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Abstract: The adult patients of tetralogy of Fallot often present
with high hemoglobin levels. High hemoglobin and hematocrit
on cardiopulmonary bypass (CPB) are associated with increased
hemolysis, plasma free hemoglobin, renal dysfunction or failure,
postoperative bleeding, exploration for bleeding, and increased
requirement of allogeneic blood and blood products. Despite the
presence of high hemoglobin and its association with adverse
outcome, blood conservation is rarely practiced in these patients
because of the fear of possible hemodynamic instability, and

hypoxemic spell. We describe an innovative, simple technique of
blood conservation for adult patients of tetralogy of Fallot with
severely raised hemoglobin. With this technique, hemoglobin
can be normalized on CPB; moreover, there is no fear of hyp-
oxemic spell or hemodynamic instability. Furthermore, the blood
conserved is readily available for transfusion in the perioperative
period, if needed. Keywords: cardiopulmonary bypass, adult te-
tralogy of Fallot, blood conservation, cyanotic heart disease.
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Adult patients of tetralogy of Fallot (TOF) often
present with high hemoglobin levels. High hemoglobin on
cardiopulmonary bypass (CPB) is associated with in-
creased hemolysis and plasma-free hemoglobin (1). Se-
vere postoperative bleeding that necessitates reexplora-
tion is frequently reported in these patients (2–5). Postop-
erative bleeding, re-exploration for bleeding, and
transfusion of allogeneic blood and blood products are the
recognized risk factors associated with increased morbid-
ity and mortality (6).

Various methods of autologous blood conservation such
as acute normovolemic hemodilution (ANH), preopera-
tive autologous blood donation (PBD), and blood re-
trieval immediately before CPB but after heparinization
are effective in reducing hemoglobin on CPB (7). How-
ever, despite the presence of high hemoglobin and the
association of high hemoglobin with adverse outcome,
blood conservation in these patients is rarely practiced in
our institute. Preoperative autologous blood donation is

considered a medical contraindication in cyanotic patients
(8). Logically, expected acute decrease in viscosity during
ANH can increase right to left shunt, which may precipi-
tate hemodynamic instability and hypoxemic spell. More-
over, the blood of these patients is usually deficient in
platelets and coagulation factors (9).

We describe an innovative, simple technique of blood
conservation for adult patients of TOF with severely
raised hemoglobin. With this method, hemoglobin can be
normalized on CPB; moreover, there is no fear of hypox-
emic spell or hemodynamic instability. Furthermore, the
blood conserved is readily available for transfusion in the
immediate postbypass and postoperative periods, if
needed.

DESCRIPTION OF TECHNIQUE

Three to 5 minutes after initiation of CPB, oxygenated
blood is sequestrated in blood collection bags (without
preservation solution) from the recirculation line (Figure
1) of the oxygenator to attain a target hemoglobin of ∼10
g/dL on CPB. The quantity of blood to be withdrawn is
estimated by the formula given in Figure 2. During blood
collection, an equal amount of Ringer’s lactate is slowly
added to the venous reservoir for maintaining a safe per-
fusate level in the reservoir. After completion of the sur-
gical procedure and rewarming, and separation of the pa-
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tient from CPB, anticoagulation is reversed with 4 mg/kg
protamine. Thereafter, for maintaining intravascular vol-
ume in the postbypass and postoperative periods, re-
trieved blood is transfused. Additional protamine, 5 mg/
100 mL of the sequestrated blood transfused, is adminis-
tered to neutralize heparin present in the conserved blood.

CASE 1

A 24-year-old woman weighing 50 kg underwent intra-
cardiac repair for TOF. Laboratory studies showed the
following: hemoglobin, 23.6 g/dL; hematocrit, 71%; pro-
thrombin time, 18 seconds; platelet count, 1.0 × 106/mL.
Anesthesia induction and the prebypass period were un-
eventful. After anticoagulation with heparin 300 units/kg,
standard hypothermic (26°C) CPB, was performed using a
membrane oxygenator, 1500 mL crystalloid-priming solu-

tion, and non-pulsatile flow (1.5–2.4 L/min/m2). Based on
the formula described in the technique, three to 5 minutes
after initiation of CPB, ∼2000 mL (Figure 3) oxygenated
blood was sequestrated in blood collection bags (without
preservation solution) from the recirculation line of the
oxygenator over 20 minutes. During blood collection, an
equal amount of Ringer’s lactate was slowly added to the
venous reservoir. Measured hemoglobin on CPB after
blood retrieval was 11.4 g/dL. The harvested blood was
stored at room temperature (20–22°C) in the operating
room. After completion of the surgical procedure and re-
warming, epinephrine was started at 0.1 �g/kg/min, and
the patient was separated from the CPB at a systolic ar-
terial pressure of ∼70 mmHg. Thereafter, anticoagulation
was reversed with 4 mg/kg protamine. For maintaining
intravascular volume in the postbypass and postoperative
periods, sequestrated blood was transfused (overall, 1000
mL). Additional protamine, 5 mg/100 mL of the retrieved
blood transfused, was administered to neutralize heparin
present in the sequestrated blood. The remaining seques-
trated blood was discarded, because the laboratory analy-
sis after transfusion of 1000 mL blood showed 16 g%
hemoglobin. Platelet count after transfusion of the seques-
trated blood was 0.8 × 106/mL. After overnight ventila-
tion, the patient’s trachea was extubated. Postoperative
chest drain until 8:00 AM of the first postoperative day
(∼17 hours after surgery) showed 270 mL of mediastinal
blood loss. The laboratory studies showed 15 g/dL hemo-
globin and 1.1 mg/dL serum creatinine. On the first post-
operative day, the patient received 300 mL of fresh frozen
plasma (FFP) for volume expansion. The patient was dis-
charged on the 12th day postoperatively.

CASE 2

A 28-year-old man weighing 65 kg underwent intracar-
diac repair for TOF. Laboratory results showed the fol-
lowing: hemoglobin, 19.6 g/dL; hematocrit, 62%; pro-
thrombin time, 18 seconds (normal prothrombin time for
our laboratory is 12 seconds); platelet count, 1.6 × 106/mL.
The anesthetic, CPB, postbypass, and postoperative man-
agements were similar to the first patient. The quantity of
blood sequestrated was ∼2000 mL (Figure 4); hemoglobin
on CPB measured 11 g/dL. After surgical repair, overall,

FIGURE 1. Show blood collection through the recirculation line of the
oxygenator.

FIGURE 2. Calculation for the quantity of blood that can be withdrawn.

FIGURE 3. Calculation for the quantity of blood that can be withdrawn
for case 1.
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1000 mL of the sequestrated blood was transfused in the
postbypass and postoperative periods. Platelet counts af-
ter transfusion of the sequestrated blood was 1.0 × 106/mL.
Similar to first case, the remaining sequestrated blood was
discarded. Postoperative chest drain until 8:00 AM of the
first postoperative day (∼18 hours after surgery) showed
270 mL of drainage. The patient received only autologous
blood on the day of surgery, and allogeneic blood products
were not required. The laboratory studies on the first post-
operative day showed 14 g/dL hemoglobin and 1 mg/dL
serum creatinine. The patient was discharged on the 10th
postoperative day.

DISCUSSION

In cardiac surgery, two methods are commonly used for
blood conservation: prebypass ANH and transfusion of
the collected blood after termination of CPB, and phar-
macologic methods, such as the use of aprotinin and tran-
examic acid to reduce postoperative blood loss. This
method is similar to ANH, except for the fact that the
sequestrated blood is exposed to extracorporeal circuit for
a short time. With this method, the patient’s postoperative
blood loss and the requirement of allogeneic blood, FFP,
and platelets was significantly less compared with our
previous experience. Furthermore, there are several ear-
lier studies that describe the need of re-exploration in
these patients because of excessive postoperative blood
loss (2–5).

In cyanotic patients with severely raised hemoglobin,
apparently three mechanisms contribute toward increased
postoperative bleeding: 1) an inherently weak hemostatic
system; 2) loss of clotting factors and platelets because of
exposure to non-endothelial foreign surfaces of the extra-
corporeal circuit (10); and 3) release of procoagulant
phospholipids from damaged red cells and platelets
caused by excessive use of cell salvage systems (11). The-
oretically, release of phospholipids can initiate intravascu-
lar coagulopathy. The possible mechanisms that decrease
postoperative blood loss with this method includes 1) de-
creased hemolysis secondary to decreased hemoglobin
during CPB; 2) because the patients were separated from

the CPB at a systolic arterial pressure of ∼70 mmHg and at
low filling pressures and for volume optimization instead
of pump blood, the sequestrated blood was transfused,
which is expected to be free of hemolysis; in other words,
the absolute load of hemolyzed red cells in the circulating
blood volume was less; and 3) replenishment of platelets
and coagulation factors present in the sequestrated blood
stored at room temperature. The measured platelet count
in both patients was >0.8 × 106/mL. Only 30% of clotting
factors and >0.5–1.0 × 106/mL functional platelets are
needed to achieve surgical hemostasis. Perhaps the se-
questrated blood on transfusion (1000 mL; nearly 20%–
25% of expected blood volume for both the patients) re-
plenished a significant amount of clotting factors and
platelets and resulted in reduced postoperative blood loss.

To summarize, the described method effectively con-
served blood and reduced the requirement of allogeneic
blood and allogeneic blood products in two adult patients
with TOF with severely raised hemoglobin. The method
may be useful in patients with high hemoglobin where
blood harvesting in the prebypass period is hazardous be-
cause of the possibility of hemodynamic instability, such as
patients with severe coronary artery disease or aortic ste-
nosis. However, a larger study is needed to confirm the
efficacy of this method.

REFERENCES

1. Rygg IH, Borgeskov S, de la Mata RC, Frederiksen T, Rosen J. An
evaluation of the perfusion and surgical technique related to extra-
corporeal circulation in an early series of open-heart operations of
tetralogy of Fallot. Dan Med Bull. 1971;18:101.

2. Dore A, Glancy DL, Stone S, Menasche VD, Somerville J. Cardiac
surgery for grown up congenital heart patients: survey of 307 con-
secutive operations from 1991 to 1994. Am J Cardiol. 1997;80:906–13.

3. Dittrich S, Vogel M, Dahnert I, Berger F, Alexi-Meshkishvili V,
Lange PE. Surgical repair of tetralogy of Fallot in adults today. Clin
Cardiol. 1999;22:460–4.

4. Rammohan M, Airan B, Bhan A, et al. Total correction of tetralogy
of Fallot in adults—surgical experience. Int J Cardiol. 1998;63:121–8.

5. Atik FA, Atik E, da Cunha CR, et al. Long term results of correction
of tetralogy of Fallot in adulthood. E J Cardio-Thorac Surg. 2004;
25:250-5.

6. Moulton MJ, Creswell LL, Mackey ME, Cox JL, Rosenbloom M.
Reexploration for bleeding is a risk factor for adverse outcomes after
cardiac operations. J Thorac Cardiovasc Surg. 1996;111:1037–46.

7. Takahashi Y, Tatsuno K, Kikuchi T, Okada Y, Shimokawa T, Ishi-
toya H. Open-heart surgery without blood transfusion for complete
atrioventricular septal defect associated with tetralogy of Fallot. Nip-
pon Kyobu Geka Gekkai Zasshi. 1997;45:170–3.

8. Goodnough LT: Blood and blood conservation: A national perspec-
tive. J Cardiothorac Vasc Anesth 2004; 18(Suppl): 6S–11S.

9. Colon-Otero G, Gilchrist GS, Holcomb GR, Ilstrup DM, Bowie EJ.
Preoperative evaluation of hemostasis in patients with congenital
heart disease. Mayo Clin Proc. 1987;62:379–85.

10. Despotis GJ, Filos KS, Zoys TN, Hogue CW, Spitznagel E, Lappas
DG. Factors associated with excessive perioperative blood loss and
hemostatic transfusion requirement: A multivariate analysis in car-
diac surgical patients. Anesth Analg. 1996;82:13–21.

11. Kruskall MS. Intraoperative autotransfusion. In: Rossi E, Simon TL,
Moss GS, Gould SA, eds. Principles of Transfusion Medicine. Bal-
timore, Williams and Wilkins; 1996; 607–14.

FIGURE 4. Calculation for the quantity of blood that can be withdrawn
for case 2.
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