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Introduction 3 

The number of surgical procedures performed globally continues to rise(1, 2). 4 

Orthopedic procedures can result in significant blood loss from both the surgical field and 5 

drains (visible blood loss), and from extravasation into tissues (hidden blood loss)(3). 6 

When considering visible and hidden loss, surgeons can expect total blood loss of 7 

approximately one liter during the perioperative period for primary hip and knee 8 

arthroplastyies(4). Blood loss is significantly greater for revision procedures(5). Modern 9 

blood management strategies, which recognize the importance of reducing blood loss and 10 

blood transfusions, and improve patient outcomes(6-9) and should represent routine 11 

clinical care(10, 11). Preoperative anemia is independently associated with 30-day 12 

postoperative morbidity (OR 1.41 95%:CI:1.30-1.40) and mortality (OR 1.42 13 

95%CI:1.31-1.54)(12, 13). Postoperative anemia may increase the risk of myocardial 14 

infarction and impede recovery after joint replacement(14, 15). Allogeneic transfusion is 15 

also an independent predictor ofassociated with postoperative complications including 16 

surgical site infection(16, 17) and mortality(18). Blood conservation strategies improve 17 

perioperative outcomes and reduce costs(19). This review discusses pre-, intra- and post- 18 

operative surgical and anesthetic blood management strategies(Figure 1).  19 

 20 

Pre-operative optimization  21 

Hemoglobin Assessment 22 

The World Health Organisation (WHO) defines anemia as a hemoglobin concentration 23 

(Hb) of <12g/dL in women and <13 g/dL in men(20), however, consensus guidelines 24 

recommendsuggest a target preoperative Hb concentration >13g/dL for both sexes(21). 25 

Prior to primary hip and knee arthroplasty, over 10% patients are anemic according to 26 

WHO criteria and over 25% have a Hb <13g/dL(22). The etiology of anemia varies greatly 27 
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and the prevalence increases with age. Within the general population, the prevalence of 28 

anemia according to WHO thresholds is 10%, but exceeds 20% in those aged 85 29 

years(23). In orthopedic patients, preoperative anemia is secondary to iron-deficiency in 30 

approximately 40% cases(22, 24) and treatment improves patient outcomes(19). 31 

The 2018 Frankfurt Consensus made a strong recommendation for the detection and 32 

management of preoperative anemia prior to major elective surgery(11). Screening is 33 

traditionally performed by blood sampling and laboratory analysis, but invasive and non-34 

invasive point-of-care testing is now availableor alternatively by invasive and more 35 

recently, non-invasive point of care testing(25). 36 

Recommendations: 37 

1) Define anemia as a Hb concentration less than 13g/dL. 38 

2) Screen for anemia when  patient is listed for major surgery 39 

 40 

Risk of transfusion 41 

Preoperative Hb and transfusion threshold are the strongest predictors of allogeneic 42 

blood transfusion(26). A retrospective study of 1132 arthroplasties with an overall 43 

transfusion rate of 1.06% found that allogeneic transfusion was only required in patients 44 

with a Hb≤13.0g/dL(27). Other studies propose a preoperative Hb threshold of 12.4g/dL 45 

for total knee arthroplasty, above which it is suggested that a type and screen (T&S) is 46 

not indicated. Setting a transfusion threshold of 8g/dL, 0.6% of their patients without 47 

T&S required allogeneic blood(28). Institutional data for specific procedures and surgical 48 

techniques, accounting for preoperative Hb, may allow selective preoperative T&S if the 49 

risk of transfusion is deemed acceptably low. In addition to preoperative Hb, patient 50 

demographics and comorbidity are important predictors of perioperative blood 51 

transfusion(27, 28). T&S is necessary for patients with known antibodies. 52 
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 53 

Recommendation: 54 

1) The decision to T&S may be based on the planned surgical procedure, 55 

preoperative Hb, patient comorbidities and transfusion history. 56 

 57 

Delaying surgery 58 

Anemia should be diagnosed, investigated, and treated prior to proceeding with elective 59 

orthopedic surgery. Surgery should be delayed until anemia has been optimised given 60 

the increased risk of adverse events associated with anemia and allogenic blood 61 

transfusion.  This practice is supported by multiple national and international 62 

guidelines(21, 29, 30). 63 

 64 

It is not possible to correct anemia in all patients, however, reversible causes should be 65 

addressed. Mild iron-deficiency anemia should correct with oral iron supplementation 66 

within 4-6 weeks, but in the absence of a response intravenous iron supplementation 67 

may be indicated(21). It is important to exclude gastrointestinal malignancy as a cause 68 

for iron-deficiency anemia(31). It remains unclear whether patients without anemia but 69 

with iron deficiency benefit from iron supplementation(11, 21). 70 

 71 

Erythopoetin, may be indicated in combination with iron supplementation to treat 72 

patients with anemia who are undergoing major elective surgery(11, 21). However, its 73 

cost effectiveness is unclear, and it may increase the risk of thrombotic or adverse 74 

events(32). Investigating the value of EPO has been identified as a research priority(11). 75 

 76 

 77 
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Recommendation: 78 

1) Investigate and treat reversible causes of anemia prior to elective orthopedic 79 

surgery. 80 

 81 

Coagulation assessment: 82 

Asymptomatic hereditary coagulative disorders are rare (1/40,000)(33). The ability to 83 

detect coagulative disorders by routine tests of hemostatic function such as PTT and INR is 84 

limited(34-36). Various organizations recommend against routine preoperative tests of 85 

coagulation function(37-39). Obtaining a careful bleeding history that includes questions 86 

relating to previous excessive surgical bleeding, family history of bleeding disorders, and 87 

the use of antiplatelet and anticoagulants is important (Table 1)(40). The HEMESTOP and 88 

the Condensed MCMDM1-VWD Bleeding Questionnaire may be useful supplementary 89 

tools(41) (Table  2).  90 

Thromboelastometry (TEM) and Thromboelastography (TEG) are methods of analysing the 91 

viscoelastic properties of clot formation and dissolution. These can help determine which 92 

components of clot formation are deficient and guide the administration of blood products 93 

during the perioperative period(42).   94 

Recommendation: 95 

1) Do not routinely perform laboratory tests for coagulation dysfunction unless 96 

screening questions indicate a patient is at elevated bleeding-risk . 97 

 98 

Optimization of pre-operative anticoagulants to reduce bleeding risk (Table 2).  99 

 An increasing number of patients are taking antiplatelet and anticoagulant 100 

medication. Clinicians must balance the risk of thrombotic events against ensuring 101 

adequate hemostasis during the perioperative period in a patient-specific manner.  102 
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There is conflicting evidence as to whether acetylsalicylic acid (ASA) should be 103 

stopped perioperatively. In patients already taking ASA, Tthe POISE-2 trial did not 104 

demonstrate a difference in death or myocardial infarction or major bleeding events if 105 

ASA was continued as opposed to withheld(43). Other antiplatelet agents such as 106 

clopidogrel, (as well as other P2Y12 inhibitors) may have more marked effects on platelet 107 

function and perioperative bleeding(44). A 2018 Cochrane database systematic review found 108 

evidence of moderate-certainty that either continuation or discontinuation of antiplatelet 109 

therapy before non-cardiac surgery makes little or no difference to bleeding requiring 110 

transfusion, and evidence of low-certainty of little or no difference to 111 

mortality, bleeding requiring surgical intervention, or ischemic events(45). Acknowledging 112 

the controversy, most consensus statements recommend continuation of ASA peri-113 

operatively for orthopedic procedures, whereas clopidogrel should be stopped seven days 114 

prior to surgery(46). In patients with prior cardiovascular events or revascularization 115 

procedures, and patients taking glycoprotein IIb/IIIa inhibitors, discussion with an 116 

anesthesiologist and/or a cardiologist or other specialist is indicated(47). 117 

 118 

The perioperative management of warfarin depends on the indication for the therapy. Although 119 

bridging with low molecular weight heparin (LMWH) is no longer recommended for most 120 

patients with atrial fibrillation(48), there are indications where bridging may be appropriate 121 

including mechanical prosthetic mitral valves, older generation mechanical aortic valves, 122 

arterial or venous thromboembolism within past three months(49), in which case referral to 123 

a hematologist is indicated(50). Patients using direct oral anticoagulants (DOACs) for atrial 124 

fibrillation can be safely managed with no bridging therapy(51).  If renal and hepatic 125 

function are normal, DOACs should be stopped 48 hours prior to surgery(46, 51). 126 
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Non-steroidal anti-inflammatory drugs (NSAIDs) act on the cyclooxygenase (COX)-1 and 127 

COX-2 enzymes. While the COX-2 inhibition is responsible for the anti-inflammatory effect 128 

which is desirable for analgesia, the COX-1 inhibition blocks thromboxane A2 production 129 

causing platelet dysfunction(52). The only COX-2 selective NSAID that remains on market is 130 

Celecoxib. COX-2 selective NSAIDs have not been shown to increase perioperative 131 

bleeding(53), but should be administered at the lowest effective dose and for the shortest 132 

course necessary due to a potential association with cardiovascular events(54). Continuation 133 

of ASA and NSAIDs is not a contraindication to neuroaxial anesthesia(50).  134 

 135 

Recommendation*: 136 

1) Consider continuation of ASA monotherapy per-operatively 137 

2) Stop clopidogrel seven days prior to surgery 138 

3) Stop warfarin five days prior to surgery 139 

4) Stop DOACs two days prior to surgery if normal renal function 140 

 141 

* (in the absence of recent cardiovascular or thrombotic event or prior revascularization 142 

procedure. Otherwise the case should be discussed with an anesthesiologist and/or 143 

cardiologist) 144 

 145 

Intra-operative optimization (Table 3) 146 

Anesthesia 147 

Choice of anesthetic technique 148 

A 2019 consensus recommendation from the International Consensus on Anaesthesia-149 

Related Outcomes after Surgery group (ICAROS) recommends spinal anesthetics for primary 150 

hip and knee arthroplasties(55); spinal anesthesia was considered to be associated with less 151 
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blood loss than general anesthesia. This is contrary to a 2018 meta-analysis that included few 152 

high-quality studies(56).  Individual patient factors such as specific comorbidities and patient 153 

preference may determine type of anesthetic, and both general anesthesia and neuraxial 154 

techniques have roles within multimodal anesthesia regimes(57). Ventilation strategies 155 

may influence bleeding due to increased venous pressures created by positive pressure 156 

ventilation and positive end expiratory pressure. However, there is insufficient evidence to 157 

support specific ventilation strategies(58).  158 

 159 

Recommendation: 160 

1) General and neuraxial anesthesia both have roles within multimodal anesthesia 161 

regimes 162 

 163 

Hypotensive anesthesia 164 

A 2007 meta-analysis showed that hypotensive anesthesia results in a significant 165 

reduction in blood loss, although the included studies were small and of variable quality(59). 166 

Controlled hypotension may be best achieved with epidural anesthesia(60). There is no clear 167 

evidence that controlled hypotension with neuraxial anesthesia is associated with post-168 

operative cerebrovascular accidents, delirium, renal dysfunction, or cardiac complications(61). 169 

However, concerns remain that hypotension is associated with poor post-operative 170 

outcomes(62-65). There is ongoing research into intraoperative optimal blood pressure targets  171 

to prevent cardiac injury(66).  172 

Recommendation: 173 

1) Hypotensive anesthesia should only be used in carefully selected patients whilst 174 

ensuring adequate organ perfusion. 175 

 176 
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Temperature management 177 

Both general and neuraxial anesthesia may lead to hypothermia due to vasodilation and 178 

impaired thermoregulation. This can be compounded by the room temperature, degree of 179 

patient exposure, the surgical wound, and use of room temperature fluids. Hypothermia 180 

adversely affects platelet function and enzymes within the coagulation cascade, increasing 181 

blood loss by 16%(4%-26%) and the relative risk of transfusion by approximately 22%(3%-182 

37%)(67, 68). Hypothermia is also associated with surgical site infection(69) and 183 

cardiovascular events(70). 184 

Interventions to reduce the incidence of hypothermia include pre- and intra-185 

operative warming, use of reflective blankets, and warm intravenous fluids. Pre-operative and 186 

intra-operative warming can be achieved by both forced air and air-free warming (resistive 187 

polymer or fluid filled) devices(71).  Reflective blankets may be as effective as forced air 188 

warmers(72). Although warm intraoperative fluids can be used, the impact depends on fluid 189 

volume administered(73). The impact of operating room temperature is less clear(74).  190 

Recommendation: 191 

1) Adopt interventions to prevent hypothermia 192 

 193 

Transfusion thresholds 194 

Guidelines from the American Association of Blood Banks (AABB) suggest that a 195 

restrictive RBC transfusion threshold of 8g/dL is recommended for patients undergoing 196 

orthopedic surgery(75). A threshold of 7g/dL is recommended in the UK(76). This is 197 

supported by a more recent systematic review and meta-analysis which determined that there 198 

is “moderate-strength evidence that restrictive transfusion practices reduce utilization of 199 

transfusions and may decrease infections without increasing adverse outcomes in major 200 

orthopedic surgery”(77-79). The threshold of 8g/dL applies to patients with a history of 201 
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cardiovascular disease, but there is insufficient evidence for those experiencing acute cardiac 202 

ischemia(75, 76). Given there may be a dose-response relationship between the number of 203 

blood units transfused and adverse outcomes, each unit transfused must be clinically 204 

justified following recommended transfusion thresholds(16, 75, 76). 205 

 206 

Recommendation: 207 

1) Adopt restrictive transfusion thresholds of 7-8g/dL 208 

 209 

Surgery 210 

Surgical Technique 211 

An increasing number of orthopedic procedures are performed arthroscopically or with 212 

robot assistance. Blood loss has been shown to be lower for arthroscopic procedures, compared 213 

to open procedures(80). Computer-navigation and robot-assistance for arthroplasty 214 

procedures may reduce blood loss as they avoid the need to instrument the intramedullary 215 

canal, although evidence is limited (81). It should not be assumed that minimally invasive 216 

approaches reduce blood loss as the operative times may be increased(82). 217 

Recommendation: 218 

1) Surgical technique should be based on multiple outcome measures that may 219 

include blood loss 220 

Diathermy 221 

Intraoperative hemostasis is aided by monopolar or bipolar radiofrequency 222 

electrocautery. Newer developments such as bipolar sealer systems and plasma scalpels have 223 

not demonstrated benefit over conventional monopolar electrocautery and they incur 224 

significant additional cost(83, 84). It is challenging to compare electrosurgery devices as 225 

performance is heavily influenced by surgical technique. 226 
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 227 

Recommendation: 228 

1) There is insufficient evidence to support the use of bipolar sealer systems and 229 

plasma scalpels over standard electrocautery 230 

 231 

Tourniquet 232 

Tourniquets are frequently used during limb surgery with the aim of reducing blood 233 

loss and producing a bloodless surgical field. Meta-analyses suggest that tourniquets reduce 234 

intraoperative blood loss but may increase total blood loss due to production of inflammatory 235 

mediators secondary to tissue ischemia(85, 86).  Tourniquets also increase postoperative pain, 236 

slow functional recovery, and increase the risk of complications including venous thrombotic 237 

events(87). However, a recent randomised controlled trial found tourniquets reduced 238 

blood loss and did not adversely affect postoperative outcomes following knee 239 

arthroplasty(88).  240 

Recommendation: 241 

1) Tourniquet use should be at the discretion of the surgeon 242 

 243 

Antifibrinolytics 244 

Antifibrinolytics include tranexamic acid and epsilon-aminocaproic acid, which are 245 

synthetic lysine analogues. They competitively inhibit plasminogen activation to provide anti-246 

fibrinolytic action and clot stabilisation. Tranexamic acid may decrease allogeneic transfusion 247 

rates by 69% for primary arthroplasties(89-91). There is no evidence for an increased risk of 248 

thromboembolic events in patients undergoing orthopedic procedures(92), but there is 249 

uncertainty whether this risk has been adequately explored in high risk patients(93). There is 250 
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no clinically relevant difference in the efficacy of tranexamic acid or epsilon-aminocaproic 251 

acid(4, 94).  252 

The optimal timing, dose, and route of antifibrinolytic administration remains 253 

unknown(95). Antifibrinolytics can be administered intravenously, topically, orally, or in 254 

combination. All methods of administration are superior to placebo at reducing blood loss and 255 

the need for allogeneic blood transfusion(93) and there is no benefit from multiple doses(90, 256 

91). Topical tranexamic overcomes systemic contraindications such as renal insufficiency(96), 257 

but there are concerns over possible chondrotoxicity(97). A consideration with oral 258 

administrations is that it should be given two hours prior to surgery(93).  259 

Most studies of antifibrinolytics focus on arthroplasty given these procedures account 260 

for 77% of all allogeneic blood transfusions in orthopedic surgery(98). There is evidence to 261 

support the value of anti-fibrinolytics in shoulder arthroplasty(99), spinal surgery in both 262 

adults(100) and children(101), and all procedures where blood loss is anticipated to exceed 263 

500ml(76).  264 

Recommendation: 265 

1) Administer antifibrinolytics when anticipated blood loss exceeds 500ml 266 

 267 

Cell salvage 268 

Cell salvage describes the recovery of blood from the surgical field during the 269 

intraoperative or postoperative period.  270 

Salvaged blood is collected and anticoagulated. It is then filtered and reinfused directly 271 

without washing, or alternatively the salvaged red blood cells are washed and resuspended in 272 

saline prior to reinfusion. Blood salvaged intraoperatively is usually washed, whereas blood 273 

salvaged postoperatively from reinfusion drains is usually unwashed.  274 
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Cell salvage can reduce exposure to allogeneic blood by 54% with a reduction in the 275 

number of allogeneic blood units transfused of 0.81 units per patient after orthopedic 276 

procedures(102), however, there is significant heterogeneity between studies(102, 103). 277 

Approximately 500ml of intraoperative blood loss is required to produce a clinically valuable 278 

volume of blood for reinfusion(104). When it is not possible to anticipate whether there will 279 

be sufficient blood loss to warrant salvage, equipment can be used in a collect-only mode and 280 

only processed for reinfusion once more than 500ml is collected(104). Cell salvage is therefore 281 

of greatest value for revision hip surgery, bilateral hip and knee arthroplasty, and major spinal 282 

procedures(105). Further research is required to establish its cost-effectiveness (104). 283 

Bacterial infection and malignancy were previously considered absolute 284 

contraindications to cell salvage, but this is no longer the case with the use of a leucocyte 285 

depletion filter(106). A leucocyte reduction filter leads to a 99% reduction in bacterial 286 

contamination(107). The potential risk of bacterial contamination must be considered against 287 

the known association between adverse events and allogeneic blood transfusion(16).  288 

Recommendation: 289 

1) Consider using cell salvage when anticipated intraoperative blood loss exceeds 290 

500ml 291 

 292 

Drains 293 

Conventional suction drains are often used to reduce hemarthrosis and haematoma 294 

incidence, but can increase perioperative blood loss(108). There is no established relationship 295 

between surgical site infection and the use of postoperative drains(108-110), but they may 296 

interfere with postoperative mobility.  297 

Autologous reinfusion drains (cell salvage) reduce allogeneic blood requirements 298 

compared with conventional suction drains and warrant consideration when drain insertion is 299 
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indicated(111). Drains have not been shown to improve patient outcomes and may not be cost-300 

effective when used in combination with other blood conservation strategies and restrictive 301 

transfusion triggers(112). 302 

Recommendation: 303 

1) Routine use of conventional suction drains is not recommended 304 

 305 

Topical agents 306 

The value of topical agents including fibrin sealants (fibrinogen and thrombin), 307 

gelatine–thrombin matrices and oxidized cellulose for facilitating hemostasis has been 308 

investigated in a wide range of surgical procedures(113, 114). Meta-analyses provide 309 

contradictory evidence and it is unclear whether topical agents reduce blood loss or improve 310 

clinical outcomes(115-117). Fibrin sealants are less effective than tranexamic acid in reducing 311 

blood loss(118) nor is there an additive effect(119).  312 

Recommendation: 313 

1) Routine use of topical hemostatic agents is not recommended 314 

 315 

Desmopressin and Procoagulants 316 

Desmopressin is a synthetic analogue of the antidiuretic hormone vasopressin, it leads 317 

to a transient increase in plasma levels of factor VIII and von Willebrand factor (120).. 318 

Desmopressin may reduce total blood loss but not allogeneic blood transfusions; potentially at 319 

the expense of clinically important hypotension(120). Concerns also persist over an increased 320 

risk of arterial or venous thrombosis and evidence to support the use of desmopressin is very 321 

limited except in cases of platelet dysfunction(121). 322 

Fibrinogen depletion occurs before deficiencies in coagulation factors during 323 

hemorrhage and is the primary reason for dilutional coagulopathy during orthopedic 324 
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surgery(122). Fibrinogen is available as concentrate or within cryoprecipitate and 325 

administration may reduce perioperative blood loss(123). Evidence to support the use of 326 

fibrinogen and other procoagulants remains very limited, but there are a number of ongoing 327 

trials in this field(124). 328 

Recommendation: 329 

1) There is currently insufficient evidence to recommend routine use of 330 

desmopressin or procoagulants. 331 

 332 

Post-operative Optimization  333 

Recommencing anti-platelet and anticoagulation agents:  334 

Consensus statements provide guidance for recommencing preoperative medication as 335 

there is limited evidence to support practice(46, 125). Anti-platelet agents that were 336 

stopped prior to surgery can be recommenced once hemostasis ishas been achieved and 337 

usually within 24 hours of surgery. Warfarin can also be restarted at the preoperative 338 

dosing regimen within 24 hours of surgery (46). Suggested regimens for restarting other 339 

anticoagulants including tIt is safe to restart tTherapeutic bridging LMWH and DOACs 340 

typically reach full dose 48-72 hours after surgery(51, 126). 341 

 342 

Recommendation: 343 

1) Recommence antiplatelet and anticoagulant medication within 48-72 hours of 344 

surgery 345 

 346 

Thromboprophylactic pharmacological agents  347 

Mechanical and pharmacological measures are recommended to prevent 348 

postoperative venous thromboembolism after lower limb procedures associated with 349 
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reduced mobility or anesthesia time exceeding 90 minutes(127, 128). Pharmaceutical 350 

agents used for thromboprophylaxis include ASA, low-molecular weight heparin (LMWH), 351 

direct oral anticoagulants (DOAC), or a combination of agents. The selected 352 

thromboprophylaxis regimen influences blood loss and must therefore take specific patient and 353 

surgical risk factors for bleeding and thrombosis into account(127). After elective hip 354 

arthroplasty, LMWH administration within four hours of surgery increases the risk of major 355 

bleeding to 6.3% compared with 2.5% when administered 12-48 hours postoperatively, but 356 

decreases the incidence of venous thromboembolic events(129). ASA (commenced five days 357 

after procedure) was found to be non-inferior to rivaroxaban for preventing symptomatic 358 

venous thromboembolism after hip and knee arthroplasty, with no difference in clinically 359 

important bleeding between groups(130). Whether ASA is non-inferior to LMWH is 360 

currently under investigation(131). The American Society of Hematology(ASH) Guidelines 361 

recommend ASA or DOACs over LMWH for thromboprophylaxis after orthopedic 362 

surgery(128), whereas NICE Guidelines recommend LMWH as an alternative to ASA 363 

and DOACs, which should be commenced within 6-12 hours or surgery, or once 364 

hemostasis is achieved(127). 365 

 366 

Recommendation: 367 

1) Use mechanical and chemical thromboprophylaxis after lower limb 368 

arthroplasty 369 

2) ASA, DOAC, and LMWH are all acceptable chemical agents as per local 370 

guidelines 371 

3) Commence thromboprophylaxis 6-12 hours after surgery if there is hemostasis 372 

 373 

When/Where should post-operative hemoglobin be part of routine assessments? 374 
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Consensus guidelines recommend that all patients undergoing major surgery with 375 

blood loss exceeding 500mls should be considered for postoperative anemia screening, 376 

especially for patients with preoperative anemia(132). Institutional data for specific 377 

procedures and surgical techniques, taking into account preoperative anemia, risk 378 

factors for bleeding, and operative findings may allow more selective postoperative Hb 379 

measurement. Measurements during the immediate perioperative period may be confounded 380 

by plasma volumes derangements, most frequently resulting in an overdiagnosis of anemia 381 

secondary to hemodilution(133). 382 

 383 

Recommendation: 384 

1) Measure Hb the day following surgery when intraoperative blood loss exceeds 385 

500ml or patients are anemic pre-operatively 386 

 387 

When does hemoglobin return to pre-operative values following orthopedic surgery? 388 

 389 

Over 90% of patients are anemic when discharged following arthroplasty surgery(134, 135). 390 

Postoperative anemia may increase the risk of adverse events, including myocardial 391 

infarction(15), acute kidney injury(136), and functional recovery(14). The prevalence and 392 

severity of postoperative anemia will increase with more widespread adoption of restrictive 393 

transfusion triggers(137). After unilateral primary hip arthroplasty, two thirds of patients 394 

have restored their preoperative Hb within 28 days of surgery(138). The rate of recovery 395 

from postoperative anemia depends on the volume of blood loss and patient erythropoiesis, 396 

which is blunted by postoperative inflammation and nutritional deficiencies such as iron, 397 

vitamin B12, and folic acid(132).Further research is required to guide the management 398 

of postoperative anemia. 399 
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Overview 400 

Strategies to reduce blood loss and exposure to allogeneic blood transfusions can improve 401 

patient outcomes, lower risk of perioperative complications, and reduce healthcare costs. 402 

Interventions should be considered preoperatively, intraoperatively, and postoperatively(Table 403 

4). The development of a patient-specific blood management plan often requires input from 404 

multiple specialties and delivery by a multidisciplinary team.  405 



19 
 

REFERENCES 406 

 407 

1. Sloan M, Premkumar A, Sheth NP. Projected Volume of Primary Total Joint 408 
Arthroplasty in the U.S., 2014 to 2030. J Bone Joint Surg Am. 2018;100(17):1455-60. Epub 409 
2018/09/05. doi: 10.2106/JBJS.17.01617. PubMed PMID: 30180053. 410 
2. Grotle M, Smastuen MC, Fjeld O, Grovle L, Helgeland J, Storheim K, et al. Lumbar 411 
spine surgery across 15 years: trends, complications and reoperations in a longitudinal 412 
observational study from Norway. BMJ Open. 2019;9(8):e028743. Epub 2019/08/04. doi: 413 
10.1136/bmjopen-2018-028743. PubMed PMID: 31375617; PubMed Central PMCID: 414 
PMCPMC6688683. 415 
3. Sehat KR, Evans RL, Newman JH. Hidden blood loss following hip and knee 416 
arthroplasty. Correct management of blood loss should take hidden loss into account. J 417 
Bone Joint Surg Br. 2004;86(4):561-5. Epub 2004/06/04. PubMed PMID: 15174554. 418 
4. Bradley KE, Ryan SP, Penrose CT, Grant SA, Wellman SS, Attarian DE, et al. 419 
Tranexamic acid or epsilon-aminocaproic acid in total joint arthroplasty? A randomized 420 
controlled trial. Bone Joint J. 2019;101-B(9):1093-9. Epub 2019/09/03. doi: 10.1302/0301-421 
620X.101B9.BJJ-2018-1096.R1. PubMed PMID: 31474134. 422 
5. Goel R, Buckley P, Sterbis E, Parvizi J. Patients With Infected Total Hip Arthroplasty 423 
Undergoing 2-Stage Exchange Arthroplasty Experience Massive Blood Loss. J Arthroplasty. 424 
2018;33(11):3547-50. Epub 2018/08/14. doi: 10.1016/j.arth.2018.06.032. PubMed PMID: 425 
30100135. 426 
6. Shah A, Palmer AJR, Klein AA. Strategies to minimize intraoperative blood loss during 427 
major surgery. Br J Surg. 2020;107(2):e26-e38. Epub 2020/01/07. doi: 10.1002/bjs.11393. 428 
PubMed PMID: 31903592. 429 
7. Palmer A, Chen A, Matsumoto T, Murphy M, Price A. Blood management in total 430 
knee arthroplasty: state-of-the-art review. Journal of ISAKOS: Joint Disorders &amp; 431 
Orthopaedic Sports Medicine. 2018;3(6):358-66. doi: 10.1136/jisakos-2017-000168. 432 
8. Richards M, Alyousif H, Kim JK, Poitras S, Penning J, Beaule PE. An Evaluation of the 433 
Safety and Effectiveness of Total Hip Arthroplasty as an Outpatient Procedure: A Matched-434 
Cohort Analysis. J Arthroplasty. 2018;33(10):3206-10. Epub 2018/06/20. doi: 435 
10.1016/j.arth.2018.05.036. PubMed PMID: 29914820. 436 
9. Jans Ø, Jørgensen C, Kehlet H, Johansson PI, Hip LFCfFt, Group KRC. Role of 437 
preoperative anemia for risk of transfusion and postoperative morbidity in fast-track hip 438 
and knee arthroplasty. Transfusion. 2014;54(3):717-26. 439 
10. Murphy MF, Palmer A. Patient blood management as the standard of care. 440 
Hematology Am Soc Hematol Educ Program. 2019;2019(1):583-9. Epub 2019/12/07. doi: 441 
10.1182/hematology.2019000063. PubMed PMID: 31808828; PubMed Central PMCID: 442 
PMCPMC6913475 interests. 443 
11. Mueller MM, Van Remoortel H, Meybohm P, Aranko K, Aubron C, Burger R, et al. 444 
Patient Blood Management: Recommendations From the 2018 Frankfurt Consensus 445 
Conference. JAMA. 2019;321(10):983-97. Epub 2019/03/13. doi: 10.1001/jama.2019.0554. 446 
PubMed PMID: 30860564. 447 
12. Musallam KM, Tamim HM, Richards T, Spahn DR, Rosendaal FR, Habbal A, et al. 448 
Preoperative anaemia and postoperative outcomes in non-cardiac surgery: a retrospective 449 



20 
 

cohort study. Lancet (London, England). 2011;378(9800):1396-407. Epub 2011/10/11. doi: 450 
10.1016/s0140-6736(11)61381-0. PubMed PMID: 21982521. 451 
13. Wu WC, Schifftner TL, Henderson WG, Eaton CB, Poses RM, Uttley G, et al. 452 
Preoperative hematocrit levels and postoperative outcomes in older patients undergoing 453 
noncardiac surgery. Jama. 2007;297(22):2481-8. Epub 2007/06/15. doi: 454 
10.1001/jama.297.22.2481. PubMed PMID: 17565082. 455 
14. Jans O, Bandholm T, Kurbegovic S, Solgaard S, Kjaersgaard-Andersen P, Johansson PI, 456 
et al. Postoperative anemia and early functional outcomes after fast-track hip arthroplasty: 457 
a prospective cohort study. Transfusion. 2016;56(4):917-25. Epub 2016/03/08. doi: 458 
10.1111/trf.13508. PubMed PMID: 26945552. 459 
15. Jorgensen CC, Kehlet H, Lundbeck Foundation Centre for Fast-track H, Knee 460 
replacement collaborative g. Early thromboembolic events </=1week after fast-track total 461 
hip and knee arthroplasty. Thromb Res. 2016;138:37-42. Epub 2016/01/31. doi: 462 
10.1016/j.thromres.2015.12.025. PubMed PMID: 26826506. 463 
16. Everhart JS, Sojka JH, Mayerson JL, Glassman AH, Scharschmidt TJ. Perioperative 464 
Allogeneic Red Blood-Cell Transfusion Associated with Surgical Site Infection After Total Hip 465 
and Knee Arthroplasty. J Bone Joint Surg Am. 2018;100(4):288-94. Epub 2018/02/21. doi: 466 
10.2106/JBJS.17.00237. PubMed PMID: 29462032. 467 
17. Kim JL, Park JH, Han SB, Cho IY, Jang KM. Allogeneic Blood Transfusion Is a Significant 468 
Risk Factor for Surgical-Site Infection Following Total Hip and Knee Arthroplasty: A Meta-469 
Analysis. J Arthroplasty. 2017;32(1):320-5. Epub 2016/09/30. doi: 470 
10.1016/j.arth.2016.08.026. PubMed PMID: 27682006. 471 
18. Rasouli MR, Maltenfort MG, Erkocak OF, Austin MS, Waters JH, Parvizi J. Blood 472 
management after total joint arthroplasty in the United States: 19-year trend analysis. 473 
Transfusion. 2016;56(5):1112-20. Epub 2016/02/24. doi: 10.1111/trf.13518. PubMed PMID: 474 
26898972. 475 
19. Pujol-Nicolas A, Morrison R, Casson C, Khan S, Marriott A, Tiplady C, et al. 476 
Preoperative screening and intervention for mild anemia with low iron stores in elective hip 477 
and knee arthroplasty. Transfusion. 2017;57(12):3049-57. Epub 2017/11/07. doi: 478 
10.1111/trf.14372. PubMed PMID: 29106698. 479 
20. Cappellini MD, Motta I. Anemia in Clinical Practice-Definition and Classification: Does 480 
Hemoglobin Change With Aging? Semin Hematol. 2015;52(4):261-9. Epub 2015/09/26. doi: 481 
10.1053/j.seminhematol.2015.07.006. PubMed PMID: 26404438. 482 
21. Munoz M, Acheson AG, Auerbach M, Besser M, Habler O, Kehlet H, et al. 483 
International consensus statement on the peri-operative management of anaemia and iron 484 
deficiency. Anaesthesia. 2017;72(2):233-47. Epub 2016/12/21. doi: 10.1111/anae.13773. 485 
PubMed PMID: 27996086. 486 
22. Jans O, Nielsen CS, Khan N, Gromov K, Troelsen A, Husted H. Iron deficiency and 487 
preoperative anaemia in patients scheduled for elective hip- and knee arthroplasty - an 488 
observational study. Vox Sang. 2018;113(3):260-7. Epub 2018/02/07. doi: 489 
10.1111/vox.12630. PubMed PMID: 29405303. 490 
23. Patel KV. Epidemiology of anemia in older adults. Semin Hematol. 2008;45(4):210-7. 491 
Epub 2008/09/24. doi: 10.1053/j.seminhematol.2008.06.006. PubMed PMID: 18809090; 492 
PubMed Central PMCID: PMCPMC2572827. 493 
24. Bisbe E, Castillo J, SÁEz M, Santiveri X, RuÍZ A, MuÑOz M. Prevalence of preoperative 494 
anemia and hematinic deficiencies in patients scheduled for elective major orthopedic 495 



21 
 

surgery. Transfusion Alternatives in Transfusion Medicine. 2008;10(4):166-73. doi: 496 
10.1111/j.1778-428X.2008.00118.x. 497 
25. Osborn ZT, Villalba N, Derickson PR, Sewatsky TP, Wager AP, Freeman K. Accuracy of 498 
Point-of-Care Testing for Anemia in the Emergency Department. Respir Care. 499 
2019;64(11):1343-50. Epub 2019/03/28. doi: 10.4187/respcare.06364. PubMed PMID: 500 
30914492. 501 
26. Kasivisvanathan R, Ramesh V, Rao Baikady R, Nadaraja S. Preoperative anaemia is 502 
associated with increased allogeneic pack red cell transfusion in revision hip and knee joint 503 
arthroplasty: a retrospective analysis of 5387 patients over a 10-year period at a single high 504 
volume centre. Transfus Med. 2016;26(4):271-7. Epub 2016/06/01. doi: 505 
10.1111/tme.12322. PubMed PMID: 27241366. 506 
27. Greco NJ, Manocchio AG, Lombardi AV, Gao SL, Adams J, Berend KR. Should 507 
postoperative haemoglobin and potassium levels be checked routinely following blood-508 
conserving primary total joint arthroplasty? Bone Joint J. 2019;101-B(1_Supple_A):25-31. 509 
Epub 2019/01/17. doi: 10.1302/0301-620X.101B1.BJJ-2018-0554.R1. PubMed PMID: 510 
30648494. 511 
28. Yeh JZ, Chen JY, Bin Abd Razak HR, Loh BH, Hao Y, Yew AK, et al. Preoperative 512 
haemoglobin cut-off values for the prediction of post-operative transfusion in total knee 513 
arthroplasty. Knee Surg Sports Traumatol Arthrosc. 2016;24(10):3293-8. Epub 2016/05/30. 514 
doi: 10.1007/s00167-016-4183-1. PubMed PMID: 27236540. 515 
29. Kotze A, Harris A, Baker C, Iqbal T, Lavies N, Richards T, et al. British Committee for 516 
Standards in Haematology Guidelines on the Identification and Management of Pre-517 
Operative Anaemia. Br J Haematol. 2015;171(3):322-31. Epub 2015/09/08. doi: 518 
10.1111/bjh.13623. PubMed PMID: 26343392. 519 
30. Klein AA, Arnold P, Bingham RM, Brohi K, Clark R, Collis R, et al. AAGBI guidelines: 520 
the use of blood components and their alternatives 2016. Anaesthesia. 2016;71(7):829-42. 521 
Epub 2016/04/12. doi: 10.1111/anae.13489. PubMed PMID: 27062274. 522 
31. NICE Guideline [NG12] Suspected Cancer: Recognition and Referral. 2015. 523 
32. Zhao Y, Jiang C, Peng H, Feng B, Li Y, Weng X. The effectiveness and safety of 524 
preoperative use of erythropoietin in patients scheduled for total hip or knee arthroplasty: 525 
A systematic review and meta-analysis of randomized controlled trials. Medicine 526 
(Baltimore). 2016;95(27):e4122. Epub 2016/07/12. doi: 10.1097/MD.0000000000004122. 527 
PubMed PMID: 27399121; PubMed Central PMCID: PMCPMC5058850. 528 
33. Janvier G. [Preoperative evaluation of hemorrhagic risk]. Ann Fr Anesth Reanim. 529 
1998;17 Suppl 1:2s-5s. Epub 1998/09/29. doi: 10.1016/s0750-7658(98)80097-x. PubMed 530 
PMID: 9750670. 531 
34. Chee YL, Greaves M. Role of coagulation testing in predicting bleeding risk. Hematol 532 
J. 2003;4(6):373-8. Epub 2003/12/13. doi: 10.1038/sj.thj.6200306. PubMed PMID: 533 
14671609. 534 
35. Eckman MH, Erban JK, Singh SK, Kao GS. Screening for the risk for bleeding or 535 
thrombosis. Ann Intern Med. 2003;138(3):W15-24. Epub 2003/02/01. doi: 10.7326/0003-536 
4819-138-3-200302040-00011-w1. PubMed PMID: 12558384. 537 
36. Segal JB, Dzik WH, Transfusion Medicine/Hemostasis Clinical Trials N. Paucity of 538 
studies to support that abnormal coagulation test results predict bleeding in the setting of 539 
invasive procedures: an evidence-based review. Transfusion. 2005;45(9):1413-25. Epub 540 
2005/09/01. doi: 10.1111/j.1537-2995.2005.00546.x. PubMed PMID: 16131373. 541 



22 
 

37. Bonhomme F, Ajzenberg N, Schved JF, Molliex S, Samama CM, French A, et al. Pre-542 
interventional haemostatic assessment: Guidelines from the French Society of Anaesthesia 543 
and Intensive Care. Eur J Anaesthesiol. 2013;30(4):142-62. Epub 2013/02/26. doi: 544 
10.1097/EJA.0b013e32835f66cd. PubMed PMID: 23435255. 545 
38. Chee YL, Crawford JC, Watson HG, Greaves M. Guidelines on the assessment of 546 
bleeding risk prior to surgery or invasive procedures. British Committee for Standards in 547 
Haematology. Br J Haematol. 2008;140(5):496-504. Epub 2008/02/16. doi: 10.1111/j.1365-548 
2141.2007.06968.x. PubMed PMID: 18275427. 549 
39. NICE Guideline [NG45] Routine Preoperative Tests for Elective Surgery. 2016. 550 
40. Kozek-Langenecker SA, Ahmed AB, Afshari A, Albaladejo P, Aldecoa C, Barauskas G, 551 
et al. Management of severe perioperative bleeding: guidelines from the European Society 552 
of Anaesthesiology: First update 2016. Eur J Anaesthesiol. 2017;34(6):332-95. Epub 553 
2017/05/02. doi: 10.1097/EJA.0000000000000630. PubMed PMID: 28459785. 554 
41. Bowman M, Mundell G, Grabell J, Hopman WM, Rapson D, Lillicrap D, et al. 555 
Generation and validation of the Condensed MCMDM-1VWD Bleeding Questionnaire for 556 
von Willebrand disease. J Thromb Haemost. 2008;6(12):2062-6. Epub 2008/11/06. doi: 557 
10.1111/j.1538-7836.2008.03182.x. PubMed PMID: 18983516. 558 
42. Wikkelso A, Wetterslev J, Moller AM, Afshari A. Thromboelastography (TEG) or 559 
thromboelastometry (ROTEM) to monitor haemostatic treatment versus usual care in adults 560 
or children with bleeding. Cochrane Database Syst Rev. 2016(8):CD007871. Epub 561 
2016/08/24. doi: 10.1002/14651858.CD007871.pub3. PubMed PMID: 27552162; PubMed 562 
Central PMCID: PMCPMC6472507. 563 
43. Devereaux PJ, Mrkobrada M, Sessler DI, Leslie K, Alonso-Coello P, Kurz A, et al. 564 
Aspirin in patients undergoing noncardiac surgery. N Engl J Med. 2014;370(16):1494-503. 565 
Epub 2014/04/01. doi: 10.1056/NEJMoa1401105. PubMed PMID: 24679062. 566 
44. Jacob AK, Hurley SP, Loughran SM, Wetsch TM, Trousdale RT. Continuing clopidogrel 567 
during elective total hip and knee arthroplasty: assessment of bleeding risk and adverse 568 
outcomes. J Arthroplasty. 2014;29(2):325-8. Epub 2013/07/17. doi: 569 
10.1016/j.arth.2013.06.008. PubMed PMID: 23856063. 570 
45. Lewis SR, Pritchard MW, Schofield-Robinson OJ, Alderson P, Smith AF. Continuation 571 
versus discontinuation of antiplatelet therapy for bleeding and ischaemic events in adults 572 
undergoing non-cardiac surgery. Cochrane Database Syst Rev. 2018;7:CD012584. Epub 573 
2018/07/19. doi: 10.1002/14651858.CD012584.pub2. PubMed PMID: 30019463; PubMed 574 
Central PMCID: PMCPMC6513221. 575 
46. Keeling D, Tait RC, Watson H, British Committee of Standards for H. Peri-operative 576 
management of anticoagulation and antiplatelet therapy. Br J Haematol. 2016;175(4):602-577 
13. Epub 2016/10/08. doi: 10.1111/bjh.14344. PubMed PMID: 27714755. 578 
47. Korte W, Cattaneo M, Chassot PG, Eichinger S, von Heymann C, Hofmann N, et al. 579 
Peri-operative management of antiplatelet therapy in patients with coronary artery disease: 580 
joint position paper by members of the working group on Perioperative Haemostasis of the 581 
Society on Thrombosis and Haemostasis Research (GTH), the working group on 582 
Perioperative Coagulation of the Austrian Society for Anesthesiology, Resuscitation and 583 
Intensive Care (OGARI) and the Working Group Thrombosis of the European Society for 584 
Cardiology (ESC). Thromb Haemost. 2011;105(5):743-9. Epub 2011/03/26. doi: 585 
10.1160/TH10-04-0217. PubMed PMID: 21437351. 586 
48. Douketis JD, Spyropoulos AC, Kaatz S, Becker RC, Caprini JA, Dunn AS, et al. 587 
Perioperative Bridging Anticoagulation in Patients with Atrial Fibrillation. N Engl J Med. 588 



23 
 

2015;373(9):823-33. Epub 2015/06/23. doi: 10.1056/NEJMoa1501035. PubMed PMID: 589 
26095867; PubMed Central PMCID: PMCPMC4931686. 590 
49. Canada T. Warfarin: Perioperative Management. 2019. 591 
50. Horlocker TT, Vandermeuelen E, Kopp SL, Gogarten W, Leffert LR, Benzon HT. 592 
Regional Anesthesia in the Patient Receiving Antithrombotic or Thrombolytic Therapy: 593 
American Society of Regional Anesthesia and Pain Medicine Evidence-Based Guidelines 594 
(Fourth Edition). Reg Anesth Pain Med. 2018;43(3):263-309. Epub 2018/03/22. doi: 595 
10.1097/AAP.0000000000000763. PubMed PMID: 29561531. 596 
51. Douketis JD, Spyropoulos AC, Duncan J, Carrier M, Le Gal G, Tafur AJ, et al. 597 
Perioperative Management of Patients With Atrial Fibrillation Receiving a Direct Oral 598 
Anticoagulant. JAMA Intern Med. 2019. Epub 2019/08/06. doi: 599 
10.1001/jamainternmed.2019.2431. PubMed PMID: 31380891; PubMed Central PMCID: 600 
PMCPMC6686768. 601 
52. Gualtierotti R, Parisi M, Ingegnoli F. Perioperative Management of Patients with 602 
Inflammatory Rheumatic Diseases Undergoing Major Orthopaedic Surgery: A Practical 603 
Overview. Adv Ther. 2018;35(4):439-56. Epub 2018/03/21. doi: 10.1007/s12325-018-0686-604 
0. PubMed PMID: 29556907; PubMed Central PMCID: PMCPMC5910481. 605 
53. Teerawattananon C, Tantayakom P, Suwanawiboon B, Katchamart W. Risk of 606 
perioperative bleeding related to highly selective cyclooxygenase-2 inhibitors: A systematic 607 
review and meta-analysis. Semin Arthritis Rheum. 2017;46(4):520-8. Epub 2016/08/30. doi: 608 
10.1016/j.semarthrit.2016.07.008. PubMed PMID: 27569276. 609 
54. Pfizer. https://www.pfizer.ca/sites/default/files/201802/GD-610 
celecoxib_PM_E_207560_18Jul2017_Rev_29Jan2018.pdf. 2018. 611 
55. Memtsoudis SG, Cozowicz C, Bekeris J, Bekere D, Liu J, Soffin EM, et al. Anaesthetic 612 
care of patients undergoing primary hip and knee arthroplasty: consensus 613 
recommendations from the International Consensus on Anaesthesia-Related Outcomes 614 
after Surgery group (ICAROS) based on a systematic review and meta-analysis. Br J Anaesth. 615 
2019;123(3):269-87. Epub 2019/07/29. doi: 10.1016/j.bja.2019.05.042. PubMed PMID: 616 
31351590. 617 
56. Pu X, Sun JM. General anesthesia vs spinal anesthesia for patients undergoing total-618 
hip arthroplasty: A meta-analysis. Medicine (Baltimore). 2019;98(16):e14925. Epub 619 
2019/04/23. doi: 10.1097/MD.0000000000014925. PubMed PMID: 31008923; PubMed 620 
Central PMCID: PMCPMC6494405. 621 
57. Wainwright TW, Gill M, McDonald DA, Middleton RG, Reed M, Sahota O, et al. 622 
Consensus statement for perioperative care in total hip replacement and total knee 623 
replacement surgery: Enhanced Recovery After Surgery (ERAS((R))) Society 624 
recommendations. Acta Orthop. 2020;91(1):3-19. Epub 2019/10/31. doi: 625 
10.1080/17453674.2019.1683790. PubMed PMID: 31663402. 626 
58. Kang WS, Oh CS, Kwon WK, Rhee KY, Lee YG, Kim TH, et al. Effect of Mechanical 627 
Ventilation Mode Type on Intra- and Postoperative Blood Loss in Patients Undergoing 628 
Posterior Lumbar Interbody Fusion Surgery: A Randomized Controlled Trial. Anesthesiology. 629 
2016;125(1):115-23. Epub 2016/04/21. doi: 10.1097/ALN.0000000000001131. PubMed 630 
PMID: 27096383. 631 
59. Paul JE, Ling E, Lalonde C, Thabane L. Deliberate hypotension in orthopedic surgery 632 
reduces blood loss and transfusion requirements: a meta-analysis of randomized controlled 633 
trials. Can J Anaesth. 2007;54(10):799-810. Epub 2007/10/16. doi: 10.1007/BF03021707. 634 
PubMed PMID: 17934161. 635 



24 
 

60. Eroglu A, Uzunlar H, Erciyes N. Comparison of hypotensive epidural anesthesia and 636 
hypotensive total intravenous anesthesia on intraoperative blood loss during total hip 637 
replacement. J Clin Anesth. 2005;17(6):420-5. Epub 2005/09/21. doi: 638 
10.1016/j.jclinane.2004.09.006. PubMed PMID: 16171661. 639 
61. Williams-Russo P, Sharrock NE, Mattis S, Liguori GA, Mancuso C, Peterson MG, et al. 640 
Randomized trial of hypotensive epidural anesthesia in older adults. Anesthesiology. 641 
1999;91(4):926-35. Epub 1999/10/16. doi: 10.1097/00000542-199910000-00011. PubMed 642 
PMID: 10519494. 643 
62. Roshanov PS, Sheth T, Duceppe E, Tandon V, Bessissow A, Chan MTV, et al. 644 
Relationship between Perioperative Hypotension and Perioperative Cardiovascular Events in 645 
Patients with Coronary Artery Disease Undergoing Major Noncardiac Surgery. 646 
Anesthesiology. 2019;130(5):756-66. Epub 2019/03/15. doi: 647 
10.1097/ALN.0000000000002654. PubMed PMID: 30870165. 648 
63. Sessler DI, Bloomstone JA, Aronson S, Berry C, Gan TJ, Kellum JA, et al. Perioperative 649 
Quality Initiative consensus statement on intraoperative blood pressure, risk and outcomes 650 
for elective surgery. Br J Anaesth. 2019;122(5):563-74. Epub 2019/03/28. doi: 651 
10.1016/j.bja.2019.01.013. PubMed PMID: 30916004. 652 
64. Sun LY, Wijeysundera DN, Tait GA, Beattie WS. Association of intraoperative 653 
hypotension with acute kidney injury after elective noncardiac surgery. Anesthesiology. 654 
2015;123(3):515-23. Epub 2015/07/17. doi: 10.1097/ALN.0000000000000765. PubMed 655 
PMID: 26181335. 656 
65. Walsh M, Devereaux PJ, Garg AX, Kurz A, Turan A, Rodseth RN, et al. Relationship 657 
between intraoperative mean arterial pressure and clinical outcomes after noncardiac 658 
surgery: toward an empirical definition of hypotension. Anesthesiology. 2013;119(3):507-659 
15. Epub 2013/07/10. doi: 10.1097/ALN.0b013e3182a10e26. PubMed PMID: 23835589. 660 
66. P.J. D. PeriOperative ISchemic Evaluation-3 Trial (POISE-3). Clinical Trials.gov: 661 
Clinicaltrials.gov; 2018. 662 
67. Rajagopalan S, Mascha E, Na J, Sessler DI. The effects of mild perioperative 663 
hypothermia on blood loss and transfusion requirement. Anesthesiology. 2008;108(1):71-7. 664 
Epub 2007/12/25. doi: 10.1097/01.anes.0000296719.73450.52. PubMed PMID: 18156884. 665 
68. Frisch NB, Pepper AM, Rooney E, Silverton C. Intraoperative Hypothermia in Total 666 
Hip and Knee Arthroplasty. Orthopedics. 2017;40(1):56-63. Epub 2016/10/27. doi: 667 
10.3928/01477447-20161017-04. PubMed PMID: 27783839. 668 
69. Kurz A, Sessler DI, Lenhardt R. Perioperative normothermia to reduce the incidence 669 
of surgical-wound infection and shorten hospitalization. Study of Wound Infection and 670 
Temperature Group. N Engl J Med. 1996;334(19):1209-15. Epub 1996/05/09. doi: 671 
10.1056/NEJM199605093341901. PubMed PMID: 8606715. 672 
70. Frank SM, Fleisher LA, Breslow MJ, Higgins MS, Olson KF, Kelly S, et al. Perioperative 673 
maintenance of normothermia reduces the incidence of morbid cardiac events. A 674 
randomized clinical trial. JAMA. 1997;277(14):1127-34. Epub 1997/04/09. PubMed PMID: 675 
9087467. 676 
71. Liu S, Pan Y, Zhao Q, Feng W, Han H, Pan Z, et al. The effectiveness of air-free 677 
warming systems on perioperative hypothermia in total hip and knee arthroplasty: A 678 
systematic review and meta-analysis. Medicine (Baltimore). 2019;98(19):e15630. Epub 679 
2019/05/15. doi: 10.1097/MD.0000000000015630. PubMed PMID: 31083262; PubMed 680 
Central PMCID: PMCPMC6531108. 681 



25 
 

72. Tjoakarfa C, David V, Ko A, Hau R. Reflective Blankets Are as Effective as Forced Air 682 
Warmers in Maintaining Patient Normothermia During Hip and Knee Arthroplasty Surgery. J 683 
Arthroplasty. 2017;32(2):624-7. Epub 2016/08/23. doi: 10.1016/j.arth.2016.07.015. PubMed 684 
PMID: 27546475. 685 
73. Ma H, Lai B, Dong S, Li X, Cui Y, Sun Q, et al. Warming infusion improves 686 
perioperative outcomes of elderly patients who underwent bilateral hip replacement. 687 
Medicine (Baltimore). 2017;96(13):e6490. Epub 2017/03/30. doi: 688 
10.1097/MD.0000000000006490. PubMed PMID: 28353593; PubMed Central PMCID: 689 
PMCPMC5380277. 690 
74. Deren ME, Machan JT, DiGiovanni CW, Ehrlich MG, Gillerman RG. Prewarming 691 
operating rooms for prevention of intraoperative hypothermia during total knee and hip 692 
arthroplasties. J Arthroplasty. 2011;26(8):1380-6. Epub 2011/02/15. doi: 693 
10.1016/j.arth.2010.12.019. PubMed PMID: 21316914. 694 
75. Carson JL, Guyatt G, Heddle NM, Grossman BJ, Cohn CS, Fung MK, et al. Clinical 695 
Practice Guidelines From the AABB: Red Blood Cell Transfusion Thresholds and Storage. 696 
JAMA. 2016;316(19):2025-35. Epub 2016/10/13. doi: 10.1001/jama.2016.9185. PubMed 697 
PMID: 27732721. 698 
76. NICE Guideline [NG24] Blood Transfusion. 2015. 699 
77. Mitchell MD, Betesh JS, Ahn J, Hume EL, Mehta S, Umscheid CA. Transfusion 700 
Thresholds for Major Orthopedic Surgery: A Systematic Review and Meta-analysis. J 701 
Arthroplasty. 2017;32(12):3815-21. Epub 2017/07/25. doi: 10.1016/j.arth.2017.06.054. 702 
PubMed PMID: 28735803. 703 
78. Mao T, Gao F, Han J, Sun W, Guo W, Li Z, et al. Restrictive versus liberal transfusion 704 
strategies for red blood cell transfusion after hip or knee surgery: A systematic review and 705 
meta-analysis. Medicine (Baltimore). 2017;96(25):e7326. Epub 2017/06/24. doi: 706 
10.1097/MD.0000000000007326. PubMed PMID: 28640148; PubMed Central PMCID: 707 
PMCPMC5484258. 708 
79. Muller S, Oberle D, Drechsel-Bauerle U, Pavel J, Keller-Stanislawski B, Funk MB. 709 
Mortality, Morbidity and Related Outcomes Following Perioperative Blood Transfusion in 710 
Patients with Major Orthopaedic Surgery: A Systematic Review. Transfus Med Hemother. 711 
2018;45(5):355-67. Epub 2018/12/01. doi: 10.1159/000481994. PubMed PMID: 30498414; 712 
PubMed Central PMCID: PMCPMC6257151. 713 
80. Park JH, Kim HJ, Suh DH, Lee JW, Kim HJ, Oh MJ, et al. Arthroscopic Versus Open 714 
Ankle Arthrodesis: A Systematic Review. Arthroscopy. 2018;34(3):988-97. Epub 2017/11/11. 715 
doi: 10.1016/j.arthro.2017.08.284. PubMed PMID: 29122435. 716 
81. Han SB, Kim HJ, Kim TK, In Y, Oh KJ, Koh IJ, et al. Computer navigation is effective in 717 
reducing blood loss but has no effect on transfusion requirement following primary total 718 
knee arthroplasty: a meta-analysis. Knee Surg Sports Traumatol Arthrosc. 2016;24(11):3474-719 
81. Epub 2016/10/28. doi: 10.1007/s00167-016-4053-x. PubMed PMID: 26922056. 720 
82. Feczko P, Engelmann L, Arts JJ, Campbell D. Computer-assisted total knee 721 
arthroplasty using mini midvastus or medial parapatellar approach technique: A 722 
prospective, randomized, international multicentre trial. BMC Musculoskelet Disord. 723 
2016;17:19. Epub 2016/01/15. doi: 10.1186/s12891-016-0872-7. PubMed PMID: 26762175; 724 
PubMed Central PMCID: PMCPMC4711101. 725 
83. Barsoum WK, Klika AK, Murray TG, Higuera C, Lee HH, Krebs VE. Prospective 726 
randomized evaluation of the need for blood transfusion during primary total hip 727 



26 
 

arthroplasty with use of a bipolar sealer. J Bone Joint Surg Am. 2011;93(6):513-8. Epub 728 
2011/03/18. doi: 10.2106/JBJS.J.00036. PubMed PMID: 21411700. 729 
84. Guild GN, 3rd, Runner RP, Castilleja GM, Smith MJ, Vu CL. Efficacy of Hybrid Plasma 730 
Scalpel in Reducing Blood Loss and Transfusions in Direct Anterior Total Hip Arthroplasty. J 731 
Arthroplasty. 2017;32(2):458-62. Epub 2016/09/24. doi: 10.1016/j.arth.2016.07.038. 732 
PubMed PMID: 27659394. 733 
85. Schnettler T, Papillon N, Rees H. Use of a Tourniquet in Total Knee Arthroplasty 734 
Causes a Paradoxical Increase in Total Blood Loss. J Bone Joint Surg Am. 2017;99(16):1331-6. 735 
Epub 2017/08/18. doi: 10.2106/JBJS.16.00750. PubMed PMID: 28816892. 736 
86. Zhang W, Li N, Chen S, Tan Y, Al-Aidaros M, Chen L. The effects of a tourniquet used 737 
in total knee arthroplasty: a meta-analysis. J Orthop Surg Res. 2014;9(1):13. Epub 738 
2014/03/08. doi: 10.1186/1749-799X-9-13. PubMed PMID: 24602486; PubMed Central 739 
PMCID: PMCPMC3973857. 740 
87. Liu Y, Si H, Zeng Y, Li M, Xie H, Shen B. More pain and slower functional recovery 741 
when a tourniquet is used during total knee arthroplasty. Knee Surg Sports Traumatol 742 
Arthrosc. 2019. Epub 2019/07/11. doi: 10.1007/s00167-019-05617-w. PubMed PMID: 743 
31289914. 744 
88. Goel R, Rondon AJ, Sydnor K, Blevins K, O'Malley M, Purtill JJ, et al. Tourniquet Use 745 
Does Not Affect Functional Outcomes or Pain After Total Knee Arthroplasty: A Prospective, 746 
Double-Blinded, Randomized Controlled Trial. J Bone Joint Surg Am. 2019;101(20):1821-8. 747 
Epub 2019/10/19. doi: 10.2106/JBJS.19.00146. PubMed PMID: 31626006. 748 
89. Poeran J, Rasul R, Suzuki S, Danninger T, Mazumdar M, Opperer M, et al. Tranexamic 749 
acid use and postoperative outcomes in patients undergoing total hip or knee arthroplasty 750 
in the United States: retrospective analysis of effectiveness and safety. BMJ. 751 
2014;349:g4829. Epub 2014/08/15. doi: 10.1136/bmj.g4829. PubMed PMID: 25116268; 752 
PubMed Central PMCID: PMCPMC4130961. 753 
90. Fillingham YA, Ramkumar DB, Jevsevar DS, Yates AJ, Shores P, Mullen K, et al. The 754 
Efficacy of Tranexamic Acid in Total Hip Arthroplasty: A Network Meta-analysis. J 755 
Arthroplasty. 2018;33(10):3083-9 e4. Epub 2018/07/17. doi: 10.1016/j.arth.2018.06.023. 756 
PubMed PMID: 30007789. 757 
91. Fillingham YA, Ramkumar DB, Jevsevar DS, Yates AJ, Shores P, Mullen K, et al. The 758 
Efficacy of Tranexamic Acid in Total Knee Arthroplasty: A Network Meta-Analysis. J 759 
Arthroplasty. 2018;33(10):3090-8 e1. Epub 2018/05/29. doi: 10.1016/j.arth.2018.04.043. 760 
PubMed PMID: 29805106. 761 
92. Franchini M, Mengoli C, Marietta M, Marano G, Vaglio S, Pupella S, et al. Safety of 762 
intravenous tranexamic acid in patients undergoing majororthopaedic surgery: a meta-763 
analysis of randomised controlled trials. Blood Transfus. 2018;16(1):36-43. Epub 764 
2018/01/18. doi: 10.2450/2017.0219-17. PubMed PMID: 29337665; PubMed Central 765 
PMCID: PMCPMC5770313. 766 
93. Fillingham YA, Ramkumar DB, Jevsevar DS, Yates AJ, Bini SA, Clarke HD, et al. 767 
Tranexamic acid in total joint arthroplasty: the endorsed clinical practice guides of the 768 
American Association of Hip and Knee Surgeons, American Society of Regional Anesthesia 769 
and Pain Medicine, American Academy of Orthopaedic Surgeons, Hip Society, and Knee 770 
Society. Reg Anesth Pain Med. 2019;44(1):7-11. Epub 2019/01/15. doi: 10.1136/rapm-2018-771 
000024. PubMed PMID: 30640647. 772 
94. Boese CK, Centeno L, Walters RW. Blood Conservation Using Tranexamic Acid Is Not 773 
Superior to Epsilon-Aminocaproic Acid After Total Knee Arthroplasty. J Bone Joint Surg Am. 774 



27 
 

2017;99(19):1621-8. Epub 2017/10/05. doi: 10.2106/JBJS.16.00738. PubMed PMID: 775 
28976426. 776 
95. Gibbs VN, Champaneria R, Palmer A, Doree C, Estcourt LJ. Pharmacological 777 
interventions for the prevention of bleeding in people undergoing elective hip or knee 778 
surgery: a systematic review and network meta-analysis. Cochrane Database of Systematic 779 
Reviews. 2019(3). doi: 10.1002/14651858.CD013295. PubMed PMID: CD013295. 780 
96. Wong J, Abrishami A, El Beheiry H, Mahomed NN, Roderick Davey J, Gandhi R, et al. 781 
Topical application of tranexamic acid reduces postoperative blood loss in total knee 782 
arthroplasty: a randomized, controlled trial. J Bone Joint Surg Am. 2010;92(15):2503-13. 783 
Epub 2010/11/05. doi: 10.2106/JBJS.I.01518. PubMed PMID: 21048170. 784 
97. Parker JD, Lim KS, Kieser DC, Woodfield TBF, Hooper GJ. Is tranexamic acid toxic to 785 
articular cartilage when administered topically? Bone Joint J. 2018;100-B(3):404-12. Epub 786 
2018/03/29. doi: 10.1302/0301-620X.100B3.BJJ-2017-1135.R1. PubMed PMID: 29589496. 787 
98. Tinegate H, Pendry K, Murphy M, Babra P, Grant-Casey J, Hopkinson C, et al. Where 788 
do all the red blood cells (RBCs) go? Results of a survey of RBC use in England and North 789 
Wales in 2014. Transfusion. 2016;56(1):139-45. Epub 2015/10/08. doi: 10.1111/trf.13342. 790 
PubMed PMID: 26442481. 791 
99. Kirsch JM, Bedi A, Horner N, Wiater JM, Pauzenberger L, Koueiter DM, et al. 792 
Tranexamic Acid in Shoulder Arthroplasty: A Systematic Review and Meta-Analysis. JBJS Rev. 793 
2017;5(9):e3. Epub 2017/09/14. doi: 10.2106/JBJS.RVW.17.00021. PubMed PMID: 794 
28902659. 795 
100. Lu VM, Ho YT, Nambiar M, Mobbs RJ, Phan K. The Perioperative Efficacy and Safety 796 
of Antifibrinolytics in Adult Spinal Fusion Surgery: A Systematic Review and Meta-analysis. 797 
Spine (Phila Pa 1976). 2018;43(16):E949-E58. Epub 2018/08/01. doi: 798 
10.1097/BRS.0000000000002580. PubMed PMID: 30063223. 799 
101. Karimi S, Lu VM, Nambiar M, Phan K, Ambikaipalan A, Mobbs RJ. Antifibrinolytic 800 
agents for paediatric scoliosis surgery: a systematic review and meta-analysis. Eur Spine J. 801 
2019;28(5):1023-34. Epub 2019/02/11. doi: 10.1007/s00586-019-05911-8. PubMed PMID: 802 
30739188. 803 
102. Carless PA, Henry DA, Moxey AJ, O'Connell D, Brown T, Fergusson DA. Cell salvage 804 
for minimising perioperative allogeneic blood transfusion. Cochrane Database Syst Rev. 805 
2010(4):CD001888. Epub 2010/04/16. doi: 10.1002/14651858.CD001888.pub4. PubMed 806 
PMID: 20393932; PubMed Central PMCID: PMCPMC4163967. 807 
103. Meybohm P, Choorapoikayil S, Wessels A, Herrmann E, Zacharowski K, Spahn DR. 808 
Washed cell salvage in surgical patients: A review and meta-analysis of prospective 809 
randomized trials under PRISMA. Medicine (Baltimore). 2016;95(31):e4490. Epub 810 
2016/08/09. doi: 10.1097/MD.0000000000004490. PubMed PMID: 27495095; PubMed 811 
Central PMCID: PMCPMC4979849. 812 
104. Klein AA, Bailey CR, Charlton AJ, Evans E, Guckian-Fisher M, McCrossan R, et al. 813 
Association of Anaesthetists guidelines: cell salvage for peri-operative blood conservation 814 
2018. Anaesthesia. 2018;73(9):1141-50. Epub 2018/07/11. doi: 10.1111/anae.14331. 815 
PubMed PMID: 29989144. 816 
105. Palmer AJR, Lloyd TD, Gibbs VN, Shah A, Dhiman P, Booth R, et al. The role of intra-817 
operative cell salvage in patient blood management for revision hip arthroplasty: a 818 
prospective cohort study. Anaesthesia. 2020. Epub 2020/02/11. doi: 10.1111/anae.14989. 819 
PubMed PMID: 32037522. 820 



28 
 

106. Esper SA, Waters JH. Intra-operative cell salvage: a fresh look at the indications and 821 
contraindications. Blood Transfus. 2011;9(2):139-47. Epub 2011/01/22. doi: 822 
10.2450/2011.0081-10. PubMed PMID: 21251468; PubMed Central PMCID: 823 
PMCPMC3096856. 824 
107. Waters JH, Tuohy MJ, Hobson DF, Procop G. Bacterial reduction by cell salvage 825 
washing and leukocyte depletion filtration. Anesthesiology. 2003;99(3):652-5. Epub 826 
2003/09/10. PubMed PMID: 12960550. 827 
108. Parker MJ, Livingstone V, Clifton R, McKee A. Closed suction surgical wound drainage 828 
after orthopaedic surgery. Cochrane Database Syst Rev. 2007(3):CD001825. Epub 829 
2007/07/20. doi: 10.1002/14651858.CD001825.pub2. PubMed PMID: 17636687. 830 
109. Tan T, Lee H, Huang MS, Rutges J, Marion TE, Matthew J, et al. Prophylactic 831 
Postoperative Measures to Minimize Surgical Site Infections in Spine Surgery: Systematic 832 
Review and Evidence Summary. Spine J. 2019. Epub 2019/09/27. doi: 833 
10.1016/j.spinee.2019.09.013. PubMed PMID: 31557586. 834 
110. Mujagic E, Zeindler J, Coslovsky M, Hoffmann H, Soysal SD, Mechera R, et al. The 835 
association of surgical drains with surgical site infections - A prospective observational 836 
study. Am J Surg. 2019;217(1):17-23. Epub 2018/06/25. doi: 10.1016/j.amjsurg.2018.06.015. 837 
PubMed PMID: 29935905. 838 
111. Pan JK, Hong KH, Xie H, Luo MH, Guo D, Liu J. The efficacy and safety of autologous 839 
blood transfusion drainage in patients undergoing total knee arthroplasty: a meta-analysis 840 
of 16 randomized controlled trials. BMC Musculoskelet Disord. 2016;17(1):452. Epub 841 
2016/11/04. doi: 10.1186/s12891-016-1301-7. PubMed PMID: 27806693; PubMed Central 842 
PMCID: PMCPMC5094026. 843 
112. Schnurr C, Giannakopoulos I, Arbab D, Dargel J, Beckmann J, Eysel P. No benefit of 844 
autologous transfusion drains in total knee arthroplasty. Knee Surg Sports Traumatol 845 
Arthrosc. 2018;26(5):1557-63. Epub 2017/06/04. doi: 10.1007/s00167-017-4585-8. PubMed 846 
PMID: 28577064. 847 
113. Edwards SJ, Crawford F, van Velthoven MH, Berardi A, Osei-Assibey G, Bacelar M, et 848 
al. The use of fibrin sealant during non-emergency surgery: a systematic review of evidence 849 
of benefits and harms. Health Technol Assess. 2016;20(94):1-224. Epub 2017/01/05. doi: 850 
10.3310/hta20940. PubMed PMID: 28051764; PubMed Central PMCID: PMCPMC5292645. 851 
114. Bochicchio GV, Gupta N, Porte RJ, Renkens KL, Pattyn P, Topal B, et al. The FINISH-3 852 
trial: a phase 3, international, randomized, single-blind, controlled trial of topical fibrocaps 853 
in intraoperative surgical hemostasis. J Am Coll Surg. 2015;220(1):70-81. Epub 2014/12/03. 854 
doi: 10.1016/j.jamcollsurg.2014.09.019. PubMed PMID: 25458801. 855 
115. Zhao Z, Ma X, Ma J, Sun X, Li F, Lv J. A Systematic Review and Meta-analysis of the 856 
Topical Administration of Fibrin Sealant in Total Hip Arthroplasty. Sci Rep. 2018;8(1):78. 857 
Epub 2018/01/10. doi: 10.1038/s41598-017-16779-3. PubMed PMID: 29311570; PubMed 858 
Central PMCID: PMCPMC5758515. 859 
116. Kearns SM, Kuhar HN, Bohl DD, Levine BR. An Aprotinin Containing Fibrin Sealant 860 
Does Not Reduce Blood Loss in Total Hip Arthroplasty. J Arthroplasty. 2017;32(11):3445-8. 861 
Epub 2017/06/27. doi: 10.1016/j.arth.2017.05.040. PubMed PMID: 28648705. 862 
117. Verra WC, van Hilten JA, Honohan A, van Zwet EW, van der Bom JG, Nelissen R, et al. 863 
The effect of a fibrin sealant on knee function after total knee replacement surgery. Results 864 
from the FIRST trial. A multicenter randomized controlled trial. PLoS One. 865 
2018;13(7):e0200804. Epub 2018/07/26. doi: 10.1371/journal.pone.0200804. PubMed 866 
PMID: 30044846; PubMed Central PMCID: PMCPMC6059473. 867 



29 
 

118. Gao F, Ma J, Sun W, Guo W, Li Z, Wang W. Topical fibrin sealant versus intravenous 868 
tranexamic acid for reducing blood loss following total knee arthroplasty: A systematic 869 
review and meta-analysis. Int J Surg. 2016;32:31-7. Epub 2016/06/19. doi: 870 
10.1016/j.ijsu.2016.06.009. PubMed PMID: 27317900. 871 
119. Skovgaard C, Holm B, Troelsen A, Lunn TH, Gaarn-Larsen L, Kehlet H, et al. No effect 872 
of fibrin sealant on drain output or functional recovery following simultaneous bilateral total 873 
knee arthroplasty: a randomized, double-blind, placebo-controlled study. Acta Orthop. 874 
2013;84(2):153-8. Epub 2013/01/29. doi: 10.3109/17453674.2013.769082. PubMed PMID: 875 
23350579; PubMed Central PMCID: PMCPMC3639335. 876 
120. Desborough MJ, Oakland K, Brierley C, Bennett S, Doree C, Trivella M, et al. 877 
Desmopressin use for minimising perioperative blood transfusion. Cochrane Database Syst 878 
Rev. 2017;7:CD001884. Epub 2017/07/12. doi: 10.1002/14651858.CD001884.pub3. PubMed 879 
PMID: 28691229; PubMed Central PMCID: PMCPMC5546394. 880 
121. Desborough MJ, Oakland KA, Landoni G, Crivellari M, Doree C, Estcourt LJ, et al. 881 
Desmopressin for treatment of platelet dysfunction and reversal of antiplatelet agents: a 882 
systematic review and meta-analysis of randomized controlled trials. J Thromb Haemost. 883 
2017;15(2):263-72. Epub 2016/11/29. doi: 10.1111/jth.13576. PubMed PMID: 27893176. 884 
122. Mittermayr M, Streif W, Haas T, Fries D, Velik-Salchner C, Klingler A, et al. 885 
Hemostatic changes after crystalloid or colloid fluid administration during major orthopedic 886 
surgery: the role of fibrinogen administration. Anesth Analg. 2007;105(4):905-17, table of 887 
contents. Epub 2007/09/28. doi: 10.1213/01.ane.0000280481.18570.27. PubMed PMID: 888 
17898365. 889 
123. Lance MD, Ninivaggi M, Schols SE, Feijge MA, Oehrl SK, Kuiper GJ, et al. Perioperative 890 
dilutional coagulopathy treated with fresh frozen plasma and fibrinogen concentrate: a 891 
prospective randomized intervention trial. Vox Sang. 2012;103(1):25-34. Epub 2012/01/04. 892 
doi: 10.1111/j.1423-0410.2011.01575.x. PubMed PMID: 22211833. 893 
124. Fabes J, Brunskill SJ, Curry N, Doree C, Stanworth SJ. Pro-coagulant haemostatic 894 
factors for the prevention and treatment of bleeding in people without haemophilia. 895 
Cochrane Database Syst Rev. 2018;12:CD010649. Epub 2018/12/26. doi: 896 
10.1002/14651858.CD010649.pub2. PubMed PMID: 30582172; PubMed Central PMCID: 897 
PMCPMC6517302. 898 
125. Tafur A, Douketis J. Perioperative management of anticoagulant and antiplatelet 899 
therapy. Heart. 2018;104(17):1461-7. Epub 2017/12/09. doi: 10.1136/heartjnl-2016-900 
310581. PubMed PMID: 29217632. 901 
126. Schulman S, Carrier M, Lee AY, Shivakumar S, Blostein M, Spencer FA, et al. 902 
Perioperative Management of Dabigatran: A Prospective Cohort Study. Circulation. 903 
2015;132(3):167-73. Epub 2015/05/15. doi: 10.1161/CIRCULATIONAHA.115.015688. 904 
PubMed PMID: 25966905. 905 
127. NICE Guideline [NG89] Venous thromboembolism in over 16s: reducing the risk of 906 
hospital-acquired deep vein thrombosis or pulmonary embolism 2018. 907 
128. Anderson DR, Morgano GP, Bennett C, Dentali F, Francis CW, Garcia DA, et al. 908 
American Society of Hematology 2019 guidelines for management of venous 909 
thromboembolism: prevention of venous thromboembolism in surgical hospitalized 910 
patients. Blood Adv. 2019;3(23):3898-944. Epub 2019/12/04. doi: 911 
10.1182/bloodadvances.2019000975. PubMed PMID: 31794602; PubMed Central PMCID: 912 
PMCPMC6963238. 913 



30 
 

129. Strebel N, Prins M, Agnelli G, Buller HR. Preoperative or postoperative start of 914 
prophylaxis for venous thromboembolism with low-molecular-weight heparin in elective hip 915 
surgery? Arch Intern Med. 2002;162(13):1451-6. Epub 2002/07/02. PubMed PMID: 916 
12090880. 917 
130. Anderson DR, Dunbar M, Murnaghan J, Kahn SR, Gross P, Forsythe M, et al. Aspirin 918 
or Rivaroxaban for VTE Prophylaxis after Hip or Knee Arthroplasty. N Engl J Med. 919 
2018;378(8):699-707. Epub 2018/02/22. doi: 10.1056/NEJMoa1712746. PubMed PMID: 920 
29466159. 921 
131. Sidhu VS, Graves SE, Buchbinder R, Naylor JM, Pratt NL, de Steiger RS, et al. CRISTAL: 922 
protocol for a cluster randomised, crossover, non-inferiority trial of aspirin compared to low 923 
molecular weight heparin for venous thromboembolism prophylaxis in hip or knee 924 
arthroplasty, a registry nested study. BMJ Open. 2019;9(11):e031657. Epub 2019/11/09. 925 
doi: 10.1136/bmjopen-2019-031657. PubMed PMID: 31699735; PubMed Central PMCID: 926 
PMCPMC6858170. 927 
132. Munoz M, Acheson AG, Bisbe E, Butcher A, Gomez-Ramirez S, Khalafallah AA, et al. 928 
An international consensus statement on the management of postoperative anaemia after 929 
major surgical procedures. Anaesthesia. 2018;73(11):1418-31. Epub 2018/08/01. doi: 930 
10.1111/anae.14358. PubMed PMID: 30062700; PubMed Central PMCID: 931 
PMCPMC6686161. 932 
133. Noumi B, Teruya S, Salomon S, Helmke S, Maurer MS. Blood volume measurements 933 
in patients with heart failure and a preserved ejection fraction: implications for diagnosing 934 
anemia. Congest Heart Fail. 2011;17(1):14-8. Epub 2011/01/29. doi: 10.1111/j.1751-935 
7133.2010.00208.x. PubMed PMID: 21272222; PubMed Central PMCID: PMCPMC3777395. 936 
134. Lasocki S, Krauspe R, von Heymann C, Mezzacasa A, Chainey S, Spahn DR. PREPARE: 937 
the prevalence of perioperative anaemia and need for patient blood management in 938 
elective orthopaedic surgery: a multicentre, observational study. Eur J Anaesthesiol. 939 
2015;32(3):160-7. Epub 2015/01/08. doi: 10.1097/EJA.0000000000000202. PubMed PMID: 940 
25564780. 941 
135. Shander A, Knight K, Thurer R, Adamson J, Spence R. Prevalence and outcomes of 942 
anemia in surgery: a systematic review of the literature. Am J Med. 2004;116 Suppl 7A:58S-943 
69S. Epub 2004/03/31. doi: 10.1016/j.amjmed.2003.12.013. PubMed PMID: 15050887. 944 
136. Choi YJ, Kim SO, Sim JH, Hahm KD. Postoperative Anemia Is Associated with Acute 945 
Kidney Injury in Patients Undergoing Total Hip Replacement Arthroplasty: A Retrospective 946 
Study. Anesth Analg. 2016;122(6):1923-8. Epub 2015/10/10. doi: 947 
10.1213/ANE.0000000000001003. PubMed PMID: 26451518. 948 
137. Spahn DR, Spahn GH, Stein P. Evidence base for restrictive transfusion triggers in 949 
high-risk patients. Transfus Med Hemother. 2015;42(2):110-4. Epub 2015/05/29. doi: 950 
10.1159/000381509. PubMed PMID: 26019706; PubMed Central PMCID: PMCPMC4439795. 951 
138. Wallis JP, Wells AW, Whitehead S, Brewster N. Recovery from post-operative 952 
anaemia. Transfus Med. 2005;15(5):413-8. Epub 2005/10/06. doi: 10.1111/j.1365-953 
3148.2005.00607.x. PubMed PMID: 16202056. 954 

955 



31 
 

Figure Legends: 956 

Figure 1: The three-pillar, nine-field matrix of perioperative patient blood management 957 

for orthopedic patients. 958 


