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ABSTRACT

Background: Cardiac surgery requiring the use of cardiopulmonary bypass is frequently complicated by coagulopathic bleed-
ing that, largely due to the shortcomings of conventional coagulation tests, is difficult to manage. This study evaluated a novel 
transfusion algorithm that uses point-of-care coagulation testing.
Methods: Consecutive patients who underwent cardiac surgery with bypass at one hospital before (January 1, 2012 to January 
6, 2013) and after (January 7, 2013 to December 13, 2013) institution of an algorithm that used the results of point-of-care 
testing (ROTEM®; Tem International GmBH, Munich, Germany; Plateletworks®; Helena Laboratories, Beaumont, TX) 
during bypass to guide management of coagulopathy were included. Pre- and postalgorithm outcomes were compared using 
interrupted time-series analysis to control for secular time trends and other confounders.
Results: Pre- and postalgorithm groups included 1,311 and 1,170 patients, respectively. Transfusion rates for all blood prod-
ucts (except for cryoprecipitate, which did not change) were decreased after algorithm institution. After controlling for secular 
pre- and postalgorithm time trends and potential confounders, the posttransfusion odds ratios (95% CIs) for erythrocytes, 
platelets, and plasma were 0.50 (0.32 to 0.77), 0.22 (0.13 to 0.37), and 0.20 (0.12 to 0.34), respectively. There were no indica-
tions that the algorithm worsened any of the measured processes of care or outcomes.
Conclusions: Institution of a transfusion algorithm based on point-of-care testing was associated with reduced transfusions. 
This suggests that the algorithm could improve the management of the many patients who develop coagulopathic bleeding 
after cardiac surgery. The generalizability of the findings needs to be confirmed. (Anesthesiology 2015; 122:560-70)
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C ARDIAC surgery requiring the use of cardiopulmo-
nary bypass (CPB) is frequently complicated by coag-

ulopathic bleeding that, largely due to the shortcomings of 
conventional coagulation tests, is difficult to manage. As a 
result, the majority of patients receive one or more blood 
component transfusions. A recent study at 798 U.S. sites 
found that in low-risk cardiac surgery, the average transfu-
sion rates for erythrocyte, platelets, and plasma were 56, 25, 
and 19%, respectively.1 These rates are substantially higher 
in complex surgeries,* and up to 20% of patients develop 
severe coagulopathy that necessitates the transfusion of large 
amounts of blood components.2

Blood is an expensive, limited resource and carries 
serious risks.2–4 Each erythrocyte unit costs U.S. $500 
to $1,200 to deliver from the donor to the patient,5 and 

* Available at: http://www.ccn.on.ca/ccn_public/uploadfiles/files/Provincial%20Cardiac%20Surgery%20Report%20-%20Final%20Draft.pdf.  
Accessed September 10, 2013.

What We Already Know about This Topic

•	 The coagulopathy of cardiac surgery is thought to be due to a 
combination of hyperfibrinolysis, platelet dysfunction, and re-
duced clotting factor levels caused primarily by the contact of 
blood with the cardiopulmonary bypass circuit and synthetic 
grafts, cardiopulmonary bypass–related hemodilution, hypo-
thermia, and surgical trauma.

•	 Several point-of-care tests are now available that can rapidly iden-
tify the specific causes of coagulopathic bleeding. This before-
and-after single-center observational study assessed the safety 
and effectiveness of a point-of-care–based transfusion algorithm.

What This Article Tells Us That Is New

•	 Institution of a practical point-of-care–based transfusion algo-
rithm in cardiac surgery with cardiopulmonary bypass was as-
sociated with a statistically and clinically significant reduction in 
blood component transfusion.
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forecasting models predict that the demand may out-
strip supply in the near future.6 Transfusions can lead to 
life-threatening complications such as infections, acute 
hemolytic reactions, acute lung injury, and volume over-
load.2,4,7,8 Moreover, a proportional relation between 
blood transfusion and mortality has been noted9,10 but not 
consistently.11

The coagulopathy of cardiac surgery is thought to be due 
to a combination of hyperfibrinolysis, platelet dysfunction, 
and reduced clotting factor levels caused primarily by the con-
tact of blood with the CPB circuit and synthetic grafts, CPB-
related hemodilution, hypothermia, and surgical trauma.9,12 
Available therapies for this coagulopathy include blood 
component transfusions and administration of hemostatic 
agents such as antifibrinolytic drugs and coagulation factor 
concentrates. Unless the specific causes of coagulopathy are 
rapidly diagnosed, however, appropriate therapy cannot be 
instituted. To identify the causes of coagulopathy, clinicians 
currently rely on conventional laboratory tests that have long 
turnaround times and cannot detect important coagulation 
defects such as excessive fibrinolysis, platelet dysfunction, or 
specific coagulation factor deficiencies.12–14 As a result, clini-
cians frequently have to delay therapy until the test results 
become available or resort to empiric therapy based on their 
clinical judgment. Both these strategies are suboptimal and 
potentially harmful as they can lead to underuse of blood 
components in some patients, resulting in excessive blood loss 
and possibly re-exploration, and to overuse of blood compo-
nents in others, exposing them to unnecessary risks.9,15

Several point-of-care (POC) tests are now available that 
can rapidly identify the specific causes of coagulopathic 
bleeding.2,16–18 Incorporation of these tests in integrated 
transfusion algorithms has been shown to reduce transfu-
sions and adverse outcomes.2,16–18 The objective of this 
before-and-after observational study was to assess the safety 
and effectiveness of a POC-based transfusion algorithm that 
was instituted at our hospital in 2013.

Materials and Methods

Study Setting and Population
This is a retrospective analysis of data collected on consecu-
tive patients who underwent cardiac surgery from January 1, 
2012 to December 13, 2013 at the Toronto General Hos-
pital. A full range of adult cardiac surgical procedures are 
performed at this teaching hospital. After approval from 
institutional research ethics board (University Health Net-
work, Toronto, Ontario, Canada), data were obtained from 
institutional databases and medical records for all patients 
who underwent cardiac surgery with CPB during the study 
period. Full-time research personnel blinded to the details 
of this study adjudicated all patient outcomes. For patients 
who were readmitted for additional operations requiring 
CPB during the study period, only data from their first 
admission were used.

Transfusion Algorithm
The transfusion algorithm, which was based on existing lit-
erature,2,16–28 incorporated POC tests that were conducted 
during CPB (upon rewarming) to ensure that the results 
were made available to the clinicians at the end of CPB 
in a timely manner. The algorithm included an objective 
measure of ongoing bleeding (weighing of sponges packed 
in the mediastinum for 5-min after reversal of heparin) 
to better focus the transfusion of blood products to the 
coagulopathic patient27 and used a simple stepwise deci-
sion tree to encourage standardized component therapy 
(fig. 1).

The POC tests used in the algorithm were the ROTEM® 
(Rotation Thromboelastometry; Tem International GmBH, 
Munich, Germany) and Plateletworks® (Helena Laborato-
ries, Beaumont, TX) systems. Together, the two tests provide 
a comprehensive assessment of coagulation defects in cardiac 
surgery, identifying platelet dysfunction, factor deficiencies, 
and fibrinolysis.16,29–31

The algorithm was instituted into clinical care for all CPB 
patients on January 7, 2013. Before its institution, clinicians 
were made aware of the algorithm and its objectives during 
educational rounds starting approximately 2 months before 
institution of the algorithm. Upon institution, two of the 
investigators (K.K. and S.A.M.) provided on-site support 
to clinicians for the interpretation of POC tests and algo-
rithm. In November 2013, the algorithm was changed to 
include the use of fibrinogen concentrate (4 g) in place of 
cryoprecipitate. POC testing was conducted during CPB by 
a dedicated technologist at a satellite area close to the operat-
ing rooms. Decisions regarding the use of components were 
driven by the cardiac anesthesiologist assigned to the case. 
Transfusions were audited and feedback to staff was provided 
for algorithm deviations.

Clinical Practice
Blood conservation strategies that were used but not stan-
dardized throughout the study period (i.e., were not modi-
fied by the algorithm) included cell salvage, retrograde 
autologous priming of the CPB circuit, universal use of 
the antifibrinolytic drug tranexamic acid, and rescue use 
of recombinant activated factor VII for refractory bleeding 
(indications for its use were consistent with Canadian con-
sensus recommendations).32 Antiplatelet and anticoagulant 
drugs (except for acetylsalicylic acid) were stopped at least 
5 days before surgery, when possible, throughout the study 
period. Data regarding the use of antiplatelet and anticoagu-
lant therapy in the patients were not available and not part 
of the analysis.

Erythrocyte transfusion triggers, which also were not 
modified by the algorithm, were a hemoglobin concentra-
tion of approximately 7 g/dl during CPB, approximately 
8 g/dl in post-CPB, and approximately 9 g/dl in unstable or 
bleeding patients. Hemoglobin measures throughout the 
study period were obtained via POC blood gas analyzers 
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that were available in every operating room. Prealgorithm 
indications for nonerythrocyte components were in accor-
dance with current guidelines2,33 and were guided by 
standard laboratory tests conducted after protamine admin-
istration (complete blood count, international normalized 
ratio of prothrombin time, activated partial thromboplas-
tin time, and fibrinogen concentration). Indications for 
platelet transfusion included a platelet count of less than 
50 × 109/l or ongoing bleeding after reversal of heparin 
with a platelet count of less than 80 × 109/l. In bleeding 
patients with suspected platelet dysfunction (e.g., recent 
use of antiplatelet drugs or prolonged CPB), platelets were 
transfused irrespective of platelet counts. In cases of bleed-
ing after full reversal of heparin, plasma (2 to 4 units) was 
transfused if the international normalized ratio was greater 

than 1.5 and cryoprecipitate (8 to 10 units) was transfused 
if the fibrinogen concentration was less than 1.0 g/l. Pro-
thrombin complex concentrate (Octaplex®; Octapharma, 
Toronto, Ontario, Canada) was administered instead of 
plasma in select cases of right ventricular failure or severe 
volume overload. Given the long turnaround time for 
laboratory tests, plasma and platelets (but not cryoprecipi-
tate) were administered empirically in patients with severe 
bleeding. There were no major changes to the conduct of 
CPB practice during the study period.34

Outcomes
The primary outcomes were the blood component (erythrocyte, 
platelet, plasma, cryoprecipitate or fibrinogen concentrate, 
and prothrombin complex concentrate) transfusion rates 

Fig. 1. Transfusion algorithm. Point-of-care (POC) tests consist of ROTEM® (Rotation Thromboelastometry; Tem International 
GmBH, Munich, Germany) and Plateletworks® (Helena Laboratories, Beaumont, TX) systems. A10-EXTEM (clot amplitude at 
10 min in EXTEM assay; at <35 mm implies impaired clot formation due to low fibrinogen levels, low platelet count, or impaired 
platelet function), A10-FIBTEM (clot firmness amplitude at 10 min in FIBTEM assay; ≤7 mm confirms low fibrinogen levels), and 
CT-EXTEM (clotting time in EXTEM assay; ≥100 s implied poor clot initiation possibly due to reduced coagulation factor levels 
or reduced thrombin generation) are ROTEM® measures. Functioning platelet count is obtained by the Plateletworks® assay. 
During the last month of the study, fibrinogen concentrate was used in place of cryoprecipitate. ACT = activated clotting time;  
CPB = cardiopulmonary bypass; PCC = prothrombin complex concentrate; RBC = red blood cell; RV = right ventricle.
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up to postoperative day 7. We measured transfusions for 7 
days (rather than the immediate perioperative period) to 
determine whether the use of the algorithm was associated 
with reduced transfusions rather than delayed transfusions. 
Secondary outcomes were the amount of transfusions, large-
volume erythrocyte transfusions (≥4 units) on the day of 
surgery, rescue use of recombinant activated factor VII, and 
surgical reexploration. Safety outcomes were acute kidney 
injury (greater than twofold increase in creatinine concen-
tration or renal replacement therapy up to postoperative day 
7) stroke (documented persistent neurological deficit while 
in hospital), sepsis (based on positive blood culture dur-
ing hospitalization), sternal infection (superficial signs of 
infection or deep infection requiring surgical debridement 
during hospitalization), and death (during hospitalization). 
Process of care measures included nadir CPB hemoglobin, 
24-h chest tube drainage, discharge hemoglobin, and post-
operative ventilation time, intensive care unit stay, and  
hospital stay.

Statistical Analysis
SAS™ version 9.3 (SAS Institute, Inc., Cary, NC) was used 
for the analyses; P values less than 0.05 were considered sta-
tistically significant. Categorical variables were summarized 
as frequencies with percentages and continuous variables as 
medians with interquartile ranges or means with SD as appro-
priate. Patients operated on from January 1, 2012 to January 
6, 2013 were included in the prealgorithm group, and those 
from January 7, 2013 to December 13, 2013 were included 
in the postalgorithm group. The overall bleeding risk score of 
the patients was calculated based on a previously developed 
prediction rule for large-volume transfusion (using age, body 
surface area, preoperative shock, preoperative platelet count, 
preoperative hemoglobin concentration, complexity of pro-
cedure, urgency, redo, circulatory arrest time, CPB duration, 
nadir CPB hemoglobin, and preoperative renal dysfunction).36 
Fisher exact chi-square and Student t tests (assuming unequal 
variance between groups) were used to compare patient char-
acteristics, risk status, and outcomes between the two groups.

Table 1. Patient Characteristics and Clinical Status

Prealgorithm  
(N = 1,311)

Postalgorithm  
(N = 1,170) P Value

Sex (female) 1,311 390 (30%) 1,169 353 (30%) 0.83
Age (yr) 1,311 62 ± 14 1,170 62 ± 15 0.84
  <50 223 (17%) 210 (18%)
  50–59 259 (20%) 232 (20%)
  60–69 391 (30%) 326 (28%)
  70–79 327 (25%) 283 (24%)
  ≥80 111 (8%) 119 (10%)

Body mass index (kg/m2) 1,311 1,169 0.38

  <23 193 (15%) 196 (17%)

  23–36 1,032 (79%) 898 (77%)

  ≥37 86 (7%) 75 (6%)

Diabetes (type I or II) 1,311 368 (28%) 1,169 308 (26%) 0.34

Chronic obstructive pulmonary disease* 1,311 55 (4%) 1,170 40 (3%) 0.35

Peripheral vascular disease 1,311 159 (12%) 1,170 133 (11%) 0.58

Renal function (ml/min/1.73 m2) 1,310 1,168 0.005

  eGFR ≥90 623 (48%) 483 (41%)

  eGFR 60–89 453 (35%) 434 (37%)
  eGFR <60 234 (18%) 251 (21%)
Preoperative anemia† 1,308 363 (28%) 1,168 328 (28%) 0.86
Preoperative platelet count (×109/l) 1,308 137 ± 18 1,168 138 ± 18 0.32
Left ventricular ejection fraction (%) 1,301 1,162 0.30

  ≥60 877 (67%) 757 (65%)

  40–59 235 (18%) 229 (20%)
  20–39 148 (11%) 126 (11%)
  <20 41 (3%) 50 (4%)

Hypertension 1,311 851 (65%) 1,169 777 (66%) 0.42

Previous stroke or transient ischemic event 1,310 114 (9%) 1,170 127 (11%) 0.07

Atrial fibrillation 1,311 130 (10%) 1,170 102 (9%) 0.34

Endocarditis 1,311 16 (1%) 1,170 18 (2%) 0.60
Preoperative intraaortic balloon pump 1,311 21 (2%) 1,170 1 (9%) 0.07

* Requiring daily therapy. † Hemoglobin <12 g/dl in women and <13 g/dl in men.
eGFR = estimated glomerular filtration rate calculated by the Cockcroft-Gault equation.35
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The primary analysis was performed using multivariable 
logistic regression modeling with an interrupted time-series 
autoregressive covariance structure (which assumes that the 
correlation between two operations is inversely proportional 
to the time between those two operations). Variables for 
which the two groups were not balanced (P < 0.30) were 
included in the analysis. Case-wise deletion from multivari-
able regression models was used for patients with missing 
variables. Interrupted time series, which uses segmented 
regression modeling to determine the effect of the interven-
tion after controlling for pre- and postintervention time 
trends, was used to account for secular time trends.37,38 As 
part of this analysis, outcome rates were calculated for each 
4-week interval, and time-series plots were constructed for 
each outcome.

We conducted several sensitivity analyses. First, as the 
choice of colloids changed during 2013 from 6% hydroxy-
ethyl starch (HES) 130/0.4 (Fresenius Kabi, Richmond Hill, 
Canada) to 5% human albumin (supplied by the Cana-
dian Blood Services, Toronto, Ontario, Canada) as a result 
of a Health Canada Advisory released on June 2013,† we 
repeated the multivariable analysis including only patients 
from the 6 months before and 6 months after the inter-
vention (before HES use was curtailed). Second, because 
anemic patients frequently require erythrocyte transfusions 
irrespective of coagulopathic bleeding, we analyzed anemic 

(hemoglobin <12 g/dl in women and <13 g/dl in men) and 
nonanemic patients separately. Third, because an increase 
in cell-salvage and desmopressin use was noted during the 
study period, we analyzed patients according to the use of 
cell salvage and desmopressin (separately). Finally, we com-
pared pre- and postalgorithm erythrocyte transfusion rates 
in patients who underwent off-pump coronary artery bypass 
grafting. Because the algorithm was not applied to this 
group, we expected no change in transfusion rates.

Results
During the pre- and postalgorithm periods, 1,311 and 1,170 
patients, respectively, underwent cardiac surgery with CPB. 
Although the groups were similar in many respects, there 
were important differences, as the postalgorithm group had 
higher rates of preoperative renal dysfunction, more frequent 
use of hypothermic circulatory arrest, and higher use of cell 
salvage and desmopressin, but lower doses of tranexamic 
acid (tables 1 and 2).

In unadjusted analyses, erythrocyte, platelet, and 
plasma transfusion rates were lower in the postalgorithm 
group, but fibrinogen replacement therapy (primarily with 
cryoprecipitate and in five patients with fibrinogen con-
centrate) rates were similar (table 3). Rates of large-volume 
transfusion, rescue recombinant activated factor VII ther-
apy, and reexploration were also lower in the postalgorithm 
group (table 3). Adverse events and process of care mea-
sures were similar between the two groups (table 3). The 

Table 2. Surgical Parameters

Prealgorithm  
(N = 1,311)

Postalgorithm 
(N = 1,170) P Value

Previous heart surgery 1,311 150 (11%) 1,170 143 (12%) 0.58
Elective procedure 1,311 858 (65%) 1,170 752 (64%) 0.56
Procedure type 1,311 1,170 0.65
  Isolated coronary artery bypass grafting 485 (37%) 421 (36%)
  Valve repair or replacement—primary 330 (25%) 285 (24%)
  Congenital heart disease repair 67 (5%) 72 (6%)
  Other procedures 429 (33%) 392 (34%)
Cardiopulmonary bypass duration (min) 1,311 106 ± 50 1,170 107 ± 46 0.41
  <120 937 (71%) 830 (71%)
  120–180 270 (21%) 251 (21%)
  >180 104 (8%) 89 (8%)
Hypothermic circulatory arrest 1,311 58 (4%) 1,170 79 (7%) 0.01
Inotropic or mechanical support off CPB 1,311 187 (14%) 1,170 167 (14%) 1.00
Median surgical duration (min) (IQR) 1,307 289 (244–339) 1,165 292 (252–347) 0.49
Aspirin within 7 days of surgery 1,311 671 (51%) 1,170 599 (51%) 1.00
Median bleeding risk score (IQR) 1,282 1.0 (0.5–2.0) 1,157 1.5 (0.5–2.5) 0.054
  High bleeding risk (score ≥2.0) 465 (36%) 435 (37%) 0.38
Tranexamic acid 1,307 1,281 (98%) 1,165 1,130 (97%) 0.12
Tranexamic acid dose (mg) 1,281 5.2 ± 2.4 1,130 4.6 ± 1.9 <0.001
Desmopressin use 1,311 276 (21%) 1,170 494 (42%) <0.001
Desmopressin dose (μg) 276 20 ± 3 494 20 ± 2 0.32
Cell salvage used and blood returned 1,311 499 (38%) 1,170 622 (53%) <0.001
  Median volume salvaged (ml) (IQR) 499 503 (372–750) 622 466 (338–680) 0.005

CPB = cardiopulmonary bypass; IQR = interquartile range.

† Available at: http://www.healthycanadians.gc.ca/recall-alert-
rappel-avis/hc-sc/2013/34299a-eng.php. Accessed March 21, 2014.
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results of the multivariable analysis for (that controlled for 
preoperative platelet count, preoperative stroke or transient 
ischemic attack, preoperative renal dysfunction, preopera-
tive bleeding risk score, intraoperative intraaortic balloon 
pump use, circulatory arrest during CPB, cell salvage, des-
mopressin use, and tranexamic acid dose) were consistent 
with the unadjusted results (transfusion data shown in 
figs. 2–5), with the exception of lower rates of acute kid-
ney injury postalgorithm after adjustment for these poten-
tial confounders (odds ratio, 0.39; 95% CI, 0.16 to 0.94;  
P = 0.04). Time-series plots showed that blood component 
transfusions rates decreased after the algorithm was insti-
tuted but gradually increased thereafter (figs. 2–5). When 
the segmented regression analysis is stratified by patients 
with high bleeding risk (preoperative bleeding score >2), 
we can appreciate that for patients at high bleeding risk, 
the algorithm resulted in lower rates of transfusions and 
that the effect was sustained in time, with only plasma 
transfusions showing a significant increase after the algo-
rithm. For patients with low bleeding risk, however, the 
initial decrease in rates of blood component transfusion 
after the algorithm and the gradual increase thereafter 
remained.

A number of subgroup analyses (anemic patients, cell 
saver use, desmopressin use, and operations performed 
within 6 months of algorithm start) were performed and are 
reported in table 4. Results for all subgroups were consistent. 
Off-pump surgery was conducted on 65 and 62 patients 
during the pre- and postalgorithm periods, respectively. The 
erythrocyte transfusion rate was similar (34% prealgorithm 
vs. 45% postalgorithm; P = 0.27).

Discussion
In this before-and-after observational study, we found that 
use of a practical POC-based transfusion algorithm at a 
single hospital was associated with a substantial reduction 
in blood component transfusions. After controlling for 
between-group differences and secular time trends, we found 
that institution of the algorithm was associated with a sub-
stantial reduction in transfusion rates for erythrocytes (odds 
ratio, 0.50; 95% CI, 0.32 to 0.77; P = 0.002), platelets (odds 
ratio, 0.22; 95% CI, 0.13 to 0.37; P = 0.002), and plasma 
(odds ratio, 0.20; 95% CI, 0.12 to 0.34; P = 0.002). There 
were no indications that the algorithm worsened any of the 
measured processes of care or outcomes.

Table 3. Outcomes for the Entire Pre- and Postalgorithm Groups

Prealgorithm  
(N = 1,311)

Postalgorithm  
(N = 1,170) P Value

Effectiveness measures
  Erythrocyte transfusions (up to POD-7) 1,311 676 (52%) 1,170 476 (41%) <0.001
   Median number of units (IQR) 676 3 (2–5) 476 2 (1–4) 0.09
  Platelet transfusions (up to POD-7) 1,311 448 (34%) 1,170 266 (23%) <0.001
   Median number of units (IQR) 448 5 (5–10) 266 5 (5–10) 0.83
  Plasma transfusions (up to POD-7) 1,311 449 (34%) 1,170 167 (14%) <0.001
   Median number of units (IQR) 449 4 (2–6) 167 4 (2–6) 0.35
  Cryoprecipitate or fibrinogen concentrate 

transfusions (up to POD-7)
1,311 53 (4%) 1,170 53 (5%)* 0.5

  Prothrombin complex concentrate 1,311 19 (1%) 1,170 13 (1%) 0.5
  Large-volume (≥4 units) erythrocyte  

transfusions (POD-0)
1,311 173 (13%) 1,170 80 (7%) <0.001

  Recombinant factor VIIa (up to POD-1) 1,311 45 (3%) 1,170 14 (1%) <0.001
Safety measures (in-hospital unless noted)
  Acute kidney injury (up to POD-7) 1,311 74 (6%) 1,170 49 (4%) 0.10
  Surgical reexploration 1,311 84 (6%) 1,170 49 (4%) 0.02
  Death 1,311 33 (3%) 1,170 36 (3%) 0.46
  Atrial fibrillation 1,311 459 (35%) 1,170 397 (34%) 0.58
  Stroke or transient ischemic attack 1,311 29 (2%) 1,170 29 (2%) 0.69
  Sepsis 1,311 21 (2%) 1,169 23 (2%) 0.54
  Sternal infection 1,311 7 (1%) 1,170 6 (1%) 1.00
Process of care measures
  Chest tube draining (up to POH-24) (ml) 1,289 450 (340–610) 1,146 440 (330–600) 0.21
  Nadir hemoglobin during CPB (g/dl) 1,301 9.3 ± 1.5 1,159 9.3 ± 1.7 0.46
  Discharge hemoglobin (g/dl) 1,306 9.9 ± 1.2 1,166 9.8 ± 1.2 0.19
  Duration of ventilation (h)† 1,278 6.4 (4.8–12.3) 1,134 6.2 (4.4–11.3) 0.07
  Duration of ICU stay (h) 1,306 44 (24–76) 1,170 42 (24–75) 0.20
  Duration of hospital stay (days) 1,311 7 (6–10) 1,170 7 (6–10) 0.79

* Includes five patients who received fibrinogen concentrate instead of cryoprecipitate. All others received cryoprecipitate. † Excludes patients who died.
CPB = cardiopulmonary bypass; ICU = intensive care unit; IQR = interquartile range; POD = postoperative day; POH = postoperative hour.
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There is conflicting evidence on the benefits of POC-
based transfusion algorithms. A meta-analysis of nine 
randomized trials (with 776 participants) comparing POC-
based algorithms with conventional management found that 
the former modestly reduced blood loss (mean difference 
85 ml; 95% CI, 29 to 141 ml) but had no effect on trans-
fusions or other outcomes.39 These findings, however, were 
inconclusive because they were derived from a small num-
ber of mostly low-quality randomized trials that had small 
sample sizes.

Subsequent studies have had more encouraging results. In 
a large before-and-after observational study, Görlinger et al.24 
assessed the benefits of a POC-based algorithm in cardiac 

surgery (instituted in 2005) by comparing the outcomes of 
all patients operated on during 2004 (n = 1,718) with those 
operated on in 2009 (n = 2,147). They found reduced eryth-
rocyte (50 vs. 40%; P < 0.0001) and plasma transfusions (19 
vs. 1%; P < 0.0001), but platelet transfusions increased (10 
vs. 13%; P = 0.004). Of note, they used a complex algorithm 
that used factor concentrates instead of blood components as 
first-line therapy; thus, their results may not be generalizable. 
Other limitations are the 5-yr time span between the groups 
and failure to control for secular time trends.

In a randomized study that included 100 patients, Weber 
et al.26 found that a POC-based transfusion algorithm, com-
pared with an algorithm that used standard laboratory tests, 
substantially reduced transfusion rates and adverse outcomes 
such as acute renal failure (6% in the intervention arm vs. 
20% in the control arm; P = 0.07), sepsis (2 vs. 14%; P = 
0.06), and mortality (4 vs. 20%; P = 0.01). The limitations 
of this study were that it was a small single-center, unblinded 
study that used a complex algorithm.

A

B

Fig. 2. Time-series plots. Erythrocyte transfusion rates up to 
postoperative day 7. The algorithm was instituted at the be-
ginning of the 13th interval. All odds ratio (OR), 95% CIs, and 
P values calculated using segmented regression modeling 
adjusted as described in the Statistical Analysis section. ORs 
before and after intervention refer to respective changes in 
outcome per 4-week period. OR for the intervention refers to 
change in outcome associated with the institution of the algo-
rithm. (A) Entire sample: before intervention: OR, 0.96 (0.92–
1.01), P = 0.08; intervention effect: OR, 0.50 (0.32–0.77), P = 
0.002; and after intervention: OR, 1.04 (0.97–1.11), P = 0.23. 
(B) Stratified according to bleeding risk. Low bleeding risk: 
before intervention: OR, 0.90 (0.86–0.94), P < 0.001; interven-
tion effect: OR, 0.51 (0.30–0.86), P = 0.01; and after interven-
tion: OR, 1.15 (1.07–1.14), P < 0.001. High bleeding risk: be-
fore intervention: OR, 1.08 (1.03–1.15), P = 0.005; intervention 
effect: OR, 0.46 (0.23–0.95), P = 0.04; and after intervention: 
OR, 0.89 (0.81–0.98), P = 0.02.

A

B

Fig. 3. Time-series plots. Platelet transfusion rate up to post-
operative day 7. (A) Entire sample: before intervention: odds 
ratio (OR), 0.95 (0.91–0.99), P = 0.02; intervention effect: OR, 
0.22 (0.13–0.37), P < 0.001; and after intervention: OR, 1.16 
(1.08–1.25), P < 0.001. (B) Stratified according to bleeding 
risk. Low bleeding risk: before intervention: OR, 0.88 (0.84–
0.92), P < 0.001; intervention effect: OR, 0.30 (0.15–0.60), P = 
0.01; and after intervention: OR, 1.27 (1.16–1.40), P < 0.001. 
High bleeding risk: before intervention: OR, 1.04 (0.99–1.09), 
P = 0.16; intervention effect: OR, 0.17 (0.08–0.34), P < 0.001; 
and after intervention: OR, 1.06 (0.96–1.16), P = 0.27.
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Thus, emerging evidence suggests that POC-based 
transfusion algorithms may improve the management of 
coagulopathic bleeding in cardiac surgery, thereby reduc-
ing blood transfusions and possibly improving clinical 
outcomes. Our results add to this evidence. Compared 
with previous studies, we used a simpler algorithm that 
did not include factor concentrates as first-line therapy; 
thus, it should be more applicable to the standard North 
American approach to postcardiac surgery bleeding. More-
over, to better rationalize treatment strategy and to avoid 
unnecessary blood component transfusions, we adopted 
an objective measure of ongoing bleeding (5-min bleed-
ing mass measured after reversal of heparin) that had previ-
ously only been reported in clinical studies.21 Although the 
hemostatic contribution of the 5-min bleeding mass to the 
overall results cannot be determined, it is unlikely that this 

measure can by itself (i.e., without the information pro-
vided by the POC tests) have a substantial effect on blood 
loss or transfusion rates.

It is noteworthy that despite a reduction in prognostically 
important outcomes such as reexploration, large-volume 
transfusion, and acute kidney injury, the algorithm was not 
associated with reduced length of hospitalization or mortal-
ity. Because the indications for reexploration did not change 
during the study period, one explanation for the reduced 
rates would be improved management of coagulopathy due 
to the introduction of the algorithm. Regarding acute kidney 
injury, we have previously postulated that stored erythro-
cytes may harm the kidneys because of the changes that they 
undergo during storage that reduces their posttransfusion 
functionality and viability.34,40 The lack of effect on length 
of hospitalization or mortality may be due to a lack of power 

A

B

Fig. 4. Time-series plots. Plasma transfusion rate up to 
postoperative day 7. (A) Entire sample: before intervention: 
odds ratio (OR), 0.91 (0.88–0.94), P < 0.001; intervention 
effect: OR, 0.20 (0.12–0.34), P < 0.001; and after interven-
tion: OR, 1.15 (1.07–1.25), P < 0.001. (B) Stratified accord-
ing to bleeding risk. Low bleeding risk: before intervention: 
OR, 0.85 (0.81–0.89), P < 0.001; intervention effect: OR, 
0.34 (0.18–0.78), P = 0.01; and after intervention: OR, 1.22 
(1.08–1.37), P = 0.001. High bleeding risk: before interven-
tion: OR, 0.99 (0.94–1.03), P = 0.49; intervention effect: 
OR, 0.14 (0.08–0.27), P < 0.001; and after intervention: OR, 
1.09 (1.00–1.19), P = 0.05.

A

B

Fig. 5. Time-series plots, large-volume (≥4 units) erythrocyte 
transfusion rate on the day of surgery. (A) Entire sample: be-
fore intervention: odds ratio (OR), 0.94 (0.89–0.99), P = 0.03; 
intervention effect: OR, 0.23 (0.11–0.48), P < 0.001; and after 
intervention: OR, 1.14 (1.01–1.28), P = 0.03. (B) Stratified ac-
cording to bleeding risk. Low bleeding risk: before interven-
tion: OR, 0.77 (0.70–0.84), P < 0.001; intervention effect: OR, 
0.25 (0.02–3.04), P = 0.27; and after intervention: OR, 1.62 
(1.20–2.20), P = 0.002. High bleeding risk: before interven-
tion: OR, 0.99 (0.94–1.05), P = 0.84; intervention effect: OR, 
0.25 (0.12–0.50), P < 0.001; and after intervention: OR, 1.07 
(0.96–1.19), P = 0.23.
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(i.e., based on our results, a study would need to include 
approximately 15,000 participants to be adequately powered 
to determine whether reducing large-volume transfusion 
by 50% reduces mortality) or short duration of follow-up. 
Another possibility is that once a potentially fatal complica-
tion has occurred, better management of the ensuing coagu-
lopathy and avoidance of large-volume transfusion may not 
be sufficient to prevent death.

This study has several limitations. Because it was a ret-
rospective observational study without a concurrent con-
trol group, it cannot prove causality. It is possible that some 
unmeasured factors or simultaneous cointerventions may 
have been responsible for the improved outcomes.41 There 
were several important practice changes during the study 
period that may have influenced our findings. First, the 
change in colloid use from HES 130/0.4 to albumin may 
explain some of our findings because HES has been shown 
to impair coagulation and renal function (but primarily in 
sepsis).42,43 This change in practice, however, likely did not 
affect our results because HES volumes were limited to 1 l 
or less in our practice, HES 130/0.4 and albumin have been 
shown to have similar effects on blood loss and renal func-
tion in patients undergoing on-pump cardiac surgery,44,45 
and our results were consistent when we limited our sample 
to the period before HES use was discontinued. We could 
not adjust for the colloid type used because the data were 
not available. We identified two other practice changes not 
specified by the algorithm. One was an increase in the use of 
desmopressin after the algorithm was instituted. Despite not 
being part of the algorithm, the ability to diagnose platelet 
dysfunction seems to have led clinicians to increase the use of 
this drug. Controlling for the confounding effect of desmo-
pressin usage did not influence our results. This is not surpris-
ing given that there is a lack of definitive data on the efficacy 
of desmopressin in cardiac surgery.46 The other change that 
occurred during the study period was an increase in the use of 
cell savage, which in cardiac surgery has been shown to reduce 
erythrocyte transfusions, but not any other blood compo-
nents.47 Cell saver use was at the discretion of the surgeon, 

and during the past several years, our use of cell saver has 
consistently increased as we have gotten more equipment and 
funding for its use. Controlling for the confounding effect of 
cell saver usage also did not influence our results. Of note, the 
algorithm was not associated with reduced nadir hemoglobin 
concentration during CPB or discharge hemoglobin, sug-
gesting that reduced erythrocyte transfusions were not due to 
changes in hemoglobin transfusion triggers.

A general limitation of before-and-after studies is that 
the comparison of overall mean rates before and after the 
intervention may be biased by secular time trends.37 We used 
interrupted time-series modeling to control for this poten-
tial bias (as well as other potential confounders) and found 
that the immediate effects of the intervention remained 
significant. We also conducted stratified analysis based on 
patients’ underlying bleeding risk and found that the effects 
of the intervention for nonerythrocyte blood products were 
more pronounced in this high-risk group. We noted a slight 
uptrend in blood component transfusion rates during the 
postintervention period. Longer-term studies are needed to 
explore the importance of this finding. Finally, generalizabil-
ity is an issue because this was a single-hospital study, and 
there is wide variability in transfusion practices and rates in 
cardiac surgery across hospitals.1,48

In conclusion, this before-and-after single-center obser-
vational study found that the institution of a practical POC-
based transfusion algorithm in cardiac surgery with CPB was 
associated with a statistically and clinically significant reduc-
tion in blood component transfusion. These results suggest 
that the clinical adoption of POC-based algorithms could 
improve the management of the many patients who develop 
coagulopathic bleeding after cardiac surgery. The generaliz-
ability of our findings, however, needs to be confirmed by 
future trials. 
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