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Abstract

Introduction: Massive haemorrhage (MH) is a frequent entity and leads to high mortality rates.The early administration of blood products with high
ratios following massive haemorrhage protocols (MHP) has proven to reduce mortality and transfusion of blood components.

Objectives: evaluate the safety and effectiveness of newly implemented MHP for surgical patients with MH and study mortality at 30 day of the
haemorrhagic process.

Methods: a new massive haemorrhage protocol was developed and it was based on the early administration of blood products with a 3: 3: 1 ratio (red-
blood cells, fresh frozen plasma, platelet). It was a prospective study in which 34 patients with massive haemorrhage were included. The patients were
divided in two groups (implementation or non-implementation of the new protocol).

Results: the application of the protocol has not led to a decrease in the mortality rate or in the administration of red blood products and hemostatic
drugs. Though there was an increase in the administration of procoagulant factors, but it was not associated with a higher incidence of adverse effects
and complications related to mass transfusion.
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Introduction The MHPs were designed to focus primarily on the polytraumatized
. . . . patient, without considering another type of cause of MH [7-8]. It is
Massive transfusion refers to the infusion of a large volume of . . .
. . . . not yet clear whether the same protocol can be used in patients with
blood products over a relatively short period of time, in response to

a clinical situation of massive haemorrhage (MH). Massive bleeding HM regardless of the cause.

leads to high mortality rates, partly as a result of the “lethal triad” In an effort to standardise the care of patients with perioperative

(hypothermia, acidosis and coagulopathy) [1-2].

MH can occur from a variety of causes, both traumatic and non-
traumatic (rupture of an aortic aneurysm, perioperative complications
of several surgeries, gastrointestinal bleeding, uterine atony, etc.) [3].

The implementation of massive haemorrhage protocols (MHPs)
has proven to reduce mortality and transfusion of blood components.
The administration of high plasma and platelet proportions in
relation to red blood cell concentrates, together with the rapid onset
of transfusion, enables coagulopathy to be prevented or treated early
[4-5]. The HEMOMAS consensus document suggests that transfusion
protocols in MH should work with an alarm system established in the
haemotherapy commissions of each hospital, as a multidisciplinary
consensual protocol, regularly analyzing its efficacy and safety [6].
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haemorrhage, in our hospital we have developed the “Massive
haemorrhage protocol of the Hospital Universitario Canarias” which
was approved by the Hospital Transfusions Committee. This is based
above all on the recommendations of the HEMOMAS document and
the European Guide for the management of severe haemorrhages and

coagulopathy in trauma patients.

This protocol is based on the early administration of blood
products with a 3: 3: 1 ratio (red-blood cells, fresh frozen plasma,
and platelet), damage control, restrictive fluid resuscitation and
coagulation monitoring [9]. Its objectives are to reduce variability in
clinical practice, try to prevent and treat coagulopathy associated with

massive bleeding and ensure a safe supply of blood products.
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Methods

Study Population
Patients were recruited between January 2015 and January 2017.

A prospective observational descriptive study was conducted to
evaluate the safety and effectiveness of the implementation of an MHP
in a third level, hospital. This protocol was approved by the Ethics
and Clinical Research Committee of the Hospital Universitario de
Canarias.

The study was conducted following the standards of good clinical
practice for trials with medical products in the European Community
and the Declaration of Helsinki on medical research involving
human subjects. Registration was completed at ClinicalTrials.gov
(NCT03074890).

All MH patients undergoing any elective or emergency surgical
procedure were included, 34 in total. Exclusion criteria were patients

HP is summarized in Figure 1.

under 18 years of age, patients with congenital or acquired coagulation
factor deficiencies and congenital platelet aggregation disorders. All
patients received information from the study and gave their written

consent.

Patients were intervened and treated by the specialist physicians
in charge at the time of the MH. The study population was divided
into 2 groups based on whether or not the MHP was implemented.
MHP group: patients on whom the protocol was activated. Non-MHP
group: patients who were transfused with no protocol guidance.

Massive haemorrhage protocol

Massive haemorrhage was identified with one or more of the
following criteria: (1) replacement of whole blood volume in a 24-h
period (7% of ideal body weight in adults); (2) replacement of 50% of
blood volume in a 3-h period or (3) blood loss > 150 mL/min for 10
consecutive minutes.
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The activation of MHP was the responsibility of the
anaesthesiologist or the emergency team.

Once the protocol was activated, 3 packed red-blood cells (RBC),
3 packed fresh frozen plasma (FFP) and one packed unit of platelet
(PLT) were administered. At the same time, factors related to lethal
triad (hypothermia and acidosis), hydroelectrolytic alterations were
corrected and the cause of bleeding was treated while the appropriate
complementary tests were performed. In addition, 2 g of tranexamic
acid was administered to stabilise the clot, and 2 g of fibrinogen was
added to give it quality. Prothrombin complexes were administered
to generate thrombin. Laboratory results were not awaited to begin
transfusion. If after all this the bleeding continued, more RBC, FFP
and other packed PLT were transfused and an ampoule of calcium
plus cryoprecipitates was added. If the bleeding persisted, activated
Factor VII was administered at a dose of 60-90 mcg/kg.

Inourhospitalwedonothaveviscolastictests (thromboelastometry/
thromboelastography) for clinical decision making within MHP.

The implementation of MHP required the multidisciplinary
cooperation of several Hospital Services (Anaesthesiology,
Haematology and Intensive Care).

Doppler echocardiography of supra-aortic trunks and central
venous accesses was performed to assess thrombotic phenomena in
patients who received a massive transfusion in the first 48-72 hours.

Study end points

The primary objective of the study was to evaluate the safety and
effectiveness of newly implemented MHP for surgical patients with
traumatic and non-traumatic MH.

Secondary objectives included determining mortality at 30 days,
comparing outcomes between patients who received transfusion
of blood products according to MHP and those who did not, and
assessing the incidence of adverse reactions with high rates of blood
products.

Statistical Analyses

A descriptive statistic was performed for all variables included in
the data collection notebook.

Qualitative variables were expressed with absolute frequencies and
percentages and quantitative and ordinal variables with means and
standard deviations. Proportion comparisons were made with Fisher’s
chi-square or exact tests, as appropriate. Comparisons of two groups
in quantitative and ordinal variables were made with Mann-Whitney
tests; comparisons of groups controlling for confounding variables
were made with ANOVA, as appropriate. Probability values below
0.05 were considered significant. Analyses were performed with the
SPSS statistical package version 17.0 (IBM SPSS, Chicago, IL, USA).

Data were expressed in frequencies and percentages for categorical
variables, and in means with their 95% confidence intervals for
numerical variables.

Demographic data (age, sex, weight, height, and ASA) were
compared among the target groups to confirm their homogeneity.
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Results

Patient characteristics

We recruited a total of 34 patients with MH who underwent
surgical procedures. 20 of them (59%) received blood products
according to the MHP and the remaining 14 (41%) according to the
criteria of the anestheologist in charge.

The mean age of the MHP group was 55 + 19 years, while in the
non-MHP group 57 + 18 years. No statistically significant differences
were observed in the demographic and clinical data, nor in the
laboratory results carried out prior to the intervention, being both
groups homogeneous and comparable to each other.

Table 1 describes the basic characteristics of the patients.

Table 1. Baseline characteristics of patients with massive hemorrhage. (n = 34).

Variable MHP Group (n Non-MHP P
=20) Group (n
=14)
Age (years) 55+19 57+ 18 0,83
Sex (males)— n (%) 12(60) 9(64) 1,0
BMI (kg/m?) 26+4 28+5 0,57
ASA—n (%) 30+1 2,67+ 1 0,42
APACHE II 13+6 13+7 0,93
Antiplatelet Agents— n (%) 4(20) 4(26,7) 0,43
OAC—n (%) 5(25) 1(6,7) 0,2
Hepatopathology — n (%) 2(10) 0(0) 0,5
Haemoglobin (g/dL) 123+22 10,8 £2,6 0,09
Platelet 10 mm?® 120 £ 52 266 =163 0,98
pH 7,33 +0,12 7,37 +0,12 0,42
Lactic acid (mmol/L) 287+4,6 1,42+0,79 0,47
Base deficit (mmol/L) -3,46 £4,74 -1,3£3 0,4
PT (%) 87,8 +21,11 91+13 0,9
INR 1,12+0,32 1+0,15 0,78
aPTT (seg) 35,74 + 7,28 37,843 0,72
Fibrinogen (mg/dL) 474 £ 162 515,8+219 0,73

Variable values are denoted as mean + standard deviation. aPTT = activated partial
thromboplastin time: ASA: American Society of Anesthesiologists; BMI: body mass
index; INR = international normalized ratio; OAC: oral anticoagulants; PT = prothrombin
time.

Ninety-four percent of patients had non-traumatic MH and only
6% of patients had MH secondary to trauma (Table 2).

Cardiovascular surgery was the main cause of HM (35 and 13.3%),
followed by abdominal surgery (20%).

Massive bleeding occurred during emergency surgery in 60% of
subjects in the MHP group and 40% in the non-MHP group.
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The estimated intraoperative bleeding was similar in both groups.
In the MHP group there was an estimated mean bleeding of 2640 +
1467 mL, and in the non-MHP group of 2090 + 866 mL.

Table 2. Intraoperative period variables

MHP Group (n Non-MHP Group P
=20) (n=14)

Patient type —n (%) 0,1
Trauma surgery 0(0) 2(13,3)
Orthopedics surgery 1(5) 1(6,7)
Abdominal surgery 4(20) 3(20)
Vascular surgery 4(20) 0(0)
Cardiovascular surgery 7(35) 2(13,3)
Other surgeries 4(20) 7(46,7)
Type of intervention 0,24
—n (%)
Elective surgery 8(40) 9(60)
Urgent surgery 12(60) 6(40)
Intraoperative 2640 + 1467 2090 + 866 0,24
estimated bleeding
(mL)
PRBC (units) 4+2 3+1 0,18
pFPP (units) 3+2 1+1 0,1
pPLT (units) 0,7+0,6 0,3+0,6 0,18
Fibrinogen (g) 1,5+£0,9 09+1,2 0,07
TXA (g) 25+1 1,6+ 1 0,03
PCC (UD) 900 +911 333+£523 0,07
Cryoprecipitate (UI) 0 0 1,0
rFVII (ng) 0 0 1,0
pH 7,25+0,13 7,32+ 0,04 0,07
Lactic acid (mmol/L) 524+6 4,27+ 8,62 0,25

Variable values are denoted as mean =+ standard deviation. pRBC: packed red-blood cells;
pFFP: packed fresh frozen plasma; pPLT: packed platelets; rFVIIL: recom- binant factor
VII; PCC: prothrombin complex concentrate; Lactic acid (mmol/L); TXA: tranexamic
acid.

The ratio of RBC: FPP transfused was higher in the MHP group
than in the non-MHP group with a ratio of approximately 3: 3. vs. 3:
1 respectively.

Compared to the non-MHP group, the MHP group received more
RBC (4 vs. 3 units, p = 0.18) more FPP (3 vs. 1 units, p = 0.1) and more
platelets (0.7 + 0.6 vs. 0.3 + 0.6, p = 0.18). However, the differences in
the 3 parameters were not statistically significant.

The MHP group received more TXA (2.5 + 1 vs 1.6 + 1 grams,
p = 0.03), more fibrinogen (1.45 + 0.88 vs 0.87 + 1.2 p = 0.07) and
more PCC (900 + 911 vs 333 £ 523, p = 0.07), being statistically
significant with TXA. Cryoprecipitates and activated factor VII were
not administered in any of the groups.
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Lactic acid increased to similar numbers in the intraoperative
period in both groups (5.2 + 6 vs 4.2 £ 8, p = 0.25).

During the immediate postoperative period, bleeding stopped in
85% of patients in the MHP group and in 86% in the non-MHP group.
Bleeding measured in the first 24 hours was higher in the MHP group
than in the non-MHP group, almost doubling in the latter group.

In terms of the amount of blood products and haemostatic drugs
administered in the 48 post-operative hours, more tranexamic,
fibrinogen and CCP were administered in the MHP group with
statistical significance (p<0.05). More FPP, cryoprecipitate, rFVII and
blood retrieval processes were also administered, but without reaching
statistical significance. The number of RBC and PLT units was similar
in both groups. This data is shown in table 3.

Three patients had to be re-operated in the postoperative period,
all of them belonging to the MHP group. But only one of them was
caused by bleeding, specifically pericardial tamponade. The other
reasons for reintervention were a compartment syndrome and a left

bronchial leak.

Table 3. Haemoderivatives and hemostatic drugs administered postoperatively at 48 h.

MHP Group Non-MHP Group P
(n=20) (n=14)

pRBC (units) 55+43 57+22 0,29
pFPP (units) 4,6+43 2,4+29 0,1
PLT (units) 1,0£1,0 09+1,8 0,25
TXA (g) 2,7+1,0 09+1,2 0,007
Fibrinogen (g) 2,0+0,5 09+1,3 0,006
PCC (U) 2,6+1,9 0,7+ 1,0 0,004
Cryoprecipitate (UI) 1,0+32 0 0,6
rFVII (ng) 526 £ 1611 0 0,6
Stop bleeding — n (%) 17(85) 12 (86) 0,36
Blood recuperator for 33+64 0 0,2
autotransfusion (ml)
Estimated bleeding 541 £ 550 286 + 181 0,18
24 h (mL)
Need for reintervention 1(5,3) 0(0) 1,0
due to bleeding — n (%)

Variable values are denoted as mean + standard deviation. pPRBC: packed red-blood cells;
pFFP: packed fresh frozen plasma; pPLT: packed platelets; TXA: tranexamic acid; PCC:
prothrombin complex concéntrate; rFVIIL: recombinant factor VII.

Postoperative analytical variables at 24 and 48 hours are shown in
table 4. Haemoglobin in the 24-hour postoperative was quite similar
in both groups (9.5 + 2 g/dL in the MPH group, and 10 + 1 g/dL in
the non-MHP group), as well as haematocrit (28% =+ 5 for the first and
30% = 4 for the second) and platelets (132 + 114 103/mm3 and 162 +
76 103/mm3 respectively). The same happened with some variables
that measured coagulation (PT, INR, aPTT), while fibrinogen was
lower in the MHP group (296 + 170 mg/dL in relation to 401 + 214
mg/dL) and the highest D-dimer (10316 + 22311 ng/dL in relation to
7760 + 11368ng/dL). The pH value was similar in both groups (MHP:
7.29 + 0.11; non-MPH: 7.28 + 0.07).
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In the post-operative period at 48 hours, the numbers of platelets,
fibrinogen, PT, INR and aPTT were quite similar in terms of mean and
standard deviation.

Haemoglobin at 48 hours in the MHP group was significantly
higher than in the non-MHP group, with an average of 9.61 and 8.46
g/dL respectively (p = 0.04). Hematocrit figures were also higher in the
MHP group (28.85 vs 25.47%, p = 0.03).

Table 4. Postoperative analyzes at 24 and 48 hours.

However, the lactic acid figures were higher in the MHP group,
with a mean of 4 + 4 being approximately 3 + 2 in the non-MHP
group; and the base deficit was lower in the MHP group (-6 * 4)
compared to the non-MHP group (-5 * 4). However, these figures
were not statistically significant either.

24h 48 h
MHP Group Non-MHP Group P MHP Group Non-MHP Group P
(n=20) (n=14) (n=20) (n=14)

Haemoglobin (g/dL) 9,5+2,0 10+£1,5 0,2 9,6+ 1,4 8,5+0,8 0,04
Hematocrit (%) 283+5,6 30,5+4,6 0,18 28,8 +4.4 255+2,7 0,03
PLT (10°/mm®) 132+ 114 162+ 76 0,1 128 £ 56 142+ 76 0,7
PT (%) 77 +20 84+ 13 0,36 83+24 93+ 11 0,3
INR 1,25+ 04 1,L1+£1,6 0,36 1,22+0,5 1,0£1,3 0,2
aPTT (secs) 442 +225 33,8+9,1 0,14 324+48 31,0+4.8 0,3
Fibrinogen (mg/dL) 296 + 170 400 +214 0,08 603 =178 663 + 183 0,5
D dimer (ng/dL) 10316 £ 22311 7759 + 11368 1,0 1741 £ 1589 3088 + 3836 0,9
pH 7,29+0,11 7,28 +0,07 0,61 7,37+ 0,06 7,35+0,08 0,7
Lactic acid (mmol/L) 44+39 2,7+1,8 0,11 23+£22 2,3+4,1 0,2
Base Deficit (mmol/L) -52+39 -6+39 0,4 -1,65 + 3,66 -3,4+333 0,1
CPK-NAC (U/L) 359 +361 645 + 468 0,09 3233 £ 7554 1944 + 2183 0,7

Variable values are denoted as mean + standard deviation. aPTT = activated partial thromboplastin time; CPK-NAC = creatine kinase INR = international

normalized ratiol; PLT: Platelets; PT = prothrombin time.

Once the protocol was implemented only 15% of patients reached
phase 2, 75% reached phase 3 , and 10% reached phase 5 (Graph 1).

M Phase 2
Phase 3

75% ® Phase 5

Figure 1. Adherence to MHP

Table 5 describes minor and major bleeding events (decrease in
Hb > 2 g/dL or requiring reintervention for bleeding). Major (26% vs
7%; p = 0.2) and minor (32% vs 13%, p = 0.2) bleeding events were
more frequent in the MHP group without statistical significance.

The presence of thrombotic episodes was assessed by clinical and
doppler ultrasound. Doppler ultrasound was only possible for 11
patients (55%) in the MPH group and 9 (64%) in the non-MHP group.
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In the MPH group, none of the patients showed thrombosis, while in
the non-MHP group, 5 (35%) showed thrombotic symptoms (supra-
aortic trunk thrombosis in one patient, and central venous access
thrombosis in 3). However, despite these percentage differences, there
were no significant differences.

Table 6 describes adverse effects and complications that may be
related to mass transfusion (Table 6).

Non-immunological reactions occurred in 100% of patients in the
non-MHP group and in 95% of patients in the MHP group. Among
these the most frequent were thrombocytopenia (80% in the MHP
group versus 47% in the non-MHP group; p = <0.04), hypocalcemia
(85% and 93% respectively), and acidosis (65% and 73%).

Infectious complications occurred in 2 patients in the MHP
group (pneumonia) and in a single patient in the non-MHP group
(tracheobronchitis after 10 days).

Immunological reactions occurred in 10% of patients in the MHP
group and in 20% of patients in the non-MHP group. And in all cases
the reaction was lung injury, specifically transfusion-related acute
lung injury or TRALL
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Table 5. Haemorrhage and thrombotic events

MHP Group Non-MHP Group P
(n=20) (n=14)

Minor hemorrhagic — n (%) 6(32) 2(13) 0,2
Major hemorrhagic — n (%) 5(26) 1(7) 0,2
Doppler echocardiography— 11(55) 9(60) 0,76
n (%)
Thrombosis SAT— n (%) 0(0) 2(14) 0,2
Central venous access 0(0) 3(21) 0,74
thrombosis — n (%)
TVP—n (%) 0(0) 0(0)
Pulmonary embolism — n 0(0) 0(0)
(%)
TIA—n (%) 0(0) 0(0)
AMI— n (%) 0(0) 0(0)

Variable values are denoted as mean + standard deviation. AMI = acute myocardial
infarction; SAT = supraaortic trunk thrombosis ; TIA: transient ischemic attak; TVP =
Deep venous thrombosis.

Table 6. Complications and adverse effects of the patients with massive haemorrhage

MHP Group Non-MHP Group P
(n=20) (n=20)

Non-immunological 19(95) 14(100) 1,0
reactions — n (%)
Hypothermia — n (%) 6 (30) 5(33) 1,0
Coagulopathy— n (%) 7(35) 1(6,7) 0,1
Thrombocytopenia — n 16(80) 7(47) 0,04
(%)
Acidosis— n (%) 13(65) 11(73) 0,72
Hypocalcemia— n (%) 17(85) 14(93) 0,62
Hyperkalemia— n (%) 2(10) 0(0) 0,5
TACO— n (%) 10(50) 5(33) 0,32
Infections— n (%) 2(10) 1(6,7) 1,0
Immunological 2(10) 3(20) 0,63
reactions— n (%)
Hemolytic reactions— n 0(0) 0(0) 1
(%)
Allergic reactions— n (%) 0(0) 0(0) 1
Pulmonary injury— n 2(10) 3(20) 0,63
(%)
TRALI— n (%) 2(10) 3(20) 0,63

TACO: Transfusion Associated Circulatory Overload; TRALI: Transfusion Related Acute
Lung Injury).

Table 7 shows mortality at 30 days and its etiology in both
groups. In the MHP group there were more deaths, 40% (n = 8) of
patients, while in the non-MHP group 21% (n = 3) of patients died
(p =0.3). Only 10% (n = 2) of patients in the MHP group died from
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haemorrhagic causes, compared to 7% (n = 1) in the non-MHP group.
The main cause of mortality in the MHP group was multiorgan failure
in 20% (n = 4) of patients, and septic shock of abdominal origin
secondary to dehiscence of anastomosis in 10% (n = 2). While in the
non-MHP group the causes of non-hemorrhagic mortality (14%)
were heart failure and massive cerebral infarction.

Table 7. Overall mortality at 30 days of patients with massive haemorrhage

Variable MHP Group Non-MHP P

(n=20) Group

(n=14)

Mortality at 30 days — n (%) 8 (40) 3(21) 03
Cause of death — n (%) 0,6
Haemorrhage 2(10) 1(7)
Organ failure 4(20) 0(0)
Other 2(10) 2(14)
Hospital lenght of stay 16 £ 16 22+£22 03
(days)

Variable values are denoted as mean + standard deviation.

Discussion

The implementation of MHP in our hospital did not imply a
consumption decrease of blood products. Moreover, there was a non-
significant increase in the use of FFP in the MPH patients (3 units vs
1 units); there was no difference in the number of units administered
of pRBC (4 units vs 3 units) and pPLT (0.7 units vs 0.3 units) between
the two groups.

The average number of pRBC transfusions administered during
the 48 post-operative hours was similar in both groups (5.5 units vs.
5.7 units), as was the amount of pPLT (1 units vs. 0.9 units); while the
number of FFP was higher in the MHP group (4.6 units vs. 2.9 units).

An increase in haemostatic drug administration was observed in
the MHP group. The amount of TXA administered was significantly
higher in the MPH group (2.5 grams vs 1.6 grams), as well as the
administration of fibrinogen (1.5 grams vs 0.9 grams) and PCC (2.6
1U vs 0.7).

Regarding the use of activated FVTI, there was an increase in its use
in the postoperative period with the implementation of the protocol,
but it was only administered to 2 patients in the MHP group.

The application of the protocol was not associated with a higher
incidence of adverse effects or complications related to massive
transfusion, or even the eventual appearance of thrombotic phenomena
associated with the increased administration of haemostatic drugs in
the MHP group. However, and contrary to expectations, our results
show an increase in the appearance of these phenomena in patients in
the non-MHP group.

There was no decrease in postoperative bleeding after
implementation of MHP. There was also no decrease in haemorrhagic
events, both minor (32% vs 13%) and major (26% vs 7%).

There was no higher incidence of immunological reactions
in the MHP group, but lower. There was also no increase in non-
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immunological reactions, which occurred as well in a lower percentage
in the MHP group.

We did not find a decrease in mortality in MHP patients (40% vs.
21%). The publications on this subject are very variable, but there is
agreement with other authors [10-13].

Adherence to the MHP as a whole was poor, largely due to
difficulties in modifying “traditional” empirical therapeutic strategies.
There was greater compliance in the initial phases of the protocol
(including haemoderivatives, fibrinogen and prothrombinic complex)
than in the final phases (cryoprecipitate and FVIIa). However, there
were no significant differences in the cessation of bleeding in the first
24 hours between the groups.

In this study we observed a non-significant decrease in hospital
stay in patients who followed MHP (16 days vs. 22 days), which has
also been seen in other studies [14-15].

The main limitations of this study include the relatively small
sample size, and the relatively low protocol adherence rate. In addition,
the study was not randomised, so there is a possibility that the MHP
tended to be activated for more severe patients.

Given the limitation of sample size and heterogeneity in the
etiology and development of bleeding, we cannot conclude that there
are significant differences in mortality between the two groups

Conclusions

Although the application of the protocol has not led to a decrease
in the mortality rate, this does not differ from that reported in the
literature and given the limitation of sample size and heterogeneity in
the etiology and development of bleeding, we cannot conclude that
there are significant differences in mortality between the two groups.

We could also consider it safe even though there was an increase in
the administration of procoagulant factors since it was not associated
with a higher incidence of adverse effects and complications related to
mass transfusion.

The absence of viscoelastic tests could have influenced this
increased consumption of procoagulant factor.
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