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sanguines et les transfusions périopératoires en chirurgie
cardiaque

Marco Ranucci, MD

Received: 24 May 2015 / Revised: 16 September 2015 / Accepted: 14 October 2015 / Published online: 22 October 2015

� Canadian Anesthesiologists’ Society 2015

Abstract

Purpose The purpose of this narrative review is to

address perioperative bleeding and transfusion as

determinants of adverse outcomes after cardiac surgery.

Principal findings The relationship between

postoperative bleeding and adverse outcomes is

non-linear, with an increase in the risk of mortality only

in cases of severe perioperative bleeding. When

perioperative bleeding is used as an outcome variable, it

should be dichotomized according to the existing

definitions. In retrospective observational studies, red

blood cell transfusions have been associated with an

increase in morbidity and mortality, which points to

restriction of transfusion as a potential benefit.

Nevertheless, randomized-controlled trials have not

confirmed that restrictive transfusion policies are

associated with better outcomes. Additionally, a

transfusion policy that is too restrictive may actually

increase postoperativemortality in cardiac surgery patients.

Conclusion Perioperative bleeding itself is a complex

syndrome that can be classified as an outcome measure.

Red blood cell transfusion has limitations when considered

as an outcome variable and can be biased by many

confounders. Its relationship with clinical outcome remains

uncertain. In addition to being potential outcome

measures, transfusion rates and the number of allogeneic

blood products transfused may also be considered as

quality-of-care markers.

Résumé

Objectif L’objectif de ce compte rendu narratif est de

considérer l’impact des pertes sanguines et des

transfusions périopératoires en tant que facteurs

déterminants des complications survenant après une

chirurgie cardiaque.

Constatations principales La relation entre les

saignements postopératoires et les complications n’est

pas linéaire, le risque de mortalité n’augmentant que dans

les cas où les saignements périopératoires sont graves.

Lorsque le saignement périopératoire est utilisé comme

variable d’évaluation, il devrait être dichotomisé selon les

définitions existantes. Dans les études observationnelles

rétrospectives, la transfusion d’érythrocytes a été associée

à une augmentation de la morbidité et de la mortalité, ce

qui indique qu’une restriction des transfusions pourrait

être potentiellement bénéfique. Toutefois, aucune étude

randomisée contrôlée n’a confirmé que des politiques de

restriction des transfusions étaient associées à de

meilleurs pronostics. Qui plus est, une politique

transfusionnelle trop restrictive pourrait en fait

augmenter la mortalité postopératoire chez les patients

de chirurgie cardiaque.

Conclusion Les saignements périopératoires sont, en soi,

un syndrome complexe qui peut être utilisé comme critère

d’évaluation. La transfusion d’érythrocytes comporte des

limites lorsqu’elle est considérée comme variable

d’évaluation et peut être biaisée par plusieurs facteurs

confondants. Sa relation avec le devenir clinique demeure

énigmatique. Outre le fait de constituer des critères

d’évaluation potentiels, les taux de transfusion et le

nombre de produits sanguins allogènes transfusés

peuvent également être considérés comme des marqueurs

de la qualité des soins.
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Patients undergoing cardiac surgery are prone to both

hemorrhagic and thrombotic complications in the early

postoperative period. Due to a variety of reasons (which are

not the focus of this present article), the hemostatic system

is severely disturbed by cardiac operations, with or without

the use of cardiopulmonary bypass (CPB).1 As a result,

patients will experience variable degrees of perioperative

bleeding. In the most severe cases, patients require the

administration of hemostatic blood products, such as fresh

frozen plasma (FFP) and platelet concentrates (PLT), to

address the coagulopathy and red blood cells (RBC) to

correct anemia. Additionally, a surgical revision is often

required to control bleeding (or its sequelae—i.e.,

tamponade) in a variable percentage (2-7%) of patients.2-4

Both perioperative bleeding and transfusions have been

considered determinants of adverse outcomes,5-8 and

surgical reoperation to address bleeding is associated with

an increased rate of perioperative mortality.2,4 Therefore,

bleeding and/or transfusions have been considered as

specific outcome measures in many different studies. In

particular, a number of randomized-controlled trials (RCTs)

exploring the efficacy of pro-hemostatic drugs have used

transfusion-related measures or bleeding-related measures

as primary or secondary endpoints.

The present review article addresses the respective roles

of bleeding and transfusions as outcome determinants after

cardiac surgery.

Perioperative bleeding

The importance of a standardized definition

Perioperative bleeding is a natural continuous variable that

can be expressed in terms of flow (i.e., volume of blood

loss over a defined time period). The continuous nature of

perioperative bleeding makes it a challenge to consider as

an outcome measure without dichotomization into a binary

variable based on specific thresholds. Indeed, every patient

will experience a certain degree of postoperative bleeding,

but even relatively large differences in rates of bleeding

(e.g., 150 mL�12 hr-1 vs 300 mL�12 hr-1) are not

necessarily accompanied by a clinically relevant

difference in outcome, particularly if limited by a

relatively short duration. The Figure shows the

relationship between the degree of postoperative bleeding

and postoperative mortality in a series of 16,400 adult

patients undergoing cardiac operations at our institution

during the last 14 years (data partially published).6 It is

quite evident that there was an impact on mortality only in

those patients who experienced severe (defined as [ 850

mL�12 hr-1) postoperative bleeding.

Therefore, given the non-linear relationship between

postoperative bleeding and clinically relevant adverse

outcomes, it is important to define optimal threshold

values to standardize the bleeding rate as a pertinent

outcome variable.

A second problem when considering bleeding as an

outcome variable is the limited information obtained from

measuring chest tube output. This measurement can begin

only once the chest is closed and the drains are connected

to a standard reservoir. Therefore, it does not take into

account the intraoperative blood loss, particularly the

potentially important measure of intraoperative blood loss

that occurs between heparin reversal (i.e., protamine

administration) and chest closure.

Various studies have attempted to address this subtle

though complex point. The proposed approaches to assess

intraoperative bleeding include an evaluation of the amount

of blood processed with the cell saver and the time to

achieve a satisfactory surgical hemostasis (i.e., the time

from the end of CPB to sternal closure). Additionally, some

authors have proposed more sophisticated techniques based

on the weight of the surgical sponges before and after being

placed in the surgical field for a given time period.9,10 In

these studies, bleeding (usually non-surgical) was

considered to have occurred if the weight of the sponges

increased[ 60 g over a five-minute observation period.

This last approach, theoretically being the most reliable

measure of intraoperative bleeding, is routinely used in

only a minority of cardiac surgery institutions. Therefore,

its role still seems limited to specific RCTs, and adopting it

as a more routine measure is uncertain.

Finally, within the concept of grading bleeding severity,

the effects of the therapeutic measures should also be

included. An important bleeding event in the first

Figure Operative mortality rate as a function of postoperative

bleeding in a series of 16,400 consecutive adult cardiac surgery

patients at the IRCCS Policlinico San Donato. CI = confidence

interval
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postoperative hour (i.e.,[ 500 mL) may trigger a surgical

revision without additional bleeding in the following hours.

Although this condition is not characterized by a large loss

of total blood volume, it certainly represents a case of

severe bleeding given the deleterious consequences of any

surgical revision. Similarly, the need to use procoagulant

drugs (i.e., prothrombin complex concentrate, fibrinogen

concentrate, recombinant activated factor VII) or large

doses of blood products (RBC, FFP, PLT, cryoprecipitate)

is a marker of a clinically relevant bleeding. The use of

these procoagulant strategies per se is important as some of

the drugs/blood component products used to control

bleeding may also be determinants of thromboembolic

events.11,12

In 2014, a consortium of clinicians, including

cardiac surgeons, cardiac anesthesiologists, and

pharmacoeconomists, attempted to address the problem of

defining and grading perioperative bleeding in adult cardiac

surgery.13 The universal definition for perioperative

bleeding (UDPB) that they proposed is based on nine

items: delayed sternal closure; chest drain blood loss;

amount of RBCs transfused; use of any FFP, PLT,

cryoprecipitates, prothrombin complex concentrates,

recombinant activated factor VII; and presence of surgical

revision/re-exploration. Based on these factors, the bleeding

can be defined as insignificant, mild, moderate, severe, or

massive. The potential advantage of using this UDPB is that

bleeding, as an outcome measure, can now be dichotomized

(i.e., severe/massive bleeding vs minor grades).

Additionally, the adoption of the UDPB may standardize

the concept of bleeding as an outcome measure, for example,

in RCTs exploring the efficacy of pro-hemostatic drugs or

techniques.

At present, the UDPB has been successfully used in two

cohort studies.14,15 There are certainly limitations in the

UDPB, including an incomplete assessment of

intraoperative blood loss; the inability to account for the

effects of local policies for administration of FFP, PLT,

cryoprecipitate, prothrombin complex concentrates,

recombinant activated factor VII; as well as different

approaches for deciding the need for surgical re-

exploration.

A final consideration concerning postoperative bleeding

that challenges including it as an outcome is the relevance

not only in the amount of bleeding but also in its location.

For example, a relatively limited amount of bleeding that

leads to a locally compressive thrombus may be a

determinant of an adverse outcome (i.e., a bleeding mass

compressing heart chambers). In addition, patients’

tolerance to the anemia resulting from the bleeding is

variable and may partially depend on their preoperative

(i.e., baseline) hemoglobin level.

Perioperative bleeding as an outcome measure in RCTs

Several recent cardiac surgery studies (reported in 2013-

2015) of various pro-hemostatic treatments, techniques,

and protocols have used perioperative bleeding as a

specific endpoint. The amount of perioperative bleeding

was defined in a heterogeneous way, either as a primary or

(more frequently) secondary endpoint of the study. The

following treatments have recently been evaluated for

efficacy in reducing perioperative bleeding: use of

transfusion algorithms based on point of care,15

fibrinogen concentrate,9,10,16,17 tranexamic acid/epsilon-

aminocaproic acid,18-20 antithrombin-III,21 heparin

monitoring systems,22 and shed blood processing.23,24

Notably, the objective for all these treatments was a

direct reduction in postoperative bleeding; however, in the

majority of the cases, the primary endpoint was avoidance

of transfusion. Consequently, there were some conflicting

results between the two outcome measurements—i.e., a

reduction in postoperative bleeding and the rate of surgical

revision did not translate into a significant reduction in

transfusions.20 The reasons for this inconsistency are not

clear but may be due to the trial design or to limited

efficacy of the tested treatments.

Allogeneic blood product transfusions as outcome

measures

Is RBC transfusion a suitable measurement of adverse

outcome in cardiac surgery?

Many studies, including some of our own, provide

background material and rationale for considering the

need for transfusion as an ‘‘adverse event’’. Indeed,

‘‘considerable evidence suggests that transfusion

increases the risk of serious complications and death in

critically ill patients, especially in patients who are

undergoing cardiac surgery’’.8 Nevertheless, the level of

evidence for this concept is based on retrospective studies

where the short- and even long-term outcome of patients

receiving vs not receiving allogeneic transfusions is

compared.7,8,25-27 Of course, the authors of these studies

attempt to take into account that patients receiving

allogeneic RBCs generally represent a patient population

at higher risk than those not receiving transfusions and

accordingly adjust for both preoperative (i.e., preoperative

anemia, age, female sex, renal dysfunction, etc.) and

intraoperative risk factors (i.e., urgent/emergent operations,

redo surgery, complexity of surgery, and duration of CPB).

To adjust for these risk factors, the authors use various

statistical tools, often propensity-based matching.
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Nevertheless, even after adjustment for these potential

confounders, transfusions generally remain independently

associated with poor outcomes.27

Then again, recent studies have challenged this concept.

For example, if transfusions are independent determinants

of adverse outcomes, a restrictive transfusion policy should

be associated with a lower rate of morbidity and mortality.

To test this hypothesis and to substantiate the retrospective

studies that generated this hypothesis, several RCTs have

already been reported or are underway.

The Transfusion Requirements After Cardiac Surgery

(TRACS) study compared a restrictive vs a liberal strategy

in cardiac surgery patients (trigger for RBC transfusion,

hematocrit [HCT]\ 24% vs HCT\ 30%, respectively).28

The study was a single-centre RCT conducted in an

intensive care unit at a university hospital cardiac surgery

referral centre in Brazil. The study included 502

consecutive adult patients who underwent cardiac surgery

with CPB. The composite endpoint of mortality and major

morbidity was comparable in the two groups, with a 30-day

mortality of 5% (95% confidence interval [CI], 2 to 7) in

the liberal strategy arm and 6% (95% CI, 3 to 9) in the

restrictive strategy arm (P = 0.93). The results of this

study can be interpreted from two different perspectives:

On the one hand, it is safe to apply a restrictive transfusion

strategy in cardiac surgery patients. On the other hand (and

consistent with the retrospective studies), one would expect

the liberal group to have higher morbidity/mortality rate, or

at least a trend in that direction. Conversely, despite

receiving transfusions at a considerably higher rate (78%,

liberal vs 47%, restrictive; P \ 0.001), patients in the

liberal group did not show any increase in adverse

outcomes. Nevertheless, the TRACS study highlighted

that patients receiving large amounts of transfusions,

independent of group assignment, actually had a higher

mortality rate. Even more interesting results come from

the recent RCT by Murphy et al.29 Their Transfusion

Indication Threshold Reduction-2 (TITRe2) study was a

multicentre RCT that included 2,007 adult patients

undergoing non-emergency cardiac surgery in 17 centres

in the United Kingdom. Here, the authors also compared a

restrictive vs a liberal strategy in cardiac surgery patients

(trigger for transfusion of RBCs: hemoglobin\7.5 g�dL-1

vs hemoglobin \ 9 g�dL-1, respectively). Again, the

composite outcome of major morbidity and early mortality

was not different between groups. In contrast, late (90-day)

mortality was significantly higher in the restrictive group

than in the liberal group (4.2% vs 2.6%, respectively;

hazard ratio, 1.64; 95% CI, 1.00 to 2.67).

Accordingly, that study not only negated the hypothesis

that an increased transfusion rate results in bad outcomes,

but it also introduced the possibility that too restrictive a

transfusion protocol may actually increase mortality in

cardiac surgery patients.

As with every study, the TITRe2 had its own limitations

relating to protocol deviations in both groups, including the

absence of accounting for data (e.g., elective/urgent surgery

and central venous oxygen saturation values) before

transfusions and a lack of adjustment for multiple secondary

outcomes. Additionally, the study did not consider the

possible effects of different levels of postoperative anemia

in the two groups as a confounding factor as well as the

possible bias introduced by the presence of transfusions before

randomization. It is difficult to interpret that a more severe

postoperative anemia in the restrictive group would be a

determinant of mortality since this would have more impact

on early rather than on late mortality.

Taken together, the concept that transfusions are

independent determinants of adverse outcomes (with the

exception of extreme volumes of blood and blood products)

after cardiac surgery has now been seriously questioned.

The problems when considering transfusions as a

determinant of adverse outcomes

The above-described conflicting results between the

retrospective studies and the RCTs may be explained in

part by the respective statistical methodology used. In RCTs,

the homogeneity and comparability of the groups can be

better assured by the randomization process. In retrospective

studies, similar comparability relies on adequate adjustments

in patient population profiles, frequently by propensity

matching. Nevertheless, propensity matching is arguably

inadequate to adjust for all the confounding effects of pre-

and intraoperative variables. For example, only the variables

included in the databases queried can be used to create

propensity matching. In general, even the most complete

databases do not include a number of potentially important

variables. The most important variable among these is the

clinical judgement of the attending physician (i.e.,

anesthesiologist, intensivist, cardiac surgeon) making the

decision regarding the transfusion. For example, although

RBC transfusions are intended to correct what the physician

considers as an inadequate oxygen delivery, some of the

variables pertaining to this decision may be missing in the

database: How does the patient look from a clinical

standpoint? Is the patient showing signs of a poor oxygen

delivery (i.e., low central venous oxygen saturation and/or

dyspnea and tachycardia when attempting to ambulate)? Is

the patient to follow a normal rehabilitation program? All of

these considerations pertain to the decision to administer

RBCs, and their exclusion from a propensity matching

approach creates an environment for incomplete and

incorrect matching. In effect, it is likely that retrospective
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studies were actually comparing populations with differing

degrees of morbidity and mortality risk.

A final point of discussion pertains to the temporal

relationship between transfusion administration and

outcomes. The retrospective analysis of databases rarely

allows for the consideration of important data pertaining to the

timing of transfusions. This drawback may make it difficult to

understand if the outcome of interest (e.g., acute kidney

injury) was present before or after the transfusion. As a result,

in some cases, the adverse outcome itself was possibly the

trigger for the transfusion, not the reverse—i.e., only an

association between the two, not a causative relationship.

Transfusions as quality of care measures

The above considerations and the lack of a clear causative

effect of transfusion on adverse outcomes challenge whether

to consider transfusion per se as an outcome measure. Some

might consider transfusion as a surrogate for perioperative

bleeding, e.g., in studies exploring the effects of hemostatic

drugs or techniques.18,30 Nevertheless, even in this setting,

some important methodological points must be considered.

The most important consideration is that transfusions in

cardiac surgery patients may be triggered by factors other

than directly from bleeding—e.g., preoperative anemia and

intraoperative hemodilution. Both of these conditions are

important determinants of perioperative transfusions, even

in the absence of any significant bleeding, and both are

determinants of adverse outcomes independent of any

related transfusions.6 In particular, preoperative anemia

may be a co-factor of the bleeding-related complications,

since preoperatively anemic patients may have a low

tolerance to even relatively small amounts of bleeding. To

limit the effects of these confounders, some RCTs have

successfully introduced strict exclusion criteria based on

preoperative anemia and/or very low body surface area as

well as withdrawal criteria in case of excessive hemodilution

during CPB.18,30 In addition, whenever transfusions are the

primary endpoint in an RCT, a well-defined transfusion

protocol needs to be strictly followed with few protocol

deviations.

Despite the uncertainty and questionable reliability

regarding the transfusion of allogeneic blood products as a

direct outcome measure, it is still a valuable measure to

document in cardiac surgery databases (in terms of both

transfusion rate and volume). Although it is currently difficult

to reach a definite conclusion that RBC transfusion is an

independent determinant of adverse outcomes (unless

massive), in many cases, it is possible that they could be

avoided. Thus, although rarely dangerous, they may often be

inappropriate.

Independent of any potential relationship to adverse

outcome, there are several remaining reasons why

transfusion should still be contained. Many of these are

determined by the concept of patient blood management

(PBM).31 First, transfusions are relatively expensive.32 In

addition, an ageing population in developed countries is

leading to shifts (i.e., declines) in the ratio of potential

blood donors to potential blood recipients, with a

predictable blood shortage in upcoming years.33

Furthermore, transfusion rates and the number of units

transfused may be important markers of the quality of care

during the hospital stay.

Many quality of care markers are integrated into PBM

programs and can be assessed over time using RBC

transfusions as a primary endpoint. All the interventions

included in a PBM program are directly or indirectly related

to containing the use of allogeneic blood products. For

example, correcting preoperative anemia and limiting blood

loss resulting from diagnostic laboratory sampling are in

what is considered the first (i.e., preoperative) pillar of the

PBM and have particular relevance to cardiac surgery

settings. The second (i.e., intraoperative) pillar includes a

number of interventions that also have particular relevance to

cardiac surgery. These include judicious use of cell salvage

and limiting hemodilution during CPB; early and directed

diagnosis of bleeding mechanisms using point-of-care

coagulation testing; and the use of factor concentrates

instead of FFP. With respect to the third (i.e., postoperative)

pillar of PBM, permissive anemia may also be considered an

option. As previously discussed, however, the application of

a transfusion protocol that is too restrictive may itself lead to

adverse effects. Conversely, it may be beneficial to apply a

well-defined transfusion protocol that avoids inhospital

variations in the transfusion policy.

Conclusions

In conclusion, perioperative bleeding is a complex clinical

entity, though its relationship with increased rates of

morbidity/mortality is only robust in cases of massive

bleeding. Accordingly, if perioperative bleeding is

dichotomized based on severity, it may be considered a

relevant outcome in cardiac surgery. In contrast to

bleeding, RBC transfusions are not a syndrome, a

disease, or a specific adverse outcome. The causative

effect of transfusion on adverse outcomes in cardiac

surgery remains uncertain. An ongoing RCT, the

Transfusion Requirements in Cardiac Surgery III (TRICS

III) trial,A is expected to randomize more than 3,600

patients testing different transfusion triggers. The trial is

A ClinicalTrials.gov. Transfusion Requirements in Cardiac Surgery

III (TRICS-III). Available from URL: https://clinicaltrials.gov/ct2/

show/NCT02042898 (accessed September 2015)
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expected to be closed in 2017 and should certainly offer

new and relevant information in this field.

Transfusion rates and volumes may be used as primary

endpoints as a surrogate for bleeding in studies exploring

the effects of hemostatic drugs/products, but such studies

must strictly adhere to the transfusion protocols and

measures to avoid the confounding effects of anemia.

Transfusion-related endpoints may be good markers of

quality of care and are appropriate to assess the success of

PBM programs.
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