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Can ROTEM™ analysis be applied for haemostatic monitoring
in paediatric congenital heart surgery?

Jo Bgnding Andreasen, Anne-Mette Hvas,” Kirsten Christiansen,” Hanne Berg Ravn

"Department of Anaesthesiology and Intensive Care; ~Department of Clinical Biochemistry, Centre for Haemophilia
and Thrombosis, Aarbus University Hospital, Skejby, Denmark

Abstract Background: Successful management of bleeding disorders after congenital heart surgery requlres
detection of specific coagulation disturbances. Whole-blood rotation thromboelastometry (RoTEM ™)
provides continuous qualitative haemostatic profiles, and the technique has shown promising results in adult
cardiac surgery. Serting: To compare the performance of ROTEM™ with that of conventional coagulation tests
in children, we conducted a descriptive study in children undergoing congenital cardiac surgery. For that
purpose, 60 children were enrolled and had blood samples taken before, immediately after, and 1 day after
surgery. Conventional coagulation tests included: activated partial thromboplastin time, prothrombin time,
fibrinogen, fibrin D-dimer, thrombin clotting time, factor XIII, and platelet count. Resu/ts: Post-surgical
haemostatic impairment was present to some degree in all children, as seen by pronounced changes in
activated part1al thromboplastm time, prothrombin time, thrombin clotting time, and platelet count, as well
as RoTEM® analysis. ROTEM™ showed marked changes in clotting time — prolonged by 7-18% — clot
formation time — prolonged by 46-71% — maximum clot firmness — reduced by 10-19%, and maximum
velocity — reduced by 29-39%. Comparison of the two techniques showed that conventional coagulation tests
and RoTEM®™ performed equally well with regard to negative predictive values for excessive post-operative
drain production — more than 20 millilitres per k1logram per 24 hours after surgery — with an area under the
curve of approximately 0.65.  Conclusion: RoTEM®™ can detect haemostatic impairments in children
undergoing cardiac surgery and the method should be considered as a supplement in the perioperative care of
the children where targeted transfusion therapy is necessary to avoid volume overload.
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ARDIAC SURGERY IS ASSOCIATED WITH AN INCREASED

risk of bleeding complications. Bleeding com-

plications are particularly challenging in children

in whom even small volumes of blood products used

during treatment may cause volume overload. Thus, a

tailored and targeted therapy is especially important in
this patient group.

Cardiac surgery in general and the use of cardio-

pulmonary bypass in particular impairs haemostasis
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in several ways. Priming of the cardiopulmonary
bypass circuit causes substantial haemodilution and
dilutional coagulopathy, even if the circuit is
primed with fresh frozen plasma and whole blood
with a V1ew to achieving a haematocrit value of
0.30-0.35." The surface of the circuit and the
oxygenator stimulate excessive contact activation
with consumptmn of platelets and coagulation
factors.”™ Furthermore, hypothermia impairs both
platelet function and coagulation factor activity’,

does the administration of heparm Thus, there is
an obvious need for a quick and reliable measure-
ment of the haemostatic capacity in children after
cardiac surgery because of these haemostatic changes
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and children are highly susceptible to major
cardiovascular mstab1l1ty in the presence of severe
volume overload.”

Owing to the turnaround times of approximately
60 minutes, conventional coagulation analysis of,
for instance, prothrombin time, activated partial
thromboplastin time, and platelet count are of
limited use in the management of perioperative
bleeding complications. A number of new point-of-
care tests have therefore been developed and refined
to guide haemostatic intervention. Whole-blood
coagulation profiles as su gphecl by rotating throm-
boelastometry (RoTEM™; Pentapharm GmbH,
Miinchen, Germany) are currently included in the
perioperative management of adult cardiac patients
in many operating theatres and intensive care units
because the method has the advantage of fast
turnaround times enabling targeted therapy to be
initiated 15-20 minutes after blood sampling.®
RoTEM™ visualises the dynamic properties of the
continuous whole-blood clot formation, allowing
the plasmatic coagulation system to interact with
platelets and red cells, thereby providing useful
additional information on platelet functlon From a
theoretical point of view, RoTEM® provides more
information on the entire coagulation process from
the initiation of coagulation, fibrin formation, clot
retraction, and fibrinolysis including the time span
of the processes than conventional tests. Thus, the
advantage of this technique lies in its potential to
measure the individual parts of the clotting process,
at the beds1de with minimal delays.®>"°

RoTEM™ analysis in adult cardiac patients is
shown to provide the basis for a targeted therapy and
to improve outcome after cardiac surgery, mdlcated
for instance, by a reduced use of blood products.®”"! 12
However, before it is implemented into routine care
among children, the performance of RoTEM™ should
be documented on a larger scale in this populat1on
and there is currently no evidence that RoTEM™ is as
equally efficient as conventional coagulation testing in
children with cardiac defects or whether the treatment
algorithm should be adjusted for this particular
patient group. The aim of the present study was to
investigate whether RoTEM® analysis can reveal
haemostatic changes in children undergoing cardiac
surgery with a performance at least comparable to
conventional coagulation tests.

Methods

Children scheduled for primary congenital heart
surgery were consecutively included in the study
from January, 2007 to September, 2008. The inclusion
criteria were: age 0—15 years, elective congenital heart
surgery, and use of cardiopulmonary bypass. Children
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were excluded if they had previously undergone
cardiac surgery or had an ongoing infection. None of
the children received any medication interfering with
coagulation or platelet function before the surgery.

Procedure

Children were anaesthetised with sevoflurane and
fentanyl 20—75 micrograms per kilogram and muscle
relaxed with cisatracurium 0.15 milligram per
kilogram, followed by a continuous cisatracurium
infusion. In low-dose fentanyl cases, sedation was
maintained with intravenous midazolam 0.1 milli-
gram per kilogram during aortic cross-clamping and
intravenous pentobarbital 5 milligrams per kilogram
if circulatory arrest was applied. Anticoagulation
during cardiopulmonary bypass was achieved by
means of unfractionated heparin — 300 international
units per kilogram — with dose adjustment according
to the achieved activated partial thromboplastin time.
All children were subjected to standardised procedures
for cardiopulmonary bypass and momtormg This
included the use of Jostra HL20 circuit™ (Austin,
Texas, USA) and Medos Hilice™ (Vingmed, Roskilde,
Denmark) infant/paediatric oxygenator, primed with
fresh frozen plasma, Ringer’s lactate, and red blood
cells to obtain a haematocrit value of 0.28-0.30.

Clinicians were blinded to the RoTEM®™ data.
Thus, haemostatic interventions during and after
surgery were not guided by the RoTEM™® analysis
results from the study protocol. For both the
RoTEM® analysis and the conventional coagulation
tests, preoperative blood samples were obtained before
heparinisation. Following administration of protamine
sulphate‘) (Leo Pharma Nordic, Malmo, Sweden),
post-operative samples were obtained after weaning off
extra corporal circulation, aiming at an activated
clotting time below 150 seconds. Conventional
coagulation tests were repeated on post—operative
day 1 at 5:00 am.

The following clinical variables were obtained from
the medical records after surgery: surgical procedure,
complexity of congenital heart disease according to
Risk Adj usted Classification of Congenital Heart
Surgery- 1 > duration of cardiopulmonary bypass,
post-operative drain production, and haemostatic
treatment. For receiver-operating characteristic curve
analysis, patients were divided into “bleeders” — more
than 20 millilitres per kilogram per 24-hour chest tube
drainage — and “non-bleeders” — less than 20 millilitres
per kilogram per 24-hour chest tube drainage. Owing
to clinical practice, data were recorded prospectively in
an electronic intensive care database and a laboratory
database during the study period.

According to the Danish law on ethics, the present
study is categorised as a method validation study and
therefore did not require approval. Blood sampling
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obtained to evaluate a new test and test results that
will not influence the patient’s diagnosis or treatment
can be performed without obtaining consent from the
patient or his/her guardians, as long as the interven-
tion itself is harmless to the study person involved
(Acceptance letter; 3 November, 2006, Regional
Ethics Committee, Aarhus County, Denmark). There-
fore, written informed consent was not obtained from
the patients or their parents. The study was approved
and registered by the Danish Data Protection Agency.

Coagulation tests

The conventional coagulation tests were: activated
partial thromboplastin time, prothrombin time,
fibrinogen (functional), fibrin D-dimer, thrombin
clotting time, antithrombin (STA-R Evolution,
Diagnostica stago, Asniéres, France), factor XIII
(functional) (ACL TOP, Instrumentation Laboratory,
Barcelona, Spain), and platelet count (Sysmex, XE-
2100, Kobe, Japan). Anticoagulation was achieved by
means of 3.2% sodium citrate — activated partial
thromboplastin time, prothrombin time, fibrinogen,
fibrin D-fimer, thrombin clotting time, antithrom-
bin, and factor XIII — and ethylenediaminetetraacetic
acid — platelet count.

Whole-blood  coagulation was performed usmg
RoTEM™. Our standardised procedure for ROTEM™
analysis included blood sampling from the arterial line.
Blood was anticoagulated with 3.2% sodium citrate
and rested for 30 minutes at room temperature.
Standard assays were perforrned both pre- and post-
operatively. In the In-TEM® (Pentapharm GmbH,
Miinchen, Germany) assay, the coagulation was
initiated by contact activation of coagulation factors

December 2011

VII and X-XII to evaluate the internal coagulation
pathway. In the Ex-TEM®™ (Pentapharm GmbH,
Miinchen, Germany) assay, the coagulation was
initiated by thromboplastin — tissue factor — applied
to evaluate the external coagulation pathway. The
Fib-TEM®™ (Pentapharm GmbH, Miinchen, Germany)
assay was also activated by thromboplastin, but
cytochalasin D was added to block platelet function.
The Fib-TEM™ result reflects the fibrinogen level and
the ability of fibrinogen to polymerise. Hep-TEM™
(Pentapharm GmbH, Miinchen, Germany) analysis is
comparable to the In- TEM® assay, but heparinase is
added and a difference in clottmg time of more
than 25% between the In-TEM®™ and Hep-TEM™®
measurements reflects residual heparinisation.

The whole-blood coagulation profile in each assay
was described by: clot initiation reflected by clotting
time (seconds) and clot formation time (seconds); clot
propagation in terms of maximum velocity of clot
formation (millimetres per second) and time to
maximum velocity (seconds) and finally, whole-blood
clot stability was expressed by maximum clot firmness
(millimetres).

Statistical analyses

The majority of data did not follow the normal
distribution, and the data are therefore presented
as median and interquartile range — p25 to p75.
Differences between groups were tested non-parame-
trically using Wilcoxon’s signed-rank test. Repeated
samples from one patient are considered dependent.
The receiver-operating characteristic curve analys1s was
used to identify cut-off points for RoTEM® and
conventional coagulation tests that produced optlmal

Table 1. Demographic and clinical characteristics of the study population (60 children).

Variables

Interquartile range

Median (p25 to p75) Frequency/n

Age (months)
Male/female (n/n)
Weight (kg)
Congenital heart defect
Atrial septal defect
Ventricular septal defect
Transposition of the great arteries
Tetralogy of Fallot
Hypoplastic left heart syndrome
Pulmonary atresia
Complete atrio-ventricular canal
Various
Duration of cardiopulmonary bypass (min)
Aorta cross-clamping time (min)
Circulatory arrest time (min; five children)
Peroperative body cooling below 34°C (n)
Post-operative chest tube drain production (ml/kg/24 h)

6.4 2.6 to 24.7
32/28
7.1 4.1 to 11.9

12
16

S Bk = RN

—_

88 54 to 167
50 27 to 95
31 9 to 31
37
14 8 to 20
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Table 3. Pre- and post-operative test results of RoTEM® analysis among 60 children undergoing heart surgery.

Pre-operative

Immediately post-operative

Interquartile range

Interquartile range  Change

Variables Median (p25 to p75) Median (p25 to p75) (%) p-value*
Ex-TEM®
Clotting time (s) 66 54 to 79 76 62 to 93 +15 <0.01
Clot formation time (s) 84 64 to 107 132 107 to 172 +46 <0.01
Maximum clot firmness (mm) 60 56 to 64 53 49 to 57 —-10 <0.01
Maximum velocity (mm/s) 17 12 to 20 10 8 to 14 —-29 <0.01
Time to maximum velocity (s) 116 92 to 127 135 78 to 176 +32 0.01
In-TEM®
Clotting time (s) 185 160 to 203 201 179 to 234 +7 <0.01
Clot formation time (s) 63 52 to 80 115 81 to 151 +71 <0.01
Maximum clot firmness (mm) 63 58 to 66 54 50 to 59 —-13 <0.01
Maximum velocity (mm/s) 20 16 to 23 11 9to 15 —39 <0.01
Time to maximum velocity (s) 213 186 to 237 227 192 to 264 +4 0.03
Fib-TEM™
Maximum clot firmness (mm) 13 10 to 17 11 9 to 14 —19 <0.01
In-TEM™ clotting time/Hep-TEM™ 0.9 0.8 to 1.0 0.9 0.8 to 0.9 0 0.43
Clotting time ratio
*Wilcoxon’s signed rank test
Table 4. Evaluation of the post operative RoTEM® results according to the guidelines by Gorlinger et al'®.
Drain Suggested
Algorithm % production*® intervention
In-TEM(R)Vclotting time/Hep-TEM(‘R\’ clotting time >1.25 5 Protamin
Fib—TEM@"nmaximum clot firmness <8 mm . 15 16 Fibrinogen
Hep-TEM®™ maximum clot firmness <45 mm and Fib-TEM® 3 21 Platelets
maximum clot firmness >7 mm
Ex-TEM™ clotting time >100s and Fib-TEM™ maximum clot 15 16 Fresh frozen plasma

firmness >7 mm

The algorithm is used on the assumption that the children showed excessive bleeding and the numbers who needed further substitution after

surgery are indicated as well as the suggested intervention
*Median drain production in ml/kg/24h

chest tube drainage — and “non-bleeders” — less than
20 millilitres per kilogram per 24-hour chest tube
drainage — and we found a prevalence of 25% with
severe bleeding. As can be seen in Table 5, the area
under the curve is approximately 0.65 for both
groups, with slightly higher performance for
individual variables. The negative predictive values
of RoTEM®™ parameters were acceptable and
comparable to the results obtained with conven-
tional coagulation tests.

Fib-TEM®™ maximum clot firmness and plasma
fibrinogen showed the strongest association when we
compared RoTEM™ parameters with conventional
coagulation tests (r = 0.71, p <0.01; Figure 1).

Discussion

. . )
Both the conventional coagulation tests and ROTEM ™
analysis demonstrated significant changes in the
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haemostatic capacity of 60 children having undergone
congenital heart surgery, and the two approaches
petformed equally well with regard to negative
predictive values for post-operative bleeding.

A number of children presented with abnormal
conventional coagulation test results before surgery;
and values were abnormal even when age-specific
reference ranges were applied. This was expected as
previous studies have shown that major pathophy-
siological differences exist and that these differences
may affect haemostasis in children with congenital
heart defects.'” Immediately after surgery, the con-
ventional coagulation tests showed marked changes
in the majority — more than 50% — of the children.
Only fibrinogen, antithrombin, and Factor XIII
remained within the normal reference range.
Although the fibrinogen level was within the
reference range, it is well known that an improved
haemostatic capacity can be obtained at higher
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Table 5. Diagnostic properties of ROTEM®™ parameters and conventional coagulation tests in children undergoing congenital heart

surgery are indicated.

Sensitivity Specificity PPV NPV
Variables Cut-off % % % % AUC
Ex-TEM®
Clotting time (s) >95 15 79 18 76 0.45
Clot formation time (s) >170 31 74 27 78 0.61
Maximum clot firmness (mm) <53 69 59 33 87 0.60
Maximum velocity (mm/s) <12 62 S0 28 81 0.58
Time to maximum velocity (s) >180 39 86 46 82 0.55
In-TEM®
Clotting time (s) >280 43 91 60 84 0.66
Clot formation time (s) >155 43 80 40 82 0.67
Maximum clot firmness (mm) <53 71 61 37 87 0.63
Maximum velocity (mm/s) <10 43 76 35 81 0.69
Time to maximum velocity (s) >300 43 89 55 83 0.64
Fib-TEM™
Maximum clot firmness (mm) <8 71 61 38 87 0.64
Routine parameters
aPTT (s) >40 73 62 39 88 0.70
Fibrinogen (g/l) <5.6 33 77 33 77 0.57
Fibrin D-dimer (mg/ml) <0.8 21 86 33 77 0.49
Antithrombin (IU/1) <0.75 53 76 42 83 0.68
Prothrombin time ratio <0.75 73 59 38 87 0.70
Thrombin clotting time (s) >35 27 78 29 76 0.48
Factor XIII (IU/1) >2.4 33 93 63 81 0.73
Platelet count (X 10%/1) <90 53 80 47 84 0.69

True diagnosis is considered a blood loss above 20 ml/kg/24 h

aPTT =activated partial thromboplastin time; AUC = area under the curve for receiver-operating characteristic curve analysis; NPV = negative

predictive value; PPV = positive predictive value

201
E . o. .
E 15 ..
m-\ - .......... .
% e o o L] .
% 107 ol
E .:.::o
'-é 5 - e .
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o v ! v | 1 1

0 2 4 6 8 10 12
Fibrinogen, g/L

Figure 1.

Scatter plot of post-operative Fib-TEM®™ maximum clot [firmness
and fibrinogen in the 6O children after surgery for congenital
heart disease.

levels.'® In treatment algorithms, it is generally
recommended that the fibrinogen level is brought
to a level above 1 gram per litre."”” Apart from the
age-related haemostatic capacity, the variation in the
severity of the underlying cardiac disease and, accord-
ingly, in cardiopulmonary bypass times, the extent
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of cooling and other perioperative factors may account
for some of the variation in the haemostatic changes
observed after cardiopulmonary bypass among children.
Much variation in haemostatic response after cardio-
pulmonary bypass has also been reported in adult
patients.

Previous data on age-dependent differences in
RoTEM®™ clotting profiles have shown conflicting
results. Thus, Chan et al?° showed no differences in
reference ranges for children (1 month—16 years) as
compared with adults. However, Edwards et al®'
found significantly shorter clotting times in neonates,
and a recent study by Oswald et al* supports the
theory that RoTEM®  reference ranges are age
dependent.”” This indicates that age may play a role
and should, indeed, be considered when interpreting
RoTEM™ results.

In accordance with similar studies in adults, the
RoTEM™ analysis performed well with respect to
negative predictive values for major bleeding after
cardiopulmonary bypass,” whereas positive predic-
tive values of ROTEM™ were of limited value. To
compare the predictive values in this paediatric
study with a similar study in adults, we aplzalied the
cut-off points published by Reinhéfer et al*® to our
data. Our definition of post-operative bleeding was
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comparable to that used in the study of adult cardiac
surgery patients. We found a lower specificity for all
parameters of the Ex- TEM® Jassay (50-86%) than was
reported by Reinhéfer et al,”® whereas the In-TEM™®
analysis (61-91%) performed better in children than
in adults. The reduced ability to predict clinical
outcome in children as compared with adults could be
due to the developmental differences in concentrations
of fibrinogen and coagulation factors II, V, VH and X,
as shown in the studies by Monagle et al.'

Before implementation of the RoTEM® analysis,
it is vital to know how well this method performs in
predicting the actual need of haemostatic compo-
nents. In spite of the significantly shorter turnaround
time of ROTEM™, it is mandatory that the results
guide the treating clinician on an efficient and
tailored haemostatic intervention. The RoTEM™
analysis seems sensitive enough to detect changes, as
major dev1at10ns were observed in the majority of
RoTEM® assays. Importantly, the present study
indicates that treatment algorithms for adults cannot
be directly extrapolated to children. However, we
cannot deduce from the present changes in the
RoTEM® profiles which haemostatic intervention is
appropriate, and nor can we determine the proper
timing of intervention.

Our study was designed to describe changes in
conventional coagulation tests and RoTEM™ ana-
lysis after cardiac surgery in children, but not to
evaluate the effect of any intervention. A cause—effect
relationship, therefore, cannot be deduced from the
observations. Cardiac surgery and cardiopulmonary
bypass imply that all ch1ldren per se suffer from some
degree of coagulopathy.” One of the major limitations
of the study is that we do not know the extent to
which this coagulopathy is reflected in the post-
operative drain production because observations are
influenced by the fact that children received haemo-
static intervention independently of the RoTEM™
results. In addition, we cannot exclude that some
children developed coagulopathy after blood sam-
pling and therefore showed excessive bleeding with-
out detectable 1mpa1rments in coagulation tests.

In conclusion, ROTEM®™ can detect haemostatic
impairments in children undergoing cardiac sur-
gery, and the method should be considered as a
supplement in the perioperative care of children
where targeted transfusion therapy is necessary to
avoid volume overload.
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