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Abstract: Infective endocarditis (IE) is a serious condition with a high mortality rate, even after surgery. Need 

for transfusion might be increased in surgery for IE. This review aims to identify the predictors for the need of 

transfusion in IE patients and the effect of transfusion on outcome. Only 17 manuscripts could be identified 

partially addressing this issue. Minimal access surgery and valve repair instead of replacement seems favorable 

in this respect. However, IE has opposing effects on the coagulation system with increase in bleeding and 

thromboembolic events. There are indications that in IE patients, transfusion need is higher but this might be 

compounded by the complexity of surgery and a prolonged cardiopulmonary bypass (CPB) time. Since organ 

dysfunction is associated with IE, this comorbidity could cloud the effect of the need for transfusion on 

outcome. To avoid potential adverse effect of transfusion, alternative methods have been proposed such as the 

use of cytokine absorbers during CPB run, intraoperative cell salvage and acute normovolemic hemodilution. 

These methods need further study in this subgroup of patients. In the meantime, allogeneic transfusion should 

be kept at a minimum, using only recently stored blood, to minimize harmful effects. 
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1. Introduction 

The incidence of infective endocarditis (IE) is approximately 15 in 100,000 and is increasing. This 

rise is related to the use of cardiac implants [1]. Survival after cardiac valve implants can be long, 

during which there is a low but continuous risk for the development of prosthetic valve IE [1] or for 

other comorbid conditions such as colorectal neoplasia, which can serve as port-of-entry for 

bacteremia and subsequent IE [2]. Mortality of IE can be up to 20% in the first month and 30% at 6 

months [3]. In some patients, cardiac surgery is required because of persisting sepsis, intracardiac 

tissue destruction, hemodynamic deterioration [4] or persisting vegetation with risk for septic emboli. 

The optimal timing of surgery remains a major challenge. For routine cardiac surgery, 20% to 40% of 

the patients require transfusion [5]. In complex cases, the transfusion rate is higher [6], especially with 

repeat surgery, urgent surgery during ongoing sepsis, or prolonged cardiopulmonary bypass (CPB) 

time because of intracardiac damage. In all these conditions, there is a risk for with subsequent 

increase in surgical bleeding, which affects need for transfusion. IE itself has also an effect on 

coagulation: IE activates the primary precursors of the coagulation cascade. This leads to an increased 

reactivity of platelet and to the propagation of enhanced coagulation because of a decreased 

fibrinolysis [7]. Moreover, elevated fibrinogen levels are often documented in the acute phase of 

infection and inflammation [8]. This hypercoagulable state has been observed through laboratory 

parameters [9]. A viscoelastic testing by rotational thromboelastometry can be used to direct 

preoperative supplementation of fibrinogen in patients with IE needing cardiac reoperation. A good 

understanding of the coagulation status is necessary, to avoid unnecessary transfusion. Nevertheless, 

measurement of INR, PT and aPTT are not helpful while the patient is still on heparin. A blood count 
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(RBC, platelets) may indicate the need for transfusion, but such a count does not supply information 

concerning the platelet function. Measurement of plasma fibrinogen might be useful [10]. Transfusion 

itself has also serious adverse effects in 1.1%, of the recipients [11], but this may be underreported. A 

relation between the number of transfused units and 30-day morbidity and mortality rate was 

documented [12]. Examples were transfusion-related acute lung injury [13] and infections [14], even 

after attempts of removal of white blood cells [15,16]. Compared to a liberal transfusion policy, a 

restricted transfusion policy was associated with less time in the intensive care unit, a shorter 

mechanical ventilation time, and a reduced length of stay in the hospital [17]. There are several 

pathophysiologic processes that occur progressively during RBCs aging in cold storage: 

accumulation of lactic acid, formation of methemoglobin, and of reactive oxygenated compounds, 

denaturation and precipitation of hemoglobin degradation products, and a reduced cytoskeletal 

deformability [18]. These changes reduce the capacity of the RBC pass through narrow vessels and 

to deliver oxygen effectively. Moreover, a median of 17.6% of the transfused allogeneic RBC are 

removed from the recipient’s circulation, either by spontaneous destruction or by phagocytosis [19]. 

This contributes to acidosis, hyperkaliemia, high levels of free heme, and oxidized iron. Patients could 

become more vulnerable to postoperative acute renal injury, arrhythmias and infection [18]. This 

problem is illustrated in one series of cardiac surgical patients: those receiving older RBCs were more 

likely to suffer systemic infection and fatality, compared to those who received more recently stored 

blood [20]. These effects would not be expected with autologous whole blood collection with short 

storage time. Avoidance of these adverse transfusion should be attempted in patients with IE, which 

are uniquely vulnerable. The research questions are: can the need for transfusion be predicted in 

patients undergoing cardiac surgery for IE and what are the consequences of blood transfusion in 

these patients 

2. Materials and Methods 

The used search terms for Web of Science were “endocarditis” AND “transfusion”, for the last 
10 years. Exclusion criteria were no cardiac valve surgery, case reports, meeting abstracts, editorials, 

reviews, letters to the editor, and meta-analyses, pediatric cardiac surgery, endocarditis as 

consequence of transfusion for non-cardiac surgery or other reasons, trans-catheter procedures, 

extraction of permanent pacemaker leads, animal studies and non-English manuscripts 

3. Results 

There were 168 initial hits which were further explored on basis of title and of abstract. Seventeen 

full articles with a focus on at least one of the research questions were identified for further analysis 

(table). However, need for transfusion was rarely the primary focus of attention in the included 

manuscripts. 

3.1. Effect of surgery, surgical technique and mode of access on the need for transfusion 

For the effect of surgery itself, only one manuscript was identified: surgery for tricuspid valve 

IE with septic emboli in IV drug users was compared to medical treatment. There was a higher rate 

of coagulopathy and need for transfusion in surgically treated patients compared to medically treated 

patients. Surgery improved mortality, however. To adjust for the differences between the surgical 

and medical cohort, an inverse probability of treatment weighted analysis was used [21]. For the 

effect of type of surgical procedure and the mode of access, four manuscripts were identified. In a 

nationwide series, repair of the mitral valve for IE had a similar transfusion rate compared to mitral 

valve replacement. In patients undergoing valve repair, use of other resources and of complications 

were lower. Sensitivity analysis and propensity score matching did not alter these results. 

Multivariate logistic regression did not reveal the need for transfusion as predictor for mortality [22]. 

The repair of the tricuspid valve in a nationwide population-based cohort study showed a lower rate 

of massive transfusion of RBC (red blood cells), compared to valve replacement. For FFP (fresh frozen 

plasma) and thrombocytes, there was a trend. The impact of confounding factors was reduced by 
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using the inverse probability of treatment weighting on the propensity score [23]. A small scale series 

patients with tricuspid valve IE confirmed this observation: there was a lower transfusion need for 

RBC in patients undergoing repair compared to replacement, while both procedures were effective 

in improving the cardiac status [24]. The mode of access had also an effect: minimal invasive access 

mitral surgery for native valve IE, compared to full sternotomy, showed a lower transfusion rate of 

RBC, FFP and thrombocytes. CPB and cross-clamp time were comparable for both approaches, but 

overall operation time was shorter for minimal invasive access. The series was small but a propensity 

score matching was performed to minimize the effect of confounding factors [25]. 

3.2. Effect of infective endocarditis on transfusion need 

In an exploratory small series, IE affected thromboelastometry parameters profoundly, with an 

increased tendency for bleeding complications, a lower hemoglobin content and a higher need for re-

exploration. Need for RBC, FFP and thrombocytes was also significantly higher in patients with IE 

[26]. In another observational small series in which patients with IE needed urgent surgery, the 

presence of IE also resulted in impaired hemostatic parameters, reduced clot strength, and therefore 

in an increased bleeding tendency and need for blood products. This was confirmed after adjustment 

in a multivariate analysis [27], at least when it concerned an active IE. A healed IE showed no such 

an effect [28]. Remarkably, in patients with aortic valve IE and valve regurgitation, IE was associated 

with a higher transfusion rate, but it was not identified as an independent predictor for need of RBC 

and plasma products. However, the need for aortic root repair was predictive for this need [29]. This 

seemed in line with a higher need of intra and postoperative plasma transfusion in cases with 

prosthetic valve IE compared to native valve IE [30]. In prosthetic valve infection, more paravalvular 

involvement, intracardiac abscesses and damage could be expected, with a concomitant longer 

duration of surgery. In one large series of patients undergoing cardiac surgery, IE was identified as 

predictor, but only as the 4th of a series of 8 predictors with a relatively low odds ratio. Preoperative 

hemoglobin was much more important [31]. The type of infectious agent such as coagulase negative 

S. aureus seemed also to have a deleterious effect concerning the need for transfusion, especially if 

acetylsalicylic acid was not discontinued [32]. In patients with IE, the need for transfusing during 

surgery was higher in female patients. Postoperatively, this need was higher in male patients. The 

effect of transfusion on outcome was not further investigated [33]. 

3.3. Effect of transfusion (and measures to reduce this) on outcome 

The need for transfusion of RBC, FFP and thrombocytes was associated with a higher 30-day 

mortality, but only in a univariate analysis. Liver cirrhosis and prolonged CPB time were the only 

independent predictors. However, prolonged CPB time could be a marker for more complex surgery 

[34]. The higher requirement of RBC had also an effect on 90-day mortality in a small series of active 

IV drug users with IE, mostly caused by S. aureus. This was not the case for FFP and thrombocytes. 

Longer operating time, as potential marker for more complex surgery had also an effect [35]. IE 

needing urgent surgery was a risk for developing a systemic inflammatory response syndrome with 

consequently hemodynamic instability. The use of a cytokine absorber in a small RCT, led to a lower 

need for transfusion of RBC [36]. Intraoperative use cell salvage enhanced the use of autotransfusion, 

but with a minor effect of inflammation and without an adverse effect on hemodynamics. However, 

CPB time and cross-clamp time were longer and procedures were more complex [37]. 

Table 1. transfusion need, its predictors and effect on outcome. 
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4. Discussion 

4.1. Endocarditis, complexity of surgery and coagulation 

Routine cardiac surgery requires blood transfusion in 20 to 40% of the cases. For patients with 

IE this rate might be higher due to the effect of IE on coagulation, to more complex cardiac procedures 

in case of cardiac damage and in redo surgery. The pros and cons of transfusion and its alternatives 

have to be balanced. The interaction between endocarditis and coagulation is very complex, with 
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opposing tendencies. On the on hand, there is an enhanced activation of primary and secondary 

hemostasis, with activation of platelets with increased adhesion to the subendothelial matrix of the 

endocardium through the von Willebrand factor. There could be an excessive generation of thrombin 

through the extrinsic coagulation cascade by microbial proteases, while in its turn, thrombin, 

endotoxin and bacterial adhesive molecules can activate platelets. Apart from direct bacterial effects 

in IE, the inflammatory response from the host alters hemostasis by endothelial injury, excess release 

of tissue factor, triggering of the hemostasis by endothelial injury and by inhibition of fibrinolysis 

and of anticoagulant pathways [27,37]. The latter are affected by alterations of protein S and C, 

antithrombin III and plasminogen activator inhibitor-1 [27]. On the other hand, an increased 

consumption of platelets and clotting factors during IE has an opposing effect on coagulation. This 

balancing makes it difficult to derive a statistical effect of IE on the need for transfusion [29]. In some 

series of patients needing urgent surgery, an increased risk for bleeding as well as for 

thromboembolism was observed. Transfusion need for all components was increased [27]. The effect 

of IE on coagulation could even be more complicated in patients who take anticoagulant or 

antiplatelet medication. Postoperative parameters for clot formation and strength could be more 

important than preoperative values. Reasons for discrepancy with the supposedly prothrombotic 

state of IE are possibly administration of heparin, especially during the development of postoperative 

acute renal injury, dysregulation of protein C, antithrombin III, increased postoperative consumption 

plasminogen activator inhibitor-1 with fibrinolysis as well as with CPB related consumption of 

platelets and clotting factors. The latter should resolve within 24 hours [27]. A preoperative lower 

fibrinogen [28] and a greater loss of fibrinogen during surgery, with decreased firmness of blood 

clots, was associated with an increased need for transfusion [26]. Apart from preoperative 

coagulopathy, anemia and renal failure associated with IE were also held accountable for transfusion 

need [26,28]. The best predictor for the transfusion of RBC was preoperative hemoglobin level [31]. 

The type of microbial agents could also have an effect on the transfusion need: in a small series 

investigating the effect of acetylsalicylic acid in coagulase positive and negative S. aureus, only in 

coagulase negative S. aureus (CoNS), increased reactivity of platelets was abrogated by acetylsalicylic 

acid. Patient with IE caused by CoNS taking acetylsalicylic acid, transfusion need was higher [32]. A 

longer CPB time, as perioperative factor, was associated with a need increased transfusion since CPB 

caused hemodilution and RBC are consumed under CPB [28,36]. PVE requires a longer CPB time, if 

there is paravalvular involvement. Perioperative need for transfusion is higher in PVE compared to 

NVE, but this need is not observed at 24-48 hours after surgery. Need for transfusion was not 

investigated for its effect on outcome [30]. More prior operations, which is the case in patients with 

PVE, have a higher risk for perivalvular abscesses, multiple valve involvement [37], requiring longer 

and more complex surgery. Repeat surgery is associated with transfusion need [28]. 

4.2. Effect of mode of access and surgical techniques on transfusion need 

Repair of the valve [22–24] or minimally invasive access [25] was leading to lower transfusion 

rates. Patients who underwent surgical treatment of an infected tricuspid valve complicated by 

pulmonary embolism had a higher need for transfusion, compared to medically treated patients. This 

was also the only report comparing a surgical with a medical approach [21]. There was also only one 

report on the specific effect of gender in the need for transfusion [33]. In only two series, the effect of 

CPB and cross-clamp time was investigated, but only with respect to surgical technique [24] or to 

gender. Women had more need for transfusion during surgery [28,33], for men this was after surgery 

[33]. Active IE was also one of the predictors for transfusion need [28]. Anemia [23,25,33] and 

coagulopathy [23–25,33] were not investigated in several series. In the remaining surgical series, no 

clear picture could be seen: anemia was borderline higher [22] or comparable [24] in the repair 

groups, but lower in the surgical group v. medical group [21]. Coagulopathy was higher in de 

surgical v. the medical group [21], but lower in the repair v. the replacement group [22]. In none of 

these series, the predictors for the need of transfusion, nor the effect of transfusion on outcome was 

the primary focus of investigation. Moreover, there was no apparent correlation between need for 

transfusion and the outcome for the need of transfusion could not be discerned. In the three 
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replacement v. repair groups, a similar transfusion rate was associated with a worse outcome in the 

replacement group [22], a higher need for transfusion was associated with more postoperative 

infection and acute renal injury but with a comparable mortality in the replacement group [23], or no 

association with an individual outcome was observed [24]. The full sternotomy group also had a 

higher transfusion rate [25]. As could be expected, transfusion rate was higher in a surgical group 

compared the a medically treated group. There was a higher cardiovascular complication rate but a 

lower mortality in the surgical group [21]. 

4.3. Effect of IE on transfusion needs In six series of varying size, 

IE itself led to hemostatic problems leading to an increased need for transfusion [26,27,31], 

especially with active IE [28], prosthetic valve IE [30] or when coagulase negative staphylococcus 

aureus was involved [32]. In one report, IE itself had no effect but its potential consequence, the need 

for complex aortic valve surgery was associated with this increased need for transfusion. There were 

also more comorbid conditions such as renal dysfunction, anemia, lower LVEF and a higher need for 

urgent and complex surgical procedure. Moreover, organ dysfunction associated to IE were 

compounding factors for the effect of transfusion on outcome, since organ dysfunction could make 

these patients more vulnerable to transfusion related adverse events [29]. 

4.4. Effect of transfusion on outcome of IE and techniques to improve outcome 

The 30-day mortality after surgery for IE was close to 20% and was negatively affected by 

comorbid conditions, inflammation, duration of surgery, CPB and cross-clamp times and higher 

requirements of blood products as well as coagulation disorders. Only liver cirrhosis and prolonged 

CPB were independent predictors. Transfusion was not identified as such [34]. Platelet and RBC 

transfusions were associated with prolonged bleeding time and impaired strength of the final clot 

under high shear forces. FFP transfusion was also associated with impaired clot formation under low 

and high shear conditions which reflects combined involvement of primary and secondary 

hemostasis. This may indicate the presence of excessive fibrinolysis and a reduction of fibrin 

deposition related to hemodilution early after the procedure [27]. However, two reports indicate an 

increased mortality rate associated to need for blood products [34,35]. The use of a cytokine absorber, 

as an attempt to eliminate the undesirable effects of these factors showed a favorable outcome [36]. 

The use of an intraoperative cell salvage system showed also a positive effect: there was a higher 

degree of autotransfusion with a lower need for inotropes [37]. In patients with IE associated with IV 

drug use, several clinical and perioperative factors such as Euroscore II and operation time, as well 

as the need for RBC (but not for FFP and thrombocytes) had an effect on 90-day mortality. There was 

no further analysis with respect to need for RBC [35]. A systemic inflammation is a hallmark from 

disseminated bacteria in IE patients. In a small experimental series, a cytokine absorber during CPB, 

as an attempt to eliminate their undesirable effects, was hemodynamically tolerated. The need for 

RBC, FFP and thrombocytes were lower, which could be beneficial since there were not significantly 

more complications [36]. Intraoperative cell salvage (ICS) involved aspiration of blood at the start 

and at the end of surgery for IE, but not when infected tissue was handled. These RBC can be washed 

and be readministered, but there might a risk for contamination with bacteria and toxins, restricting 

its use in IE patients. In one series of patients with left-sided IE, use of ICS resulted in higher WBC, 

but not of C-reactive protein. Hence, this observation was probably clinically unimportant. There was 

no concomitant hemodynamic instability, coagulation or organ dysfunction, in spite of a higher 

Euroscore, longer CPB time, and more complex procedure in patients receiving ICS. Coagulation 

factors might be reduced by ICS through wash-out, but CPB itself had also such an effect. The policy 

of restriction of ICS for IE-surgery should be re-evaluated. For patients with IE undergoing surgery, 

decisions need to be made on a case-to-case basis, keeping in mind the advantages of ICS: potential 

reduction of allogeneic RBC transfusion and the associated immune response [37]. 

4.5. Alternative approaches to deal with the need for transfusion and transfusion reaction 
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Another alternative for allogeneic transfusion, which had been described earlier, is acute 

normovolemic hemodilution (ANH), which could also be used as blood conservation technique. The 

hemodilution technique reduced the need for allogeneic transfusion about tenfold. The collected 

blood could be used to manage post CPB coagulopathy [11,38]. Its usefulness was not well established 

but it could be a part of a concerted effort to conserve blood [39]. The technique varied in its practical 

application concerning patient selection with respect to hemodynamic status and the blood volume 

to be drawn or to the target hematocrit levels [40]. If it can be hemodynamically tolerated, 500 to 

1000mL of blood is removed and replaced by a crystalloid solution. One meta-analysis showed that 

this technique is effective in reducing transfusion need [41], but at the cost of a lower hematocrit and 

an increased morbidity and hospital mortality [42]. ANH also requires a high hematocrit at the start 

point. In patients with sepsis and IE, the hemodilution technique was considered to be a 

contraindication, but few to no studies are available to support this view. Endotoxin could be 

produced during the temporary storage of infected blood after being withdrawn from the circulation 

[43]. Especially with Staphylococcus aureus, heat-resistant superantigen toxins, could remain active, 

causing a so-called cytokine storm, followed by vascular injury, vasodilatation and cardiovascular 

collapse [44]. Although hemodilution could improve regional blood flow, the oxygenation of renal 

tissue could be impaired [45]. There is a lack of data concerning the effect on improvement of 

morbidity, mortality, and LOS. To date, there have not been any studies or even case reports 

describing an increased risk of postoperative infection with the use of ANH in patients with IE. There 

seems to be only a theoretical evidence to suggest that the use of this proven blood conservation 

technique has caused any harm to this population. Routinely scheduled prophylactic antibiotics 

should mitigate the risk of proliferation bacteria in the harvested units 

5. Conclusions 

In conclusion, no firm data exist to identify independent predictors for the need for transfusion 

in patients with IE, nor for the predictive effect of transfusion on outcome. This observation is at the 

same time the main limitation of this review. This is partly due to 1) the complex relationship between 

IE and the coagulation cascade, in which opposing bleeding and thrombotic tendencies have been 

documented, 2) the confounding effect of long CPB time associated to a more complex cardiac 

procedure, 3) the diversity of the included study designs and 4) no series were identified having both 

current research questions as primary focus. However, minimal access approach and valve repair, if 

feasible, seemed to have favorable results over full sternotomy resp. valve replacement. Additional 

techniques such as intraoperative cell salvage, cytokine absorbers and ANH could have a place in 

selected patients. If transfusion is required, only recently stored blood should be used. Perioperative 

point-of-care coagulation testing are indicated. For example a Total Thrombus Formation System 

during the operation can be helpful. A multicentric international standardized registry for patients 

with infective endocarditis treated by cardiac surgery is highly desirable. One of the aspects under 

scrutiny should be the research questions of the current manuscripts. 
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