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Abstract Objective Point of care (POC) testing-based algorithm-guided hemostatic therapy
has been used in adult as well as pediatric cardiac surgical patients to administer blood
components. The authors hypothesized that implementation of POC-based algorithm
in pediatric cyanotic congenital surgical patients would reduce the exposure to blood
component therapy and improve the clinical outcome.

Design Prospective randomized control trial.

Setting Single-center academic institute.

Participants One hundred seventy pediatric congenital cyanotic surgical patients.
Intervention Implementation of POC and conventional tests-based algorithms.

Measurements and Main Results Algorithm-based blood component therapy was
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administered in each group. There were no group differences regarding the demo-
graphic, clinical, and laboratory characteristics. Amount of packed red blood cells
(PRBCs), fresh frozen plasma (FFP), platelets, and cryoprecipitate (primary outcomes)
administered was significantly lower in POC group than that in the conventional group
(p < 0.001). Among the secondary outcomes, the chest drain output at 6, 12, and
24 hours and number of re-explorations was comparable among both the groups.
The duration of mechanical ventilation, duration of intensive care unit (ICU) stay,
and hospital stay was significantly short in POC group (p = 0.008, <0.001 and 0.019,
respectively).

Conclusion Implementation of POC-based algorithm-guided hemostatic therapy
reduced the exposure to blood and blood component therapy and was associated with
reduced ICU and hospital stay in pediatric congenital cyanotic surgical patients.

Introduction

Surgery for congenital cyanotic heart disease is associat-
ed with an increased tendency to bleed.! There are various
causes for bleeding tendency which include erythrocytosis,
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thrombocytopenia, qualitative platelet dysfunction, sup-
pressed platelet aggregation, increased vascularity second-
ary to the release of nitric oxide from endothelium, activation
of platelet microparticles, deficiency of coagulation factors,
hypofibrinogenemia, and fibrinolysis. These patients are also
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susceptible to thrombosis and organ infarction.? This hem-
orrhagic diathesis is further accentuated by hemodilution,
platelet dysfunction, and loss of procoagulants during car-
diopulmonary bypass (CPB).>4

The blood loss and coagulopathy in these patients is treat-
ed by transfusion of packed red blood cells (PRBCs), fresh
frozen plasma (FFP), platelets, and cryoprecipitate. However,
transfusion of blood components is associated with numer-
ous complications like transfusion-related acute lung inju-
ry (TRALI), transfusion-related circulatory overload (TACO),
anaphylactic reactions, transmission of infectious diseases,
and hemolytic and nonhemolytic transfusion reactions.>®
This may increase the morbidity, duration of ventilatory sup-
port, duration of intensive care unit (ICU) stay, postoperative
outcome, and hospital cost. Hence, judicious use of these
blood components under guidance of blood coagulation test-
ing is warranted.

The hemostasis management after cardiac surgery is
usually guided by conventional laboratory tests like platelet
count, prothrombin time (PT), activated partial thromboplas-
tin time (aPTT), and serum fibrinogen level.” However, the
value of these tests has been questioned due to their poor
ability to predict bleeding and prolonged turnaround time®.

In the last decade, viscoelastic point-of-care (POC)
coagulation devices like rotational thromboelastometer
(ROTEM, TEM International GmbH, Munich, Germany) and
Sonoclot (Sienco Inc., Arvada, Colorado) have been increas-
ingly used in major surgeries for timely assessment and
management of coagulopathies. The hemostatic therapy
based on POC testing has been shown to reduce transfusion
of blood products and provide significant benefits with
respect to postoperative outcomes in adult cardiac surgery
patients.%'¢

This study was performed to evaluate the efficacy of POC
(ROTEM and Sonoclot) guided hemostatic management in
cyanotic congenital cardiac surgery patients.

Material and Methods

Trial Design

This prospective, single-centered, randomized control tri-
al was conducted after approval of the institutional ethics
committee.

Participants

The participants were patients older than 10 years, sched-
uled for elective cardiac surgery on CPB for cyanotic congen-
ital heart surgery, who after heparin reversal following CPB,
fulfilled at least one of the two inclusion criteria: (1) diffuse
bleeding from capillary bed at wound surfaces requiring
hemostatic therapy as assessed by the anesthesiologist and
surgeon by inspecting the operative field and/or (2) postop-
erative (during the first 24 postoperative hours) blood loss
exceeding 2 mL/kg/hr.

After enrolment in the study, patients were randomly
assigned to the conventional group or POC group according
to random number table.

Patients undergoing redo surgery were excluded.
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Primary Outcomes
The primary outcomes were amount of PRBC, FFP, platelets,
and cryoprecipitate transfused.

Secondary Outcomes

The secondary put comes were chest drain output at 6,
12, and 24 hours; duration of ventilatory support; dura-
tion of ICU stay; duration of hospital stay; and number of
re-explorations.

Anesthesia and Cardiopulmonary Bypass Management
Routine pre-anesthetic examination was performed one day
prior to surgery. The procedure was explained to the par-
ent and written informed consent was obtained. Anesthet-
ic, surgical, and cardiopulmonary bypass management was
standardized in all patients. Anesthesia was induced with
ketamine (1-2 mg/kg), fentanyl (2-3 pg/kg), and rocuroni-
um bromide (0.8-1 mg/kg). Maintenance of anesthesia was
achieved with sevoflurane (0.5-1%) in oxygen-air mixture
with intermittent doses of fentanyl, midazolam, and vecu-
ronium. All the patients were monitored with five lead
ECG, SpO,, invasive blood pressure, central venous pressure,
temperature, and urine output. Transesophageal echocar-
diography was performed in patients weighing more than
5 kg. Baseline activated clotting time (ACT) was noted prior
to systemic heparinization. Patients were heparinized with
4 mg/kg unfractionated heparin to achieve a target ACT of
more than 480 seconds.

A membrane oxygenator was used for all patients
during CPB. The CPB circuit was primed with lactated ring-
er solution 20 mL/kg, sodium bicarbonate (7.5%) 1 mL/kg,
mannitol (20%) 0.5 g/kg and 100 U/kg of unfractionated
heparin. PRBCs were added to pump volume during CPB, to
maintain a target hematocrit of >30%. Myocardial preserva-
tion was achieved by administering del Nido cardioplegia
and maintaining mild hypothermia (32°C). Blood gas anal-
yses and ACT were performed intraoperatively at half hourly
intervals. Systemic pump flows were maintained between
120 and 200 mL/kg/min. Magnesium sulfate 50 mg/kg was
administered on CPB at aortic cross clamp removal. Conven-
tional hemofiltration was done in all the patients.

At the end of the surgery, all the patients were rewarmed
to 36°C and were weaned from CPB. All patients were reversed
with protamine 1.3 mg/kg of heparin slowly over 10 minutes.
Blood and blood components were administered according
to the results of conventional or POC tests. All patients were
transferred to ICU for elective postoperative ventilation.

Hematologic Analyses

Conventional Coagulation tests

Laboratory coagulation testing included platelet count,
hemoglobin concentration, serum fibrinogen concentration,
international normalized ratio and activated partial throm-
boplastin time and were performed at the hospital laboratory
using the fully automated analyzers. Intraoperatively, repet-
itive blood gas analyses and ACT analyses were performed.
Conventional coagulation tests (platelet count, fibrinogen
concentration, international normalize ratio, and activated
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partial thromboplastin time) were performed in both groups
at fixed time points (preoperatively, at admission to the ICU,
and 24 hour after admission to ICU) to enable a comparison
of both groups at these time points.

POC Testing
Thromboelastometry was performed at the bedside using
the ROTEM Delta device (ROTEM, Tem International GmbH,
Munich, Germany). Platelet function was assessed using
Sonoclot (Sienco Inc., Arvada, Colorado). The POC algorithms
were based on five tests: the EXTEM and INTEM tests, which
reflect the extrinsic or intrinsic initiation of coagulation; the
FIBTEM test (platelet-inhibited extrinsic activation), which
reflects the contribution of fibrin polymerization to clot firm-
ness; the HEPTEM test (heparinase-modified intrinsic acti-
vation), which identifies potential heparin effects compared
with the INTEM test; and the sonoclot platelet function. Clot-
ting time [CT (s)] in the EXTEM, INTEM, and HEPTEM tests as
well as the maximum clot firmness (mm) and the amplitude
of clot firmness 10 minute after CT [A10 (mm)] for each test,
including FIBTEM, were recorded. POC tests were performed
solely in the POC group after randomization to this study
group, after therapeutic interventions, and in case of ongoing
bleeding after therapeutic interventions.

POC tests were performed at the bedside by the attend-
ing physician whereas conventional laboratory analyses were
done in the central laboratory by a technician.

Transfusion of PRBC and Blood Components

PRBC and blood components were administered if there
was diffuse bleeding from capillary bed at wound surfaces
requiring hemostatic therapy as assessed by the anesthesi-
ologist and surgeon by inspecting the operative field and/or
intraoperative or postoperative (during the first 24 postop-
erative hours) blood loss exceeding 2 mL/kg/hr. Hemostatic
therapy was administered according to the conventional and
POC algorithms only after correcting hypothermia, calcium
concentration, and adequate protamine reversal. Additional
testing was done as required. Reduction in chest drain out-
put < 2 mL/kg/hr marked the end point of therapy. The POC
and conventional algorithms were based on previous stud-
ies done in pediatric patients undergoing cardiac surgery'”'s
(=~Figs.1 and 2).

PRBC Transfusion Protocol

Packed erythrocytes were transfused to maintain a
hemoglobin concentration above 10 g/dL during CPB and
12 g/dL after CPB. Further indications for the transfusion of
packed erythrocytes were (1) central venous oxygen satu-
ration (ScvO,) less than 60% not due to low cardiac output
and (2) individual bleeding dynamics strongly indicating the
need for erythrocyte transfusion.

FFP Transfusion Protocol

In the conventional group, FFP were given if a PTT was more
than 50 second or international normalized ratio (INR) was
more than 1.4 in the dose of 10 mL/kg. In the POC group, FFP
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were given if CT EXTEM > 80 / CT HEPTEM > 240 in a dose of
10 mL/kg.

Platelet Transfusion Protocol

In the conventional group, platelets were transfused in a dose
of 1 unit/10 kg (each unit is of 50 mL) if platelet count was
less than 1,00,000/uL. In the POC group, platelets were trans-
fused if A10 EXTEM < 40 mm, A10 FIBTEM > 7, and sonoclot
platelet function (PF) < 1.5.

Cryoprecipitate Transfusion Protocol

In the conventional group, cryoprecipitate was administered
in a dose of 1 unit/10 Kg (each unit contains 25 mL) if serum
fibrinogen levels were < 150 mg/dL. In the POC group, cryo-
precipitate was administered if A10 EXTEM was < 40 mm,
sonoclot PF > 1.5, and A10 FIBTEM < 7.

Assessment of Hemostasis and Hemostatic Therapy

The conventional tests, that is, aPTT, INR, and serum fibrino-
gen levels were used to assess the hemostasis and the effect
hemostatic therapy in the both the groups. The tests were
performed at the ICU admission, 12 hours after ICU admis-
sion, and 24 hours after ICU admission.

Sample Size Calculation and Statistics

In a previous study, it was shown that performing algo-
rithm-based hemostatic therapy was associated with a 28%
decrease in the mean number of transfused PRBC. We antici-
pated at least 20% reduction in the amount PRBC transfused.
Considering 5% o error and 80% power, the sample size was
85 cases each group. SPSS version 24 was used for statisti-
cal analysis. Pearson chi-square test was used for categorical
data. As the data was normally distributed, unpaired t-test
was used to describe the differences between the two groups
for parametric data.'®

Results

A total of 170 patients were randomized into two groups,
that is, conventional and POC groups. There were no losses or
exclusions following randomization.

There were no group differences regarding the demo-
graphic, clinical, and laboratory characteristics (=Table 1).

Routine laboratory analyses were obtained at the start
of surgery and until 24 hours of ICU admission. The base-
line values show slightly reduced fibrinogen concentra-
tion, platelet count, increased aPTT, ACT, and INR. There
were no differences between the two groups in terms of
the routine laboratory tests at different time intervals
(=Table 2).

The primary outcomes were the amount of blood
and blood products consumed in each group. In the POC
group, 25.42 mL/kg PRBC were used while in convention-
al group, 30.87 mL/kg PRBC were used (p < 0.001). In the
POC group, 16.45 mL/kg of FFP was used while in conventional
roup, 20.96 mL/kg of FFP was used (p <0.001).In thePOC group,
10.01 mL/kg platelet was used, while in the conventional
group, 13.9 mL/kg of platelet was used (p < 0.001). In the POC
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Increased drain output / Check Temperature
Major bleeding s P
lYES lonized Calcium
CT HEPTEM / CT INTEM < 0.8 YES | protamine 0.5mg/kg
NO

A10 EXT < 40mm

YES Cryoprecipitate
And MCF FIBTEM < 7 E 1U/10Kg

And Sonoclot PF > 1.5

NO

A10 EXT <40mm

And MCF FIBTEM > 7

YES
And Sonoclot PF< 1.5 —; Platelsts 1 Lf10Kg

l NO
YES
CT EXT >80/ CT HEPTEM > ey | FFP 10 ml/kg
240
No
Surgical Still Bleeding

. Repeat the steps
Haemostasis |—————

Fig. 1 Point of care algorithm.
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Increased drain output /Major Check Temperature,
. —_ H
bleeding g
lonized Calcium
lYES
ACT > 130 YES Protamine 0.5 mg/kg
NO
YES
Serum Fibrinogen < 150 mg/dlI === | Cryoprecipitate 1U/10
Kg
NO
YES

Platelet count < 100000/ mm?

NO

m====> | Platelets 1 U/ 10Kg

aPTT>50/INR>1.4

YES FFP 10 ml/kg

NO

Surgical
Haemostasis

Still Bleeding

Repeat the steps

Fig. 2 Conventional algorithm.

group, 7.46 mL/kg of cryoprecipitate was used as compared
with 11.20 mL/kg in conventional group (p < 0.001) (~Table 3
and ~Fig. 3).

The secondary outcomes were chest drain output
(~Table 4 and =Fig. 4), number of re-explorations,
duration of ventilatory support, ICU, and hospital stay
(=Table 4 and ~Fig. 5). There was no significant difference
between the two groups as far as chest drain output and num-
ber of re-explorations was considered. In the POC group the
mean chest drain output after 24 hours was 8.88 mL/kg while
in the conventional group, it was 9.54 mL/kg (p = 0.234). In
the POC group, mean duration of ventilatory support was
41.75 hours as compared with 49.58 hours in the conventional
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group (p = 0.008). In the POC group, mean duration of ICU
stay was 59.67 hours as compared with 76.54 hours in the
conventional group (p < 0.001). In the POC group, the mean
duration of hospital stay was 6.44 days as compared with
7.11 days in the conventional group (p = 0.019).

Discussion

The study compared the two algorithms, one based on POC
devices and other based on the standard tests in treating
coagulopathy after weaning from the cardiopulmonary
bypass in pediatric cyanotic cardiac surgery patients. The
results showed that POC-guided hemostatic therapy leads
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Table 1 Comparison of demographic characteristics
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Parameters Point of care (n = 85) Conventional (n = 85) p-Value
Age (years)? 4.33+2.19 4.36+1.82 0.909
Male sex (%)? 57.6% 49.4% 0.356
Weight (kg)? 12.27 + 4.97 12.55 + 4.55 0.347
Height (cm)? 103.99 +14.45 96.73 £ 20.67 0.566
CPB time (min)? 129.09 + 28.89 130.15 £ 28.17 0.809
Clamp time (min)? 90.55 + 20 88.60 +20.19 0.527
Procedure

ASO (%) 4.1 4.7 0.849
Glenn Shunt (%)° 3.8 3.5 0.917
Fontan (%)° 17.6 17.6 1

ICR (%)P 66.1 67.1 0.890
ICR+LPA plasty (%)° 5.7 4.7 0.769
ICR+RPA plasty (%)° 3 2.4 0.809

Abbreviations: ASO, arterial switch operation; CPB, cardiopulmonary bypass; ICR, intracardiac repair for tetralogy of Fallot; LPA, left pulmonary

artery; RPA, right pulmonary artery.

*Unpaired t-test used to test the statistical significance.
®Pearson chi-square test used to test the statistical significance.
Note: Values were expressed as mean + standard deviation.

Table 2 Laboratory analyses at various time intervals

Parameters Point of care (n = 85) Conventional (n = 85) p-Value
HB baseline (g/dL) 16.25 £ 2.40 16.34 £2.31 0.795
HB at ICU admission 10.25+£2.42 9.99 £ 2.28 0.472
HB 24 hr 12.25+2.40 13.22+2.26 0.937
ACT baseline (s) 151.35+14.43 150.27 £ 14.53 0.627
ACT ICU admission 131.95+14.12 129.54 +17.26 0.320
Fibrinogen baseline (mg/dL) 176.18 £ 87.76 179.25 £ 89.10 0.821
Fibrinogen at ICU admission 146.24 +72.83 153.59 + 77.31 0.524
Fibrinogen at 24 hr 187.21+93.22 196.72 £ 98.47 0.519
APTT baseline (s) 40.33 £22.86 37.01 £ 8.06 0.209
APTT at ICU admission 46.55 £ 26.37 43.20 £9.30 0.270
APTT 24 hr 32.56 +18.45 33.67+7.19 0.607
INR baseline 1.33+0.47 1.32 £0.47 0.871
INR at ICU admission 1.60 + 0.49 1.56 £ 0.52 0.651
INR 24 hr 1.03+£0.15 1.0+£0.19 0.310
pH at ICU admission 7.38£0.17 7.37£0.18 0.096
Lactate baseline (mmol/L) 2.39+3.68 2.19+3.24 0.707
Lactate at ICU admission 1.99 + 2.96 1.84 £ 2.67 0.724
Lactate at 24 hr 1.55+2.41 1.54+2.70 0.697
Platelet count baseline (pL) 177.19+78.62 188.79 £ 76.94 0.332
Platelet count at ICU admission 152.19 + 78.62 171.73 £76.83 0.103
Platelet count after 24 hrin ICU 182.19 £ 76.62 193.69 £ 77.35 0.338
Temperature at ICU admission 36.26 £ 4.44 35.67 +£4.43 0.911
(degree Celsius)

PaO,/FiO, at 6 hr 319.64 + 85.64 355.85 £ 76.34 0.004
PaO,/FiO, at 12 hr 423.61 +93.884 358.58 £ 96.90 0.001

Abbreviations: ACT, activated clotting time; FiO,, fraction of inspired oxygen; HB, hemoglobin; PaO,, partial pressure of oxygen.
Note: Unpaired t-test used to test the statistical significance. Values expressed as mean + standard deviation.
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Table 3 Primary outcomes

Karanjkar et al.

Point of care Conventional p-Value
PRBC used (mL/kg) (n) 25.42 + 4.227 (85) 30.87 £ 1.211(85) <0.001
FFP used (mL/kg) (n) 16.45 + 3.797 (81) 20.96 + 5.161 (82) <0.001
Platelets used (mL/kg) (n) 10.01 + 2.541 (69) 13.90 + 2.462 (80) <0.001
Cryoprecipitate Used (mL/kg) (n) | 7.46 * 1.866 (71) 11.20 £ 2.512 (78) <0.001

Abbreviations: FFP, fresh frozen plasma; n, number of patients who received therapy; PRBC, packed red blood cells.
Note: Unpaired t-test used to test the statistical significance. Values expressed as mean + standard deviation.

35
30 7
25 |
S 15
10
5 i
0
PRBC Used (ml/kg) FFP Used (ml/kg) Platelets Used (ml/kg) Cryoprecipitate Used
(ml/kg)
EPOC mCONVENTIONAL
Fig. 3 Comparison of blood and blood products.
Table 4 Secondary outcomes
Point of care (n = 85) Conventional (n = 85) p-Value
Chest drain 6 hr (mL/kg)? 5.46 £ 2.079 6.02 £2.32 0.097
Chest drain 12 hr (mL/kg)? 7.42+2.714 8.89 £ 3.41 0.002
Chest drain 24 hr (mL/kg)? 8.88 £3.396 9.54 +£3.79 0.234
Re-explorations® 1.2% 1.6% 0.824
Ventilatory support (hr)? 41.75 +£16.744 49.58 + 20.95 0.008
ICU duration (hr)? 59.67 £+ 25.330 76.54 £22.12 <0.001
Hospital stay (days)? 6.44 + 1.686 7.11+1.99 0.019

Abbreviation: ICU, intensive care unit.

2Unpaired t-test used to test the statistical significance.
®Pearson chi-square test used to test the statistical significance.
Note: Values expressed as mean # standard deviation.

to reduced perioperative exposure to blood products and
improved clinical outcome. Also, POC tests had reduced turn-
around time than the conventional tests. This finding is sim-
ilar to the finding in other studies. There was no difference
between the two groups in terms of the temperature, pH, and
serum lactate levels.

The amount of PRBC administered was significantly higher
in the conventional group as compared with the POC group
(30.87 mL/kg vs. 25.42 mL/kg p < 0.001). This is consistent with
the previous studies in which the amount of PRBC transfused
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was significantly less in the POC group.’®?° This difference may
be due to the fact that the conventional tests had longer turn-
around time which led to higher amount of PRBC administration.

The amount of FFP, platelets, and cryoprecipitate admin-
istered was significantly higher in the conventional group
(p < 0.001), which is consistent with other pediatric and adult
studies.'*17182! This finding is particularly important in pedi-
atric surgeries as the amount of blood and blood products
transfused can cause transfusion-associated acute lung injury
(TRALI) and anaphylactic reactions, and adversely affect the
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Fig. 4 Comparison of chest drain output.
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ICU stay Hospital stay

Fig. 5 Comparison of secondary outcomes.

patient outcome.???* In addition, the tetralogy patients who
receive transannular patch for relief of valvular stenosis, this sig-
nificant increase in circulatory blood volume in background of
concomitant pulmonary valvular regurgitation can precipitate
heart failure.*

There was no significant difference in the postoperative
chest drain output at 6, 12, and 24 hours after the surgery
(p =0.097,0.141, 0.234, respectively). This finding is contradic-
tory to the similar study done by Nakayama et al, in which they
found reduced 24-hour chest drain output in the POC group
(13 mL/kg vs. 22 mL/kg, p = 0.002). This may be due to excess
amount of blood products transfused in the conventional group.
Though the chest drain output was not significantly different in

the two groups, it came at a cost of significantly more transfu-
sion emphasizing the ability of POC tests in avoiding the over
transfusion and associated adverse effects.

The mean duration of mechanical ventilation was signifi-
cantly more in the conventional group as compared with
the POC group (41.75 hours vs. 49.58 hours p = 0.008). The
finding is justified by the significantly reduced PaO,/ FiO,
in the conventional group at 6 and 12 hours. This may have
occurred due to the significantly more amount of blood prod-
ucts administered in the conventional group causing circula-
tory overload and TRALI. Also, the duration of ICU stay and
hospital stay was increased in the conventional group. These
findings are similar to the findings of the other studies.'4?526
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Limitations

This was a single-center study. So interinstitutional varia-
tions couldn’t be considered. The POC algorithm used in the
study is a simple and two point of care devices were used due
to non-availability of platelet aggregometry. Availability of
recombinant factor VII, prothrombin, and fibrinogen concen-
trates could have caused a further reduction in the amount of
transfusion. The study population was small to draw conclu-
sion about mortality and long-term morbidity.

Conclusion

Implementation of POC-based algorithm-guided hemostatic
therapy reduced the exposure to blood and blood compo-
nent therapy and was associated with reduced ICU and hos-
pital stay in pediatric congenital cyanotic surgical patients.
FIBTEM is a sensitive marker with EXTEM for hemostatis.
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