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Autologous blood transfusion
and intraoperative cell salvage in a patient
with homozygous sickle cell disease

JOHN S. FOX, BE, MD; L. AMARANATH, MD; GERALD A. HOELTGE, MD; JACK T. ANDRISH, MD

B BACKGROUND Autologous transfusion can eliminate the

need for homologous transfusions. In addition, hypotensive an-
esthesia and devices that salvage red blood cells for return to
the patient can reduce operative blood loss. However, blood
from patients with sickle cell disease is difficult to store.

B SUMMARY A 16-year-old black girl with homozygous sickle

cell disease needed surgery for progressive scoliosis. Her family’s
religious convictions precluded homologous transfusions. Dur-
ing surgery, 400 mL of autologous blood that had been success-
fully stored was transfused, as was 800 mL of blood salvaged
using a cell-saving device, and 3800 mL of nonblood plasma ex-

panders. Intravenous agents were used to maintain hypotension.

However, following a rise in the patient’s prothrombin and
thromboplastin times, four units of homologous packed red cells
were transfused with the permission of the patient’s parents.

B CONCLUSIONS Patients with sickle cell disease can be

given hypotensive anesthesia and autologous transfusions of
blood donated before surgery and blood salvaged during surgery
using a cell-saving device.
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ATIENTS WITH sickle cell
disease who need elective
surgery may undergo pre-
operative partial ex-
change transfusion, according to
current recommendations. During
surgery the anesthesiologist must
take special care to maintain hydra-
tion, high oxygen tension, and nor-
mal body temperature.'® To our
knowledge, no one has reported us-
ing both a cell-saving device to re-
turn salvaged blood and hypoten-
sive anesthesia during surgery in a
patient with sickle cell disease.’

CASE HISTORY

The patient was a 16-year-old
black girl with progressive scoliosis
and sickle cell disease. Her parents
had deferred surgery because of re-
ligious concerns regarding blood
transfusion. At presentation to this
center, she weighed 37 kg. Her tho-
racic spine was curved 89° to the
right and her lumbar spine was
curved 100° to the left. Results of
her pulmonary function studies
were 50% of the predicted values.
Her hemoglobin level was 9.6 g/dL,
and her hematocrit measured
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28.5%. Sickle cells were visible in the peripheral
blood smear, and there was marked erythrocytic
poikilocytosis. Results of hemoglobin erythrophere-
sis were consistent with homozygous hemoglobin S
(hemoglobin S 95%, hemoglobin F 5%, hemoglobin
A 0%). The serum bilirubin level was 3.6 mg/dL
(normal range O to 1.4 mg/dL), and the serum lac-
tate dehydrogenase (LDH) level was 765 IU/L (nor-
mal range 100 to 185 IU/L).

The family gave their consent for autologous
transfusion and intraoperative return of salvaged
blood. However, they requested that nonautologous
blood be used only as a last resort. The patient
donated 200 mL of blood 2 weeks before surgery and
another 200 mL 1 week before surgery. The blood
was collected in bags containing citrate-phosphate-
dextrose-adenine (CPDA-1). Afterward, 100% oxy-
gen, sterilized by filtration, was slowly bubbled
through each of these whole-blood units for 30 min-
utes until the color of the unit approximated that of
arterial blood. The first unit was reoxygenated daily
for the first 3 days of storage; the second unit was
oxygenated only once. Both units remained bright
red during the storage interval. Two days before
surgery, samples from the units were submitted for
culture. Sterility and lack of visible hemolysis were
assured before the units were released for transfu-
sion. No sickled erythrocytes were detected micro-
scopically in samples taken from each unit.

The patient underwent posterior spinal fusion
with insertion of segmental instrumentation from T4
to L4. General anesthesia was administered, consist-
ing of 70% nitrous oxide and 30% oxygen given via
an endotracheal tube, and morphine, sufentanil, and
d-tubocurarine given intravenously. Labetalol and
nitroglycerine were given intravenously as well to
maintain mean systolic arterial pressure between 60
and 70 mm Hg as measured by an indwelling cannula
in the radial artery. The esophageal temperature was
maintained at 37.2°C with warmed intravenous flu-
ids and thermal blankets. Monitoring devices were
used to continuously measure end-expired gas ten-
sions, central venous pressure, oxygen saturation of
the blood, and somatosensory evoked spinal cord
potentials; arterial blood gas levels were measured
intermittently. Arterial pH was maintained between
7.43 and 7.47 by deliberately inducing hyperventila-
tion with carbon dioxide at 30 mm Hg and by inter-
mittently giving sodium bicarbonate intravenously.
As a prophylactic “antisludge” medication, 500 mL
of low-molecular weight dextran was given.
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The two autologous units were transfused at the
beginning of the procedure. In accordance with the
family’s wishes, nonautologous transfusion was de-
ferred until considered essential. Blood was salvaged
using a cell-saving device (Cell Saver 4, Haemonet-
ics Corp, Braintree, Mass), and when the hema-
tocrit reached 10%, 800 mL of this blood was re-
turned to the patient. The partial pressure of oxygen
in this blood was 147 mm Hg. After the salvaged
blood was returned, the prothrombin time was
found to be 21.3 seconds (normal range 10 to 13
seconds) and the activated partial thromboplastin
time was 53.4 seconds (normal range 21 to 31 sec-
onds). At this point we obtained the consent of the
patient’s parents to give her a transfusion of homolo-
gous packed red cells, and we gave her four units to
maintain the hematocrit at approximately 18%.

During the 4-hour surgical procedure, the patient
lost an estimated 2500 mL of blood. Plasma-expand-
ers that do not contain blood were given during
surgery, including 1000 mL of hetastarch and 2300
mL of crystalloids. Intraoperative urine output was
500 mL. After the procedure, the patient was moni-
tored overnight in the surgical intensive care unit.
Morphine was given via epidural catheter for 2 days
to manage pain satisfactorily. On the third postop-
erative day the serum LDH measured 350 IU/L and
the total bilirubin level was 1.0 mg/dL. After an
unremarkable postoperative course, the patient was
discharged on the eighth postoperative day. Her he-
moglobin level was 6.5 g/dL, and her hematocrit had
increased to 20.4%.

DISCUSSION

The current recommendations for anesthesia un-
der elective conditions for patients with sickle cell
disease begin with optimizing the patient’s medical
status. This includes long-term administration of
folic acid and prompt treatment of any infection.
Some authors recommend partial exchange transfu-
sions to increase the concentration of hemoglobin
A to 40% and the hematocrit level to 35%.>® To
prevent hypoxia in the perioperative period, pre-
medications that depress respiration are avoided.

Many authors believe that, provided the precipi-
tating factors for sickling are avoided (ie, hypoxia,
metabolic acidosis, stasis, hypothermia), any anes-
thetic technique is acceptable for patients with
sickle cell disease.”*® To prevent sickling, one
should induce controlled pulmonary hyperventila-
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tion to maintain arterial oxygen tensions at normal
to slightly higher-than-normal levels, maintain cat-
diac output to avoid inadequate regional ventila-
tion-perfusion ratios, give alkaline buffers, position
the patient carefully, and maintain the patient’s
temperature. Metabolic acidosis, stasis, and in-
creased viscosity are compounded if the body tem-
perature is allowed to fall. Meticulous attention
should be continued in the postoperative period to
avoid over-sedation and hypoventilation.

Although some authorities advocate erythropher-
esis’ and partial exchange transfusions® to increase
the minimum concentration of hemoglobin A to
40% and the hematocrit level to 35%, no controlled
studies have established the smallest ratio of hemo-
globin A to S (as measured by hemoglobin erythro-
pheresis) required to maintain adequate blood flow.
Furthermore, the possible decrease in perioperative
morbidity after exchange transfusion has not been
compared with the risks of exchange. Hence, ex-
change transfusion is usually reserved for crisis situ-
ations. Overly zealous transfusion can lead to an
increase in the viscosity of the blood and can predis-
pose to stasis.*

Storage of blood containing a high concentration
of hemoglobin S is complicated by the risk of sick-
ling and hemolysis in vitro under conditions of de-
oxygenation. It has been suggested that this risk is
mitigated by the relatively young mean cell age of
erythrocytes from patients with sickle cell disease.'
Such cells maintain higher levels of 2,3 diphospho-
glycerate than do cells containing hemoglobin A.
Nevertheless, we thought it prudent to keep our
patient’s cells well oxygenated during liquid storage
to minimize the risk.

Chaplin and colleagues" have described autolo-
gous transfusion in a patient with sickle cell disease
and multiple alloantibodies. Eleven 600-mL dona-
tions at approximately 4-week intervals caused no ill
effects and no apparent hematologic abnormalities.
In vitro recovery of deglycerolized red blood cells
ranged from 52% to 69% (average 66%) and was
unrelated to the length of storage. This yield was
48% of that expected from an equivalent donation
by a normal donor. Using chromium labeling, the
authors demonstrated that there was no difference
in survival between thawed deglycerolized frozen
red cells and fresh red cells. Their patient showed no
untoward symptoms, change in vital signs, or evi-
dence of hemolysis after the transfusion of two
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autologous units that had a recovered red-cell vol-
ume of 155 mL. One unit had been stored for 27
days, the other, 126 days. Another five autologous
units were transfused when the patient was in a
critical condition. These units had been stored an
average of 30 days and had a total recovered red-cell
volume of 418 mL. Again, there was no evidence of
untoward signs or symptoms or of intravascular
hemolysis.

Because our patient was scheduled for surgery in
less than 5 weeks’ time, and because the recovery of
red cells following deglycerolization of frozen sickle
cell disease units is poor, we did not store her blood
as frozen units.

CONCLUSIONS

We tried to avoid or minimize the need for ho-
mologous transfusion by using hypotensive anesthe-
sia and by giving autologous transfusions with blood
donated before surgery or salvaged during surgery
with a cell-saving device in a patient with sickle cell
disease who underwent major spinal corrective sur-
gery for scoliosis. There was no evidence of
hemolysis or sickling in the autologous units do-
nated before surgery, and there were no anesthetic
or clinical complications relating to the return of
this 400 mL of blood. An additional 800 mL of
salvaged blood was returned to the patient from the
cell-saving device.

During the course of the procedure, we observed
a prolongation of the prothrombin time and of the
partial thromboplastin clotting time. This was prob-
ably secondary to the early and intentional replace-
ment of blood loss with crystalloids, the use of low-
molecular-weight dextran, and the effect of heparin
in the salvaged blood.

We had hoped that using hypotensive anesthesia
would decrease the amount of blood lost. It didn'’t,
but intraoperative use of nitroglycerin and labetalol
as a part of the hypotensive anesthetic technique
conceivably helped prevent sickling of red cells in
vivo by improving microcirculatory flow.!? There
were no complications from the use of hypotensive
general anesthesia.

In summary, a patient with sickle cell disease un-
dergoing major elective surgery can successfully be
given hypotensive anesthesia and autologous trans-
fusions of blood donated before surgery and blood
salvaged during surgery using a cell-saving device.
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