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THE EFFICACY OF
AUTOLOGOUS
TRANSFUSION OF
POSTOPERATIVE
MEDIASTINAL SHED
(DRAINAGE) BLOOD

Rondomly selecied 416 patiemts that had wndergone open  heart
surgery, were studied in (wo groups fo asses the efficacy of
autefransfusion of mediastinal shed blood. In Group I, 336 patienis
were ifncluded that received autotransfusion of mediastinal shed
Blood, whereas Group 1] were formed of 850 cases that posioperalive
auwtoiransfusion was notl wsed, Growp I oand Grodgp 1 were identical
in patieni characieristics. Two further subgroups were formed fo
evaluate the hematalogical effects of postoperative aulotransfusion.
Group IA consisted of 15 cases that had wundergone coronary ariery
bypass grafting which received postoperative awioiransfusion, and
in Group HA 10 cases of coronary artery bypass palienls were
included from Grouwp 1. Hemaiological siudies in Group ITA after
aufotransfusion showed significant inerease in  hematocrit,
fibrinogen levels, plateler counts., Proihrombin and bleeding times
were significantly different from the pre-autorransfusion  values.
Post-amtatransfusion stadies of Growp 1A were alse compared with
Group HA simulianeously. This resulied a significant difference
between the subgroups in fibrinogen degradation product (FDFP)
levels and f-thromboglobulin  fevels (f-TGHR). FDP  fevels were
higher in Grouwp HA and J-TGR levels were higher in Group IA. The
hematological properties of mediastinal shed blood were in
physielogical limits. Postoperative auwiforransfusion of mediastinal
shed Blood reduced the bank blood requiremenis by 48% and altered
the hematologic properiies of patiemis in a favoring manner.

Key words: Awtfofransfusion, dpen hearl Surgery.

Homologous blood transfusions in surgery and traumatology
has gained wide acceplance with the introduction of blood
groups by Landsteiner in 1990'. However, this wide-spread
application ol stored homologous bank blood led to some
serious complications, which might end with fatality in some instances.
These risks of homologous blood transfusions may be listed as
follows: inappropriate group typing and cross matching, anaphylaxis,
disseminated intravascular coagulation, transmittence of blood bome
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infectious diseases such as hepatitis—B and
AIDS, hypothermia, ventricular arrythmias,
dilutional coagulopathies, hyperkalemia and
pulmonary embolism 24, It is also shown tha,
bacterial contamination might occur up 1o 4% in
patients that are undergoing open heart surgical
procedures who received homologous bank
blood?,

The increase in the number of open heart
surgical procedures have also led to shorage of
available bank blood and other blood products.
This resulted with the concept of autologous
blood transfusions (autotransfusion) which was
actually brought to daylight by Blundell in
1818. Since that time, autotransfusion used and
reported in vast amounts of clinical studies .
These works have shown that, autotransfusion
does not carry the risks of bank blood, is
almost equal to the quality of bank blood, can
be life saving in emergency situations and has a
lesser cost compared 1o bank blood 5.10-15,

The presented study was planned o show the
efficacy of postoperative salvage of mediastinal
shed blood.

Material and Methods

Patients: Randomly selected 416 patients who
had undergone open heant surgery were
included in this study. First group (n:336)

(Group 1) received autotransfusion and the
second group (n:80) (Group 1) did not receive
autotransfusion as the control group of the
study. Fifty six percent (n:233) of cases had
undergone coronary bypass procedures, 31%

(n:131) valvular operations, and 13% (n: 52)
congenital heart defect corrections. Of the 233
cases that had undergone coronary bypass
operations, 25 cases were randomly chosen
from the two groups to form two other
subgroups. These subgroups were formed o
exclude the possible effects of valvular and
congenital heart diseases on haemoiological
cascades. Group IA was formed from
randomly chosen 15 coronary bypass patients
‘who received mediastinal shed blood
transfusions, whereas Group 1A was formed
from randomly chosen 100 coronary bypass
patients, who did not receive postoperative
transfusion of mediastinal shed blood.

Postoperative auioiransfusion sysiem:
The Sorenson's Autotransfusion System
{ATS)*, that has been developed by Noon and
colleagues, and first used alter open heart
surgical procedures by Schaff and colleagues
was used in this study®. Sorenson ATS is
formed by two connected parts: A canister that
occupies the blood collecting bag is connected
1o a vacuum source through a device named
recepteseal, which is actually a closed
underwater manometer. The drainage tubes
were connected to the blood collecting bag. The
vacuum applied to the canister was 350 mmHg,
and through the recepieseal this was reduced 1
-200 mmHg when applied to the drainage tubes.
For every 500 ml of shed blood, 100 ml blood
reservoir of the system has a 170 p
microparticulate filter of acid citrate dextrose
solution was added. The shed blood was also
filtered through a 40 p filter during the
autotransfusion.

Surgical Technigues: All patients were
operated on standart technigques which are used
rountinely in our clinic. A median sternotomy
wits done to enter the mediastinum. Cardiopul-
monary bypass - was established membrane ox-
ygenators. Before the establishment of CPB, a
unit of (400 ml) heparinized blood was with-
drawn from the patient, which was adminis-
tered back by the end of CPB. Heparinization
was monitored according to activated coagula-
tion times (ACT), by keeping the ACT over
400 seconds. Heparin reversal was accom-
plished by protamine, again monitored by re-
versal of ACT 1o pre-heparinization levels. Af-
ter heparin reversal, the prime-mixed blood,
that was left in the oxygenator and tubes were
collected in blood bags, and transfused back to
the patient primarily to overcome the volume
deficits in the immediate postoperative period.
Autotransfusion in the postoperalive
period: As stated above, volume deficits of
patients in the immediate postoperative period
were replaced by with pump bloods primarily.
If any more volume replacement was indicated,
hemoglobin (Hb) and hematocrit (Het) levels
were taken as the main criteria in selection of
the transfusion material. Volume deficits of
patients that had Het levels over 25% and Hb
levels over 8.5 g/dl were mainly substituted
with crystalloid or colloid solutions.

*: Sorcnson ATS, Sorcnson Rescarch Corp, Salt Lake Ciy, Uah, USA
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[Table I: Preoperative hematologic values of subgroups

Het (%) 45412
Hb (g/dl) 14.7+00.9
RBC (10%/mm3) 4 8002
Platelets (104/mm3) 2590476
FDP (pg/ml) 7.646
Fibrinogen (g/) 34208
PT (Sec) 9.8+0.4
aPTT (sec) 21.042
Bleeding Time (min) 1.8+0.9
FVIIR: Ag (%) 15.0450)
B-TGB (IU/ml) 17.5%6.5
Haptoglobin (g/1) 1.6£0.7
ACT (sec) 157.0x17

Group TA (n=135)

Group IIA (n=10)p

46.3%3 NS
14.8%1 N3
4.940.4 NS
281.0%112 NS
4.315 NS
37409 NS
9.640.3 NS
23,842 NS
1.940.5 NS
114.0£20 NS
12.645.4 NS
1.7£1.2 NS
149.0429 NS

boglobin; ACT: activaled clotting tima

Het: hematocrit, Hb: hemoglobing RBC: red blood cell count; FDP: Nibrin degradation products; PT: prothrombin
time; aPTT: activated partial thrombaoplastin time; F VI R: Ag: facter VI related antigen; B-TGB: beta throm-

Within the first 4 postoperative hours, il the the
a maunt of blood collected in the Sorenson ATS
were more that 2000 ml, it was autotransfused
back to the patient. If it took more than 4 hours,
this blood was discarded to eliminate the
possibility of bacterial contamination,
Hematological studies: Pre and posiopera-
tive Hb, Het levels, red blood cell counts
(RBC), white blood cell counts (WBC) and
platelet counts, amounts of transfused bank
blood, pump blood, fresh frozen plasma, and
autotransfused blood were recorded.
Postoperative drainages were also recorded.
Hematological studies that are listed below are
performed on the subgroups 1A and IIA. The
samples from these subgroups of patients were
withdrawn from a central venous line
preoperatively, immediately after the patient
wiis transported to intensive care unit from the
operating room (postoperative pre-
autotransfusion), and 18-200 hours afer the
autotransfusion. Also blood samples of the
mediastinal drainage were taken while being
collected. The hematological studies were as
follows: 1) Hemogram (Hb, Het, RBC, WBC,
platelet counts) were studied automatically by
Coulter Counter Model S-Plus VI#; 2)
Prothrombin Time (PT), activated Partial
Thromboplastin Time (aPTT) and fibrinogen

*: Coulter E'~ctronics, Inc, Hialcah, Florida, USA

levels were measured automatically**; 3) Fi-
brin degradation products (FDP) were studied
with latex agglutination technique; 4) Haptog-
lobin levels were studied with single radial im-
mundiffusion technique; 5) Beta -
thromboglobulin levels were measured with
ELISA immunoassay method; 6) Factor VIII
Related Antigen (F-VIII R: Ag) with ELISA
immunoassay method, 7) ACT with automated
coagulation laboratory; 8) 2-3, diphosphogly-
cerate (2-3DPG) with enzymatic colorimetric
technigue; 9) pll with acid base laboratoryT;
1) Bleeding time with lvy method.

Results

Patients characteristics of Group [ and Group I1
were found to be identical. The patient
characteristics of the two subgroups were also
identical. Preoperative hematologic data of
subgroups are given in Table 1. These data did
not reveal any statistically significant difference
between the subgroups. Postoperative
preautotransfusion studies of Group IA were
significantly different from the preoperative
villues for all measurements except the FDP and
haptoglobin levels (Table 1), In Group 1A
postoperative preautotransfusion studies were

== Automatcd Coagulation Laboratuory, ACL, Instrumenttion Laboralory, NMew Jerscy, USA

t:ABL, Radiometer Corp. Copenhagen, Denmark
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[ Table II: The effects of CPB in Group IA on hematological values

Het (%) 45.4%2
Hb (g/dl) 14.7£0.9
RBC (10%/mm3) 4.8+0.2
Platelets (10%/mm?3) 259476
FDP (ug/ml) 7.616
Fibrinogen (g/1) 3.410.8
PT (Sec) 9.840.4
aPTT (sec) 2112
Bleeding Time (min) 1.840.9
FVIIIR: Ag (%) 153150
B-TGB (IU/ml) 17.5%6.5
Hapioglobin (g/1) 1.60.7
ACT (sec) 15717

Before CPB

After CPB p

26,943 (.00
8.9%] (0.0001
2.910.4 0.0005
160£50 0.0001
8.616 (.4307
2.120.7 (.0005
1241.1 (1.0001
2513 0.0001
3719 (.0001
125460) 0.0001
27.619.8 0.0001
0.7£0.5 0.2732
131124 0.0002

CPB: carﬁinpulmwr bypass; Het: hemaocrt; Hb: acmoglobin; RBC: red blood cell counts; FOP: Nbrin degra-
dation producis; PT: prothrombin time; aPTT: activated panial thromboplastin time; F VI R: Ag: factor VIIT re-
lated antigen; B-TGB: beta thromboglobing ACT: activated clotting time

also significantly differemt from preoperative
values, except FDP, aPTT, haptoglobin and
ACT measurements (Table I11). These changes
indicative of the effects of CPB (in which the
duration of CPB for Group 1A was 79224 min.
and for Group HA was 81253 min., (p=0.005)
were also compared between two subgroups

(Table 1V). The main difference between Group
1A and Group IIA were in Het and F VII R: Ag
levels.

Hematologic studies of Group 1A after
autotransfusion were compared with the
postoperative pre autotransfusion data. The
statistically significant difference were obtained

After CPB p
30.0¢4 0.0001
9.9+] 0.0001
3.440.7 0.0001
160.0166 0.0462
19,0430 NS
2.340.4 0.0001
12.4+1 0.0001
24.5+2 NS
3.340.6 0.0001
73.0+17 0.0103
26.419 0.0207
1.1+1.2 NS
126.0£13 NS

CPB: cardiopulmonary bypass; Hei: hematocrit; Hb: hemoglobin; RBC: red blood cell counts; FDP: fibrin degra-
dation products;, PT: prothrombin time; aPTT: activated panial thromboplastin time; F VI R: Ag: Tacior VI re-

Table III: The effects of CPB in Group I1A on hematological values
Before CPB

Het (%) 46.3%3

Hb (g/dl) 14.8%1

RBC (105/mm3) 4.9+).4

Platelets (10#/mm3) 281.0%112

FDP (pg/ml) 4.315

Fibrinogen (g/1) 17409

PT (Sec) 9.640.3

aPTT (sec) 23812

Bleeding Time (min) 194005

FVIIIR: Ag (%) 114,020

B-TGB (1U/ml) 12.6%5.4

Haptoglobin (g/1) 1.7£1.2

ACT (sec) 1490429

Lated amtigen; B-TGB: beta thrombog® Sin; ACT: activated cloding time
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[Table IV: The effects of CPB in subgroups on hematologic values
Group IA sroup I1A P 2
Het (%) 26943 30.0+4 0.046
Hb (g/dl}) B.utl 9.9+| NS
RBC (105/mm?3) 2.9+0.4 3.4%0.7 NS
Platelets (10°/mm?3) 160.0£5(0) 160.0+66 NS
FDP (pg/ml) 8016 19.0+30 NS
Fibrinogen (g/M) 2.1+0.7 23104 NS
PT (Sec) 12.6%1 12.4£1 N3
aPTT (sec) 25.843 24.5%2 NS
Bleeding Time (min) 3. 1119 3.320.6 NS
F VI R: Ag (%) 125.01£77 13x17 0.0343
B-TGB (1U/ml) 27.619 26.419 NS
Haptoglobin (g/1) 0.710.5 1.1%1.2 NS
ACT (sec) 131.0+24 126.0%13 NS
Total CPB time (min) 790124 81153 NS
CPB: cardiopulmonary bypass, Het: hemawerit; Hb: hemoglobing RBC: red blood cell counts; FDP: fibrin degra-
dation products; PT: prothrombin time; aPTT: activated partial thromboplastin time; F VI R: Ag: factor VIIT re-
lated antigen; B-TGRB: beta thromboglobin; ACT: activated clotting time

in Hct, Fibrinogen levels, platelet counts,
prothrombin and bleeding times (Table V).
Simultaneous studies were also made in Group
IIA and compared with post autotransfusion
values of Group IA (Table VI). These results
showed differences in FDP and B-TGB levels.

FDP levels were higher in Group IIA whereas
B-TGB levels were higher in Group IA.

The hematological properties of mediastinal
shed blood are given in Table VII. As it could
be seen, these values were very close to normal
physiologic properties of blood.

Table V: The effects of autotransfusion in Group 1A on hematologic values

Before
R, e St i s Autotransfusion
Het (%) 26.943
Hb (g/dl) B.9+1
RBC (108/mm3) 2.940.4
Platelets (103/mm3) 1600250
FDP (pug/ml) B.0t6
Fibrinogen (g/1) 2.140.7
PT (Sec) 12.6¢1
aPTT (sec) 25813
Bleeding Time (min) 317119
FVIHIR: Ag (%) 125.0477
B-TGB (IU/ml) 27.629
Haptoglobin (g/1) 0.740.5

After
Autotransfusion A
28942 0.0382
9.3+10.8 NS
3.1+0.3 NS
129,025 0.0267
6.245 NS
4.30.7 0.0001
11.4%1 0.0029
23.644.5 NS
2,61 0.044
128.0+64 NS
33.9+129 NS
().5+0.2 NS

Het: Hematocerit; Hb: hemoglobing RBC: red blood cell counts; FIDP: librin degradation products; PT: prothrom-
bin time; aPTT: activatcd partial thromboplastin time; F VIIT R: Ag: Tacior VI relaied antigen; B-TGB: bela
thromboglobin; ACT: activatcd clotting time

Koguyolu Heari Journal The Efficacy of Autologous Transfusion of Posioperative Mediastinal Shed Blood 33



Table VI: The comparison of Group 1A afier autotransfusion with Group 1A simultaneously

Het (%) 289432,
Hb (g/dl) 9.3+10.8
RBC (105mm?3) 31403
Platelets (10%/mm?3) 129.0+25
FDP (pghiml) h.215
Fibrinogen (g/1) 4.3+0.7
PT (Sec) 11.4%)
aPTT (sec) 23.614.5
Bleeding Time (min) 2.6E1
FVHIR: Ag (%) | 28 064
B-TGBE {(1U/ml) 319+129
Haptoglobin (g/1) (0.50).2

Group 1A (n= 15)

Group HA (n=10)p

30.044 NS
9.6£1.3 NS
312404 NS

136.0+44 NS

13.014 0.0007
4.9%] NS

10.4%1.1 NS

22.6%3 NS
3.040.8 NS

05.0¢16 NS

24 8+00.4 0.0232
0.8+0.6 NS

boglohin,

Hct: hematocrit; Hb: hemoglobing RBC: red blood cell counts; FDP: fibrin degradation products; PT: prothrombin
ime: aPTT: activated partial thromboplastin ume; F VIR Ag: factor VI related antigen; B-TGEB: beta throm-

Postoperative drainage, the amount of
autotransfusion and transfused bank blood,
pump blood and fresh frozen plasma are given
Table VIII. Even though the dramnage was
higher in Group [A (p> 0.0001), the bank
blood requirement in Group IA was much
lesser (p=>00.03). In Group 1A, 0.6921.1 units
of blood were required whereas in Group T1A
mean 1.0712.2 units of blood were required.
Bacterial contamination with staphylococcus
albus was detected in two mediastinal shed
blood samples without clinical reflection.

Discussion

Table VII: The composition and the proper-
fies of mediastinal shed blood

Hematocrit (%) 20144
Hemoglobin (g/dl) 7.2%1.3
RBC (108/mm3) 22405
Platelets (103/mmd) NS
FVIHIR: Ag (%) Gl (164
Haptoglobin (g/1.) (.68
pH 7.34%1.2
2-3 DPG 1.34:00.4

DPG: 2-3 diphosphoglycerale

RBC: red blood cell counts, F VI R: Ag: Tacior VI
related antigen; B-TGB: beta thromboglobin; 2-3

34 The Efficacy of Autologous Transfusion of Postoperative Mediastinal Shed Blood

Indications of autotransfusion can be listed as
follows: 1) 1o prevent tranfusion transmitted
diseases, 2) 10 stockpile rare blood types, 3) 10
prevent alloimmunization, 4) to transfuse
patients with a history of previous severe
transfusion reactions, 5) 1o avoid problems in
patients with alloantibodies, 6) to permit
transfusions of patients whose religious beliefs
prohibit blood transfusions, 7) to maintain
blood supplies in isolated or remote
communities, 8) to improve transfusion
practice in selected surgical procedures, 9) o
replace massive blood loss usin% intraoperative
or postoperative blood salvage!®.

Four categories of autologous transfusions are
generally recognized: 1) preoperative, in which
blood drawn before a planned surgery is stored
until needed; 2) intraoperative hemodilution, in
which blood is collected at the institution of
surgery (most of prior 10 a CPB procedure) and
then stored for subsequent reinfusion after
CPB: 3) intraoperative salvage, in which blood
is salvaged from the surgical fields and
reinfused during or after the surgical procedure;
and 4) postoperative salvage, in which blood is
collected postoperatively by salvage of shed
blood!. 1618 The properties of mediastinal
shed blood has been well defined in many
studies-8.10.19-21,
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Table VIII: The composition of the usage of blood products between the groups

Group 1A Group I1A p
Drainage (ml) 1219047069 BE1.0L4K3 0.0001
Autotransfusion (ml) 59102378 ] 0
Bank Blood (units) 0.641.1 1.0£2.2 (1.0152
Pump Blood (units) 1.8£1.2 1.9+1.3 (0.1628
FFP (units) 2112 19424 0.2336

* 1 unil of blood = 2060 ml

* 1 umit ol fresh froeen plasma (FFP) = 175-200 m]

In open heart surgery, all of the methods lisied
above for autotransfusion is generally used.
Mainly, in our clinic, the last three methods are
routinely used. In these series presented here,
39% of blood products transfused in the early
postoperative period is made of concentrated
pump blood.

Since 1988, we've started using autologous
transfusion of mediastinal shed blood routinely
in the way mentioned above., As it could be
seen in Table VI, 48% of the mediastinal
drainage blood, approximately 5% ml were
transfused back to the patients which s actually
equal 1o 1.5 units of bank blood.

Homologous bank blood is actually different
from mediastinal shed blood with 1is
composition and functions. The number of
living cells in bank blood is reduced as a maner
of the storage time, as well as coagulation
factors. But this blood has a higher viscosity.
As Mc Namara and colleagues stated in their
previous work, aggregation and rouleaux
formation in bank blood can lead to lung injury
22, Also bank blood needs 4 hours to achieve
the oxygen carrying capacity afier being
transfused. Belcher and colleaques showed
that, these properties of bank blood increases
the cardiac work unfavouringly disturbing the
cardiac oxygen supply/demand ratio due to
increased fcriphcral vascular resistance and
viscosity 23,

Bennert and colleagues pointed out theoretical
risks of autotransfusion??. These risks could be
listed as follows; induction of coagulopathies,
thrombocytopenia, hemolysis, renal failure,
microembolism and infection. However, these
theoretical risks were not encountered in our
series. As it could be seen in Table V, PT,
aPTT or bleeding times were not altered by
autotransfusion of mediastinal shed blood.

Kogpuyolu Heart Journal

Actually PT and bleeding times were shortened
signj[_icanlly I{pinrﬂ” and p«iﬂﬂ'ﬁ
respectively). Even though it seems sirange to
have higher levels of fibrinogen after
autotransfusion, it might be due to fresh frozen
plasma transfusions or relanve
haemoconcentration. Higher percentages of F
VIl R: Ag, even though not significant, after
agutotransfusion can be commenied as the
preservation of some coagulation factors such
as Factor VI and Factor 1X.

Increased levels of B-TGB in Group IA after
autoiransfusion (Table V) showed the activation
of platelets on nonphysiological surfaces. But
this increment was not significant and was stll
in the normal range. Parallel to this, the number
of platelets were found to be decreased after
autotransfusion significantly (Table V). In
addition 1o this, this decrease in platelets were
also noticed in Group I[A (Table [I). In our
belief these reductions in platelet counts were
due 10 the effects of CPB rather than to the
autotransfusion itself (Table VI).

FDP was not increased after autotransfusion
(Table V). This is an important observation,
indicating that, autotransfusion does not have a
significamt adverse effect on fibrinolysis.
Haptoglobin levels were decreased afier
autotransfusion (Table V) which might be a
sign of hemolysis, but as it could be seen in
Table 11, the decrease was mainly occured after
CPB and when compared to Group IIA, the
same amount of reduction in haptoglobin levels
were achieved (Table VI). These results
emphasized that hemolysis was mainly due to
CPB, not due to autotransfusion.

Mo neurologic signs due to microembolization-
were not seen in Group . Also there were not
any signs of lung injury in Group [ in the
postoperative period. As stated above, there

The Efficacy of Autologous TransTusion of Postoperative Mediastinal Shed Blood 35



were only 2 positive bacterial cultures in
mediastinal shed bloods suggesting the
contamination of the culture media.

Table VIII shows the efficacy of the autotrans-
fusion of mediastinal shed blood in avoiding
the usage of stored bank blood. As it could be
seen, About 48% of the postoperative blood
loss was salvaged with this method, and 36%
reduction of bank blood consumption was
reached. In various studies published previous-
ly, it was shown that, the savings of postopera-
tive blood loss might be achieved between 3(-
BOS: 3.00,14,25,

In conclusion; autotransfusion of mediastinal
shed blood can avoid the consumption of ho-
mologous bank blood effectively by eliminating
the costs, potantial nisks of transfusion, and the
shortage of availibility, and can be life saving in
emergency situations as being a good subsiitute
of physiologic, intravascular normal blood.
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