 (98.2) 51 (1.9) 2,764



Analysis



PBM Measurement Crude 
difference in 
length of stay

Adjusted* difference 
in length of stay

p-value 95% C.I.

PBM1
Meets standard Baseline
Does not meet standard 1.15 1.07 0.01 (1.02, 1.12)

PBM2
Transfusion appropriate Baseline
Transfusion Not appropriate 1.08 1.03 0.88 (0.70, 1.51)

PBM3
Transfusion appropriate Baseline
Transfusion Not appropriate 0.37 0.48 0.09 (0.21, 1.12)

PBM4
Meets standard Baseline
Does not meet standard 0.86 0.93 0.67 (0.65, 1.33)

PBM5
Meets standard Baseline
Does not meet standard 1.40 1.31 <0.0005 (1.16-1.51)

PBM6
Meets standard Baseline
Does not meet standard 0.95 0.99 0.92 (0.85, 1.15)

PBM7
Meets standard Baseline
Does not meet standard 1.09 1.18 0.02 (1.03, 1.35)



Iron Deficiency

PBM 1



• PBM 1 – Anaemia
• 46-48% anaemic

– Screen?
– Identify?
– Investigate?
– Manage?

46%

National Comparative Audit
of Blood Transfusion

Algorithm for PBM standard 1 : Pre operative anaemia management

Q6 All Patients except #NOF

Q11 With Hb result at least 
14 days before surgery

Q13 With Hb <130g/L male
Hb<120g/L female 

Q15  MCV < 78

Does not meet 
standard

Meets standard

Meets standard

#NOF

NO

NO

NO

All Others

YES

YES

Q17 Ferritin <30
YES

NO

Excluded

Meets 
standard

Meets standard

Q20 Oral or IV 
iron therapy

YES

NO

Does not 
meet 

standard

Q19 TSAT < 20

No Ferritin value

No TSAT value

No MCV value

YES Q20 Oral or IV 
iron therapy

YES

NO

Meets 
standard

YES

NO Meets standard

Q20 Oral or IV 
iron therapy

Q20 Oral or IV 
iron therapy

Does not 
meet 

standard

Meets 
standardYES

NO

Does not 
meet 

standard

NO

YES

NO

Meets 
standard 

Does not 
meet 

standard 

3897

1452

15

743

Procedure 
not known

1386

2838

642 94

505

16

27

0

503

1

1

430

16

20

37

•Not known 14

1 

1

Not known 1

1044



IV iron v Oral



Preoperative Iron

• 18.3% of anaemic patients oral iron

• 1% had IV iron (n=27)



Preoperative Anaemia

Blood Transfusion

Yes No OR p-value

n (%) n (%)

PBM1

Meets standard 316 (24.4) 980 (75.6) 1.46 <0.0005

Does not meet standard 481 (32.0) 1,024 (68.0)

logistic regression, adjusting for age, sex and surgery type 

Anaemic patients are 78% more likely to receive a blood transfusion 

(p-value < 0.0005, 95% C.I. [1.48, 2.14]).



PBM 1: Preoperative Anaemia Management

• Overall 7% Longer LOS

• 61% in Elderly

• > 2x in BIG ops



PBM 5 
Anti-Coagulation & Anti Platlets

• 18% patients (710/3890) 
• 347 anti-coagulant 
• 349 anti-platelet 
• 14 both



PBM 5

National

Patients on any antiplatelet therapy 9.3% (363/3890)

Stopped therapy 77% (279/363)

Stopped at least 5 days pre-op 57% (149/261)

Patient on Warfarin pre-operatively 8.3% (318/3813)

INR result before surgery

• ≤1.0 49
• 1.1-1.4 164
• 1.5-1.9 50
• 2.0-2.4 17
• 2.5-2.9 6
• 3.0-3.4 7
• 3.5-4.4 8
• 4.5-5.9 2
• 6.0-7.9 -
• ≥8.0 2



PBM 5
• N=541

• 30% Longer LOS

• P<0.0005 [1.16-1.51]



National Comparative Audit
of Blood Transfusion

OPERATIVE
Algorithm for PBM standard 6 :

All Patients

Q45 Was the patient 
transfused with allogeneic 
red cells during surgery?

NO

Excluded

What type of surgery? Q6

Elective 
orthopaedic

a-f

YES

#NOF
n

Colorectal
g

Arterial
h

Cardiac
i,j

Urology
l,m

Gynaecology
k

Were any PBM measures attempted?

Meets pre op anaemia standard? Standard 1

Yes / No / NK
93 / 102 / 0

N/A Yes / No / NK
30 / 86 / 0

Yes / No / NK
22 / 40 / 0

Yes / No / NK
106 / 122 / 1

Yes / No / NK
28 / 54 / 0

Yes / No / NK
37 / 77 / 0

Meets pre op anticoagulant / antiplatelet standard?  Standard 5

Yes / No / Ex / NK
13 /14 /166 / 2

Yes / No / Ex / NK
13 / 5 / 158 / 4

Yes / No / Ex / NK
5 /3 /107 /1

Yes / No / Ex / NK
16 / 9 / 37 / 0

Yes / No / Ex / NK
54 / 25 / 144 / 6

Yes / No / Ex / NK
4 / 3 / 74 / 1

Yes / No / Ex / NK
2 / 1 / 111 / 0

Meets TXA / Aprotonin standard? Q35=pre/intra TXA or Q36=yes

Yes / No /  NK
124 / 64 / 7

N/A Yes / No /  NK
12 / 98 / 6

Yes / No / NK
8 / 53 / 1

Yes / No / NK
187 / 39 / 3

Yes / No / NK
11 / 68 / 3

Yes / No / NK
25 / 83 / 6

Meets cell salvage standard Q40 yes or Q40 no plus Q42=reasons b,c,d,e

Yes / No / NK
99 / 86 / 10 

N/A N/A Yes / No / NK
45 / 14 / 3

Yes / No / NK
166 / 57 / 6

Yes / No / NK
48 / 30 / 4

Yes / No / NK
64 / 40 / 10

If yes to any (where applicable) standard is met
If no to all (where applicable) standard is not met

3897

2869

982

Not 
known

46

Known for 978

PBM 6: Any PBM 
measure before operative BT

PBM 7: All PBM 
measure before operative BT



Laws of the House of God

• GOMERS DON'T DIE.

• GOMERS GO TO GROUND

• AT A CARDIAC ARREST, THE FIRST PROCEDURE IS TO TAKE YOUR OWN PULSE.

• THE PATIENT IS THE ONE WITH THE DISEASE.

• PLACEMENT COMES FIRST.

• THERE IS NO BODY CAVITY THAT CANNOT BE REACHED WITH A #14G 

NEEDLE AND A GOOD STRONG ARM.

• AGE + BUN = LASIX DOSE.

• THEY CAN ALWAYS HURT YOU MORE.

• THE ONLY GOOD ADMISSION IS A DEAD ADMISSION.

• IF YOU DON'T TAKE A TEMPERATURE, YOU CAN'T FIND A FEVER.

• SHOW ME A BMS WHO ONLY TRIPLES MY WORK AND I WILL KISS HIS FEET.

• IF THE RADIOLOGY RESIDENT AND THE MEDICAL STUDENT BOTH SEE A LESION ON THE CHEST X-RAY, THERE CAN 

BE NO LESION THERE.

• THE DELIVERY OF GOOD MEDICAL CARE IS TO DO AS MUCH NOTHING AS POSSIBLE.



National Comparative Audit
of Blood Transfusion

OPERATIVE
Algorithm for PBM standard 6 :

All Patients

Q45 Was the patient 
transfused with allogeneic 
red cells during surgery?

NO

Excluded

What type of surgery? Q6

Elective 
orthopaedic

a-f

YES

#NOF
n

Colorectal
g

Arterial
h

Cardiac
i,j

Urology
l,m

Gynaecology
k

Were any PBM measures attempted?

Meets pre op anaemia standard? Standard 1

Yes / No / NK
93 / 102 / 0

N/A Yes / No / NK
30 / 86 / 0

Yes / No / NK
22 / 40 / 0

Yes / No / NK
106 / 122 / 1

Yes / No / NK
28 / 54 / 0

Yes / No / NK
37 / 77 / 0

Meets pre op anticoagulant / antiplatelet standard?  Standard 5

Yes / No / Ex / NK
13 /14 /166 / 2

Yes / No / Ex / NK
13 / 5 / 158 / 4

Yes / No / Ex / NK
5 /3 /107 /1

Yes / No / Ex / NK
16 / 9 / 37 / 0

Yes / No / Ex / NK
54 / 25 / 144 / 6

Yes / No / Ex / NK
4 / 3 / 74 / 1

Yes / No / Ex / NK
2 / 1 / 111 / 0

Meets TXA / Aprotonin standard? Q35=pre/intra TXA or Q36=yes

Yes / No /  NK
124 / 64 / 7

N/A Yes / No /  NK
12 / 98 / 6

Yes / No / NK
8 / 53 / 1

Yes / No / NK
187 / 39 / 3

Yes / No / NK
11 / 68 / 3

Yes / No / NK
25 / 83 / 6

Meets cell salvage standard Q40 yes or Q40 no plus Q42=reasons b,c,d,e

Yes / No / NK
99 / 86 / 10 

N/A N/A Yes / No / NK
45 / 14 / 3

Yes / No / NK
166 / 57 / 6

Yes / No / NK
48 / 30 / 4

Yes / No / NK
64 / 40 / 10

If yes to any (where applicable) standard is met
If no to all (where applicable) standard is not met

3897

2869

982

Not 
known

46

Known for 978

PBM 6: Any PBM 
measure before operative BT

83%

PBM 7: All PBM 
measure before operative BT

16%



PBM 6: IOCS
• Overall Reduced BT
OR 0.58 p <0.0005, C.I. [0.47-0.71]

• Overall Reduced LOS
9.8%, p= 0.005, C.I. [3% - 16.2%]

• THR Reduction 18.9% 
P= 0.047, 95% C.I. [0% - 34.1%]



Management of Major Haemorrhage

• Surgical control
• Anaesthetic Control
• Blood products
• Cell salvage
• TXA
• Glue

• Post op?

Rule 3

‘THE FIRST PROCEDURE IS TO TAKE YOUR OWN PULSE’



Patient Blood Management - PILLAR 2

• Anti-fibrionlytics

• Cell Salvage

• Adjuncts

• POC 

P=0.02



Surgical PBM
OP
Cell Salvage

Tranexamic acid
POC

Pre OP
Anaemia Rx

Warfarin
Anti Plts

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500

1 unit 2 units 3 units 4+ units units NK



Conclusions

• NHSBT Audit – worthwhile benchmarking

• PBM 1 Management Anaemia
• PBM 5 Management Anticoag/plt
• PBM 6 IOCS
• PBM 7 IntraOP PBM

• THESE WORK - Thank you for your hard work 



toby.richards@ucl.ac.uk

mailto:toby.richards@ucl.ac.uk
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