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In orthopedics management of surgical blood loss is an important aspect which has
evolved along with modern surgeries. Replacement of lost blood by transfusion alone is not
the answer as was considered earlier. Complications like infection and immune reaction
due to blood transfusion are a major concern. Today numerous techniques are available in
place of allogenic blood transfusion which can be employed safely and effectively. In this
article we have reviewed these techniques, their merits and demerits.

Copyright © 2013, Delhi Orthopaedic Association. All rights reserved.

In modern day orthopedic surgeries, apart from the compli-
cations directly related to fractures and implants, a surgeon
faces numerous perioperative complications. These range
from excessive intraoperative and postoperative blood loss,
infection, poor wound healing, electrolyte imbalance to even
acute renal shut down and shock. Surgeries in orthopedics
being more invasive leads to more blood loss when compared
to other surgical specialties.

Tumor surgeries, pelvic surgeries, arthroplasties particu-
larly revision arthroplasties take a heavy toll on the hemody-
namics. A study in University of California estimated that
average blood lost during a primary hip replacement was
3.2 £ 1.3 units and in case of revision surgeries it was
4.0 + 2.1 units." In a similar study the estimated average blood
lost during total knee replacement was 1000—1500 m1.> Amount
lost will be more in uncemented arthroplasties because of the
absence of the hemostatic action of bone cement.

“Blood for blood” is what we follow from age old times. But
blood transfusion is not free of complications. Apart from the
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well known viral infections HIV, HBV and HCV the list of blood
borne infections also includes syphilis, malaria and a variety
of bacteria that can grow in 1-6° centigrade particularly
coagulase negative Staphylococcus and Yersinia. Even deaths
were reported from sepsis due to transfusion of Yersinia
infected blood products.®? Though not a true pathogen trans-
mission of Creutzfeldt Jakob disease is also a possible
complication. Furthermore we have a list of immunological
complications viz. febrile reaction, allergic reaction, direct
immune hemolytic reaction, transfusion related acute lung
injury, immunomodulation, graft versus host disease etc.

American society of anesthesiologist* gave the following
evidence based guidelines for blood transfusion in perioper-
ative and postpartum settings-

1. Transfusion is rarely indicated when the hemoglobin
concentration is greater than 10 g/dl and is almost always
indicated when it is less than 6 g/dl, especially when ane-
mia is acute.
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2. The determination of whether intermediate hemoglobin
concentration (6—10 g/dl) justify or require RBC transfusion
should be based on the patient’s risk for complications of
inadequate oxygenation.

3. The use of single hemoglobin trigger for all patients and
other approaches that fail to consider all important phys-
iological and surgical factors affecting oxygenation are not
recommended.

4. The indications for transfusion of autologous RBCs may be
more liberal than allogenic RBCs because of lower (but still
significant) risks associated with the former.

5. When appropriate preoperative autologous blood dona-
tion, intraoperative and postoperative blood recovery,
acute normovolemic hemodilution and measures to
decrease blood loss (deliberate hypotension and pharma-
cological agents) may be beneficial.

Given below is a review on the techniques employed for
blood conservation, their merits and demerits based on sci-
entific evidences available. These techniques can mainly be
divided into:-

A) Preoperative-
a) Autologous blood donation
b) Recombinant erythropoietin
B) Perioperative-
a) Hypotensive epidural anesthesia (HEA)
b) Platelet rich plasmapheresis
c) Acute normovolemic hemodilution (ANH)
d) Cell salvage (scavenging)
e) Anti-fibrinolytics
f) Fibrin sealants

1. Preoperative autologous blood donation

Patients who are about to undergo elective surgeries can
donate their own blood before surgery, which can be stored for
about 6 weeks and later used during and after surgery.
Although cost involved in this procedure is almost same as
that of allogenic transfusion many of the complications
associated with allogenic transfusion can be averted. Dona-
tion can be done twice weekly and can be done up to 72 h
before surgery. Initially it was considered as a gold standard
technique to reduce allogenic blood exposure. A 3 year retro-
spective study by Goodnough et al showed that it reduced
homologous blood transfusion from 41% in non autologous
blood patients to 14% in autologous blood donors.” Later many
studies though proved that it is not an ideal strategy for blood
conservation.® ® Results of a meta-analysis done by Forgie
et al showed that although it reduced allogenic transfusion
rate, it increased the overall transfusion rate, the results being
of no significance in the non anemic patients.” In one study
out of 416 units donated only 47 have been used, the rest were
discarded.'® Hence its use has to be rationalized depending on
the situation. It has several limitations and adverse effects.
Number of units that can be donated is limited by age, sex,
physical fitness and other co-morbid illness. By itself it can
cause anemia increasing the chances for either autologous or
allogenic transfusion. If the surgery is postponed there is a

chance for wastage. Sometimes all the units harvested are not
transfused resulting in wastage of precious blood. There are
few problems with stored blood, the most common is infec-
tion from the commensals in skin of the donor and the
paramedics who process them. A remote possibility of a
mismatch transfusion due to human error is always there.

2. Recombinant erythropoietin

Itis a hormone synthesized by recombinant DNA technology
that mimics the human hematopoietic hormone erythro-
poietin. It is mainly used for treating anemia due to chronic
renal failure and that occurs during cancer chemotherapy.
Its use is now extended to improve the preoperative hemo-
globin in elective orthopedic surgeries. Instead of post-
operative transfusion or preoperative autologous blood
donation, this hormone directly improves the hemoglobin of
the patient. It has been observed in some studies that pre-
operative hemoglobin status is an absolute indicator for
postoperative transfusion.'™*? By improving the hemoglobin
level, this hormone can avoid most of the transfusions in at
least elective orthopedic surgeries. Usual schedule is a dose
of 300 IU per kilogram (kg) of body weight per day for 10 days
prior to surgery, the day of surgery and four days after sur-
gery. An alternate schedule is 600 IU per kg body weight
administered once weekly beginning three weeks before
surgery, then a fourth dose on the day of surgery. Iron sup-
plementation should be given along with the hormone. In
one study conducted by Santoro et al among patients un-
dergoing total knee and hip replacement, there was a sig-
nificant decrease in transfusion rate and a significantly
higher postoperative hemoglobin in patients who were given
erythropoietin when compared to their controls, though
there was no difference in the length of their hospital stay.*?
In a similar study conducted by Faris et al with a large group
of patients undergoing major orthopedic surgeries patients
who received erythropoietin needed significantly lesser
blood transfusion. Also the group of patient who received a
higher dose of the hormone needed still lesser transfusion
than the group which received a lower dose of the same,
though this was not statistically significant.’* When the ex-
pected loss during a surgery is very large and acute this
hormone can also be used to increase the harvest from
autologous blood donation. Since autologous blood can be
donated only within 6 weeks prior to surgery and anemia
being a restricting factor, erythropoietin can be handy for
this purpose. When autologous blood is collected the dosage
of erythropoietin is 600 IU twice a week. Colomina et al did a
study with 250 patients who underwent complex spine sur-
geries wherein all patients were made to donate autologous
blood preoperatively. Patients who were given recombinant
erythropoietin had higher hemoglobin values on the day of
surgery, had more autologous blood donated and needed less
allogenic blood transfusion when compared to the rest.””
This hormone is relatively safe. However, due to rapid in-
crease in red cell mass, there is a risk of increase in blood
pressure in hypertensive patients. Hence it is to be avoided in
patients with uncontrolled hypertension. Other side effects
like cerebral convulsion, hypertensive encephalopathy,
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thromboembolism and myocardial infarction occur only
with long term therapy for chronic kidney disease and in
blood dopingin sports. Thus it is a safe and effective solution
for severely anemic patients undergoing elective orthopedic

surgery.

3. Hypotensive epidural anesthesia (HEA)

Reducing blood loss by lowering blood pressure using vaso-
dilators or cardiac depressants during general anesthesia is
not new. Hypotensive epidural anesthesia is a more recent
development to achieve this purpose. To lower blood pressure
epidural block is given to achieve a level of up to T4 derma-
tome. This creates a sympathetic block which causes vasodi-
latation and blocks cardiac accelerator fibers leading on to
hypotension. To avoid the fall in heart rate, central venous
pressure and cardiac output that occurs along with the fall in
blood pressure epinephrine in low doses is infused. Several
studies done in this technique showed significant reduction in
the amount of blood loss and transfusion requirements.*"’
Sharrock et al had done an extensive study in this technique
over 8 years in over 800 cases of total hip replacements.’® In
additions to serving the purpose of lowering blood loss they
observed a reduced risk of deep vein thrombosis in their pa-
tients. Deep vein thrombosis occurs because of loss of anti-
coagulants like antithrombin III due to consumption and
hemodilution that occurs during surgical blood loss. Also the
intravenous fluid which is given will cause hypothermia and
vasoconstriction which in turn leads to stasis. By avoiding
these factors the risk of deep vein thrombosis is reduced.
Further epinephrine increases the skeletal muscle blood flow
thereby avoiding stasis. Through this study they established
the safety of this technique even in high risk patients with
congestive heart failure, ischemic heart disease, hyperten-
sion, elderly and patients with spinal disease. Juelsgaard et al
compared hypotensive epidural anesthesia with spinal anes-
thesia in patients who underwent total knee replacement.
Total average blood loss in spinal anesthesia group with the
use of tourniquet was 1826 ml, while in the hypotensive
epidural anesthesia group without tourniquet was signifi-
cantly lower, 1056 ml and so was the reduction in allogenic
transfusion rate." In a retrospective study, Sharrock et al also
observed that hypotensive epidural anesthesia is safe even in
chronic kidney disease and does not predispose them to acute
renal failure.”® In another study comparison was made be-
tween hypotensive epidural anesthesia and hypotensive total
intravenous anesthesia in 40 patients who underwent total
hip replacement.'® Despite the same level of hypotension
maintained in both the group hypotensive epidural anes-
thesia group had significantly lesser blood loss and needed
lesser transfusion. They attributed this difference to the
relatively more central venous pressure in general anesthesia
group due to positive pressure ventilation and redistribution
of blood in skeletal muscles and adipose tissue due by
epinephrine used in the other group. Also by providing a dry
surgical field better bone cement penetration and thereby
better fixation of implants has been observed by Ranawat
et al.?° The most important complication of this modality is
high epidural anesthesia causing respiratory failure by

paralyzing cervical dermatomes. This occurs due to high
dosage of the local anesthetic agent or in patients with pre-
vious lumbar surgery. Hypotensive epidural anesthesia is
contraindicated in severe aortic or mitral stenosis, severe
stenosis of carotid or vertebral artery and in patients with
heart block. Apart from technical skill and meticulous moni-
toring an arterial catheter, central venous catheter and an
infusion pump are the requirements for this technique, which
is a small price paid to the immense benefits we derive.

4. Platelet rich plasmapheresis

Employed primarily in cardiothoracic by-pass surgeries, its
scope can be extended into orthopedic surgeries. Coagulation
abnormalities and hemorrhage are particularly common
following cardiac surgeries because of the cardiac by-pass
machine. Therefore transfusion of a platelet rich concentrate
is very helpful postoperatively. Several studies in cardiac
surgeries proved this technique to reduce allogenic blood
transfusion.?’ ?* Sawat et al were able to perform scoliosis
correction in four Jehovah’s witnesses with the help of platelet
plasmapheresis and hypotensive anesthesia.?”” Similarly
Ekback et al found this technique to be as effective as preop-
erative autologous blood donation in 40 patients who under-
went total hip replacement.?® They were able to totally avoid
allogenic transfusion. Plasmapheresis is done 24 h before
surgery or after induction of anesthesia. With the help of large
bore catheters blood from the patient’s body is transferred to
the plasmapheresis machine. In a single cycle 200—-300 ml
blood will be withdrawn and will be subjected to centrifuge.
This separates the blood into three components viz. RBCs,
plasma and platelet concentrates. RBCs and plasma are
retransfused into the patient’s body at the same time. In
addition to this, crystalloids and colloids are used to
compensate for the volume lost due to platelet harvest. This
cycle is repeated several times until the desired amount of
platelet is collected. The platelet harvested will be equal to
about 20—30% of the blood volume and this will be equal to five
units of platelet concentrates. This is stored and transfused at
the end of surgery. Most important complication is develop-
ment of hypotension during plasmapheresis. This is due to
volume loss that occurs, which should be managed effectively
by volume replacement and inotropes if required. In one study
conducted in cardiothoracic surgery hypotension was re-
ported during transfusion of platelets.”’ This was attributed to
the hypocalcaemia caused by the citrates used in storage of
the components. The quality of the transfused platelets is a
concern though. But a study using flow cytometry showed no
change in the quality of platelets harvested by plasmaphe-
resis.”® Thus but for its cost it is an effective technique.

5. Acute normovolemic hemodilution(ANH)

ANH is a technique in which whole blood is removed from a
patient, while circulating volume is maintained with acellular
fluid. It is performed shortly before or shortly after induction
of anesthesia. The procedure is carried by an experienced
team inside the operation theater which usually takes around
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20—35 min. Blood withdrawn from the patient is stored in the
normal blood bags containing Citrate-Phosphate-Dextrose-
Adenosine (CPDA) labeled for “autologous use only”. The
blood is fractionated into Platelet Rich Plasma (PRP) and
Platelet Poor Plasma (PPP) so as to treat any coagulopathy
caused by the hemodilution or by the replacement fluid. The
rate of blood withdrawn does not matter as long as euvolemia
is being maintained. The fluids used generally are Ringer-
Lactate in the ratio of 3:1 or Hydroxyethyl starch in the ratio
of 1:1, the latter one carrying the risk of a coagulopathy. The
blood removed is only for use in the operating room and not to
be used outside. The bags will be transfused back to the pa-
tient in the reverse order of which they were withdrawn,
supposing that all the blood will be transfused back. For ANH
to be maximally efficacious, surgical blood loss should be
more than 70% of the patient’s blood volume.?**° When the
blood loss exceeds 90% of the patient’s blood volume ANH
alone may not be able to prevent exposure to allogenic blood,
but it may reduce the number of allogenic units transfused.*

Volume of blood that can be withdrawn is calculated as
follows

V = EBV x (Hi — Hf)/Hm

Hi = Initial hematocrit; Hf = Target hematocrit; Hm = Average
hematocrit= (Hi + Hf)/2; EBV = estimated blood volume (body
weight x 65 ml for women and 70 ml for men).

Usually the harvest of blood can be done until a hematocrit
of 20% or until the patient reaches the phlebotomy threshold.
A total of not more than 2 L can be safely withdrawn from the
patient depending on the preoperative hemoglobin, age and
general build up of the patient. The end point of withdrawing
of blood is tachycardia, the occurrence of which suggests the
upper limit of the possible blood withdrawn. This technique
stands out in that it provides fresh autologous blood products
with adequate quantities of platelets, clotting factors and 2,3
DPG, capable of being used in emergency surgeries, being least
costly. Unlike autologous blood donation there is no chance of
mismatched transfusion due to clerical error as the stored
blood never leaves the operation theater. Several studies in
hip and knee arthroplasty,*>* spine surgery®* and other non
orthopedic surgeries® *° have demonstrated its effective-
ness. Contraindications include severe anemia, impaired
renal function, untreated hypertension, cardiac dysfunction,
clotting disorders, bacteremia, severe pulmonary disease and
in conditions in which increased cardiac output is desirable
like coronary artery disease and aortic stenosis.

6. Cell salvage technique

Cell salvage is a technique in which the patient’s own blood is
used as self donation by collecting shed blood intraoperatively
and in the postoperative drains through a collector container.
The RBCs are washed and the washed RBCs are reinfused into
the patient. A double drainage catheter system is usually used
which is connected to a blood bag and a cell saver unit. Usu-
ally, only the blood shed in the first 6 h of the postoperative
period is retransfused. There are studies to support that cell
salvage connecting systems and retransfusion of the shed

blood reduces the need for allogenic transfusion.*’*

Strumper et al observed the rate of allogenic transfusion
was reduced from 47% to 34% in the total hip arthroplasty
group and from 18 to 6% in total knee arthroplasty group.*
Goulet et al*’ reported that 60% of total blood transfusion
would be substituted by intraoperative blood salvage using
cell saver in orthopedic surgeries and Wilson et al*® reported
the decrease in the same as 47%. Cost is a major limiting factor
for this technique and so the cost effectiveness of the tech-
nique is limiting its popularity. Slagis et al** and Naumenko®’
et al used a cell washer system which increased the expenses
of the operation while Newman et al*? and Zhao et al*® rein-
fused unwashed blood which reduced the cost of the tech-
nique and found that fever episodes are significantly lower in
comparison to the allogenic transfusion. It has also been even
shown in many other studies that the unwashed and filtered
blood is of satisfactory quality and safe to return.”>?> When
cell salvage was first introduced in 1970s it was complicated
by hemolysis, air embolism and coagulopathy.”® Processing
salvaged blood removes platelet and coagulation factors. But
coagulation usually remains unaffected unless blood loss ex-
ceeds 3 L.°* Djaiani et al® reported that this technique
increased the need for Fresh Frozen Plasma (FFP) transfusion
but there are other studies which contradicts this.®*” A new
technology that can reduce the risk of coagulopathy by
extracting platelets and clotting factors from the cell salvage
waste and making it available for retransfusion with salvaged
RBCs is available now-a-days.

7. Pharmacological agents

Pharmacological agents can be used to achieve hemostasis
during and after surgery by altering the delicate balance be-
tween blood clotting and fibrinolysis. During a surgical insult
there is activation of the clotting mechanism. In order to
check uncontrolled clot formation fibrinolytic mechanism
also get activated simultaneously. Drugs used to reduce blood
loss inhibit the fibrinolytic mechanism. Aprotinin, epsilon
amino caproic acid and tranexamic acid are the three drugs in
this group.

Aprotinin is bovine pancreatic trypsin inhibitor which in-
hibits trypsin and related proteolytic enzymes like chymo-
trypsin, plasmin and kallikrein. It inhibits fibrinolysis by its
action on plasmin. Earlier this drug was used to reduce blood
loss in many orthopedic and cardiac surgeries. But later this
was banned as there was an increased risk of acute renal
failure, myocardial infarction, heart failure, stroke and en-
cephalopathy with its usage.

Epsilon amino caproic acid (EACA) is an antifibrinolytic
drug which binds to the fibrin binding site of plasmin and
blocks its action on fibrin, thus preventing fibrinolysis. Unlike
aprotinin, this is a safe drug and studies have proved this to be
as effective as the former.”® Most of studies conducted with
this drug are in cardiac surgeries but we do have some or-
thopedic studies. In a study conducted among 49 patients who
underwent total hip replacement there was 27% reduction in
total blood loss and 11% reduction in transfusion rates in the
patients who were given EACA, compared to the control
group.”® Similarly in another study with 127 patients who
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underwent total knee replacement the efficacy and safety of
this drug was proved.®® Though theoretically it can cause deep
vein thrombosis, no increased risk had been observed in any
of the studies conducted.

Tranexamic acid has the same mechanism of action as
EACA, with comparable efficacy and safety at a lower cost. In
high blood loss surgeries it is given intravenously at a dose of
10 mg per kg body weight, which can be repeated once or
twice after 4 h. It is also available in oral formulation which
can be used at a dose of 15—-25 mg per kg body weight in
prostatectomy, minor gynecological procedures, menor-
rhagia, epistaxis, haemophilia and hereditary angioneurotic
edema. There are numerous studies with this drug that
proved its efficacy.®” * Also a study conducted in our hospital
showed this drug to be effective in reducing blood loss and
transfusion in total knee replacement patients.®* In addition
to the usual intravenous route this drug can be used topically
as demonstrated by Wong et al wherein 1.5 or 3 g of tra-
nexamic acid in 100 ml of normal saline was applied to the
joint surface for minutes at the end of surgery.®® Though safe,
it is better to avoid these drugs in patients with deep vein
thrombosis and the patients with the risk of developing it as
there is a rare possibility of this complication. Other rarely
reported adverse effects are abdominal discomfort, chest
pain, myocardial infarction, dyspnea, pulmonary embolism
and hypersensitivity.

8. Fibrin sealants

These are surgical hemostatic and adhesive agents derived
from plasma product. Safety from infection is ensured by
careful selection of donors and employing many purifying
techniques. Till date no infection has been reported with its
use. It usually consists of fibrinogen, thrombin, factor XIII, an
antifibrinolytic agent like aprotinin and calcium chloride.
After thawing the frozen components, they are reconstituted
at the time it is to be used. Clots similar to the natural blood
clot, that can be degraded by the body’s natural enzymes are
produced. Earlier used mainly in soft tissue surgeries its use
later expanded into orthopedic surgeries. This is applied to the
actively bleeding cancellous bony surfaces to achieve hemo-
stasis. This can be used as a hemostatic agent in orthopedic
and other high blood loss surgeries, as a sealing agent in
tympanoplasty, CSF fistula repair, premature rupture of
membranes in pregnancy, bowel anastomosis, pleural sur-
geries etc.,, and as an adhesive in parenchymal surgeries.
Significant reduction in blood loss and blood transfusion
has been observed in several studies done in idiopathic
scoliosis surgery, total knee replacement and total hip
replacement.®®~°® Allergic reaction is the only known but rare
complication. This is for topical use only as thromboembolic
complication might occur on direct intravascular application.
Spray devices employing high pressure regulators should not
be employed to administer fibrin sealants as this is known to
cause air embolism. Usually employed to control unexpected
high bleeding this can be used routinely in high blood loss
surgeries, thereby reducing allogenic blood transfusion.

The above eight are the techniques currently available to
reduce allogenic blood transfusion. Due to the numerous

disadvantages of allogenic blood and with so many alterna-
tives available now-a-days allogenic blood transfusion is
gradually losingits ground in orthopedic surgeries. Depending
on the patient’s profile, nature of surgery and the expertise
available, suitable methods have to be chosen. In elective
procedures involving severe blood loss preoperative autolo-
gous blood donation and preoperative erythropoietin can be
used. In emergency procedures pharmacological agents, acute
normovolemic hemodilution and fibrin sealants can be used.
In tertiary care hospitals where the set up is available, platelet
rich plasmapheresis or cell salvage techniques can be
employed in isolation or in combination with any of the before
mentioned techniques. Sometimes more than one technique
has to be used. There is no single technique thatis universal to
all situations. Gradually increasing awareness and newer ad-
vances in these techniques will definitely decrease the popu-
larity of allogenic blood transfusion in the near future.
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