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During two cases of lumbar spine surgery with instrumentation, we used intraop-
erative autologous transfusion (IAT), resulting in hemolysis during collection and
hemoglobinuria and coagulation abnormalities after transfusion. Hemolysis during
IAT collection can lead to hemoglobinuria and binding of nitric oxide, leading to
vasoconstriction. The literature suggests that stroma from damaged cells and
contact of the blood with the IAT device can lead to coagulation abnormalities and
other morbidities, including adult respiratory distress syndrome.
(Anesth Analg 2009;109:38–42)

Intraoperative autologous transfusion (IAT) of
washed blood collected from the operative field has
been applied in several types of surgery, including
major spine procedures. The major advantages of IAT
when compared with allogeneic blood include rapid
availability, reduction of exposure to infectious agents
transmitted by homologous blood transfusion, and a
decrease in immune modulation. Furthermore, IAT has
been shown to be less costly than allogeneic transfusion
in surgeries in which the blood loss exceeds 1000 mL or
the infused IAT blood exceeds 750 mL.1,2

Although a large number of studies demonstrate
the value of this technique in cardiac and vascular
surgery, the process is not without risk and may not
be advantageous for all orthopedic procedures. We
recently had two cases that highlight the potential com-
plications of infusing IAT blood when hemolysis has
occurred during IAT collection. Despite a properly func-
tioning IAT device and experienced machine operator,
IAT led to hemoglobinuria and coagulopathy with the
associated medical complications which raise questions
about the overall value of IAT in these spine procedures.

CASE DESCRIPTIONS
Case 1

The IRB determined permission is not required for this
report. Permission to present cases was obtained from both
patients. A 55-yr-old woman with a history of scoliosis and

hardware placement from T1 to S1 presented for L4–5
hardware removal and reinstrumentation. She had no co-
existing medical problems, was not taking any prescription
or herbal medications known to interact with transfused
products or hemostasis. General anesthesia with intraoperative
neuromonitoring was conducted. After midazolam sedation,
anesthesia and intubation of the trachea was accomplished
with propofol, sufentanil, and vecuronium. Anesthesia was
maintained with small-dose desflurane and infusions of dex-
meditomidine and propofol to provide stable neuromonitor-
ing responses. Approximately 3.5 h after induction the first
IAT unit (200 mL) was transfused. Within 5–10 min, the
patient had a brief episode of hypertension (systolic blood
pressure exceeding 200 and diastolic blood pressure exceed-
ing 120 mm Hg) with bradycardia, which recurred in 10–15
min. Thirty-four minutes after the IAT transfusion, hemo-
globinuria was noticed and free hemoglobin (Hb) was
measured in the plasma at 96 mg/dL (normal �5 mg/dL).
The patient was treated with sodium bicarbonate, furo-
semide, and fluids to induce a diuresis. Blood drawn during
the hypertension failed to form a hard clot after 1 h. A
thromboelastogram (TEG�) done at that time was abnormal
(� angle � 72.4 [normal 53–67], coagulation index �3.9
[normal �3 to 3], coagulation time 6.7 [normal 3–6], maxi-
mum amplitude 36.3 [normal 59–68], reaction time 14.8
[normal 10–14]) and bleeding was noted from previously
hemostatic wound edges and needle puncture sites. The
platelet count was recorded at 135,000/�L [normal
150,000–400,000] and serum calcium was 9.2 mg/dL [nor-
mal 8.5–10.3]. Visual inspection of a second IAT unit and
residual from the first unit revealed gross hemolysis, indi-
cating that hemolysis had occurred during the IAT process.
The second IAT unit was not administered and the patient
subsequently received 200 mg of calcium chloride, 2 U of
packed red blood cells (PRBC), and 2 U of fresh frozen
plasma (FFP) to treat coagulopathy and 1500 mL blood loss.
The patient made an uneventful recovery. The cell saver
device (Brat II, Cobe Cardiovascular, Quedgeley, UK) was
inspected and found to be within company-specified quality
assurance limits (same for Case 2).
Case 2

A 46-yr-old man had posterior T10 to S1 spinal osteotomy
with instrumentation and fusion after removal of old hard-
ware from T8 to S1. He had no co-existing medical problems,
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was not taking any prescription or herbal medications
known to interact with transfused products or the coagula-
tion system or known to cause discoloration of the urine.
General anesthesia with intraoperative neuromonitoring
was conducted. After midazolam sedation, induction and
intubation of the trachea were performed at 0730 using
propofol, fentanyl, and vecuronium. Anesthesia was main-
tained with infusions of propofol, ketamine, and sufentanil
to provide stable neuromonitoring responses. The initial
TEG� obtained before IAT was normal (� angle � 53.1,
coagulation index �4, coagulation time 5.3, maximum am-
plitude 55.7, reaction time 18.3). During the first 2.5 h, his
urine output was clear (Fig. 1, 10:00), serum calcium was 8.6
mg/dL and platelet count of 139,000/�L. The blood loss was
approximately 400 mL/h; however, after the transfusion of
a 300 mL IAT blood, there was a marked increase in the
blood loss to approximately 600 mL/h reaching a maximum
of 1600 mL/h at the end of the procedure. IAT blood
continued to be transfused during surgery. By 4.5 h hema-
globinuria was documented and apparent on visual inspec-
tion (Fig. 1, noon). There was a progressive darkening of the
urine (Fig. 1, 1400) and increasing coagulopathy. A TEG�
done at 1335 was abnormal (� angle � 38.5, coagulation
index �4.7, coagulation time 9.7, maximum amplitude 48.6,
reaction time 12.2) and a coagulation profile shortly, there-
after, was also abnormal (prothrombin time (PT) � 16.9 s
[normal � 12–14.6], partial thromboplastin time (PTT) �
33.7 s [normal � 23.8–33.5], international normalized ratio
(INR) � 1.4 [normal � 0.9–1.1]). One gram of calcium
chloride in divided doses, crystalloids, furosemide, manni-
tol, and additional blood products were administered. At
the conclusion of surgery the coagulation profile demon-
strated a severe coagulopathy (TEG�-� angle � 43.2, coagu-
lation time � 9.3, maximum amplitude � 40.7, reaction
time � 80; PT � 20 s, PTT � 48.8 s; INR of 1.2; fibrinogen �
37 mg/dL [normal 150–400]). He received 4500 mL IAT
blood, 683 mL FFP, 2 U of PRBC, 251 mL platelets (8 U) for
an estimated 6900 mL blood loss. His Hb ended at 10.1
gm/dL from an initial 15.2. Postoperatively in the intensive
care unit, his laboratory values were consistent with dis-
seminated intravascular coagulation (DIC) (PT � 27.3,
PTT � 56.4, INR � 2.3, fibrinogen � 57 and DDimer � 9640
mg/dL [normal �500]). He made a full recovery.

DISCUSSION
Both of these patients developed hemoglobinuria

and abnormal clotting shortly after the first unit of IAT
blood. Evaluation of the IAT processed blood revealed
gross hemolysis before transfusion. Both patients had
unanticipated intensive care unit stays. In Case 1,
coagulation abnormalities and hemoglobinuria were
noted after the first 200 mL of IAT blood, suggesting
the hemolyzed blood contributed to both of these
problems. In Case 2, the patient developed hemoglo-
binuria and DIC after transfusion of IAT blood. In this
case the hemolyzed blood likely contributed to the
early onset of hemoglobinuria, but due to marked
blood loss it is unclear to what extent the transfusion
of the hemolyzed blood contributed to the ultimate
development of DIC.

Unfavorable effects of IAT have been reported.3–5

In one study of 56 patients, the use of IAT was
associated with a higher incidence of respiratory com-
plications (40% vs 12.5%), greater transfusion of blood
(5.8 vs 3.6 U) and FFP (4.4 vs 1.5 U), and a longer
hospital stay (9.3 vs 5.6 days) than in patients who did
not receive IAT.4 Of note, the amount of banked blood
transfused was disproportionately increased in pa-
tients receiving more than 3000 mL of IAT. The
authors recommended limiting IAT transfusions to
3000 mL. In another study of IAT in lumbar spine
fusion surgery, the number of postoperative transfu-
sions was not reduced such that the authors con-
cluded IAT was neither necessary nor cost-effective.5

However, it is worthy to note that larger volumes of
infused blood may also be associated with other
factors leading to increased postoperative morbidity
(e.g., longer surgery, more complex operations, more
comorbidities).

The IAT process may lead to these complications.
Shed blood is suctioned from the operative field into
heparinized or citrated isotonic crystalloid where cell
trauma can occur. After filtration to remove large
debris, including aggregates of white blood cells,
platelets, and tissue fragments, the solution undergoes
a centrifugal washing which causes red blood cells
(RBCs) and materials of similar density to collect on
the outer wall of the bowl, whereas less dense mate-
rials are washed away by a saline solution. Therefore,
the blood may receive trauma during collection, is
exposed to plastic surfaces, and unwanted products
may be inadequately washed in the centrifugal wash-
ing device.

Cell trauma and hemolysis are inevitable with
collection. In a study of five IAT devices when used in
cardiac surgery, free Hb in the collection reservoir
ranged between 49.9 and 4689.9 mg/L (mean of 651
mg/L), demonstrating hemolysis with the collection
process.6 The free Hb in the washed processed cells was
between198.2 and 2645 mg/L (mean of 705 mg/L),
demonstrating that the centrifugal processing and wash-
ing does not remove all stroma-free hemoglobin.

Figure 1. Urine collected during Case 2. Shown is the urine
collected from the start of the case (7:30) until 10:00 (left), the
urine collected between 10:00 and noon, the urine collected
between noon and 14:00, and the urine collected between
14:00 and 16:00. Shown is the progressive darkening of the
urine associated with hemoglobinuria and the initial resolu-
tion after 14:00 with diuresis.
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Hemolysis during collection may be caused by
several mechanisms, and these may be more of a
problem during spine surgery accounting for a differ-
ence in outcome between these applications. Since
larger diameter suction devices and suctioning of
large pools of blood are used in cardiac surgery and
major joint replacement surgery, the effects of collec-
tion may be less traumatic on the cellular components
than with spine surgery in which a smaller diameter
device is used to “skim” blood from a large surface in
the operative field in spine surgery. This technique
causes more mechanical trauma and aspirates air,
increasing the amount of blood-air interface which
promotes cell rupture.7 Some studies have shown that
dilution of the blood before suctioning results in less
cell damage; however, the advantages of this tech-
nique have not been fully explored.7 Hemolysis can
also occur secondary to the use of hypotonic irrigation
fluids, excessive suction pressure (�100 mm Hg), and
aspiration of clotted blood. Cell rupture can also be
caused by the collection of the blood with povidine-
iodine, hydrogen peroxide, alcohol or bone cement.8

None of these factors was present in these two cases.
The levels of free Hb in IAT may exceed 2000 mg/L,

which are higher than in allogeneic PRBC (typically
2–20 mg/L).9 In addition, there are many more non-
cellular components in IAT than PRBC, making the
total dose of free Hb and RBC stroma higher. Unlike
potassium, the density of free Hb and ruptured RBC
stroma causes some of these materials to be retained in
the centrifugal washing device with the RBCs and
included in the product to be transfused.9 The obser-
vation of gross hemolysis in the IAT units of Case 1
and the elevated serum-free Hb confirmed that hemo-
lysis occurred.

When infused, free Hb is rapidly bound to haptoglo-
bin forming a complex which is removed by monocytes
and macrophages.10 However, larger doses exhaust the
haptoglobin levels in patients and free Hb rapidly
increases in the plasma and then in the urine.11 The
circulating free Hb binds nitric oxide (NO) producing
nitrate and methemoglobin. The Hb-NO complex is
thought to be the most important pathway for elimi-
nating NO bioactivity.10,12 Since NO regulates vascu-
lar tone, smooth muscle tone and platelet activation,
the reduction in NO can lead to hypertension, smooth
muscle dystonias, gastrointestinal contractions, erec-
tile dysfunction, and increased clot formation.10,12 The
binding of NO by free Hb is 600–1000 fold more than
Hb confined within RBCs, and free Hb can diffuse into
the subendothelial space, placing it closer to the
source of NO thereby having a more profound effect
on NO-dependent functions.10,13,14

The loss of NO results in vasoconstriction and a
dose-dependent increase in systolic and diastolic
blood pressure in the systemic and pulmonary circu-
lation.10 These hypertensive effects (such as those seen
in Case 1) have been described as the primary cause of
morbidity and mortality with stroma-free Hb as a

blood substitute such that the newest generation of Hb
substitutes contain mutations designed to minimize
the interaction with NO.12 These effects are also
thought to play a role in the clinical problems and
organ dysfunction seen in patients with paroxysmal
nocturnal hemoglobinuria, sickle cell disease, thalas-
semias, malaria, and cardiopulmonary bypass.10,12–14

The reduction of NO increases the potential for
thrombus formation.10 In addition, free Hb and its
breakdown product (heme) promote procoagulant ef-
fects, including platelet activation and release of in-
flammatory substances, that can contribute to vascular
obstruction.10

Intravascular hemolysis also occurs after transfu-
sion of blood. This is most frequently due to attack by
antibodies and complement from transfusion of ABO-
incompatible blood, although antibody-mediated
destruction can occur extravascularly in the reticu-
loendothelial system. Similar to transfusion of already
hemolyzed blood, renal injury and coagulation abnor-
malities are the major consequences. The activation of
the intrinsic clotting system is thought to occur
through erythrosin released with RBC stroma.15 Hy-
potension is common and thought to be due to the
vasodilatation effect of bradykinin produced by acti-
vation of the kallikrein system.15 Because hemoglobin-
uria occurred in our patients before transfusion of
non-IAT blood, the initial hemoglobinuria is consis-
tent with the hemolysis seen in the IAT blood pre-
pared for transfusion. However, since our patients
had received transfusions in a prior surgery, it is
possible that intravascular hemolysis from this effect
might have played a role during the transfusion of
banked blood in the later portions of these cases,
especially Case 2.

Of greater concern in these two cases was the
development of a coagulopathy when no other cause
was apparent. No preexisting bleeding tendency was
known to be present and the degree of bony trauma
was thought to be insufficient to release tissue plas-
minogen activator or urokinase, which activate the
fibrinolytic system.16 Since the IAT devices were
working properly, heparin would normally be ad-
equately washed and unlikely a cause of coagulopa-
thy.6 Reinfusion of substantial IAT volume (�3.5 L of
IAT blood6 or where the transfused IAT blood ex-
ceeded 70 mL/kg17) produces a dilutional coagulopa-
thy due to the removal of platelets and coagulation
factors. This is unlikely in these patients because the
onset of coagulopathy occurred well below these
volumes.

Coagulopathy and DIC have been documented
with IAT. For example, since IAT blood is deficient in
coagulation factors and platelets, a coagulopathy may
develop if these other components are not trans-
fused.18 One study in vascular and trauma cases noted
this effect with large volumes of IAT.19 Specific coagu-
lopathy attributed to IAT blood has been observed
when combined with aprotinin in abdominal aortic
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aneurysm surgery20 and in patients receiving transfu-
sions of postoperative drainage blood or unwashed
mediastinal blood collected after cardiopulmonary
bypass surgery.21–24 Contaminated IAT blood has also
been associated with coagulation abnormalities as
seen in trauma patients receiving more than 15 U of
IAT25 and in neuromuscular scoliosis patients in
whom it was thought that osteopenic bone fragments
were suctioned with the shed blood.17 Two of these
reports noted hemoglobinuria, but the coagulation
abnormalities were not attributed to transfusion of
hemolyzed IAT blood.17,20 In addition, if chelating
agents (e.g., EDTA) are used in the collection process
or in transfused banked blood, a coagulopathy may
develop due to deficient calcium levels. In our two
cases, these factors do not seem to have been a factor
in the early stages of the cases but may have played a
role in the later aspects of the cases, particularly the
second case. There, large volumes of IAT blood were
used and the correction of hypocalcemia and the
amounts of FFP and platelets would be important in
correcting the contribution to the coagulopathy result-
ing from transfusing only RBCs (regardless of whether
these were from IAT or banked blood).

The clotting system can be activated in IAT by
several means. Leukocytes and platelets damaged
during collection or activated when they come in
contact with the plastic IAT centrifuge bowl surface
can release clotting activators.26–29 This contact is
postulated to increase when the surface of the bowl is
not sufficiently covered by RBCs due to dilute collec-
tion fluid.26–30 The released procoagulant, leukotactic,
and inflammatory mediators are thought to contribute
to the development of DIC and acute respiratory
distress syndrome. Fortunately, activated polymor-
phonuclear leukocytes seem to be washed from the
blood before transfusion.6,26,31,32

The coagulation process can also be initiated by
cytokine and complement released from damaged
RBCs and leukocytes.9,33,34 Consistent with this,
complement, lipid mediators, pro and antiinflamma-
tory cytokines, and leukocyte adhesion molecules
have been detected in IAT blood.35 DIC can also be
induced by the reinfusion of thrombin or Gelfoam
collected from the wound by IAT.8,36

Coagulopathy with IAT blood in spine cases has
been observed by Bull and Bull27 who coined the term
“salvaged blood syndrome.” McKie and Herzenberg8

reported a coagulopathy which developed in a patient
having scoliosis correction with IAT. DIC had its onset
30 min after infusion of the first IAT unit similar to our
cases. This patient also developed cardiovascular col-
lapse and respiratory distress syndrome similar to
transfusion-related acute lung injury. Similarly, Gause
et al.37 observed a significant increase in blood loss
and the number of blood transfusions after IAT use. In
our cases, the coagulopathy was noted by changes in

TEG�, PT, PTT, INR and clinical observation; how-
ever, in our second case, DIC may have also devel-
oped secondary to bony trauma or as a result of the
multiple transfusions of IAT or banked blood prod-
ucts. Studies by Horlocker et al.38 suggest that the PT,
PTT and INR are the best tests to detect a developing
coagulopathy in instrumented spinal fusion.

The substantial amount of free Hb in our cases is
illustrated by the appearance of Hb in the urine of
both patients who had no other cause of hemolysis
when it started and hemolysis observed in the IAT
blood (Fig. 1). There is a correlation between the total
free Hb load and the subsequent renal dysfunction
due to the precipitation of free Hb in the renal
tubules.39 One prospective study in thoracic-aorta
surgery concluded that more than 5 U of IAT blood
contributed to renal failure.40 This hemoglobinuria
suggests RBC damage with release of Hb and cell
stroma into the IAT system.

Cell damage during the initial collection and re-
lease of substances seemed to promote coagulopathy
in our patients. The large volume of IAT transfused in
Case 2 suggests an ongoing process that may explain
the disproportionate morbidity seen in patients receiv-
ing large IAT volumes.4 Hemolysis potentially serves
as a marker for the cellular trauma and release of RBC
and leukocyte cell stroma that contributed to the
coagulopathy. The American Association of Blood
Banks has indicated that assessing the quality of IAT
blood for residual albumin, free Hb, leukocytes, bac-
teria, and complement fractions may be of value;
however, the time and resources involved in this
would reduce the readily availability of IAT during
surgery when active bleeding is occurring.41 Potas-
sium could be used as a marker of hemolysis in the
collection fluid, but not in the final product as it is
effectively removed during IAT washing.9

These cases suggest IAT should be evaluated for its
risk-benefit in individual cases. Concern should be
raised if hemolysis is noted in the IAT blood before
transfusion. Studies are necessary to determine
ways to reduce hemolysis and cellular damage
during the collection process or IAT processing to
reduce these potential complications in instru-
mented spine surgery.
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