Blood Conservation

Liaison: Mohammad R Rasouli MD

Leaders: Luiz Sérgio Marcelino Gomes MD, PhD (International), Brian Parsley MD (US)

Delegates: Wael Barsoum MD, Hari Bezwada MD, James Cashman MD, Julio Garcia MD, William
Hamilton MD, Eric Hume MD, Rajesh Malhotra MD, Stavros Memtsoudis MD, PhD, Alvin Ong
MD, Fabio Orozco MD, Douglas Padgett MD, Ricardo Reina MD, Marco Teloken MD, Emmanuel

Thienpont MD, Jonathan H Waters MD

Published online in Wiley Online Library (wileyonlinelibrary.com). DOI 10.1002 /jor.22551

© 2014 Orthopaedic Research Society. Published by Wiley Periodicals, Inc. J Orthop Res 32:581-S89, 2014.

Question 1: Is blood transfusion associated with an
increased risk of surgical site infection (SSI)/
periprosthetic joint infection (PJI)?

Consensus

Yes. Allogeneic blood transfusions is associated
with an increased risk of SSI/PJI. The role of autolo-
gous transfusion in the risk of SSI/PJI remains
inconclusive.

Delegate Vote
Agree: 91%, Disagree: 5%, Abstain: 4% (Strong Con-
sensus)

Justification

Based on the Centers for Disease Control and Preven-
tion (CDC) guideline, perioperative allogeneic blood
transfusion in arthroplasty increases the risk of SSI/
PJI. The association between autologous blood transfu-
sion and the risk of SSI/PJI is less clear.

According to high-quality evidence from two ran-
domized controlled trials (RCTs) and four observation-
al studies, there is an increased risk of SSI with any
blood transfusion (allogeneic, autologous, and autolo-
gous plus allogeneic blood transfusion data combined)
as compared to no transfusion. This is further sup-
ported by both a meta-analysis of six studies
(n=8,493) [odds ratio (OR): 1.56; 95% confidence
interval (CI): 1.18-2.06; p = 0.002] and a meta-analysis
(n="7,484) of 4 observational studies (OR 1.59; 95%
CI: 1.15-2.18; p =0.004).!

Data from a meta-analysis (n =970) of two RCTs in
hip arthroplasty suggests that autologous blood trans-
fusion is not associated with an increased risk of SSI
when compared to no blood transfusion (OR: 1.15, 95%
CI: 0.43-3.13; p=0.78).

Low-quality evidence from a meta-analysis
(n=>5,737) of four observational studies indicates that
allogeneic blood transfusion is associated with an
increased risk of SSI (non-adjusted OR: 1.46, 95% CI.:
1.09-1.95, p=0.01).

Evidence from a meta-analysis (n =2,592) of three
observational studies shows that transfusion with
allogeneic blood increases the risk of SSI as compared
to transfusion with autologous blood (OR: 4.57, 95%
CI: 2.39-8.73, p <0.0001)." The study by Innerhofer

et al.? demonstrated a clear increased risk for alloge-
neic blood over autogenous blood (high overall infec-
tion risk in this study). White cell depletion does not
appear to affect the infection rate with autologous
blood in hip surgery.?

Evidence from one RCT and two observational
studies indicates no increased risk of SSI in patients
who receive both autologous and allogeneic blood
transfusions.’

Question 2: What are the predictors of the need for
allogeneic blood transfusion in patients undergoing
surgery for TJA?

Consensus

A lower preoperative hemoglobin level is the strongest
predictor for the potential need for allogeneic transfu-
sion after TJA. The use of general anesthesia, higher
Charlson comorbidity index, female gender, and longer
duration of surgery are predictors of the potential
need for allogeneic blood transfusion in patients
undergoing total joint arthroplasty (TJA).

Delegate Vote
Agree: 90%, Disagree: 4%, Abstain: 6% (Strong Con-
sensus)

Justification
The above-mentioned factors have been described as
predictors of allogeneic blood transfusion in patients
undergoing primary TJA. However, in these studies
various transfusion triggers have been utilized, with a
lower transfusion rate seen when a lower predefined
Hgb level is used (currently 7-8g/dl). Currently the
most optimal hemoglobin threshold for transfusion
remains unknown. The only prospective randomized
controlled trial in orthopedics is the FOCUS trial,*
which found no outcome differences with transfusing
above or below 8g/dl. The results of this trial were
similar to those found in the TRICC trial.’ There are
also many studies emphasizing the effect of operative
time on perioperative blood loss and transfusion
rate.517

In a single-institute study of 11,373 TJAs, including
4,769 total knee arthroplastyies (TKAs) and 6,604
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total hip arthroplasties (THAs), multivariate analysis
indicated that male gender (263.59 and 233.60ml in
hips and knees), Charlson comorbidity index of >3
(293.99 and 167.96 ml in hips and knees, respectively),
and preoperative autologous blood donation
(593.51 mL in hips and 592.30 in knees) increase the
amount of blood loss.'® Regional anesthesia compared
to general anesthesia reduced the amount of blood
loss. Amount of blood loss in both THA (OR: 1.43, 95%
CI: 1.40-1.46) and TKA (OR: 1.47, 95% CI: 1.42-1.51)
and Charlson comorbidity index-only in TKA patients
(OR: 3.2, 95% CI: 1.99-5.15) increased risk of allogene-
ic blood transfusion. Preoperative autologous blood
donation (OR: 0.01, 95% CI: 0.01-0.02 in hips and
0.02, 95% CI: 0.01-0.03 in knees) decreased the risk of
allogeneic blood transfusion.

In a study by Faris et al.'® the predictive power of
seven preoperative variables (hemoglobin concentra-
tion, age, erythropoietin level, ferritin concentration,
serum iron, total iron-binding capacity, and predicted
blood volume) on the risk of transfusion in orthopedic
patients was tested in 276 surgical cases. The authors
found that baseline hemoglobin concentration and
predicted blood volume were significant predicators of
transfusion risk. They also found an inverse correla-
tion between hemoglobin concentration and transfu-
sion risk. Placebo-treated patients with hemoglobin
>10 to <13g/dl had an approximately two times
greater risk of transfusion than patients with hemo-
globin >13 g/dl.

The study by Perazzo et al.?® also confirmed that
the preoperative hemoglobin level was a strong
predictor of need for blood transfusion following
TJA. They assessed the association between preoper-
ative autologous blood donation and risk of transfu-
sion in 600 TJA patients, including 312 THAs and
288 TKAs. The authors suggested that a pre-opera-
tive autologous donation may not be necessary.
Their data also suggested that the use of a cell
salvage system may be effective in reducing the
blood transfusion rate.

The study by Hamaji et al.?! indicated that pre-
operative fluid loading can reduce the transfusion
requirement and possibly infection rate; however, it
was a small study with a high infection rate. Colloid
may be preferable over crystalloid®*®> and neither
method has a significant effect on clotting in vitro.?

Question 3A: What is the role of the type of
anesthesia in minimizing blood loss and allogeneic
blood transfusion during arthroplasty surgery for PJI?

Consensus
Compared to general anesthesia, neuraxial anesthesia
reduces the amount of blood loss during TKA or THA.

Delegate Vote
Agree: 77%, Disagree: 11%, Abstain: 12% (Strong
Consensus)
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Question 3B: Is there evidence against neuraxial
blockade in PJI cases (due to probable risk of
spreading infection)?

Consensus

No. The decision to use neuraxial versus general
anesthesia in patients with PJI lies with the anesthe-
sia team and needs to take into account the numerous
benefits of neuraxial anesthesia versus the potential
for development of infectious central nervous system
complications (arachnoiditis, meningitis, and abscess)
with the use of anesthesia.

Delegate Vote
Agree: 83%, Disagree:
Consensus)

6%, Abstain: 11% (Strong

Justification

Several systematic reviews and meta-analyses
compared neuraxial with general anesthesia regarding
the amount of blood loss and blood transfusion during
TJA. All these reviews support the role of neuraxial
anesthesia in reducing amount of blood loss and
transfusion requirements.

A meta-analysis by Hu et al.?® of 21 RCTs pub-
lished from 1966 to April 2008 was performed to study
the relationship between type of anesthesia and
transfusion requirement. Pooled results from these
trials showed that neuraxial anesthesia reduces the
operating time (OR: —0.19; 95% CI: —0.33 to —0.05)
and transfusion requirement (OR 0.45; 95% CI: 0.22—
0.94) compared with general anesthesia. Furthermore,
a systematic review of 18 studies published from
January 1990 to October 2008 involving 1,239 THA
patients showed that blood loss may be reduced in
patients receiving neuraxial anesthesia compared to
general anesthesia.?® Another systematic review of
articles published up until 2004 showed that neurax-
ial anesthesia reduced the number of transfused THA
patients (p =0.0009).2* The authors concluded that
neuraxial blocks have a clear and definite effect on
surgical blood loss and result in a reduction in the
number of transfused patients. A meta-analysis of 10
clinical trials whose results were published up until
August 2005, including 330 THA patients under
general anesthesia and 348 patients under neuraxial
block, indicated that neuraxial block decreases
total operative time by 7.1min/case (95% CI. 2.3—
11.9min) and intraoperative blood loss by 275 ml/case
(95% CI: 180—-371ml).?® Another study by Stundner
et al.?® demonstrated that neuraxial anesthesia
versus general anesthesia significantly reduced over-
all complications, including the transfusion require-
ment. Lastly, using a large database, Memtsoudis
et al.?° demonstrated that the need for blood transfu-
sion was reduced with neuraxial versus general
anesthesia.

On the contrary, a systematic review of 28 studies
published from January 1990 to October 2008 involv-
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ing 1,538 TKA patients failed to find any evidence
supporting a lower amount of blood loss or blood
transfusion for patients receiving regional compared to
general anesthesia.?’

A meta-analysis of 17 RCTs about various orthope-
dic surgeries including TJA indicated that induced
hypotension can reduce blood loss by approximately
287 ml of [95% CI: —447 to —127] during the orthope-
dic surgeries.>! Moreover, a statistically significant
reduction in the transfusion rate was also observed in
the same cohort (—667 ml of blood transfused; 95% CI.:
—963 to —370). No statistically significant differences
were found regarding operative time and improve
surgical condition.

There is ample evidence to suggest that regional
anesthesia can be performed safely if antibiotic treat-
ment of the infection has started prior to the place-
ment of the regional block.?? It appears that serious
central nervous system infections such as arachnoidi-
tis, meningitis, and abscess are rare after neuroaxial
anesthesia. Thus, an individualized decision must be
made for performing neuroaxial block in cases with
infection. The anesthetic alternatives, advantages of
neuroaxial block, and risk of central nervous system
infection, which theoretically may develop in the case
of bacteremia, should be taken into account in making
this decision. There is a paucity of literature that
studies the risk of epidural abscess in patients
undergoing surgery for PJI under regional anesthesia.
In a recent study, Gritsenko et al.®® suggested that
the risk of the central nervous system after neuraxial
block during the removal of infected hip/knee
implants is very small and that neuraxial anesthetics
be used more liberally in this setting if there are no
systemic signs of infection. They also recommended
that no epidural catheters remain in place after the
procedure. It appears that multiple neuroaxial blocks
within a short time period may be a risk factor for
development of epidural abscess in patients with
underlying PJI.

If neuroaxial anesthesia is employed in patients
undergoing treatment for PJI, every effort should be
made to remove the epidural catheter soon after
surgery. If a central nervous system infection occurs,
prompt diagnosis and treatment of infection must be
performed to avoid neurologic sequelae.

The study by Chang et al.3* found that the infection
risk was 2.2 times lower with spinal anesthesia versus
general anesthesia.

Question 4A: What is the role for adjuvant
technologies including cell salvage systems,
reinfusion drains, bipolar sealers, and hemodilution
for minimizing blood loss during surgery for PJI?

Consensus

There is no defined benefit for the use of cell salvage
systems, reinfusion drains, biopolar sealers, and hemo-
dilution for management of PJI.

BLOOD CONSERVATION S83

Delegate Vote
Agree: 85%, Disagree: 8%, Abstain: 7% (Strong Con-
sensus)

Question 4B: What is the role for adjuvant
technologies including cell salvage systems,
reinfusion drains, bipolar sealers, and hemodilution
for minimizing blood loss during TJA?

Consensus

There is no defined benefit for the use of cell salvage
systems, reinfusion drains, biopolar sealers, and hemo-
dilution during primary, unilateral TJA.

Delegate Vote
Agree: 80%, Disagree:
Consensus)

11%, Abstain: 9% (Strong

Justification

The role of cell salvage in reducing transfusion rates is
unclear; however, it appears that cell salvage can be
used in infected cases. Leukocyte depletion filters can
be used to filter any salvaged blood. These filters are
effective at removing white blood cell counts (WBCs)
and bacterial loads up to 10*CFU/ml. Any residual
bacteria would be treated by perioperative antibiotics
in the same way as any bacteremia that occurs during
the surgery.®® The use of bipolar sealers has been
associated with mixed results in primary TJA. In a
double-blind RCT, 71 and 69 THA patients were
assigned to either a bipolar sealer or a control arm
group (conventional electrocautery), respectively.
The authors did not find any significant differences
between the two groups regarding either the amount
of blood loss or transfusion rate. Based on these
findings, the authors discontinued the use of bipolar
sealer for THA patients. In another prospective RCT of
105 patients undergoing primary THA, Zeh et al.®”
found that there was no statistically significant differ-
ence between total intraoperative and postoperative
blood loss between the bipolar sealer and conventional
electrocautery group.

On the contrary, a case-matched study showed that
use of bipolar sealer may be effective in reducing the
amount of blood loss and hemoglobin drop in patients
undergoing revision THA for infection.®® In a case-
matched study of 76 consecutive revision THAs for
infection, a bipolar sealing group was compared with
conventional electrocautery.>® The results of this study
showed that total blood loss, intraoperative blood loss,
and perioperative hemoglobin drop were significantly
less in the bipolar sealer group. Furthermore, in a
prospective, blinded, randomized study, 50 primary
THA were assigned to two groups: bipolar sealer and
standard electrocautery.?® The results of this study
revealed that the total blood loss in the bipolar sealer
group decreased by 40% and the transfusion rate was
reduced by 73%. There was a significant reduction
in intra- and postoperative blood loss. Similarly,
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Marulanda et al.*® showed that the bipolar sealer can

reduce the amount of blood loss in TKA.

Question 5A: Does the use of a drain(s) influence the
incidence of SSI/PJI?

Consensus

No. There is no evidence to demonstrate that the use
of closed drains increases the risk of SSI/PJI following
TJA.

Delegate Vote
Agree: 88%, Disagree: 8%, Abstain: 4% (Strong Con-
sensus)

Question 5B: When should drain(s) be removed?

Consensus
There is no conclusive evidence for the optimal timing
of drain removal.

Delegate Vote
Agree: 68%, Disagree: 22%, Abstain: 10% (Strong
Consensus)

Justification

Based on a systematic review and a meta-analysis,
the use of a drain following TJA increases the transfu-
sion rate but there is no increased risk for developing
SSI. Studies have indicated that about 90% of postop-
erative bleeding is collected by the drain within the
first 24 postoperative hours. By considering the proba-
ble increase in the risk of bacterial colonization due to
the drain after 24h,*? it is recommended that drains
be removed within 24h after routine elective arthro-
plasty. In select circumstances, the treating surgeon
may decide to retain the drain in the operated joint for
a longer period of time.

In a Cochrane systematic review, all randomized or
quasi-RCTs comparing the use of closed suction drain-
age systems with no drainage systems for all types of
elective and emergency orthopedic surgery were evalu-
ated.*’ Thirty-six studies involving 5,464 participants
with 5,697 surgical wounds were included. Various
types of orthopedic surgeries, including THA and
TKA, were evaluated in this systematic review. Pool-
ing the results of these trials indicated no statistically
significant difference in the incidence of wound infec-
tion, hematoma, dehiscence, or re-operations between
patients in whom a drain was inserted and those
without a drain. Blood transfusion was required more
frequently in those with drains. The need for reinforce-
ment of wound dressings and the occurrence of
bruising were more common in the group without
drains. The Cochrane study thus concluded that there
is insufficient evidence to support the routine use of
closed suction drainage in orthopedic surgery.

In a meta-analysis by Parker et al.*? 18 studies on
elective THA and TKA including 3,495 patients with
3,689 wounds were evaluated. The results of this

41,42
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systematic review indicated that closed suction drain-
age increases the transfusion requirements after elec-
tive THA and TKA and has no major benefits.

Question 6A: What is the role for tranexamic acid
(TA) for minimizing blood loss during surgery for
treatment of PJI?

Consensus

Administration of both intravenous and topical TA
reduces the amount of blood loss and allogeneic blood
transfusion in TJA.

Delegate Vote
Agree: 82%,
Consensus)

Disagree: 5%, Abstain: 13% (Strong

Question 6B: Does administration of topical TA have
an advantage over intravenous (IV) administration?

Consensus

Topical TA does not have any obvious advantage over
IV administration of the drug and both are safe.
However, topical TA may be used in certain group
of patients in whom IV TA is considered to be
inappropriate.

Delegate Vote
Agree: 76%, Disagree:
Consensus)

4%, Abstain: 20% (Strong

Justification
Based on seven available systematic reviews and
meta-analyses,** %" administration of TA reduces the
amount of blood loss and blood transfusion in THA
and TKA patients. It can be concluded that adminis-
tration of TA is safe and effective in reducing the
amount of blood loss and allogeneic blood transfusion
in revision TJA, including surgeries for treatment of
PJI. There has been no study to demonstrate that use
of either topical or intravenous TA results in a higher
incidence of thromboembolic episodes. In fact the
Clinical Randomisation of an Antifibrinolytic in Sig-
nificant Haemorrhage trial (CRASH) found that TA
may be protective against thrombotic complica-
tions.?=?3

A systematic review and meta-analysis by Alshryda
et al.** evaluated 19 placebo-controlled RCTs. Eigh-
teen of these studied the IV administration of TA, one
study evaluated oral administration,®* another exam-
ined topical application of TA,*® and one compared TA
with normovolemic hemodilution.?® Three RCTs evalu-
ated the effect of high doses (>4g) of TA*5758 and
others evaluated the effect of low-dose TA.??7%% The
systematic review and meta-analysis found that TA
causes a significant reduction in the rate of blood
transfusion (risk ratio (RR): 2.56, 95% CI: 2.1-3.1,
p < 0.001; heterogeneity I2=75%) and total blood loss
by a mean of 591ml (95% CI: 536 to 647, p <0.001;
I? =178%). A subgroup analysis of high-dose TA indicat-



ed a reduction in blood transfusion (RR 5.33; 95% CI:
2.44 to 11.65, p<0.001; I?=0%). This systematic
review and meta-analysis did not find any evidence
that supported an increase in the risk of either deep-
vein thrombosis or pulmonary embolism following
administration of TA in TKA patients.

A systematic review and meta-analysis by Sukeik
et al.*® evaluated the effect of administration of TA in
THA patients. Eleven RCTs -7 were included in the
meta-analysis. The authors showed that use of TA
reduces intraoperative blood loss by a mean of 104 ml
(95% CI: —164 to —44, p = 0.0006, I?:0%), postoperative
blood loss by a mean of 172ml (95% CI: —263 to —81,
p=0.0002, I?:63%), and total blood loss by a mean of
289 ml (95% CI: —440 to —138, p < 0.0002, I*:54%). TA
resulted in a significant reduction in the allogeneic
blood transfusion rate (risk difference: —0.20, 95% CI:
—0.29 to —0.11, p<0.00001, I*:15%). No significant
differences were observed in the rate of deep vein
thrombosis, pulmonary embolism, infection rates, or
other complications among the study groups.

Administration of TA is effective to further reduce
the amount of perioperative blood loss following TKA.
In an RCT of 151 patients, Lin et al.”” randomly
assigned patients who underwent unilateral TKA to
one of three groups: (1) a placebo group (50 patients);
(2) a one-dose TA group (52 patients), who received
one injection of TA (10mg/kg) intra-operatively on
deflation of the tourniquet; and (3) a two-dose TA
group (49 patients), who received two injections of TA
(10 mg/kg) given pre-operatively and intra-operatively.
They demonstrated that one intra-operative dose of
TA was as effective as two doses for blood conservation
during TKA.

In a study by Aguilera et al.”® the effect of TA in
reducing blood loss and blood transfusion in revision
TKA was evaluated. In this study, patients who
received TA had a significantly lower amount of blood
loss (p =0.015); however, the rate of transfusion was
not statistically lower in the TA group (p =0.057). No
adverse events were observed in the studied patients.

In an RCT of 98 adult patients undergoing THA or
TKA, Oremus et al.” showed that adding TA to a
restrictive transfusion protocol in patients undergoing
TJA makes the use of a postoperative blood salvage
system unnecessary.

Question 7: What is the role for other agents such as
platelet-rich plasma (PRP), fibrin glue for minimizing
blood loss?

Consensus

The routine use of PRP is not recommended. There is
some evidence that fibrin products may reduce blood
loss.

Delegate Vote
Agree: 91%, Disagree: 1%, Abstain: 8% (Strong Con-
sensus)
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Justification

There are several RCTs supporting the efficacy of
fibrin products in reducing the amount of blood loss
and transfusion requirements in TJA patients. Howev-
er, the results of studies on PRP are mixed and it is
difficult to draw a definite conclusion.

In the study by Diiorio et al.®® 134 TKA patients
who received PRP were retrospectively evaluated. The
authors failed to show a statistically significant differ-
ence regarding the amount of blood loss between
patients who received PRP and those who did not.

In a retrospective study of 98 unilateral TKAs (61
received platelet gel intraoperatively), Gardner et al.5!
found that patients who received platelet gel had less
difference in preoperative and postoperative hemoglo-
bin levels on day 3 (2.7 vs. 3.2g/dl; p=0.026), which
was considered as an indicator of blood loss.

In a retrospective study, Berghoff et al.®? found
that administration of platelet-rich and platelet-
poor plasma during wound closure is associated with
a better hemoglobin profile and a lower rate of
transfusion.

In an RCT, 66 THA patients were randomized to
one of the three following groups (1) a 10 mg/kg bolus
of TA before operation; (2) 10 mL of fibrin spray during
the operation, or (3) a control (neither TA nor fibrin
spray administered).®® The authors suggested that
topical fibrin spray and IV TA both reduce the amount
of blood loss significantly compared to the controls.
There was no statistically significant difference be-
tween the fibrin spray and TA groups regarding the
amount of blood loss.

In an RCT of 100 THA, patients were assigned
to the study group (receiving autologous fibrin tissue
adhesive) or control (no fibrin tissue adhesive)
group.?* The results of this RCT showed a significant-
ly lower amount of blood loss in the fibrin tissue
adhesive at 580 +240ml compared to the controls at
810+ 341 ml.

In an RCT, 81 patients who underwent THA were
assigned to receive standard of care plus fibrin sealant
(10 ml total) or standard of care without fibrin sealant.
In the fibrin sealant group, the amount of blood loss
decreased significantly by 23.5%.5

The results of two RCTs showed that the adminis-
tration of fibrin products is associated with reduced
blood drainage from the wound and blood loss as well
as blood transfusion in TKA patients.?>87

Question 8: What is the role for blood salvage
(intraoperative and postoperative) during the second
stage of two-stage exchange arthroplasty for
treatment of PJI?

Consensus

The role of blood salvage (intraoperative and postoper-
ative) during the second stage exchange arthroplasty
is inconclusive. Blood salvage should be utilized with
caution.
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Delegate Vote
Agree: 80%,
Consensus)

Disagree: 11%, Abstain: 9% (Strong

Justification
The efficacy of a cell salvage system has been shown
in orthopedic surgeries.®® Although there is no strong
evidence regarding the contraindication of cell sal-
vage in PJI cases, traditionally the presence of
infection is considered as a contraindication for use of
this type of system.®® However, some authors have
suggested that cell salvage can be used in infected
cases. Leukocyte depletion filters can be used to filter
any salvaged blood. These filters are effective at
removing WBC counts and bacterial loads up to
10* CFU/ml. Any residual bacteria would be treated
by perioperative antibiotics in the same way they
would for any bacteremia that occurs during the
surgery.®®

In a Cochrane systematic review, RCTs in which
adult patients undergoing elective surgeries were
randomized to either a cell salvage group or a control
group (no intervention), were evaluated.®® The results
of this systematic review indicated that in orthopedic
procedures the relative risk of exposure to red blood
cell transfusion in patients receiving cell salvage
systems drops to 0.46 (95% CI: 0.37—0.57) and the use
of cell salvage systems was not associated with any
adverse events.

Question 9: What is the role of administration of
erythropoietin, hematinics, or other agents between
the two stages of exchange arthroplasty for the
treatment of PJI?

Consensus

Treatment of preoperative anemia with iron, with or
without erythropoietin, will reduce the risk of transfu-
sion in patients undergoing TJA.

Delegate Vote
Agree: 78%, Disagree:
Consensus)

9%, Abstain: 13% (Strong

Justification

There is evidence to suggest that treatment of preoper-
ative anemia with iron, with or without erythropoietin,
will reduce the risk of transfusion in patients undergo-
ing TJA.?® However, some authors suggest that for
patients undergoing TJA, anemia should be investigat-
ed rather than treated empirically as the risk of
gastrointestinal malignancy and/or gastrointestinal
bleeding is present.

A systematic review by Spahn® indicated that
treatment of preoperative anemia with iron, with or
without erythropoietin, will reduce the risk of transfu-
sion in patients undergoing TJA.

A double-blind, multicenter RCT compared two
regimens of Epoetin-a in reducing the need for alloge-
neic blood transfusion in patients undergoing THA.
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Patients were assigned to receive 4 weekly doses of
Epoetin-a, 40,000 units (high-dose; n=44) or 20,000
units (low-dose; n="79), or placebo (n="78), starting
4 weeks before surgery. Oral iron supplementation
(450 mg/day) for 42 or more days before surgery was
administered in all cases. The results of this RCT
revealed that both regimens were effective in reducing
the need for allogeneic blood transfusion. Patients who
received a high-dose regimen had the lowest rate of
transfusion.”*

In two studies by Delasotta et al.?*% the authors
showed that in mildly anemic patients who undergo
revision TKA or THA, administration of Epoetin-a
decreases the rate of transfusion.

Question 10: Are self-contained suction suction
devices a source of contamination?

Consensus
There is evidence indicating that the tip of surgical
suction drains can be a source of contamination.

Delegate Vote
Agree: 70%,
Consensus)

Disagree: 9%, Abstain: 21% (Strong

Justification

A few studies indicate that microorganisms can be
obtained from a considerable number of cultures from
the tip of surgical suctions. However, there is no
evidence indicating that there is a correlation between
the tip of suction contamination and subsequent SSI/
PJI.

Robinson et a assessed the colonization of the
suction tip in an ultraclean-air operating theater in 39
patients and found evidence of bacterial contamination
in 41% of them. Similarly, Strange-Vognsen and
Klareskov®® obtained positive cultures from 12 out of
22 suction tips used in THA.

1'94

Question 11: What is the role of preoperative
autologous blood donation between the two stages of
exchange arthroplasty for PJI?

Consensus
There is no role for autologous blood donation between
the two stages of exchange arthroplasty for PJI.

Delegate Vote
Agree: 83%, Disagree:
Consensus)

7%, Abstain: 10% (Strong

Justification

To the best of our knowledge, there is no single study
about the role of autologous blood donation between
the two stages of exchange arthroplasty. However, due
to the theoretical risk of spreading infection, blood
banks refuse to accept blood donation from patients
with infection or those suspected of having an infec-
tion.



REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Healthcare Infection Control Practice Advisory Committee.
CDC and HICPAC Draft Guideline for Prevention of Surgi-
cal Site Infection, Arthroplasty Section; Pending.

. Innerhofer P, Klingler A, Klimmer C, et al. 2005. Risk for

postoperative infection after transfusion of white blood cell-
filtered allogeneic or autologous blood components in ortho-
pedic patients undergoing primary arthroplasty. Transfusion
45:103-110.

. Frietsch T, Karger R, Scholer M, et al. 2008. Leukodepletion

of autologous whole blood has no impact on perioperative
infection rate and length of hospital stay. Transfusion
48:2133-2142.

. Carson JL, Terrin ML, Noveck H, et al. 2011. Liberal or

restrictive transfusion in high-risk patients after hip sur-
gery. N Engl J Med 365:2453-2462.

. Hebert PC, Wells G, Blajchman MA, et al. 1999. A multicen-

ter, randomized, controlled clinical trial of transfusion
requirements in critical care. Transfusion Requirements in
Critical Care Investigators, Canadian Critical Care Trials
Group. N Engl J Med 340:409-417.

. Basora M, Pereira A, Soriano A, et al. 2010. Allogeneic blood

transfusion does not increase the risk of wound infection in
total knee arthroplasty. Vox Sang 98:124-129.

. Brandt C, Hansen S, Sohr D, et al. 2004. Finding a method

for optimizing risk adjustment when comparing surgical-
site infection rates. Infect Control Hosp Epidemiol 25:313—
318.

. Byrne AM, Morris S, McCarthy T, et al. 2007. Outcome

following deep wound contamination in cemented arthro-
plasty. Int Orthop 31:27-31.

. Dale H, Hallan G, Espehaug B, et al. 2009. Increasing risk

of revision due to deep infection after hip arthroplasty. Acta
Orthop 80:639-645.

Gastmeier P, Sohr D, Brandt C, et al. 2005. Reduction of
orthopaedic wound infections in 21 hospitals. Arch Orthop
Trauma Surg 125:526-530.

Jamsen E, Varonen M, Huhtala H, et al. 2010. Incidence of
prosthetic joint infections after primary knee arthroplasty. J
Arthroplasty 25:87-92.

Mraovic B, Suh D, Jacovides C, et al. 2011. Perioperative
hyperglycemia and postoperative infection after lower limb
arthroplasty. J Diabetes Sci Technol 5:412-418.

Ong KL, Kurtz SM, Lau E, et al. 2009. Prosthetic joint
infection risk after total hip arthroplasty in the Medicare
population. J Arthroplasty 24:105-109.

Peersman G, Laskin R, Davis J, et al. 2001. Infection in
total knee replacement: a retrospective review of 6489
total knee replacements. Clin Orthop Relat Res 392:
15-23.

Procter LD, Davenport DL, Bernard AC, et al. 2010. General
surgical operative duration is associated with increased risk-
adjusted infectious complication rates and length of hospital
stay. J Am Coll Surg 210:60-65, e61—e62.

Pulido L, Ghanem E, Joshi A, et al. 2008. Periprosthetic
joint infection: the incidence, timing, and predisposing
factors. Clin Orthop Relat Res 466:1710-1715.

Willis-Owen CA, Konyves A, Martin DK. 2010. Factors
affecting the incidence of infection in hip and knee replace-
ment: an analysis of 5277 cases. J Bone Joint Surg Br
92:1128-1133.

Park JH, Rasouli MR, Mortazavi SMdJ, et al. 2013. Predic-
tors of perioperative blood loss in total joint arthroplasty. J
Bone Joint Surg Am 95:1777-1783.

Faris PM, Spence RK, Larholt KM, et al. 1999. The
predictive power of baseline hemoglobin for transfusion
risk in surgery patients. Orthopedics 22(1 Suppl):s135—
$140.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

BLOOD CONSERVATION S87

Perazzo P, Vigano M, De Girolamo L, et al. 2013. Blood
management and transfusion strategies in 600 patients
undergoing total joint arthroplasty: an analysis of pre-opera-
tive autologous blood donation. Blood Transfus 11:370-376.
Hamaji A, Hajjar L, Caiero M, et al. 2013. Volume replace-
ment therapy during hip arthroplasty using hydroxyethyl
starch (130/0.4) compared to lactated Ringer decreases
allogeneic blood transfusion and postoperative infection. Rev
Bras Anestesiol 63:27-35.

Xie R, Wang L, Bao H. 2013. Crystalloid and colloid preload
for maintaining cardiac output in elderly patients undergo-
ing total hip replacement under spinal anesthesia. J Biomed
Res 25:185-190.

Casutt M, Kristoffy A, Schuepfer G, et al. 2010. Effects on
coagulation of balanced (130/0.42) and non-balanced (130/
0.4) hydroxyethyl starch or gelatin compared with balanced
Ringer’s solution: an in vitro study using two different
viscoelastic coagulation tests ROTEMTM and SONO-
CLOTTM. Br J Anaesth 105:273-281.

Guay J. 2006. The effect of neuraxial blocks on surgical
blood loss and blood transfusion requirements: a meta-
analysis. J Clin Anesth 18:124-128.

Hu S, Zhang ZY, Hua YQ, et al. 2009. A comparison of
regional and general anaesthesia for total replacement of
the hip or knee: a meta-analysis. J Bone Joint Surg Br
91:935-942.

Macfarlane AJ, Prasad GA, Chan VW, et al. 2009. Does
regional anaesthesia improve outcome after total hip arthro-
plasty? A systematic review. Br J Anaesth 103:335-345.
Macfarlane AJ, Prasad GA, Chan VW, et al. 2009. Does
regional anesthesia improve outcome after total knee arthro-
plasty? Clin Orthop Relat Res 467:2379-2402.

Mauermann WJ, Shilling AM, Zuo Z. 2006. A comparison of
neuraxial block versus general anesthesia for elective total
hip replacement: a meta-analysis. Anesth Analg 103:1018-
1025.

Stundner O, Chiu YL, Sun X, et al. 2012. Comparative
perioperative outcomes associated with neuraxial versus
general anesthesia for simultaneous bilateral total knee
arthroplasty. Reg Anesth Pain Med 37:638-644.

Memtsoudis SG, Sun X, Chiu YL, et al. 2013. Perioperative
comparative effectiveness of anesthetic technique in orthope-
dic patients. Anesthesiology 118:1046-1058.

Paul JE, Ling E, Lalonde C, et al. 2007. Deliberate hypoten-
sion in orthopedic surgery reduces blood loss and transfusion
requirements: a meta-analysis of randomized controlled
trials. Can J Anaesth 54:799-810.

Wedel DJ, Horlocker TT. 2006. Regional anesthesia in the
febrile or infected patient. Reg Anesth Pain Med 31:324-333.
Gritsenko K, Marcello D, Liguori GA, et al. 2012. Meningitis
or epidural abscesses after neuraxial block for removal of
infected hip or knee prostheses. Br J Anaesth 108:485-490.
Chang CC, Lin HC, Lin HW. 2010. Anesthetic management
and surgical site infections in total hip or knee replacement:
a population-based study. Anesthesiology 113:279-284.
Waters JH, Tuohy MJ, Hobson DF, et al. 2003. Bacterial
reduction by cell salvage washing and leukocyte depletion
filtration. Anesthesiology 99:652—655.

Barsoum WK, Klika AK, Murray TG, et al. 2011. Prospective
randomized evaluation of the need for blood transfusion
during primary total hip arthroplasty with use of a bipolar
sealer. J Bone Joint Surg Am 93:513-518.

Zeh A, Messer J, Davis J, et al. 2010. The Aquamantys
system—an alternative to reduce blood loss in primary total
hip arthroplasty? J Arthroplasty 25:1072-1077.

Clement RC, Kamath AF, Derman PB, et al. 2012. Bipolar
sealing in revision total hip arthroplasty for infection:
efficacy and cost analysis. J Arthroplasty 27:1376-1381.

JOURNAL OF ORTHOPAEDIC RESEARCH JANUARY 2014



S88

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

JOURNAL OF ORTHOPAEDIC RESEARCH VOLUME 32 SUPPLEMENT 1

Marulanda GA, Ulrich SD, Seyler TM, et al. 2008. Reduc-
tions in blood loss with a bipolar sealer in total hip
arthroplasty. Expert Rev Med Devices 5:125-131.
Marulanda GA, Krebs VE, Bierbaum BE, et al. 2009.
Hemostasis using a bipolar sealer in primary unilateral total
knee arthroplasty. Am J Orthop (Belle Mead NJ) 38:E179—
E183.

Parker MJ, Livingstone V, Clifton R, et al. 2007. Closed
suction surgical wound drainage after orthopaedic surgery.
Cochrane Database Syst Rev CD001825.

Parker MdJ, Roberts CP, Hay D. 2004. Closed suction
drainage for hip and knee arthroplasty. A meta-analysis. J
Bone Joint Surg Am 86-A:1146-1152.

Zamora-Navas P, Collado-Torres F, de la Torre-Solis F.
1999. Closed suction drainage after knee arthroplasty. A
prospective study of the effectiveness of the operation and of
bacterial contamination. Acta Orthop Belg 65:44-47.
Alshryda S, Sarda P, Sukeik M, et al. 2011. Tranexamic acid
in total knee replacement: a systematic review and meta-
analysis. J Bone Joint Surg Br 93:1577-1585.

Kagoma YK, Crowther MA, Douketis J, et al. 2009. Use of
antifibrinolytic therapy to reduce transfusion in patients
undergoing orthopedic surgery: a systematic review of
randomized trials. Thromb Res 123:687—696.

Roberts I, Perel P, Prieto-Merino D, et al. 2012. Effect of
tranexamic acid on mortality in patients with traumatic
bleeding: prespecified analysis of data from randomised
controlled trial. BMdJ 345:€5839.

Roberts I, Shakur H, Afolabi A, et al. 2011. The importance
of early treatment with tranexamic acid in bleeding trauma
patients: an exploratory analysis of the CRASH-2 random-
ised controlled trial. Lancet 377:1096-1101, 1101, el1091-
e1092.

Shakur H, Roberts I, Bautista R, et al. 2010. Effects of
tranexamic acid on death, vascular occlusive events, and
blood transfusion in trauma patients with significant hae-
morrhage (CRASH-2): a randomised, placebo-controlled trial.
Lancet 376:23-32.

Sukeik M, Alshryda S, Haddad FS, et al. 2011. Systematic
review and meta-analysis of the use of tranexamic acid in
total hip replacement. J Bone Joint Surg Br 93:39-46.
Zhang H, Chen J, Chen F, et al. 2012. The effect of
tranexamic acid on blood loss and use of blood products in
total knee arthroplasty: a meta-analysis. Knee Surg Sports
Traumatol Arthrosc 20:1742-1752.

Tan J, Chen H, Liu Q, et al. 2013. A meta-analysis of the
effectiveness and safety of using tranexamic acid in primary
unilateral total knee arthroplasty. J Surg Res 184:880—-887.
Zhou XD, Tao LdJ. 2013. Do we really need tranexamic acid
in total hip arthroplasty? A meta-analysis of nineteen
randomized controlled trials. Arch Orthop Trauma Surg
133:1017-1027.

Zufferey P, Merquiol F, Laporte S, et al. 2006. Do antifibri-
nolytics reduce allogeneic blood transfusion in orthopedic
surgery? Anesthesiology 105:1034-1046.

Zohar E, Ellis M, Ifrach N, et al. 2004. The postoperative
blood-sparing efficacy of oral versus intravenous tranexamic
acid after total knee replacement. Anesth Analg 99:1679—
1683, table of contents.

Wong J, Abrishami A, El Beheiry H, et al. 2010. Topical
application of tranexamic acid reduces postoperative blood
loss in total knee arthroplasty: a randomized, controlled
trial. J Bone Joint Surg Am 92:2503-2513.

Zohar E, Fredman B, Ellis M, et al. 1999. A comparative
study of the postoperative allogeneic blood-sparing effect
of tranexamic acid versus acute normovolemic hemodilu-
tion after total knee replacement. Anesth Analg 89:1382—
1387.

JOURNAL OF ORTHOPAEDIC RESEARCH JANUARY 2014

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Ellis MH, Fredman B, Zohar E, et al. 2001. The effect of
tourniquet application, tranexamic acid, and desmopressin
on the procoagulant and fibrinolytic systems during total
knee replacement. J Clin Anesth 13:509-513.

Jansen AJ, Andreica S, Claeys M, et al. 1999. Use of
tranexamic acid for an effective blood conservation strategy
after total knee arthroplasty. Br J Anaesth 83:596-601.
Alvarez JC, Santiveri FX, Ramos I, et al. 2008. Tranexamic
acid reduces blood transfusion in total knee arthroplasty
even when a blood conservation program is applied. Transfu-
sion 48:519-525.

Benoni G, Fredin H. 1996. Fibrinolytic inhibition with
tranexamic acid reduces blood loss and blood transfusion
after knee arthroplasty: a prospective, randomised, double-
blind study of 86 patients. J Bone Joint Surg Br 78:434-440.
Camarasa MA, Olle G, Serra-Prat M, et al. 2006. Efficacy of
aminocaproic, tranexamic acids in the control of bleeding
during total knee replacement: a randomized clinical trial.
Br J Anaesth 96:576-582.

Engel JM, Hohaus T, Ruwoldt R, et al. 2001. Regional
hemostatic status and blood requirements after total knee
arthroplasty with and without tranexamic acid or aprotinin.
Anesth Analg 92:775-780.

Hiippala S, Strid L, Wennerstrand M, et al. 1995. Tranexa-
mic acid (Cyklokapron) reduces perioperative blood loss
associated with total knee arthroplasty. Br J Anaesth
74:534-5317.

Hiippala ST, Strid LJ, Wennerstrand MI, et al. 1997.
Tranexamic acid radically decreases blood loss and trans-
fusions associated with total knee arthroplasty. Anesth
Analg 84:839-844.

Molloy DO, Archbold HA, Ogonda L, et al. 2007. Comparison
of topical fibrin spray and tranexamic acid on blood loss
after total knee replacement: a prospective, randomised
controlled trial. J Bone Joint Surg Br 89:306-309.

Benoni G, Fredin H, Knebel R, et al. 2001. Blood conserva-
tion with tranexamic acid in total hip arthroplasty: a
randomized, double-blind study in 40 primary operations.
Acta Orthop Scand 72:442-448.

Benoni G, Lethagen S, Nilsson P, et al. 2000. Tranexamic
acid, given at the end of the operation, does not reduce
postoperative blood loss in hip arthroplasty. Acta Orthop
Scand 71:250-254.

Claeys MA, Vermeersch N, Haentjens P. 2007. Reduction of
blood loss with tranexamic acid in primary total hip replace-
ment surgery. Acta Chir Belg 107:397—401.

Ekback G, Axelsson K, Ryttberg L, et al. 2000. Tranexamic
acid reduces blood loss in total hip replacement surgery.
Anesth Analg 91:1124-1130.

Garneti N, Field J. 2004. Bone bleeding during total hip
arthroplasty after administration of tranexamic acid. J
Arthroplasty 19:488-492.

Husted H, Blond L, Sonne-Holm S, et al. 2003. Tranexa-
mic acid reduces blood loss and blood transfusions in
primary total hip arthroplasty: a prospective randomized
double-blind study in 40 patients. Acta Orthop Scand 74:
665—669.

Ido K, Neo M, Asada Y, et al. 2000. Reduction of blood loss
using tranexamic acid in total knee and hip arthroplasties.
Arch Orthop Trauma Surg 120:518-520.

Johansson T, Pettersson LG, Lisander B. 2005. Tranexamic
acid in total hip arthroplasty saves blood and money: a
randomized, double-blind study in 100 patients. Acta Orthop
76:314-319.

Lemay E, Guay J, Cote C, et al. 2004. Tranexamic acid
reduces the need for allogenic red blood cell transfusions in
patients undergoing total hip replacement. Can J Anaesth
51:31-37.



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Niskanen RO, Korkala OL. 2005. Tranexamic acid reduces
blood loss in cemented hip arthroplasty: a randomized,
double-blind study of 39 patients with osteoarthritis. Acta
Orthop 76:829-832.

Yamasaki S, Masuhara K, Fuji T. 2004. Tranexamic acid
reduces blood loss after cementless total hip arthroplasty-
prospective randomized study in 40 cases. Int Orthop 28:69-73.
Lin PC, Hsu CH, Huang CC, et al. 2012. The blood-saving
effect of tranexamic acid in minimally invasive total knee
replacement: is an additional pre-operative injection effec-
tive? J Bone Joint Surg Br 94:932-936.

Aguilera X, Videla S, Almenara M, et al. 2012. Effectiveness
of tranexamic acid in revision total knee arthroplasty. Acta
Orthop Belg 78:68-74.

Oremus K, Sostaric S, Trkulja V, et al. 2013. Influence of
tranexamic acid on postoperative autologous blood retrans-
fusion in primary total hip and knee arthroplasty: a random-
ized controlled trial. Transfusion. Epub ahead of print.
Diiorio TM, Burkholder JD, Good RP, et al. 2012. Platelet-rich
plasma does not reduce blood loss or pain or improve range of
motion after TKA. Clin Orthop Relat Res 470:138-143.
Gardner MJ, Demetrakopoulos D, Klepchick PR, et al. 2007.
The efficacy of autologous platelet gel in pain control and
blood loss in total knee arthroplasty. An analysis of the
haemoglobin, narcotic requirement and range of motion. Int
Orthop 31:309-313.

Berghoff WJ, Pietrzak WS, Rhodes RD. 2006. Platelet-rich
plasma application during closure following total knee
arthroplasty. Orthopedics 29:590-598.

McConnell JS, Shewale S, Munro NA, et al. 2011. Reduction
of blood loss in primary hip arthroplasty with tranexamic
acid or fibrin spray. Acta Orthop 82:660-663.

Mawatari M, Higo T, Tsutsumi Y, et al. 2006. Effectiveness
of autologous fibrin tissue adhesive in reducing postopera-
tive blood loss during total hip arthroplasty: a prospective
randomised study of 100 cases. J Orthop Surg (Hong Kong)
14:117-121.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

BLOOD CONSERVATION S89

Levy O, Martinowitz U, Oran A, et al. 1999. The use of fibrin
tissue adhesive to reduce blood loss and the need for blood
transfusion after total knee arthroplasty. A prospective,
randomized, multicenter study. J Bone Joint Surg Am
81:1580-1588.

Wang GdJ, Goldthwaite CA Jr, Burks S, et al. 2003. Fibrin
sealant reduces perioperative blood loss in total hip replace-
ment. J Long Term Eff Med Implants 13:399-411.

Wang GdJ, Hungerford DS, Savory CG, et al. 2001. Use
of fibrin sealant to reduce bloody drainage and hemoglobin
loss after total knee arthroplasty: a brief note on a random-
ized prospective trial. J Bone Joint Surg Am 83-A:1503—
1505.

Carless PA, Henry DA, Moxey AJ, et al. 2010. Cell salvage
for minimising perioperative allogeneic blood transfusion.
Cochrane Database Syst Rev CD001888.

Waters JH. 2004. Indications and contraindications of cell
salvage. Transfusion 44(12 Suppl)40S—44S.

Spahn DR. 2010. Anemia and patient blood management in
hip and knee surgery: a systematic review of the literature.
Anesthesiology 113:482-495.

Feagan BG, Wong CJ, Kirkley A, et al. 2000. Erythropoietin
with iron supplementation to prevent allogeneic blood
transfusion in total hip joint arthroplasty. A randomized,
controlled trial. Ann Intern Med 133:845-854.

Delasotta LA, Rangavajjula A, Frank ML, et al. 2012. The
use of preoperative Epoetin-alpha in revision hip arthro-
plasty. Open Orthop J 6:179-183.

Delasotta LA, Rangavajjula AV, Frank ML, et al. 2012. The
use of Epoetin-alpha in revision knee arthroplasty. Adv
Orthop 2012:595027.

Robinson AH, Drew S, Anderson J, et al. 1993. Suction tip
contamination in the ultraclean-air operating theatre. Ann
R Coll Surg Engl 75:254-256.

Strange-Vognsen HH, Klareskov B. 1988. Bacteriologic
contamination of suction tips during hip arthroplasty. Acta
Orthop Scand 59:410-411.

JOURNAL OF ORTHOPAEDIC RESEARCH JANUARY 2014



