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Objective Intra-operative coagulopathy has a close relationship with blood loss and the prognosis of
patients. Rapid-thrombelastography (r-TEG) is a comprehensive assessment of coagulation abnormalities and
also an effective way for constructing blood transfusion. This study attempts to investigate the correlation of
r-TEG indices with intra-operative hemorrhage.

Methods Patients who underwent transphenoidal hypophysectomy and craniotomy from January 15
to April 30, 2013 in Peking Union Medical College hospital were recruited. All patients had pre- and
post-operative r-TEG and conventional coagulation tests (CCTs). Patients’ information and intra-operative
blood loss as a percentage of estimated blood volume were recorded. Spearman’s correlation analyses were
used for discovering the relationship between indices in r-TEG or CCTs and the intra-operative blood loss.
The significant correlated index of r-TEG was further investigated using linear regression analysis.

Results A total of 181 patients participated in this study. Intra-operative change of Q-angle, which
reflects the fibrinogen level and function, was the only r-TEG index that correlated with blood loss
significantly (P=0.013, r= —0.184), thus challenging the current empirical cognition of the effects of
intra-operative hemorrhage on coagulation. As intra-operative blood loss increased, ®t-angle decreased, and
every 1% loss of estimated blood volume (EBV) led to 0.60 degree decrease of at-angle. As for CCT results,
changes of fibrinogen and platelet count were also significantly correlated with blood loss (P=0.015 and
P=0.001, respectively).

Conclusions Peri-operative change of d-angle, as an index of r-TEG, exhibited a significant negative
correlation with intra-operative blood loss. The impact of hemorrhage on fibrinogen, instead of clotting

factors, should be scrutinized.
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NTRA-OPERATIVE coagulopathy is closely related

with blood loss volume and the prognosis of patients.

The American Society of Anesthesiologists (ASA)

Transfusion Guidelines! provides some suggestions
on transfusion strategy for blood components, most of
which relies on the indices of conventional coagulation
tests (CCTs), including prothrombin time (PT), activated
partial thromboplastin time (APTT), international nor-
malized ratio (INR), fibrinogen (FBG), and platelet count
(PLT). However, the CCTs were time-consuming, so that
it is rarely clinically constructed for guiding blood trans-
fusion. At present, transfusion of blood products is mainly
based on the visual assessment of anaesthesiologists or
surgeons, which is actually subjective and experiential.
The information that precisely defines when to perform a
transfusion of blood component (except red blood cells) is
still not available in the literature. Fresh frozen plasma
(FFP) is always the first choice of correcting coagulopathy
empirically during operation to supple the consumption of
clotting factors. Nevertheless, the rationality of this
method has not been proven, and the side effects of
plasma transfusion, such as transfusion-associated car-
diac overload (TACO), severe infection, as well as com-
plications of the respiratory system,?* have raised many
concerns.

Rapid-thrombelastography (r-TEG) provides a better
way to guide blood product transfusion and treatment of
the evolving coagulopathy, because it offers an integral
reflection of the patient’s coagulation status compared with
currently widely used CCTs.> In addition, r-TEG results
return more promptly than those of traditional kao-
lin-activated TEG and CCTs.® The initial r-TEG index acti-
vated clotting time (ACT) reflects the overall clotting factor
availability and function. K-time and a-angle are indices
that are supposed to be corresponding to fibrinogen con-
tent and its performance. Maximum amplitude (MA) rep-
resents overall effect of platelets, influenced by both
number and function.” When ACT increases, there is a need
for fresh frozen plasma transfusion; when K-time increases
or a-angle decreases, there is a need for fibrinogen
transfusion. Platelet transfusion is indicated while MA de-
creases.

In the previous studies, it has been suggested that
r-TEG may effectively guide transfusion therapy, and result
in reduced administration of blood components, 8 less blood
loss volume,® and better prognosis of patients.'%'2 How-
ever, the relationship between r-TEG indices and in-
tra-operative blood loss still remains unclear. As a result,
the aim of this study was to investigate the correlation of
r-TEG indices with intra-operative hemorrhage.
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PATIENTS AND METHODS

Participants recruiting

This prospective study was carried out in Peking Union
Medical College Hospital between January 15, 2013 and
April 30, 2013. It was ethically approved by the institu-
tional ethics research committee. Written informed consent
was acquired from participants before the enrollment. The
inclusion and exclusion criteria were listed as follows.
Inclusion criteria:

1) Inpatients who were scheduled for transsphenoidal
sellar region tumor removal or craniotomy;

2) Age between 15 and 65;

3) ASA grade Tor II.

Exclusion criteria:

1) Pre-operative CCT abnormalities: prothrombin time
(PT)>15.6s, activated partial thromboplastin time (aPTT) >
41.8s, platelet count (PLT) <100x10°%/L or > 400x10°/L;

2) Liver function abnormality: alanine aminotransfer-
ase (ALT) or aspartate aminotransferase (AST) > 50U/L;

3) Renal function abnormality: serum creatinine (Scr)>
120mmol/L;

4) History of pre-operative coagulation-related drugs
administration;

5) Homologous transfusion before opening the skull;

6) Unqualified blood sample for staying over 2 hours
after venipuncture.

Anesthesia and intra-operative management
Intra-operative anesthesia and fluid management were con-
sistent in all patients in order to control potential sources of
bias. General anesthesia was induced with midazolam 0.05
mg/kg, propofol 2-2.5 mg/kg, fentanyl 2-3 pg/kg, rocuronium
0.5-1.0 mg/kg, followed by endotracheal intubation. Anes-
thesia was maintained with sevoflurane 1.2-1.5 MAC and ni-
trous oxide 0.5 L/min. Fentanyl was infused to maintain an-
algesia, and rocuronium was resorted to maintain muscular
blockade. Ventilation was controlled with a tidal volume of 10
ml/kg, and respiratory rate was adjusted to maintain a carbon
dioxide end-tidal concentration of 35-40 mmHg. The Holliday-
Segar Method (4-2-1 rule) was applied to control the intra-
operative fluid infusion.'3 The ratio of crystalloids (Ringer) to
colloids (Gelofusine) was 2:1.

At the end of surgery, the residual neuromuscular
block was antagonized with neostigmine 40 pg/kg and
atropine 20 pg/kg when sevoflurane MAC decreased to 0.2.
As patients woke up and spontaneous ventilation resumed,
the endotracheal tube was removed.

Compiling parameters and measurements
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The following parameters were compiled from the hospital
medical records system before surgery: general infor-
mation (including name, ID, gender, age, ASA grade, date
of surgery, surgeon, and surgery category); pre-operative
CCTs; complete blood count (CBC) indices including he-
moglobin (HGB), hematocrit (Hct); liver and renal function
indices including ALT, AST, and Scr. Before anesthesia
induction and at the end of the operation, we took 2.7 ml
and 7.4 ml of blood sample respectively through veni-
puncture, and injected into citrate anticoagulation tube (BD
Company, citrate concentration 0.109 mol/L) or EDTA an-
ticoagulation tube (BD Company, EDTA 3.6 mg) for
pre-operative and post-operative r-TEG, CCT and CBC tests.
R-TEG tests were done in the department of anesthesiology
(TEG 5000; Haemonetics Company, USA) 15 min after
sample collecting. Indices of r-TEG, including activated
clotting time (ACT), K-time, a-angle, and maximum am-
plitude (MA), were recorded. CCT and CBC tests were done
in the department of laboratory. Blood sample exams would
be cancelled if it stayed over 2 hours before the tests.

The blood loss was presented as percentage of esti-
mated blood volume (EBV). The estimated volume of blood
loss was calculated by the following formula: volume of
liquid in suction chamber + volume of liquid in blood
drainage bag + (weight of gauze with blood and saline -
net weight of gauze) - volume of saline. The EBV was
calculated by weightx0.07(L). Transfusion of blood prod-
uct had exerted a great role in coagulation status, which
would influence r-TEG results. Consequently, if autologous
or homologous blood transfusion was required during the
surgery, we calculated the estimated blood loss, then took
the blood sample for laboratory test before transfusion,
and ended the research at this point.

Statistical analysis
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Data were analyzed using standardized statistical soft-
ware SPSS (version 20.0). Continuous variables were
summarized as means and standard deviations if normally
distributed, or as medians and 25th and 75th percentiles
if not normally distributed. Correlation between peri-
operative changes was assessed with Pearson’s correla-
tion coefficients if normally distributed or Spearman’s
rank correlation coefficients if not normally distributed. P
value less than 0.05 was considered to be significant in
statistics.

RESULTS

Demographic and baseline data

In 184 eligible patients (75 males and 109 females), two
patients were excluded for
transfusion before opening the skull, and one patient
was excluded because blood sample coagulation and
post-operative r-TEG was unavailable. Therefore there
were 181 patients enrolled in the study, including 74
males and 107 females, with the average age of
40.7+12.8 years old. We found significant changes in
post-operative r-TEG indices and CCT indices compared
to those pre-operatives (Table 1).

receiving homologous

Relationship between r-TEG indices and blood loss
Correlation between intra-operative change of r-TEG indices
and blood loss was analyzed. We delimited d(index) =
indeXpost-operative—iNd€Xpre-operative, Which reflected the intra-
operative change of each index of r-TEG. As blood loss volume
was not normally distributed, the median (1st-3rd quartiles)
blood loss was 6.39% (3.62%-10.87%) of EBV. Among 4 in-
dices of r-TEG, only the change of a-angle showed a signifi-
cant negative correlation with the blood loss (r=-0.184,
P=0.013) (Table 2).

Table 1. Measurements of r-TEG and CCT indices before and after surgical operation (n=181)%

r-TEG indices CCT indices
Categories K-time a-angle
ACT (sec) MA (mm) PT(s) APTT(s) INR FBG (g/L)  PLT (x10%L)
(min) (degree)
Pre-operative 112.07+£10.23 1.65+0.59 70.70+£6.04 59.71+£6.15 11.32+0.78 28.00+13.31 0.99+0.08 2.94%+0.67 238.48%+54.96
Post-operative 114.54+£10.71 1.79%£0.67 69.69+£6.04 57.12+6.04 12.54+£0.89 30.71+£6.09 1.12+0.09 2.11+0.72 198.92+48.18
Peri-operative
changes 2.45+8.32 0.14+0.34 -0.994£2.64 -2.58+4.53 1.22+0.74 2.72+13.84 0.13+£0.09 -0.83%£0.63 -39.56+34.83
P value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

§:Plus-minus values are mean£SD.

r-TEG: Rapid thrombelastography; CCT: conventional coagulation tests; ACT: activated clotting time; MA: maximum amplitude; PT:

prothrombin time; APTT: activated partial thromboplastin time; INR: international normalized ratio; FBG: fibrinogen; PLT: platelet count.
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Table 2. Spearman’s correlation between peri-operative
changes of r-TEG indices and blood loss as
percentage of EBV (n=181)

d(index)* of r-TEG rs P value
ACT 0.005 0.948
K 0.095 0.203
a-angle -0.184 0.013™
MA -0.104 0.164

*d(index) = indeX post-operative=iNAEX pre-operative. P<0.05.

In order to specifically illustrate how changes of a-angle
was correlated with peri-operative blood loss, we divided the
patients into subgroups according to da at intervals of 1
degree, and calculated the mean blood loss of EBV in each
subgroup (Table 3).

Seven subgroups (group 4 to group 10) had over 5% of
the total participants and were selected for further
investigation in linear relationship between da and average
blood loss volume (y=-0.60-x + 4.42). The results showed
that every 1% blood loss of EBV could cause 0.60 degree
decrease of a-angle (Fig. 1).

Table 3. Subgrouping according blood loss during operation
based on da-angle (n=181)5

Subgroup no. Number of d(a-angle) Blood loss of
patients (degree) EBV (%)
1 1 -8<das-7 42.2
2 3 -7<das-6 16.2+5.1
7 -6<das-5 6.1+3.5
4 11 -5<das-4 13.2+8.5
5 9 -4<das<-3 13.8+12.1
6 32 -3<das-2 9.0+9.1
7 33 -2<das-1 7.1£5.2
8 30 -1<da<0 7.0+4.2
9 23 O<das1 6.6+3.2
10 16 1<da<2 6.4+3.6
11 7 2<das3 5.1+2.9
12 6 3<das4 11.5+£7.6
13 1 4<das5 0.5
14 0 5<das<6 -
15 1 6<das? 3.8
16 1 7<das8 3.7
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Relationship between CCT indices and blood loss

We also analyzed the correlation between peri-operative
change of CCT indices and blood loss. Among 5 CCT indices,
changes of FBG and PLT were significantly correlated with
blood loss of EBV (P=0.015 and P=0.001, respectively)
(Table 4).

da-angle
-
1
*

y=-0.60x+4.42

R"=0.79619

-4 *

-5 T T T T T T T ]
0 2 4 6 8 10 12 14 16

Average blood loss as percentage of EBV(%)

*

Figure 1. Scatter diagram with regression line showing pre- and
post-operative change of a-angle by r-TEG was negatively
correlated with average blood loss (percentage of EBV).

Table 4. Spearman’s correlation between peri-operative
changes of CCT indices and blood loss as
percentage of EBV (n=181)

d (index)* of CCT Is P value
PT 0.076 0.307
APTT 0.093 0.212
INR 0.041 0.587
FBG -0.180 0.015™
PLT -0.253 0.001™

§: Plus-minus values are mean£SD.
EBV: Estimated blood volume.

*d(indeX)=indeXpost-operative—indeXpre-operative. *Pp<0.05.

DISCUSSION

In this study, we collected information from 181 pa-
tients and demonstrated that only a-angle in r-TEG, which
reflects the amount and function of fibrinogen, was sig-
nificantly correlated with volume of blood loss during
surgery. This was also confirmed by CCT results that peri
-operative change of FBG had significant correlation with
blood loss. However, we found that ACT, as well as PT,
APTT, INR, reflecting the number and function of clotting
factors, were not correlated with intra-operative blood loss.
As in medical practice, FFP has always been the first choice
for correcting coagulopathy empirically during surgery; our
findings challenged the current empirical transfusion
strategy. It was reported that in severe traumatized and
massively bleeding patients, fibrinogen could reach critical
levels at early stage.'* Besides, a few studies also found
that the peri-operative blood loss tendency increased
when fibrinogen level went below 1.5- 2.0 g/L,*>'7 which
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was much higher than the suggested fibrinogen level for
blood transfusion in the guideline (0.8g/L).! As a result,
current empirical cognition about the effects of pe-
ri-operative hemorrhage on coagulation might not be
universally correct, and the impact of blood loss on fi-
brinogen should gain more attention.

Currently, the precise thresholds and dosing strategies
for fibrinogen supplementation have not yet been deter-
mined.8 R-TEG is supposed to be a valuable reference for
constructing component blood transfusion. Therefore, we
attempted to investigate the relationship between da-angle
and blood loss volume. We found a trend that blood loss
volume increased as da-angle decreased, and that every 1%
loss of EBV could cause a-angle to decrease 0.60 degree.
This relationship might be an important reference for em-
pirically evaluating whether or not patient needs a fibrin-
ogen transfusion according to the basic a angle and in-
tra-operative blood loss. Meanwhile, based on this rela-
tionship, anesthesiologists could also evaluate the appro-
priate time for patient to take a r-TEG test, which is eco-
nomically beneficial.

It was expected that the intra-operative blood loss and
anesthesia fluid expansion during surgery should cause
decrease in fibrinogen amount. However, we were sur-
prised to find that lots of participants had a positive
da-angle during surgery. There are two major reasons that
might account for this phenomenon. Firstly, surgical
stimulation might activate coagulation system in some
patients, thus lead to hypercoagulation state. Secondly,
a-angle reflects both the amount and the function of fi-
brinogen. Intra-operative hemorrhage and anesthesia fluid
expansion lead to hemodilution and decrease in fibrinogen
count, therefore compensatory mechanisms come into
work so that fibrinogen function increases. As a result, the
overall effect of hemorrhage on fibrinogen is increased, as
shown by peri-operative changes of a-angle.

MA is regarded to be strongly related to PLT according
to previous studies.!® Nevertheless, converse results were
discovered in our study. PLT, acquired through CBC, only
reflects the amount of platelets in whole blood. While MA,
acquired through r-TEG, reflects both the amount and the
function of platelets. Intra-operative blood loss and fluid
transfusion lead to hemodilution and the decrease in
platelet count; at the same time, compensatory mecha-
nisms come into work, causing platelet function increases.
As a result, the overall influence of hemorrhage on platelet
reflected by MA is balanced. Since MA is superior to platelet
count in predicting platelet transfusion, we speculate that
transfusion of platelet is not necessary for minor blood loss.

It must be pointed out that there were some limitations
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in the present study. Firstly, it was an observational study.
The transfusion of blood products was not controlled, which
prevented us from observing the effect of blood transfusion
after performing intervention guided by r-TEG. Secondly,
this was a single institutional study and the recruited par-
ticipants were only those undergoing neurosurgery. From a
perspective of sample size and operation category, multi-
center studies with participants undergoing various types
of surgery should be carried out. Thirdly, we used citrated
whole blood for r-TEG with citrated rapid TEG (CRT) model
in the present study. As blood sample tested by CRT model
should be obtained 15 minutes before testing, it extends
the time to obtain the results. In addition, it has been found
that non-citrated whole blood is optimal for evaluation of
post-injury coagulopathy with r-TEG, because tissue fac-
tors shortens coagulation time by activating factors VII and
X, which may influence r-TEG results.?? Therefore, we
should attempt to assess the utility of non-citrated blood
sample in further studies.

To conclude, peri-operative change of a-angle was the
only r-TEG index that significantly correlated with intra-
operative blood loss volume. The current widely accepted
empirical cognition about the effects of intra-operative
hemorrhage on coagulation might not be universally cor-
rect, and the impact of hemorrhage on fibrinogen should be
cautiously scrutinized. Every 1% blood loss of EBV could
cause 0.60 degree decrease in a-angle, and this rela-
tionship might be used as an important reference to em-
pirically evaluate whether patient would need a fibrinogen
transfusion according to the basic a-angle in r-TEG and the
volume of intra-operative blood loss.
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