Cell salvage intraoperatively and
postoperatively — worth a go?
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Some common questions
Still safe and effective?

s it safe?

t makes patients bleed
t Is too expensive

t increases infection

t is not cost-effective

s it safe to use it in Obstetrics, Malignancy,
nfection?



Blood Conservation

Education

Decrease homologous blood use

Reason for Tx
in notes




Transfusion effect ? How can we separate from surgical effect ?

Massive Haemorrhage Withhold transfusion
Complicated or Unexpected Complicated surgery Minimal Haemorrhage
Difficult surgery Moderate or Straightforward Surgery

controlled haemorrhage

Mortality

Less transfusion



Blood Conservation

Pre-op preparation Education

Decrease homologous blood use

Electronic X match Reason for Tx

s in notes

v —
Cell Salvage




The best transfusion
is the one the patient
avoids

The next best is the

patients own fresh
blood




History of Cell Salvage Autotransfusion

Blundell

Duncan

Theis

Elmendorf

Cook County Hospital,
Vietham

1818

1886

1914

World War 1
WW?2

Late 1960’s



Subsequent early pioneers:

* Van Schailk HD. Penetrating wounds of the abdomen. ) Florida Med Assoc
1927; 14; 33-34

e Tiber L. California West M., 1934, 41: 16-20 (189 ectopics )




History of Cell Salvage Autotransfusion

e Gibbons 1953
Dyer and Rob 1966
Klebenoff 1967

Bentley ATS 100 1968
Taswell and Wilson 1968
Latham 1970’ s




Intra-operative red cell salvage
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Red Cell Salvage

-Accelerated sedimentation
5,500 revs.

-Centrifugal device

-Wash cycle

-Volume 225 ml

-Hct 55-75

-Platelets 15,000




stored in CPDA

Properties of whole blood and red cell concentrates

Days of Storage

Parameter 0 35(Whole 35(Packed

Blood) Cells)
pH 755 698  6.71  Alkaline
Plasma Haemoglobin(mg/dL) 8.2 46.1 246.0 80-200
Plasma potassium(mEq/L) 4.2  27.3 76.0 Normal
Plasma sodium(mEq/L) 169 155 122 Normal
Blood dextrose(mg/dL) 440 229 84
2,3,DPG (microM/ml) 13.2 <1 . | Higher
Percent survival - 79 71 70 -80

From: Miller/ Transfusion Therapy, Anaesthesia, 4th Edition




Autotransfusion: Quality of Blood Prepared with
a Red Cell Washing Device

* Higher Hb concentration
* Higher 2,3-DPG

* Higher WCC

* Higher pH

* Physiological potassium concentration
* Heparin 0.64u.ml*
* Low platelets

Br J Anaesth (1987): 59: 1035-1039



Red Blood Cells
8um in diameter

3 um vessels

White Blood Cells 120 days and travels 300 miles

Flexible biconcave disc

Hb A MW 68,000

640 million haemoglobin molecules

Platelets

Bacteria Heparin MW 15-18,000
Heparin, Betadine, Antibiotics






40 micron
micro-aggregate
filter




Avoidance of allogenic blood
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Cell salvage for minimising perioperative allogeneic blood
transfusion (Review)

Cardess PA. Hewry DA, Maney AL O C sanel 1IN lrc‘coua (RN

THE COCHRANE
COLLABORATION



Comparison in term of efficacy: Meta-analysis on
alternativesto allogeneic blood transfusion

PAD decreases the risk of allogeneic transfusion /5

PAD  (Forgie 1998) 0.17 (0.08-032)
EPO  (Laupacis 1998) 0.36 (0.24-0.56)

Cell saving (Huet1999) ow  0.39 (0.30-0.51)
Postop
salvage  (Huet1999) ounw 0.35 (0.26-0.46)

ANH  (Bryson 1997) 0.64 (0.31-1.31)




@ Adverse Events & Other Outcomes, Outcome
Any Infection - CS vs Control
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@ Adverse Events & Other Outcomes, Outcome
Wound Complication - CS vs Control
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@ Adverse Events & Other Outcomes, Outcome
B Any Thrombosis - CS vs Control
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Restoration of blood
volume

+

Restoration of oxygen
carrying capacity

J

Improved survival
















Intraoperative Blood
Requirements
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Gwynne Hughes L, Thomas DW, et al Anaesthesia 2001;56(3): 217-221




Massive Transfusion
10 unit transfusion

Allogenic RBC’ s
115 units

Cell salvage 8,785ml

RBC equivalent
35.14 units
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1/3 of the transfusion requirement
was met by cell salvage
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12cm Em AAA
6 L blood loss\

NO donor RBC Tx
Home in 15 days







Suction induced hemolysis at various vacuum
pressures: implications for intraoperative blood
salvage

e 7150 mmHg maximum suction?

* 300 mmHg can bue used if rate of bleeding
Insists.

 RBC count, hematcrit, serum K+ did notchange
significantly

 Hemolysis 0.3- 3 % whether air was suctioned
or not

Gregoretti S. Transfusion 1996;36:57-60



Modification of suction induced
hemolysis during cell salvage

* Reduction in blood damage
CAN be obtained by diluting
blood with normal saline while
suctioning it from surgical

field.

Waters JS et al Anesth Analg 2007;104:684-7









Does swab washing increase the efficiency of red
cell recovery by cell salvage in aortic surgery

* Washing swabs improves the efficiency
of red cell recovery

e 50.1g return by suction
* 31g return from swab washing

* Therefore a 31% yeild of total form swab
washing

Haynes SL et al Vox Sanguinis 2005;88:244-248



UK Intraoperative Cell Salvage Action Group
Jechnical Factsheet

SWAB WASHING

ABREA of APPLICATION

The efficiercy of red oef recovery Dy cell salvage B very mech
Sependent on the abity o recover the bicod ot n » useabie form
Durng surgery, blood Joss can De removed from the cperative soe by a
COMDMAtoN of SUCToNn and swads, BoOd 05 10 Swabs Ouring surgery
has Sees mtmated ot Detween 0%’ asd SOW' of the Sotal surgical
DOOd oss, By washing swads, the DO0d that s normally Gscarded can
De Cofected and the averall eMOoency of red cell recovery mproved.’
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Theatre staft
PROCLDURE:
5. St up @ Wertie Dow! with 1000 sterte IV grade 0.9% saline*
2. Soak DoOE soded swads’ for & few Minutes In the saline 1o eatract reg
cotls, Cerlly commpress the swals o express any resdoel souton
Before dacarding.
3. AL the end of the procedure” Mprate the swab wash soltion intg the
Ol SaVage fElervOlr uSng the suchion Ane. The swald mas® should net
Be left for mone Than 6 Pours without processing
Notes

¥ Dioog Vs 5 10 e caloulated Dy welght of Dicod In the ssmabs, the ssabs
wil need 10 De meighed aseptically 4 the stertie Neld prier 10 matshing. Tha
Can De achveved by pading QLY scales wihn a stetie trataparent Slastc
>aq

" SOome centres use AMDCOBZUIEM In the sead wash 4. 10,000 IU hepans
per lere sadine

TAVOIE waahing teald COnlaminaled wih Detadne o other substasces
contraingdcated 0 ool salvage

Ve t
Nrvwrdar JO!
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It saves blood v V'V



All Wales Intra-Operative Cell Salvage Data Collection Form

i form a80uld be comphted Lo #wery RrgiCH Cane shane Dlod hag Deen collecsd win
B menson o PUcpecatve (ol s@eage EVEN £ Pa DOOE coMied & AT peoteried

1. Trust Hospital Code No.
2. Patient Details 3. Procedure details
number ﬁiﬁam
Date_of operaton ==
0 Mals CFemale ' Oin hours O Emergency

_ OOutofhours O Electve
2 Malignancy 2 Infected fields

jm e

1T

7. Comments | Problems | Critical Incidents (please use ansther sheat # requiced)

AR ok NXSy 2



It saves blood v V'V

Are we over using it?
Changing Practice
Targeted use
Umbrella principle



Products available

* Unwashed collection systems
— Exactly that wound blood collected
and re-infused with filtration

 Washed

— Anticoagulated, washed and concentrated
by centrifugal force and filtered
(Continuous and discontinuous)



Unwashed shed blood should we
transfuse it?

SHOT and UKCSAG ....will provide
us with haemovigilance data with
a definative solution to the
dilema. .........

Liumbruno GM, Waters JH
Blood Transfusion 2011 9(3):241-245



Has the debate been decided?

To drain or not to drain?

Use of Tranexamic acid

Better pre-op preparation

Withholding transfusion

More targeted use of cell salvage?

Use of post op salvage in Cardiac surgery?






Laparoscopic splenic biopsy
Laparoscopic splenectomy

Massive haemorrhage




Irrigation fluid 0.9% N/Saline
Add 25,000 iu heparin
Continue as normal and connect cell

salvage reservoir

| If bleeding occurs process

5




SUMMARY

| 5 unit equivalent Tx of
salvaged red cells

Anaesthesia reversed

4 Returned to general ward
Successful laparoscopic

procedure

@ Home shortly afterwards

_ No allogeneic transfusion



JAMA 1986: 256; 2378-30

* “Blood potentially contaminated with
malignant cells should not be re-infused
because of the risk of producing
metastases”

 this has not been substantiated by any
subsequent in vitro or in vivo work over
28 years.




JAMA 1986: 256; 2378-80

e Cancer

e Obstetrics

e Contamination




April 2008 - NICE approves use of cell
salvage in urological malignancy

Intraoperative red blood cell salvage during
radical prostatectomy or radical
cystectomy. London: NICE, 2008.

http://www.nice.org.uk

(11

this procedure is safe enough and works

well enough for use in the NHS”




UK Intraoperative Cell Salvage Action Group
Jechnical Factsheet

INTRAOPERATIVE CELL SALVAGE IN OBSTETRICS
AREA of APPLICATICH

Istravperative Cel Salvage (ICS) & Deing InCreasngly used s the UK
In obatatrics for momen &8 rizk from postpartum haemomraage dunng
Coesarean section. In the yeor 20052006, 36% of UK maternty
umts wsed ICS, and 28% houded the ose of 1CS In their Massive
OSstetric Haemorrtage [MOM] protocel. Early theoretcal concerms
Ower aMNOUC Myl emboksm have NOt Deen DOme Out N Chncal
pracioe ang B0% oF materity umts entfied the Darmmer 10 Mmare
use M lack of traing rather than safety concems’.
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Al 2l goerstng the salvage systems
PROCEDURE:

The use of ICS in cdatetrics has Does endorsed By

o Configential Enguiry nto Matermal and Chig Mealh [CEMACH)*
. Joirt AAGBLOAA Guideires’
s Nabona Instiute of Qmicel Excelence (NOC2)'

It is strongly recommended that any health care professional invoives mith
chatetnic ICS Se famiiar with al refevart guidelines.

1, Patient Selection and Preparation

Wherever poaaidie, the advartages N raks of ICS and aliogensic biood
trargfusion should bDe dacussad with the patient pror to undergong an
ohstetric surgical procecure. In 3 pre-planned case this can be done durng
avienalyl care. Il I8 recommmmended that Selients receive e Intradderalive
Col Salvage Patent [nformation Leafiet and 3 cogy of the Fregeently Askes
Questions sheet

™e NICE goddante “Intrpoferalive DI0Od cell salvage 0 chadetrics”

recommends that “whenewer possibie, the soman wncerstands what &
Ve *
Neverde 2007

g JAqQWINN




Cell Salvage in Obstetrics N.I.C.E.
Guidelines Nov 2005

...efficacious technique for blood
replacement.....

...use well established in other areas of
medicine....

..... theoretical safety concerns when used in
obstetrics....



* Cell salvage is being used widely in
the UK

* There have been no reports to
SHOT or MHRA of any adverse
outcomes in cell salvage in obstetrics
relating to amniotic fluid embolism
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Review article

Cell salvage at caesarean section: the need
for an evidence-based approach

) Geoghegan,” JP Daniels,” PAS Moore,” PJ Thompson.® KS Khan,* AM Galmezoglu'
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Accepond '8 Jamsary 2009,

Haemaoerhage, 2 leading cause of masernad morbedity and
mortalay, s Sequmtly auocaied with Gesran waron
Allogeseic Slood s e incressngly rare and scase roosice.
Imtraoperative Cal Sabvage (POCS) offors the possbuliny of
improving outcome sad reducng allogeaex blood trassfuicn in
caes of BaemorThage & cacsarras wction. The avalable Loeratere
ot the wac of JOCS 2 obatetrits detoomtrates thal there o Emned
evidonce 10 wupport or refate the s of 10CS 2t caovresn

coon. Howewer, this procedure has been imtrodoced iato
chatetnic practce. Tufore opimions abodt B use become
swobdfiod, there 0 3 window of opportusity to leanch 3 large
mancenery randomued conerolled trial %o addoown the current
OQLEPORNC.
Keywords Autologous Irasafincn, caoarvan wotion, ool saldvagr,
istrsoperatve, obnletrion



Clinical scenario

Profound hypotension

All when LDF being used

Citrate used as anticoagulant
Warm Blood

? Blood being pressurised

BP restored on stopping infusion

\ %

Gwasanae th Gwaed Cymru



Clinical scenario

Theoretical explanation of

hypotensive reports when using
LDF’s

Abertawe Bro Morgannwg



Clinical scenario

* Profound hypotension

* Bradykinin release, cytokine effect

* Seen in LDF at bedside

* Anaesthetists need to be made aware

e Stop infusion, vasoconstrictors, other fluid.
* Transient

 Remove filter in urgent situation

3
Q G |G Bwrdd lechyd Prifysgol
OL7° Abertawe Bro Morgannwg

b Universi ty Health Board Gwasanae th Gwaed Cymru



Iwama H. Bradykinin-associated
reactions in white cell-reduction filter.

Journal of Critical Care 2001; 16(2): 74-81.

Abertawe Bro Morgannwg

Gwasanaet h Gwaed Cymru



Bradykinin-Associated Reactions in White Cell-Reduction Filter

Hirash: vama

orated Deadylnin by agoroximasely 4.000-104d when
warm Mood was used byt &d not at cool bload. Blood
presscre decrsased and heart rate incressed during
warm blood tramfuson using the negative Rlter but
3 not dhangs wsing the positive fiter Plasma
bradykinia levels increasad in patients wizth use of the
negative Aitar The newiral Nitar genarnatsed bradykinina
when warm blood was used but ot levels lower thas
for the negative Niter

Conciusions. Use of segstive filter ressits in the
tamparsture-dependent generation of bradykinin,
which becomes a poatential anaphylatonin when wars
bleod s used

Copyright © 2001 by WAL Saunders Compeny



Enteric contamination

Timberlake GA McSain NEJr Autotransfusion of blood contaminated
by entericcontents:a potentially life saving measure in the massively
haemorrhaging trauma patient? J Trauma 1988:28(6):855-857.

Ozman V McSwain NE Jr ichols RL et al. Autotransfusion of
potentially culture-positive blood (CPB) in abdominal trauma:
preliminary data from a prospective study. J Trauma 1992;32(1):
36-39.

— Smith LA, Barker DE Burns RP. Autotransfusion utilisation in abdominal
trauma. Am Surg 1997; 63(!):47-49.
Hughes LG, Thomas DW, Wareham K, et al. Intra-operative blood
salvage in Abdominal trauma:a review of 5 years’ experience.
Anaesthsia 2001;56(3):217-220.

Intraoperative Blood Salvage in Penetrating Abdominal Trauma:a
Randomised, Controlled Trial. Bowley DM et al. World Journal of
Surgery2006;30:1074-1080



Intraoperative Blood Salvage in Penetrating
Abdominal Trauma:a Randomised, Controlled
Trial

* Those patients with penetrating
torso injury requiring laparotomy

* Hypotensive either pre—hospital or
on arrival

* Significant blood loss considered.

Bowley DM et al.World Journal of Surgery2006;30:1074-1080



Intraoperative Blood Salvage in Penetrating
Abdominal Trauma:a Randomised, Controlled
Trial

* Assuming a 40% reduction of blood
requirement with SD of 4.5 units for a
power of 80% and type 1 error rate of
5% 20 patients in each arm needed.

Bowley DM et al.World Journal of Surgery2006;30:1074-1080



Intraoperative Blood Salvage in Penetrating
Abdominal Trauma:a Randomised, Controlled
Trial

* Randomised to two groups.

* Allogeneic only

* |CS plus allogeneic if required

* All had prophylactic antibiotics
* Primary outcome was Blood Tx

Bowley DM et al.World Journal of Surgery2006;30:1074-1080



Intraoperative Blood Salvage in Penetrating
Abdominal Trauma:a Randomised, Controlled
Trial

e 23 pts (Control) and 21 pts(ICS)
1493 ml (0-2,690)

Allogeneic Blood
* 11.17units 6.47units P=0.008

Bowley DM et al.World Journal of Surgery2006;30:1074-1080



Intraoperative Blood Salvage in Penetrating
Abdominal Trauma:a Randomised, Controlled

Trial
* Enteric injury
—17/23 (75%) 18/21 (85%)
* Survival
—8/23 (35%) 7/21 (33%)

—Sepsis similar in both groups but if
sepsis developed more likely to die.

Bowley DM et al.World Journal of Surgery2006;30:1074-1080



Intraoperative Blood Salvage in Penetrating
Abdominal Trauma:a Randomised, Controlled

Trial
* Enteric injury
—17/23 (75%) 18/21 (85%)
* Survival
—8/23 (35%) 7/21 (33%)

—Sepsis similar in both groups but if
sepsis developed more likely to die.

Bowley DM et al.World Journal of Surgery2006;30:1074-1080



Who benefits from red blood cell salvage? Utility and
value of intraoperative autologous transfusion Editorial
Transfusion

* Jonathan Water’s paper on of a case series of
20,000 cases over 5 years

 Morriston has single centre data over 20 years
of 18,000 cases and All Wales data from 2006
of another 18,000

* Unsuprisingly we have come to almost
identical conclusions

Editorial Transfusion 2011;51:2058:2060



Who benefits from red blood cell salvage? Utility and
value of intraoperative autologous transfusion Editorial
Transfusion

* Asignificant proportion of cases have a low
vield of less than 1 unit equivalent.

* Lumbar spine surgery covers a spectrum of
invasiveness which will result in a wide
variation in blood loss

 Must agree that surgical technique and skill
has improved

Editorial Transfusion 2011;51:2058:2060



Who benefits from red blood cell salvage? Utility and
value of intraoperative autologous transfusion

* Over 5 year period 31,351 rbc units were

spared amounting to a dollar equivalent of
S6.7 M

* Even when costs of running the programme
are deducted a net cost saving of $2.3M

* Per institution saving $35,517 per year

Editorial Transfusion 2011;51:2058:2060



Cell salvage intra-operatively and
postoperatively — worth a go?

Yes BUT

Case selection very important and will vary
between institutions

Certain procedures will be non cost effective

The ease of emergency use if you have a trained

and competent team and have an elective
service running

Reservoir costs need to come down



Cell salvage intra-operatively and
postoperatively — worth a go?

Yes BUT
Reservoir costs need to come down

As in sudden haemorrhage much blood can be
lost in the 10-15 min set up time

The remainder of he harness does not need to
be opened if collection volume is low



