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The significant role of point-of-care coagulation studies:
shorter cardiac surgery, better renal function and tranexamic acid
cannot alone reduce early platelet transfusions
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ABSTRACT

After cardiopulmonary bypass (CPB) approximately 20% of
patients require platelets. In our safety-net hospital, the incidence
of platelet transfusion is over 40%, perhaps attributable to our
prevalent risk factors of renal dysfunction, CPB duration, and
absence of tranexamic acid (TXA). We designed this retrospec-
tive observational study after surgeons decided against offering
CPB in the presence of these risk factors. The Institutional Re-
view Board (IRB) approved the protocol and waived informed
consent. Our hypothesis was the number of platelet transfusions
in the consecutive patients during the first ninety days of 2022
would be higher than those in 2023. Confounders included
platelet counts and hemoglobin immediately before platelet trans-
fusion. Secondary outcomes were postoperative day two creati-
nine and other components transfused. Preoperatively creatinine
trended higher in 2022 at 1.5 vs 1.1, reaching significance post-
operatively at 1.9 vs 1.1 (p=0.02). CPB decreased from 174 to
124 min (p=0.06). TXA use increased from 18 of 28 to 26 of 29
patients. Platelets during CPB increased (142 to 173, p=0.006).
Hemoglobin nadirs rose (8 g/dL to 8.8, p=0.04). Platelet units
transfused per patient tended to rise (0.7+1 vs 0.93£1.5); if ex-
posed, patients tended to receive more units (2.1£1.3 vs 2.5+1.4)
sooner. These data support a need for thromboelastograms with
platelet mapping immediately post-CPB.

Introduction

Platelets in recent years have been in short supply and high
demand. In our safety-net hospital, the incidence of platelet
transfusion after cardiac surgery is over 40%, placing us at the
high end of the normal range reported across North America.
Renal dysfunction, long cardiopulmonary bypass (CPB) times,
and absence of tranexamic acid (TXA) are well-described major
risk factors for requiring platelet transfusions. Patient blood
management protocols (PBM) should be individualized accord-
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ing to each hospital’s demonstrated needs. Thromboelastograms
(TEG) are one method to prevent unnecessary platelet transfu-
sions, but their efficacy in cardiac surgery is not as well studied
as in other settings.'

Our institution is a safety-net hospital, constrained by fi-
nances and staffing, preventing us from purchasing a point-of-
care TEG. However, we have a TEG that requires hours for
results, and about $700 vs $50 for a platelet count. Staffing
limitations prevented prolonged intensive care unit (ICU) stay,
necessitating that the surgical department after summer of
2022 offered CPB only if expected duration was shorter and
kidney function better, along with requiring TXA be adminis-
tered uniformly. Our hypothesis was that this intervention
would not only reduce length of stay but also platelet transfu-
sions. Therefore, we retrospectively compared the incidence
of transfusions of all blood components within one week of
heart surgery for consecutive patients during the first three
months of 2022 to those during the first three months of 2023.
We selected these time periods because of a decision to reduce
length of stay happened to involve similar risk factors that are
known to reduce blood transfusions. Specifically, in the sum-
mer of 2022, the surgeons decided to operate only if kidney
function preserved and duration of surgery short, and instituted
uniform administration of TXA. We waited another few
months after the decision in the summer to allow for standard-
ized approaches and to maintain the same seasonal variations
in hospitalizations.

Materials and Methods

This study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of
Louisiana State University Health Sciences Center Shreveport on
May 9, 2023. Our retrospective observational study protocol was
designed to examine electronic medical records (IRB approved
protocol number STUDY00002388) by first assigning a new
study subject number into the data set, masking any personal in-
formation, thereby introducing negligible risk of loss of privacy.
Furthermore, because retrospective chart review cannot be prac-
ticably carried out without the waiver, as it is not practical to con-
tact this many patients, IRB waived any requirement for each
individual to sign informed consent. The authorization of research
use and disclosure of protected health information by signed in-
formed consent was also waived based upon an IRB general state-
ment. Therefore, our study was in compliance with the terms of
the Health Insurance Portability and Accountability Act of 1996
of the United States. All the data used for this research are avail-
able, upon reasonable request, from the Louisiana State University
Health Sciences Center Shreveport, USA.

We compared all 32 consecutive patients undergoing CPB
from January through March in 2022 to the 29 patients from Jan-
vary through March in 2023. Exclusion criteria included pro-
tected classes of pediatrics, pregnancy, prisoners, and anyone
cognitively impaired.

Our primary outcome variable was how early was the timing
of each platelet transfusion, in terms of hours after separation
from CPB through 7 days postoperatively. Secondary outcome
variables included: creatinine at postoperative day two, along
with total number of platelet units, fresh frozen plasma (FFP),
cryoprecipitate (CRYO), and packed red blood cells (PRBC)
transfused within 7 days. Confounders included preoperative
creatinine, duration of CPB, TXA dose, age, weight, height, an-
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ticoagulants, gender, and platelet and hemoglobin values imme-
diately preceding platelet transfusion.

Statistical analysis

We used SAS 9.3 software to plot all results and then found
they were normally distributed. So, we used two tailed unpaired
t tests to compare the two groups (surgery in 2022 vs 2023) pre-
operative characteristics and outcomes. Blood salvage was not
analyzed because of uniform application. For categorical variables
we used Chi square (and Fisher exact). A professor with a PhD in
statistics checked the statistics and found #-tests sufficiently ap-
propriate for this small study. This is an initial pilot study to dis-
cover incidence of platelet transfusion after institution of as many
practical improvements to reduce risk of transfusion as feasible,
so the study is small and will not be expected to meet significance.
Sample size calculations indicated 164 subjects at 80% power and
0.05% alpha could show a decrease from 40% to 20% of platelet
transfusion exposure, which was what we need to be more at the
national average of 20% exposure. We believed these 3 interven-
tions were the only improvements we could make to patient blood
management. The numbers of heart surgeries per year are only
approximately 120, making this feasible.

Significant differences in means and standard deviations were
compared using two tailed unpaired #-tests with SAS 9.3 software,
after demonstrating parametric distribution. CPB did not include
retrograde arterial prime (which boosts hemoglobin), return of au-
tologous blood siphoned off prior to exposure to tubing of CPB,
nor Hemobag collection-system of pump salvage. Cellsaver (in-
ferior to Hemobag in terms of preserving platelets) was used to
salvage the blood after CPB in pump tubing. Dosing for TXA by
protocol was 1 gram followed by 1 mg/kg/h, although we com-
pared dose in 2022 to 2023 to check for compliance.

Results

After excluding 4 prisoners in 2022, 57 patients were eval-
uated: 28 in 2022 and 29 in 2023 (Table 1). Coronary artery by-
pass grafting was performed during CPB at an equally prevalent
rate (65%) among both groups. Table 1 shows preoperatively
creatinine tended to be higher in 2022 at 1.5+1.6 vs 1.1+0.4.
Table 2 shows creatinine difference reaching significance post-
operatively at 1.9£1.7 vs 1.1+0.4 (p=0.02). Bypass times de-
creased from 174497 to 124+98 min (p=0.06). TXA use
increased from 18 of 28 to 26 of 29 patients. Platelet counts in-
creased on bypass from 142+49 to 173+72 (p=0.06). Platelet and
hemoglobin nadirs were higher (day 3: 8g/dL vs 8.8, p=0.04; 98
vs 138, p=0.005). Platelet units transfused per patient tended to
increase (0.75+1 vs 0.9£1.5); if exposed, patients tended to re-
ceive more units (2.1£1.3 vs 2.5£1.4) sooner. Platelet counts
were drawn an hour earlier before termination of CPB (1.6 vs
2.6, p=0.03). Essentially the same number of platelet counts (5.6
in 2022 vs 4.9 in 2023, p=0.11) were drawn within 48 hours in
both groups. Platelet counts rose from 105 to 138 before trans-
fusing the first unit of platelets (p=0.10, Figure 1) and 93 to 133
before the second unit in 2023 (p=0.15). TEG data was available
in only 2 patients, only in the intensive care unit and only in
2022. Platelet and hemoglobin nadirs were higher and occurred
at day 3 (8 g/dL vs 8.8 g/dL, p=0.04; 98 vs 138, p=0.005). He-
moglobin before the second platelet transfusion was signifi-
cantly lower in 2022 (7.7g/dL vs 9.5g/dL, p=0.03). Transfusions
for red cells tended to drop from 2.0+£2.9 to 1.4+2.5 units, within
7 days. This trend toward fewer average PRBC transfusions per
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patient began within the first 48 hours, dropping from 2.0 to 1.2 from 0.9342.4 to 0.83+1.4 units per patient (p=0.84). The aver-
(p=0.28). Cryoprecipitate tended to rise from 0.36+0.78 units age number of units of platelets transfused per patient non-sig-
per patient to 0.69+1.25 in 2023 (p=0.23). FFP tended to decline nificantly rose from 0.7541.04 to 0.93+1.5 (p=0.59). If exposed

Table 1. Pre-bypass characteristics expressed as mean+SD.

2022 2023 p-value
Number of subjects (male;female) 22;6 (=28) 21,7 (=29)
Number was after excluding = 4 0
Performed TEG (all in ICU) 2 0
Age (years) 57+11 61+9 0.10
Duration of CPB (minutes) 174 £97 124498 0.0589*
Hgb preop (g/dL) 12.9£2.5 13.0+2.4 0.83
Hgb during CPB (g/dL) 8.9+1.4 8.9+1.7 0.99
Platelets preop (1,000’s per pL) 223+66 256£117 0.19
Platelets preCPB term (hours) 74+£117 86+148 0.73
Platelet drawn preCPB term (hours) 2.6£2.2 1.6+0.98 0.03*
Platelets during CPB (1,000’s per pL) 142+49 173472 0.058*
Creatinine preop (mg/dL) 1.52+1.63 1.06+0.38 0.175
Weight (kg) 84+16 89423 0.32
Height (cm) 17211 176+11 0.17

SD, standard deviation; TEG, thromboelastograms; ICU, intensive care unit; CPB, cardiopulmonary bypass; *significant at p<0.05 with #-test.

Table 2. Outcomes after cardiopulmonary bypass.

Values Minimum Maximum Significance
Lowest platelet count postCPB term 98+43 138459 0.005*
How long postCPB term (hours) 32424 30+35 0.86
Lowest Hgb postCPB in 7 days (g/dL) 8.0+1.6 8.8+1.32 0.037*
How long postCPB term (hours) 64+49 72449 0.54
Average PRBC in 7 days (units) 2.04+2.90 1.38+2.50 0.36
Number patients on clopidogrel preop 10 10

Creatinine 48 hours postCPB term 1.92+1.72 1.10+0.44 0.023*
Average Platelets transfused per pt 0.75+1.04 0.93+1.5 0.59
If transfused, average number platelets 2.08+1.26 2.45+1.37 0.49
Number of patients given platelets 13 11 ¥’ NS
Hours postCPB received 1* platelet 7.5+13.4 4.1+6.4 0.42
Platelet count prior to 1% platelet 105+ 41 138452 0.10%**
Platelet count drawn hours post CPB 6.2+13 2.844.8 0.37
Hours post CPB received 2™ platelet 8.8+16 1.6£2.9 0.26
Platelet count value prior to 2™ platelet 9 +42 133461 0.146
Hrs postCPB received 3™ platelet 3+4 5.5+11 0.72
Platelet count prior to 3" platelet 46+13 101+£32 0.04*
Hrs post CPB received 4™ platelet 66+94 11£17 0.55
Platelet count hours postCPB for 4t 46+12 77+7.5 0.11
FFP average # units 0.93+2.4 0.83+1.36 0.84
Cryo average # units 0.36+0.78 0.69 +£1.25 0.23
PRBC average # units within 48 hours 1.97+£2.95 1.21£2.16 0.28
Hgb before 1% platelet 8.6 1.7 9.3+1.8 0.38
Hgb before 2" platelet 7.7+0.67 9.5+1.89 0.03*
Hgb before 3" platelet 7.85+0.3 8.75+1.4 0.29
Hgb before 4™ platelet 8.75+1.48 8.4+1.5 0.81
Number of platelets counts in 48 hours 5.6£2.0 4.9+1.3 0.11

CPB, cardiopulmonary bypass; PRBC, packed red blood cell; NS, not significant; *p<0.05; ***p<0.001.
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to platelets, the average number of units tended to rise from
2.1+1.3 to 2.541.4 (p=0.49). Exposure differences are equivocal,
with 11 of 29 patients in 2023 receiving platelets versus 13 of
28 in 2022 (Table 3, p=0.5). In 2022, the first unit of platelets
tended to be administered later (7.5+13 vs 4.1+6 h, p=0.4, Figure
2). In 2022, 8 of the 13 patients receiving platelets received a
second unit, while in 2023, 5 of the 11 had a second unit. The
second unit of platelets was given after platelet counts were
available from a blood draw on average 1.6 h after termination
of CPB in 2023 vs 8.8 h in 2022 (p=0.26). The timing of platelet
transfusion was sooner (Figure 3). Four patients received a 3rd
bag in 2023 compared to 2 patients in 2022 at a significantly
higher platelet count in 2023 (101 vs 46, p=0.04). Three patients
received a 4" bag in 2023 compared to 1 patient in 2022.

Discussion

We found a trend toward fewer patients transfused with
platelets immediately after bypass under these three conditions:
creatinine is low, predicted surgery duration is short, and TXA is
uniformly administered. These were the only modifiable risk fac-
tors feasible to improve. Unfortunately, a trend emerged toward
more platelet transfusions per patient in 2023 that may indicate
two future research areas. First, uniform algorithms can indicate
cut-off values of post-CPB point-of care TEG that would trigger
first correcting coagulation with cryoprecipitate and FFP rather
than blindly and urgently transfusing platelets. Second, platelet
mapping TEG could be done preoperatively to better time delay
of surgery in the presence of aspirin and clopidogrel, especially
since one third of our patients had clopidogrel recently.

Table 3. Platelet transfusion exposure. Platelets were received
in N patients within 48 h (p=0.5; 0.042 value %) with Fishers
Exact test two-sided probability, p=0.596.

2022 2023

Yes 13 11
No 15 18

press
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This is the first study we are aware of that examines the tim-
ing of platelet transfusions after separation from bypass, relative
to platelet and hemoglobin levels. Our protocol remained meas-
urement of one platelet count during bypass, but prothrombin
only hours after arrival in intensive care. Our study measured
confounders of age, weight, height, anemia, anticoagulants, du-
ration of CPB, and creatinine based upon previous research.?3
Despite a conscious shift toward preoperative selection of pa-
tients with better renal function, requiring shorter surgeries, and
universal TXA, more platelets tended to be transfused earlier.
Also contrary to what we expected, platelet count and hemoglo-
bin were higher immediately prior to platelet transfusions.

Lower length of stay and components transfused are some-
times associated with the introduction of TEG. For example, in
a recent study, platelet administration fell from 27% to 16%,
p=0.001. These investigators obtained point-of-care (POC-TEG)
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Figure 2. Prior to transfusion of the first unit of platelets, the
percentage of study (y-axis) population waiting how many hours
(x-axis) between time from termination of cardiopulmonary by-
pass to transfusion.
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Figure 1. Prior to transfusion of the first unit of platelets, the
percentage of study population with each specific platelet level.
Median and interquartile ranges are on bottom panel box plots.

Figure 3. Percent of study population compared to the number
of platelet units transfused within 48 hours, showing that in 2023
more pairs of platelets tended to be administered earlier.
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results within a couple of min. However, average number of
platelet units transfused per patient did not decline.* In their data,
mortality was only 2.5% and re-exploration rate was only 2%.
In a safety-net hospital such as ours, patients often have more
platelet dysfunction arising from more comorbidities, and thus
may be expected to require more platelet transfusions. A lower
number needed to treat (NNT) would result from power analysis,
making a safety-net hospital fertile ground for future research
about POC-TEG.

Blood transfusion contributes to mortality. After hours of se-
vere hemorrhage, necessitating massive blood transfusions, re-
exploration for tamponade may be required. Acute kidney injury
may develop after these hemodynamic stressors. Deppe et al.
found TEG was not associated with decrease in duration of in-
tensive care unit or hospital length of stay, stroke, or mortality.®
However, they found that TEG was associated with a decrease
in acute kidney injury, declining from 7.8% to only 6% inci-
dence. In Deppe’s data, re-exploration rates were 4.2%, regard-
less of being before or after adoption of TEG, emphasizing that
TEG data has shown variable results. Some authors state it is
useful for reducing platelet transfusions.*> Deppe’s group
showed NNT with TEG is 9 to reduce one unit of transfusion of
any product, and NNT is 6.6 for FFP. In his study, platelet use
was reduced by 21%. This only represented a drop in incidence
from 20.5% to 19.5% after adoption of TEG, p=0.03.

In contrast, another study found the mean number of
platelets transfused remained the same at 1.28 before instituting
frequent TEG compared to 1.26 after.> Their study also found
that FFP transfusions dropped by about 3-fold, and packed red
blood cells per patient dropped from 2.99 to 2.38, achieving a
40% decrease in mean units of any product transfused. Aston-
ishingly, the opposite effect was noted in Canada at 12 hospitals
studied in a randomized controlled trial (RCT) comprising 7402
patients. Fewer PRBC were transfused (RR 0.9, CI 0.85-0.98,
p=0.02) but platelet transfusions were reduced the most (RR
0.77, CI 0.68-0.87). Stated another way, the Canadian study
showed a 24% reduction in average number of platelets trans-
fused per person and NNT 16.7.¢ Those authors summarized that
an integrated transfusion algorithm reduced red blood cell trans-
fusions, platelet transfusions, and major bleeding following car-
diac surgery, without reducing fresh frozen plasma transfusion.
Other research describes the TEG as not helpful in discriminat-
ing coagulopathy in the presence of antiplatelet medications,
during obstetrical, spine, aortic or cardiac surgery, and trauma.
In cardiac surgery, many patients received 30mcg/kg recombi-
nant Factor VIIa and other treatments in the same TEG arms,
confounding the results.”

During very long courses of CPB, such as ECMO, rather
than a TEG, a daily PT, PTT, fibrinogen, and CBC are recom-
mended.® During shorter CPB durations, a landmark trial com-
pared TXA at 2 mg/kg/h vs 16 mg/kg/h.® They demonstrated
allogeneic red blood cell transfusion occurred in 333 of 1525
patients (21.8%) in the high-dose group and 391 of 1506 patients
(26.0%) in the low-dose group (RR 0.84; p=0.004). Outcomes
of postoperative seizure, thrombotic events, kidney dysfunction,
or death occurred in 17.6% of patients in the high-dose group
and 16.8% of patients in the low-dose group, p=0.003. Fourteen
of the 15 prespecified secondary end points were not signifi-
cantly different between groups, including seizure, which oc-
curred in 1% in the high-dose group and 0.4% in the low-dose
group (95% CI, -0.0% to 1.2%; p=0.05). No decrease in platelet
transfusions was demonstrated. A limitation of our investigation
is that we administered only 1 g followed by 1 mg/kg/h in both
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groups, while double or triple that dose might be more effective.

The national shortage of platelets is severe.!” Our patients
received an abundance of platelets in 2023, perhaps indicating
aneed for monitoring with POC-TEG, or they began with more
unfavorable unmeasured characteristics. The American College
of Surgeons (ACS) published trauma practice guidelines stating
that clinical judgment remains the leading method, alongside
administration of 6 PRBC, and at least 3 FFP, one cryoprecipi-
tate 10 or 20 pack, and only thereafter one platelet apheresis.!
The ACS recommends repeating platelet, fibrinogen, and hemo-
globin counts every hour during massive transfusion, or until
stable, and adding point-of-care TEG where available.®* Two
weaknesses of our study are that our TEG requires two hours
and delivery to the operating room of a unit of platelets varies
widely depending upon severity of daily shortages. Platelets not
immediately used require placement on an agitator machine
(cost $2500) maintained in an operating room. Possibly our pa-
tients received more platelets because once delivered they must
be immediately used.

Other researchers examined over 12,000 cardiac surgeries
and found no association between platelet transfusion and mor-
tality (OR 1.28, 99% CI: 0.49-3.35).!213 When matching 195 pa-
tients who received cryoprecipitate at a median time of 1.7 h
after arrival in the intensive care unit with 743 controls, there
was no increased mortality (OR 1.1; 99%. CI1 0.43-2.84) or kid-
ney injury (OR 1.03). Decreased infections appeared in those
who received platelets, which may be secondary to earlier ad-
ministration synergistic with other blood components.®!? Euro-
pean practice guidelines list TEG as Class Ila, as helpful to
“consider.” However, their larger hospitals are equipped with
POC-TEG." Thromboembolic events were decreased with TEG,
but length of stay and intensive care unit stay did not change.’

Limitations

The greatest weakness in the present investigation is a rela-
tively small sample size, and a lack of TEG, fibrinogen or pro-
thrombin levels. Saillant e al.'® comments that while TEG is
important, “we routinely overlook hemostatic adjuncts that may
reduce blood loss, such as RiaSTAP”,'® a fibrinogen concentrate.
They also recommend drawing more frequent platelet counts
(giving platelets if bleeding and under 100), but first correcting
fibrinogen levels (giving cryoprecipitate if under 200) and pro-
thrombin times or INR (giving FFP if greater than 1.5). The
greatest strength is that, to our knowledge, this is the first study
that describes fiming between separation from bypass and each
platelet transfusion.

Conclusions

Patient blood management (PBM) flowcharts individualized
to a cardiac surgery center need to include a specific TXA dose.
In one study of 27,729 patients, only medium or high dose TXA
resulted in less patients exposed to platelet transfusion, although
not lower average units per patient.'® A meta-analysis showed a
bolus technique is equally effective in reducing the average trans-
fused red cells by one unit as is a bolus followed by a continuous
infusion.!” A large randomized controlled trial showed that high
doses such as 80 mg/kg vs moderate doses of 50 mg/kg are asso-
ciated with average transfused units dropping from 4.1 to 2.5,
p=0.02." These investigators defined low dose as 1 g bolus and
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400mg/h plus 0.5g in the CPB prime and high dose as 30 mg/kg
followed by 15 mg/kg/h and 2 mg/kg in the prime."

Second, PBM flowcharts need to include trigger values of
hemoglobin, fibrinogen, and prothrombin time, or TEG before
transfusion of each type of component. Our population unfortu-
nately has high incidence of malnutrition, leading to microvas-
cular bleeding and more platelet transfusions.?**! However, if
hemoglobin is too high, viscosity is a risk factor for coronary
thrombosis.?? Fibrinogen has been shown to be the most impor-
tant component to thicken blood and slow flow.?

To further discriminate the effect of fibrinogen upon trans-
fusion, investigators studied TEG during bypass before and after
transfusion of platelet versus cryoprecipitate, containing fibrino-
gen.?* They found platelets improved alpha and maximal ampli-
tude (MA), markers of fibrinogen and platelet function,
respectively. Cryoprecipitate after CPB also improved MA. In
cyanotic congenital heart disease, TEG showed hypofibrinogen-
emia but only the Sonoclot unmasked dysfunctional platelets.?®
Interpretation of one institution’s TEG should be within the con-
text of their comprehensive PBM.2¢

Similar in size to our analysis, a study of 28 infants without
TEG retrospectively, followed by 40 with TEG prospectively
demonstrated fewer platelet transfusions (36£12 vs 49+27
ml/kg, p=0.028).” Reviews have recently elucidated the differ-
ence of TEG in determining if coagulopathy stems from platelet
dysfunction or hypofibrinogenemia.?®** A relative risk of 0.77
for platelet transfusion was found during a systematic database
review of various TEG technologies.>* When massive trauma
did not permit time for examination of lab values, the 12
PRBC:6 FFP:1 platelet ratio was not inferior to 6:6:1 ratio for
mortality at 30 days; nevertheless, such anemia may result in
more platelet transfusions.’! Instead of waiting for hours for lab-
oratory values, we suggest creating a local PBM algorithm be-
ginning with higher TXA doses and ending CPB with stat
fibrinogen and prothrombin time (or, better yet, POC-TEQG) trig-
gering transfusion of appropriate types of blood components.
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