
ORTHOPAEDIC SURGERY

Blood Management 2016

Harpal S. Khanuja, MD
Associate Professor
Chief of Adult Reconstruction 
Johns Hopkins University
Chair, Johns Hopkins Bayview

2016 AAHKS Annual Meeting  
Orthopaedic  Team Member Course



ORTHOPAEDIC SURGERYORTHOPAEDIC SURGERY

Objective
• Managing blood loss 

• Minimize postoperative anemia

• Avoiding Blood Transfusions

• Not compromising recovery or outcomes
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Preoperative Management

“An ounce of prevention is 
worth a pound of cure.”

-Benjamin Franklin
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Preoperative Management

• Identifying High Risk Patients
• Optimize medical condition

• Stopping anti-platelet / anti-coagulant 
medications
• Resumption of these medications
• Discuss with prescribing physicians
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Preoperative Management

• Nutritional Supplements
• Gingko biloba
• Garlic Ginseng
• Fish oils (omega-3 fatty acids)
• Dong Quai
• Feverfew
• Vitamin E

Anesthet Sur J. 2009 Mar-Apr;29(2):150-7



ORTHOPAEDIC SURGERYORTHOPAEDIC SURGERY

Preoperative Management

• Anemia evaluation
• Preop Hgb > 15g/dL => transfusion is rare
•
• Preop Hgb < 11g/dL => 100% transfusion

J Bone Joint Surg Am. 2002 Feb;84-A(2):216-20
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Preoperative Anemia

• Hgb < 13 requires evaluation  
and work up supplementation

• Done in conjunction with 
Medicine

7
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• Effective preoperative tools to increase Hgb
• Iron deficiency is common 35% arthroplasty 

patients

• IV Iron playing an increasing role
• Further studies needed

PMID: 11103054

EPO  and IRON
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Preoperative autologous blood 
donation

• May have lower allogenic transfusion 
rates

• Forgie et. al. meta-analysis - OR 0.17 for 
need for allogenic blood
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Preoperative autologous blood 
donation

Reported costs vary:
$489-$507.20 for autologous
$68 greater than allogenic blood

>50% wasted and disposal costs 
can be ~$175
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Multimodal Approach Peri-op

• Hypotensive anesthesia 
with spinals

• Tranexamic acid
• Hemostasis
• Adequate volume 

resuscitation with crystalloid 
and colloid

• No use of drains
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Hypotensive Anesthesia

• Reduce intra-op blood loss, allow for more 
precise hemostasis

• Independent factor in transfusion reduction

• Decrease DVT rate

• Dry field for visualization and  implant fixation

12

(Juelsgaard et al. Regional Anesthesia and Pain Medicine 
2001, Sculco et al. AAOS Instructional Course Lectures 
2005, Sharrock et al. Anesthesia & Analgesia 1993)
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• 2015 meta-analysis including 
Cochrane plus studies to January 
2013

• Newer studies tended to have 
better study design with more 
restrictive transfusion thresholds and 
decreased use of closed suction 
drainage
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New Meta-Analysis Results

• Traditional transfusion (>8 g/dl):
• THA - RR 0.57 (95% CI: 0.36-0.89)
• TKA - RR 0.54 (95% CI: 0.40-0.73)

• Restrictive transfusion (<8 g/dl):
• THA - RR 0.72 (95% CI: 0.58-0.91)
• TKA - RR 0.54 (95% CI: 0.25-1.18)
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Tranexamic Acid
• Inhibits degradation of fibrin through competitive 

binding at lysine binding site of plasminogen and 
plasmin
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• Meta-analysis of RCTs for primary THA 
and TKA from 1995-July 2012

• Delivery: 29 IV, 3 intraarticular, 1 oral, 
and 1 topical
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Results: Blood Loss in TKA
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Results: Blood Loss in THA
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Results: Transfusions in TKA
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Results: Transfusions in THA
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Results: DVT in TKA
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Results: DVT in THA
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Tranexamic Acid

• Contraindications?: 
– Renal insufficiency, decrease dose

– thromboembolic event
• no evidence in literature for increased rate of 

future events

– Cerebrovascular and cardiac disease
• no evidence for increased complication rates
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Tranexamic Acid

• Contraindications?: 

– Known TXA allergy, anaphylaxis reported

– History of VTE and Stents
• Use Topical
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Drain Use

• Used to decrease swelling, hematoma, 
and wound issues

• Shown to increase blood loss and  
transfusion requirement
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• 2008 meta-analysis of randomized 
studies
• No difference in incidence of wound 

infection, hematoma, dehiscence, or 
reoperation

• Blood transfusion more frequent in those 
who received drains
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POST-OPERATIVE 

27
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Balance

Risks of Anemia Risks of Transfusion
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Transfusion Complications

• Allergic reactions (up to 15%)
• Transfusion-related acute lung injury (0.08% to 15%)
• Transfusion-associated circulatory overload (1% to 11%)
• Graft-versus-host disease (< 1%)

(Ponnusamy, JBJS 2014)
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Decreased Th1 & 
increased Th2 

cytokine production

Decreased cell 
mediated 

cytotoxicity

Decreased 
monocyte/macr
ophage activity

Decreased CD4 
helper T cells

Defective antigen 
presentation

Decreased natural 
killer cells

Transfusion Immunomodulation 
(TRIM)

• TRIM = transient depression of immune system following transfusion
• Recipients exposed to large amount of foreign antigens, leads to modulation of 

recipients immune system

ALLOGENEIC 
TRANSFUSION

EFFECTS ON 
IMMUNE SYSTEM
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• Allogeneic transfusions have not shown 
to improve TJA outcomes:
– Monsef and Boettner, HSS 2014

• Allogeneic blood assoc. w/ increased LOS after THA
• No transfusion (3.3 days), autologous (3.5 days), allogeneic (4.0 days), 

Auto+Allo (4.2 days)

– Newman et al. JBJS 2014
• Allogeneic transfusion assoc. w/ higher rates of reoperations for 

suspected infection in TJA  (1.7% vs 0.7%)

– Friedman et al. JBJS 2014
• Rates of all infections including lung and wound infection were greater for 

allogeneic transfusion vs autologous or no transfusion in TKA/THA (9.9% 
vs 7.9%)

– Frisch et al. J Arthroplasty 2014
• Greater rate of deep surgical site infections (2.4% vs 0.5%)

Studies Show Little Benefit
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Transfusion 
Rates

(Rasouli et al. Transfusion 2016)

• Allogeneic transfusion 
independent predictor 
of in-hospital mortality 
– (Odds ratio 1.5, 95% 

CI 1.4-1.7)

RBC 11%

RBC 14%

Primary TKA

Revision TKA
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Transfusion Triggers

• Wide range – 6 to 12 g/dL
• Restrictive triggers do not compromise patient 

outcomes
• Clinical evidence does not justify transfusion 

thresholds of > 8g/dL in the absence of symptoms

(Ponnusamy, JBJS 2014)
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FOCUS Trial

• FOCUS (Transfusion Trigger Trial for Functional Outcomes in 
Cardiovascular Patients Undergoing Surgical Hip Repair) 
– RCT of 2016 patients, age 50 year or older
– All pts had risk factors for cardiovascular disease
– All pts had Hgb of <10g/dL after hip fracture surgery
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Clinical Guidelines

(Goodnough et 
al. Lancet 2013)
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• 2015 meta-analysis

• Inclusion: RCT studies from 1946-2014 of 
different transfusion thresholds for hip fracture 
surgery

• 6 studies (2722 pts) comparing a liberal 
(usually Hgb > 10) vs restrictive (symptomatic 
anemia or Hgb < 8)
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Results

• Transfusion Rates:
• 74-100% in liberal group 
• 11-45% in restrictive group

• No difference (liberal vs restrictive)
• 30 day mortality (RR 0.92, 0.67-1.26) 
• 60 day mortality (RR 1.08, 0.80-1.44)
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Keys to Avoiding Postoperative 
Hypovolemia

• Pre-op hydration 
• Maintaining intraoperative volume
• Minimizing blood loss
• Adequate hydration
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Blood Management Protocol

• Patients undergoing THA/TKA
• Introduction of blood management protocol 

– restrictive trigger (7g/dL) 
– preop EPO 
– postop IV iron and TXA

• Led to reductions in perioperative transfusions and total 
number of patients with Hgb of <10g/dL at discharge

“Standardized protocol is key”

(Rineau et al. Transfusion 2016)
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Our Approach

• First line for hypotension 
– volume resuscitation with crystalloid or colloid

• Do not transfuse above Hgb of 7g/dL
– unless patient is symptomatic despite 

administration of fluids
• Patients with CAD kept at a target Hgb of 8g/dL

• One Unit at a time!
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Summary

• Multimodal approach is key
• Consistent protocols
• Early identification and treatment of pre-op 

anemia
– IV iron and Epo stimulate RBC development
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Summary

• Tranexamic acid decreases transfusion rate
• Limit drain usage
• Maintain volume status with crystalloid
• Transfusion trigger Hgb <7 g/dL is 

reasonable
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