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Relevance of Blood Loss
and Economic Impact

Felix Balzer and Henning Uden

Case Vignette

A 62-year-old male patient was presented for CABG surgery due to left main
stem coronary artery disease. Comorbidities include arterial hypertension,
hyperlipidemia, chronic kidney disease grade 2, non-insulin dependent diabe-
tes mellitus, and obesity with a body mass index of 34 kg/m?>.

The patient undergoes an uncomplicated procedure and is admitted to the
cardiac postoperative care unit. Increased chest tube drainage is observed
exceeding 900 mL in 12 h. Even after the transfusion of four units of packed
red blood cells (PRBCs), the patient becomes hemodynamically more unsta-
ble. Subsequently, a decision to undertake surgical re-exploration is made and
the patient is taken back to the operating room.

After surgical control of the bleeding and perioperative transfusion of an
additional two units of PRBCs and two units of fresh frozen plasma (FFP), no
more bleeding is observed and he is readmitted to the cardiac ICU. On day
three the patient can be taken off mechanical ventilation, but due to acute
renal failure, continuous veno-venous hemodialysis needs to be started for
5 days and the patient develops a postoperative delirium. He is discharged
from the ICU after nine days. His hospital stay is further complicated by a
superficial wound infection.
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In the end, his length of stay is 15 days longer than the mean time for
CABG patients at the hospital. The case cost is more than double the average
case due to extra staff and material costs. The reimbursement scheme of the
universal public health care provider is insufficient to cover the costs, and the
excess must be covered by the hospital.

Why Is It Important?

Major blood loss has been reported as one of the main challenges in cardiac surgery
[1]. As a result of the demographic change and a rising number of comorbidities
seen in patients presenting for cardiac surgery, there has been a considerable increase
in perioperative treatment costs [2]. The true cost of transfusion is hard to estimate
as not only the direct acquisition has to be considered, but also indirect costs such
as blood collection, testing, distribution, storage, and expenses for staff handling the
blood products [3]. Moreover, there is strong evidence that allogenic blood transfu-
sion is associated with longer hospital stay, which significantly increases case costs,
with hospital stays accounting for more than half of all transfusion-related costs [4],
while evidence shows non-inferiority of restrictive transfusion triggers on patient
outcome [5, 6].

In this chapter, we will approach the discussion on blood loss and its economic
impact in cardiac surgery from three different dimensions. Firstly, bleeding and
costs can be considered from a resource perspective, given that allogenic blood
products to manage blood loss are a limited resource. Secondly, it can be seen from
a patient outcome centered perspective. Finally, it can be approached in terms of the
economic impact resulting from the first two dimensions (Fig. 3.1).

Fig.3.1 The three dimensions that are considered in
the discussion on blood loss in cardiac surgery
Patient
outcome

Resource Economic
limitations impact
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Blood Products as Limited Resource

The proportion of blood products of the total blood supply used in association with
cardiovascular surgery has been reported to be 5% in the UK and up to 10-15% in
the USA [7, 8]. As a consequence, there is a considerable pressure on health care
budgets caused—among others—by allogenic blood products. While there has been
an overall decline in the use of allogenic blood products in the USA since 2013,
which is mainly attributed to patient blood management strategies and surgical
innovations, this has also been followed by a decline in blood collection [9].
Therefore, even if blood supply may currently be relatively stable, allogenic blood
continues to be of limited availability from a resource perspective.

The number of PRBC transfusions is reported to vary widely between different
hospitals, even to the extent that the institution itself has been identified in one study
as an independent risk factor for transfusion [10]. When a liberal rather than a con-
servative transfusion regimen was followed, the odds ratio for PRBC transfusion in
those institutions was 6.5 (95% CI 3.8—10.8). In an observational study that included
roughly 100,000 patients from 798 institutions, the rate of PRBC transfusion even
ranged from 8% to 93%, showing the need for an evidence-based and more stan-
dardized approach to blood transfusion [11].

Patient Outcomes

The second dimension of blood loss considers its relevance in terms of patient out-
comes. The lack of a universally agreed definition of blood loss means that different
studies have used different criteria when defining major or massive perioperative
blood loss. Several studies have found a strong association between major blood
loss and increased mortality. Defining massive blood loss as having received at least
five units of PRBCs within one day of surgery with cardiopulmonary bypass,
Karkouti et al. demonstrated an eightfold increase in mortality in their study of 9215
patients [12]. A study by Ranucci et al. of 16,154 patients showed an increase in
relative risk of operative mortality of 12% for every 100 milliliters (mL) blood loss
in the first 12 postoperative hours [13]. Major postoperative bleeding in this study
was defined as the upper 10th percentile of the overall bleeding distribution, which
corresponded to 900 mL within 12 h, or to have needed surgical revision due to
postoperative bleeding. Patients in the study that suffered from a major bleeding had
a fivefold risk of operative mortality. Additionally, preoperative anemia and PRBC
transfusion were identified as independent risk factors multiplying the adverse
effect of major bleeding. Christensen et al. have showed similar results in their
study that included 1188 patients undergoing surgery requiring cardiopulmonary
bypass [14]. Patients with increased chest tube drainage in the first six postoperative
hours defined as >200 mL/h or >2 mL/kg/h for two consecutive hours showed a
higher 30-day mortality. Nonetheless, high-risk patients undergoing major surgery
under a restrictive transfusion strategy are also at a higher risk for complication
including higher mortality [15].
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Clinical studies also indicate higher morbidity in patients suffering from major
blood loss. Both of the last two mentioned studies showed higher rates of strokes,
while others demonstrated higher rates of myocardial infarction in addition to
higher rates of acute kidney injury and sepsis [13]. Christensen et al. found higher
rates of re-exploration and stay in an ICU >72 h, which was corroborated by
Ranucci’s results that also showed a longer stay at the ICU [13, 14]. Recently devel-
oped standards for the definition of major blood loss have been positively validated
and higher scores shown to be associated with increased mortality [16—18]. This
hopefully will lead to a better comparability of future research.

The Economic Impact of Blood Loss

The economic impact of blood loss, resulting from the previous two dimensions,
constitutes the third dimension needing consideration. Stokes et al. investigated the
impact of bleeding-related complications in 103,829 heart surgery patients in the
USA [19]. In their study, the mean total adjusted hospital costs for patients with
bleeding complications was US$ 39,050 compared to US$ 28,771 for patients
without this complication. Bleeding complications in this study were defined as
having an international classification of disease code related to either hemorrhages
or hematoma complicating a procedure, interventions to control for bleeding or
transfusion of blood products. Patients with and without bleeding complications
also significantly differed in terms of the length of stay (11 days compared to
6 days, respectively) and number of days in ICU (5 days versus 2 days, respec-
tively) [19].

In an analysis that included 463,734 cardiac patients, Zbrozek et al. reported that
51.5% received RBC transfusions, 36.4% fresh frozen plasma (FFP), and 27.7%
platelets [20]. Per transfused patient, the mean cost for RBC was $1034, for FFP
$323 and for platelets $1281. In a multivariate analysis, the total costs (including
expenditures for agents used for bleeding control) increased by 133%. This may be
partly explained by a more than fourfold risk of bleeding patients being admitted in
an ICU and also to be readmitted for bleeding within 30 days [20].

Christensen et al. conducted a retrospective analysis on the economic impact of
postoperative hemorrhage in cardiac surgery [21]. In patients affected by this condi-
tion, they found an incremental cost of €6251 on average. Compared to patients
without postoperative hemorrhage, univariate analyses demonstrated that bleeding
was associated with an increase of €1844 for surgical re-exploration, €639 for blood
products, and €3432 for ICU treatment. The authors highlight, however, that addi-
tional costs apply to the initial hospitalization with further costs expected for fol-
low-up and rehabilitation care for complications such as stroke and myocardial
infarction not considered in this calculation. The overall impact is hence expected to
be higher [21].

As evidence on the risks associated with transfusions in cardiac surgery patients
has become clearer, structured patient blood management programs have started to
be implemented. In order to study the effect of this type of program, Ternstrom et al.
did a prospective study looking at the difference in the year before and after the
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implementation of one such program in 2010 at the department of cardiothoracic
surgery at a Swedish university hospital [22]. The authors found a reduction of
transfusion of any blood product by 20.7%, with no evidence of compromised med-
ical safety. This constituted a cost reduction for blood products of 12.4%. To achieve
this, the implemented program consisted of three different components, being edu-
cation, a revision of transfusion guidelines, and a transfusion log.

The probable cost savings from an educational intervention to reduce bleeding-
related complications was calculated in a study by Ravyn et al. [23]. The authors
developed a model to assess the impact of continuing medical education on the
prevention of bleeding-related complications and reoperation for bleeding. Their
results suggest that there is a high potential for relevant cost savings by implement-
ing respective educational strategies.

Implications for Daily Practice

In conclusion, there is broad evidence in the literature that transfusion as a conse-
quence of bleeding in cardiac surgery is associated with poor outcomes from a
patient and financial perspective. However, the effects of blood loss, transfusion,
and the causes leading to transfusion (comorbidities of the patient, hemodynamic
instability, acute anemia due to blood loss, etc.) are tightly related and the weight
of each component is not yet fully understood. Given the fact that blood transfu-
sions may be life-saving and that studies comparing blood transfusions with pla-
cebo in clinical settings are unethical, the estimation of the real clinical impact of
transfusion is very difficult. This dilemma also indicates that calculating the real
costs of transfusion is complex, as the patient may have died without a transfusion.
From an economic point of view, the prolonged length of stay, especially in the
ICU, may account for a large portion of case costs. Given that the treatment of
bleeding associated complications may be required also after hospital discharge,
total costs that result from blood loss are expected to be higher than figures quoted
in this chapter. The long-term impact of efficient blood patient management on
health resource utilization may thus become considerably more important. Future
research may include studies that investigate the impact of a targeted anemia treat-
ment prior to cardiac surgery versus standard of care and the impact of designated
treatment algorithms for increased blood loss in the ICU. These studies should
include the meticulous prospective sampling of economic data of, e.g., transfusion
requirements and ICU treatment to better estimate the costs of blood loss and its
required treatment.
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