International Orthopaedics (SICOT) (1998) 22:303-307 .
International

Orthopaedics

© Springer-Verlag 1998

Audit of autotransfusion in spine surgery

G. Shulmart, D.R. Solank®, C.L. Nicodemus, I.M. Flores!, A.G. Hadjipavlou?

1 Department of Pathology, University of Texas Medical Branch, Galveston, TX, USA
2 Department of Orthopedic Surgery, University of Texas Medical Branch, Galveston, TX, USA
3 Department of Anesthesiology, University of Texas Medical Branch, Galveston, TX, USA

Accepted: 4 February 1998

Summary. A prospective evaluation has been under-logues, de plasma frais et une unité de plaque-
taken of 382 patients undergoing reconstructive spindtephérése thérapeutique ont été préparées avant I'in-
surgery during a thirty-six month period. Acute nor- tervention chirugicale. L’équipement utilisé pour la
movolaemic haemodilution and haemapheresis foisequestration des produits sanguins a été ensuite uti-
blood component sequestration was used in 80 palisé pour une auto-transfusion conventionelle. Les
tients in the operating theatre. An average of twoautres 302 patients ont recu seulement une auto-
units each of freshly collected autologous red cellstransfusion. De toutes les unités transfusees le sang
and fresh plasma together with a therapeutic dose o&utologue etait de 87% dans le groupe sequestré et
a plateletpheresis product were prepared for each pa49% dans le groupe seulement autotransfusé. Chaque
tient prior to surgical incision. The same supplies groupe a recu le méme total de globules rouges com-
and equipment were subsequently used for convenmne support de base pendant I'operation. Le co(t de
tional blood salvage and autotransfusion. The otherrécuperation des globules rouges était comparable au
302 patients received salvaged blood only. Of the toeolt d’'une unite de globules rouges allogéniques. Le
tal blood transfused, autologous red cells comprisedco(t de la sequestration et de I'autotransfusion com-
87% of sequestration and 49% of autotransfusion-onparé a celui de l'autotransfusion seule a demontré
ly patients. Each group received the same total peri-une diminution du colt des produits sanguins al-
operative red blood cell support. The cost for one redogéniques et de celui de I'obtention préopératoire de
cell equivalent by intraoperative autologous transfu-sang autologue. Les produits sanguins autologues
sion was competitive with that of providing one units’avérent done aussi rentables.
of cross-matched allogeneic red cells. As compared
with salvage alone, sequestration combined with sal-
vage was even more cost effective and decreased reli-
ance on allogenic products and preoperative autolo-Introduction
gous blood donations. The rate of transfusing autolo-
gous blood products was markedly increased. The potential for transmitting viral infection has
changed attitudes to the management of blood transfu-
Résumé. Cette étude prospective rapporte 382 pa-sion [1]. Intraoperative autologous transfusion (auto-
tients qui ont subi une chirurgie réconstructive de latransfusion) decreases the use of allogeneic red blood
colonne durant une période de 36 mois. Quatre-vingcells in spine surgery [2-4]; the red cells must be
(80) patients ont subi une hémodilution normovolémitransfused only to the patient from whom the blood
que et une sequestration de produits sanguins sougas collected [5]. Red cell washing devices employed
anesthesie générale dans la salle d’opération. Unédor autotransfusion in the operating room may also be
moyenne de deux unités de globules rouges autdssed for instrument assisted blood component separa-
tion (sequestration) [6]. Immediately prior to surgery,
S ) . in the operating theatre, up to 30% of the estimated to-
Reprint requests to:A.G. Hadjipavlou, Departmant of
Ort%opedichurgery, University ofJ'IE)exas Medicgl Branch, Gal-tal blood volume can be collected safely and seques-
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lution. The Hood components arsarated into ad
tologous ed cells, plasma and pidetpheesis without
delaying the starof the opeation [10]. An intaopes-
tive haemtocirit of 24% is vell tolerated, without ad
verse efects [8, 9]. Our studwas designed to deter
mine the impact, safy and cost ééctiveness of per
forming sequesttion followed by autotansfusion, as
compaed with perbrming autotansfusion aloneThe
transfusion ates of autolgous and aditional allaye-
neic Hood products vere evaluaed

Patients and methods

The potocol was gproved ty the authos’ Hospital Institu
tional Review Board. Patients between the ges of 15 and 80
yeas undegoing reconstuctive spine sigery were recuited
for the stugl and pior informed consent s obtainedIndu-
sion citeria for sequesation were a pojected sugical blood
loss of 800 ml or m@; a peopestive haemeociit of at least
35% and a plzlet count geaer than 150,000 per ul.affents
with evidence of catiovascular or ceasbrovascular disease
pre-eisting coaulopahy, malignang or infection of the
spine vere ecluded Those intending to doba autolgous
blood were also &cluded because thed cell mass mahave
been deamased dificially. After induction of @neal anaes
thesia, aadial atery caheter vas inseted in oder to monitor
blood pressue directly. An 8 Fendh Swan Ganz inwducer
was placed in the inteal jugular ein. Electocadiographical
patametes, the diect aterial blood pressue, the cental ve-
nous pessue, tempeature, oxygen sauration and end tidal
carbon diaide tension were monitoed Pror to the sugical
incision, Hood was withdawn from the Svan Ganz intoducer
for sequesttion. An equilaent wlume was eplaced using
colloid and cystalloid expandes to maintain nanovolaemia.
The paients were diided into two groups, namel those ha-
ing sequesttion following by autotansfusion or autcansfu
sion alone During sugery all blood products vere retumed
only to the espectie pdients fom whom the had been g
pared, pre-transfusion testing beingaived

Blood component sequedtion (sequesation)

The ELMD 500 autotnsfusion deice (Medtonic Electo-
medics Inc, Parker, CO) was useddr sequesttion in order to

separte the bood components. file same equipment and sup

plies were subsequentlused to contine with autotansfusion
using h@ain as the anticagulant br collecting thood from
the steile field.

Haemadocrit, coagulation tests and &insfusion
protocol

A transfusion tigger was based on a haetoarit above 24%,
especialy if there was the ppspect of a continng Hood loss.
Postopedtively, allogeneic ed Hood cells vere transfused
when the haentaciit was less than 24% and/ortjgamts had
symptoms of anaemia.h€ haemtocrit was also meased on
the frst and thid day after opeation and on the daof dis
chamge from hospital. Tie pothrombin time actvated patial
thromboplastin time andHbrinogen lesels were used to deter
mine the pesence of cagulopahy. Postopeative Heeding
seconday to defciencies in cogulation factors, was corected
by transfusion of allgeneic fesh fozen plasma, autogmus
plasma and goprecipitae. The exposue of the ptent to at
logeneic poducts vas calculted from the sum of all wich
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were transfused The total amounts @nsfused the etes of
transfusion ér eat pdient, and theates of tansfusion of au
tologous and allgeneic ood pioducts vere compaed The
total wolumes of ed cells etumed were ranked in descending
order. The impact of the sadged Hood products on allgeneic
blood transfusions and the consequences loénmvone and tar
red cell units vere used \ere assessed

Cost aictors

The average cost br the autotnsfusion setice was calcul&
ed by dividing total costs of autaansfusion (laour and sup
plies) for all pdients seved in the thee yeass by all autotans
fusion piocedues perbrmed duing the same p&d. The a-
erage cost pere-transfuseded cell unit equialent was calcu
lated ty dividing the total autoansfusion costdr all opea-
tions by the total mmber of ed cell unit equialents vhich
were retransfused The cost of edtred cell unit equialent ty
autotansfusion s compagd with the per unit cost of @ss-
mached autolgous or allgeneic ed cells.

Staistics

Data for sequesttion and autotnsfusion were anaysed in
separte gooups using a non-paid t-test and a t-tesof inde
pendent samples of unequal esias @propriate. A P-value
<0.05 was considexd to be signi€ant.

Results

The paients in both the sequedtion and the auto
transfusion-ont groups were compaable for age,
se, dumtion of the opeation and peopestive hae
matocrit (Table 1). A compason of the pe- and
post-opeative haemtociit shoved no signicant dif
ferences (@ble 2).

Sequesttion and autotansfusion d&a

After rapid priming, sequestation was completed and
the Hood components parated; the starof the oper
ation was not delged The mean elumes and quality
control of autolgous sequested Hood pioducts ae
showvn in Table 3. The haem@ciit of sequesterd ed
cell units was consistengl 85%. At least one unit
equialent (330 ml of salkged autolgous saline sus

Table 1. Details of the paents

Sequesttion Autotransfusion

Patient rumbes 80 302

Age in years 39+15 43116
Meantstandat deviation

Males 46 175
Females 34 127
Duration of sugery (h) 8.0+6.8 7.6£3.5

Meanzstandat deviation

There were no signifcant diferences (studentstest for un
paired daa)
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pended ed cells) vas tansfusedespectiely to 78%
of the sequesttion and 84% of the aut@nsfusion-
only pdients.

Autotransfusion quality cont

One ed cell unit equialent of saleged Hood was
present in 330 mL with a haetoarit of 65%, haing

Table 2. Perioperative monitoing of anaemi-

Sequesttion Autotransfusion

Hemadocrit %

(Meanzstandat deviation)
Preopeetive 40.1+£5.7 39.0+7.0
Postopeative day 1 30.9+5.0 30.1+4.8
day 3 27.3+7.0 27.4+4.3
Dischamge 30.5#5.0 30.3#5.0

There were no signifcant diferences (studentstest br un
paired daa)

Table 3. Details of autotansfusior:

Blood product wlumes

Autoransfusion
only
(302 pdients)

Sequesttion
(80 pdients)

Estimaed Hood loss (ml) 2185+1505 2166+1846

Total wolume etumed (ml) 8741667 9131824

Total red cell units 194 835
equialents

Per pdient red cell unit 2.4+2.0 2.8+2.5
equialents

Haemaocirit quality contol 59.5+5.6% 61.2+5.7%

Autotransfusion d& (meanzstanddr deviation) in paients
groups. There were no signifcant diferences (studentstest
for indgpendent samples of unequaley »

Table 4. Perioperative transfusion of all lmod pioducts

305

been pocessed m an estim@d Hood loss of 800
ml. Consistent poteoof the ecovered red cell pod-

ucts vas demonsgted ty the Bood unit haem@cr-

its. The rd cell 2,3 diphosplyycerte levels

(2.1+£0.2 pmol/dl) and adenosindptiosphée con

centetions (51.8+3.5 umol/dl) ofepresentéive sam

ples were within nomal accetable ranges. The pH
measuement of vashed ed cells vas consistenyl at

or slightly above 7.400.

Evaluation of all red cell tansfusions

The amount of lmod pioducts tansfused & shevn

in Table 4. Sequesdtion pdients eceved signif-

cantly less peropertive allaggeneic ed cell tansfu

sions (0.68 units per pant versus 2.83 unit per pa
tient; P<0.001) and signi€éantly more autolgous ed

blood cells than autadnsfusion-on} paients (4.53
units per p#dent versus 2.76 units per pant;

P<0.0004). he same per piant total ed cell sup

port was gven to the tw groups (5.21ed cell per se
questetion paient versus 5.59 ed cell per autoéns

fusion pdient; P<0.361). The autotansfusion on}

patients eceved signifcantly greder total all@eneic
blood product exposues (4.51 per geent), than the
sequesttion group (1.00 per géent; P<0.0001). he

average dugtion of sugetry in sequesttion and aute

transfusion pgent goups vas the samePk0.18, B

ble 1).

Cost considations

The calculéed costs dr both péient goups ae
shovn in Table 5. The average cost of pocessing one
sahaged ed cell unit ly autotansfusion ory was
$97.47. \Wen assessing theolume of ed cells e
turned if less than oneed cell unit equialent was
deleted a cost eduction to $84.38 as demons#ted

Salheged Allogeneic tansfusions Totals
autolagous
Perioperative Exposues Transfused

RBC unit RBC PLT PLS CRY Total Donors/ RBC

Equivalents units units units  units Donors  Patient units
Sequesttion (80 paients)
Blood products tansfused 362 54 0 23 3 80 1.00* 416
Patients tansfused 76 26 12 1 76
Units per péent 4.53* 0.68* — 0.29* — 5.21
Percent autolgous of total 87%*
Autotransfusion on (302 paients)
Blood products tansfused 835 856 61 395 54 1366 4.51* 1691
Patients tansfused 294 176 26 69 34 294
Units per pédent 2.76* 2.83* — 1.31* — 5.59
Percent autolgous of total 49%*

* P<0.05; RBC=ed cells; PIL=platelets; PLS=plasma; CR:cryoprecipitae
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Table 5. Annualized cost considetions in spine sgery

Sequesttion Salege

(BCS) (IAT only)
Total costs ér spine ptents $21,560 $81,389
(Labor and supplies)*
Numbes of cases 80 302
Salaged RBC unit equialents 362 835
Cost per RBC $59.55 $97.47
Need br adlitional allogeneic  No Yes

plasma and ptalets

* Cost adjustmentofr sequesation and standp procedues
were aeraged amongst all cases

At the authos’ institution, the compative costs a
$88.92 per allgeneic and $118.13 per autgbus
cross-mé#ched ed cell unit. Sequestion further 1e-
duced the per unied cell cost to $59.55 anith adli-
tion, fresh autolgous plasma and gkletpheesis br
re-transfusion were pioduced endling a lage reduc
tion in the use of allgeneic bood poducts.

Another unmeased outcome &s a eduction in
the hidlen costs assoded with allgeneic tansfu
sions esulting in &wer post-tansfusion complica
tions. In those péents with insuficient Hood loss or
processing the total allgeneic tbood product cost
per pdient was $249.49, or 90% of the cost of se
questetion. Futhemore, duting sequesttion, aute
logous plasma and fklets were pepared simulta-
neousy a no &tra cost, elimindng the needdr allo-
geneic poducts.

Discussion

Sequesttion pdients eceved signifcantly more au
tologous Bood pioducts and less aljeneic ed cells,
plasma and ptalets compad with autotansfusion-
only paients. Acute nanovolaemic haemodilution
was accomplished without compli@ns. A mink
mum of one ed cell unit equialent was etumed in
the majoity of paients. Washed ed cell wlumes of
less than one unit eqalent poved to be less cost-
effective and vere used onl if clinically indicaed

During the peiod of this stugt, more than half of
untransfused m@-opestive autolgous deosit red
cell units collected f'm non-stug paients became
outdded adling unnecesshy to costs [6]. Manal
intervention in pocessing mod is eror prone [11]
and autotansfusion m@areduce the potentiabf sud
error. Autologous poducts mg decease complica
tions in pdients with inkction or malignancand ae
celemate post-opeative recovery and healing; in tum,
this mag affect the length of hospital std12-14].
Thus, autotansfusion with sequestion is an #rac
tive option in econstuctive spinal sugery.

All blood pioducts pepared by sequesation or
autotansfusion were regulaly re-transfused in the
opemting thedre. Ther was less needof corven
tional donor saening and testing of opestive au
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tologous deosits, leading to falher cost s@ngs to
the Hood bank. In some piants lage wlumes of
sahaged washed ed cells, as ell as supplemental
allogeneic ed cell tansfusions, mdisposed to the
development of haemodilutional cgalopahy. Pa-
tients thought to betaisk of major tbood loss duing
sumgery will beneit from preopestive pepartion of
autolgyous Hood pioducts ly sequesttion [10]. This
process has pved to be cost &ctive and educes
significantly the amount of ansfused allgeneic
fresh fozen plasma. Red cell salye by autotansfu
sion is subsequenticontirued & no etra cost. Ay
transfused allgeneic ed cell supplements aralso
regycled by autotansfusion, futher diminishing alle
geneic donor posues.

The pesent stug demonstates tha autotansfu
sion costs a compaable with those of allgeneic
transfusions. Aditional cost seing is epected fom
the avoidance of the postdnsfusion sequelae of allo
geneic tood pooducts. he most commogl occur
ring complicaions indude allosensitigégon, acute
and delged haemoltic and €brile non-haemaitic
transfusion eactions, imranagenic insult andrarely,
transmission of lood-bon viral diseases. ie major
ity of Jehovah’s Withesses acge autotansfusion, if a
continuous &tra-coiporeal circuit is maintained [16].
Autotransfusion is also anfettive transfusion option
for pdients with coss-mé#ch difficulties due to are
alloantibodies gainst high-incidence ang&ms.

An efficient autotansfusion sesice in the opeat-
ing thedre piovides an oppdunity for monitoing
the apropriateness of @nsfusion pectice and dr
marketing informéion concening corectve mea
sures. The involvement of a pysician fom the thood
bank in the opeting thedare ma improve the banls
standads for quality assiance When sequesdtion
is perbrmed while the p#éent is being pgpared for
opetion in the thetre, the time befre opestion is
not piolonged We found no signitant diference in
the dustion of the peiod from admission to and dis
chage from the opeating thedre while perfbrming
autotansfusion with or without sequeation.

Sequestexd autolgous plasma and pklets ae
preferable to saline-suspendeéd Hood cells ecor-
ered duing sahage. In pdients with loss of a lge
volume of hood, a defciengy of plasma otting fac
tors or thombog/topenia due to dilutional cgalopa
thy is especiall important. Autologous poducts &
cilitate corection with mininum risk and & a cost
compaeble with the use of allgeneic bood prod-
ucts. Another potential sieg is though a dimin
ished loss of @ss-mé&ched units vinich were not
transfused and alugble time mg be saed in the
Blood Bank becauseafer allageneic units need to
be pocessed and ass-m#ched The costs of this la
bour ma be ofset ty autotansfusion, and &rt can
thus be pplied to othereverue gnegting actvities.
Allogeneic lbood pioducts contine to incease in
price as ne testing and egulaory contiols ae im
plemented; in mansumgical procedues auto@nsfu
sion mg contibute to consefing the allgeneic
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blood suppy. Improved pdient cae is povided ty
greder use of autolgous Hood pioducts in an éf-

cient manner in aer to diminish the morbidity of
post-tansfusion sequelae and to d=se the costs of

transfusion theapy.
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