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Abstract N
The aim of this study was to provide an overview of massive transfusion in Chinese hospitals, identify the important indications for |
massive transfusion and corrective therapies based on clinical evidence and supporting experimental studies, and propose
guidelines for the management of massive transfusion. This multiregion, multicenter retrospective study involved a Massive Blood
Transfusion Coordination Group composed of 50 clinical experts specializing in blood transfusion, cardiac surgery, anesthesiology,
obstetrics, general surgery, and medical statistics from 20 tertiary general hospitals across 5 regions in China. Data were collected for
all patients who received >10 U red blood cell transfusion within 24 hours in the participating hospitals from January 1 2009 to
December 31 2010, including patient demographics, pre-, peri-, and post-operative clinical characteristics, laboratory test results
before, during, and after transfusion, and patient mortality at post-transfusion and discharge. We also designed an in vitro
hemodilution model to investigate the changes of blood coagulation indices during massive transfusion and the correction of
coagulopathy through supplement blood components under different hemodilutions. The experimental data in combination with the
clinical evidence were used to determine the optimal proportion and timing for blood component supplementation during massive
transfusion. Based on the findings from the present study, together with an extensive review of domestic and international
transfusion-related literature and consensus feedback from the 50 experts, we drafted the guidelines on massive blood transfusion
that will help Chinese hospitals to develop standardized protocols for massive blood transfusion.

Abbreviations: APTT = activated partial thromboplastin time, BCT = blood coagulation test, Cl = confidence interval, CRYO =
cryoprecipitate, FFP = fresh frozen plasma, FIB = fibrinogen, Hb = hemoglobin, Hct = hematocrit, HR = high ratio, ICU = intensive
care unit, INR = international normalized ratio, LR = low ratio, LOS = length of stay, MR = medium ratio, OR = odds ratio, PLT =
platelets, PT = prothrombin time, RBCs = red blood cell suspension, RBT = routine blood test, SD = standard deviation, TEG =
thromboelastograph, TT = thrombin time.
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1. Introduction

Blood transfusion plays an important life-saving role for patients
with severe conditions during emergencies and those with
potentially fatal conditions. Massive blood transfusion is often
defined as a transfusion of more than 1 entire blood volume in 24
hours (h),!*~* replacement of 50% of total blood volume within
3hours,** or administration of >10 units (U) of red blood cell
suspension (RBCs) to a patient within 24hours.® As an
important transfusion therapy in response to massive and
uncontrolled hemorrhaging, massive transfusion is often associ-
ated with high rates of mortality and high risks of coagulopathy
leading to higher incidence of multiorgan failure and mortality
especially in trauma patients.!®® To reduce the incidence of
dilutional complications resulting from large volumes of RBCs
transfusion and lower the risk of mortality, many countries and
regions have developed guidelines on massive blood transfu-
sion.>*°l Timely implementation of institutional massive
transfusion protocols has significantly improved the resuscitation
efficiency and patient outcomes.!"®"31 However, currently in
China, there are no guidelines on massive transfusion, nor
consensus on the critical indications and the optimal timing and
ratio of blood components delivery in the correction of
coagulopathy. As a matter of fact, little is known about the
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current blood transfusion practice in response to massive
hemorrhage in Chinese hospitals.

According to the Protocols of Clinical Transfusion Manage-
ment issued by the Chinese Ministry of Health in 2012,"* a
request of 800-1600 mL transfusion within 24hours needs
approval of department directors; a request of >1600 mL
transfusion must be submitted by department directors and
approved by the Hospital Office of Medical Affairs, with the
exception of emergency transfusion. Yet the protocols provide
neither a definition of nor management guidelines for massive
transfusion. With no clear definition of the indications for
coagulopathy during massive transfusion and recommended
corrective approaches, Chinese clinicians have to administer
blood transfusions either based on their own judgment or by
referring to foreign guidelines. Active bleeding occurs frequently
during massive blood transfusions, which seriously affects the
efficacy and clinical outcome of emergency resuscitation.

This study was aimed to accomplish the following goals: first,
to understand the current practice of massive transfusion and
patient outcomes in China by examining the demographic and
clinical characteristics, pre and post-transfusion blood test
results, volumes and ratios of transfused blood components,
and outcomes of patients who received >10 U RBCs within 24
hours of hospitalization. Second, to identify important indica-
tions for massive transfusion used by Chinese clinicians and
evaluate the variations in timing and ratio of blood components
delivery in the correction of coagulopathy, the clinical features of
coagulopathy, frequency of blood tests during massive transfu-
sion, and their association with patient mortality. Additionally,
to better understand the mechanism of coagulopathy and
effective correction strategies, we designed an in vitro model
of coagulopathy with a corrective approach to simulate in vivo
coagulation during severe blood loss and collected data from
laboratory experiments to verify our findings derived from
clinical data. Third, based on the in vitro findings as well as
evidence of clinical transfusion practice in Chinese hospitals and
international massive transfusion guidelines, propose a definition
of massive transfusion that fits the Chinese adult patient
population, determine the objectives of massive blood transfu-
sion protocol, and describe the important indications and
strategies for massive transfusion management for Chinese
clinicians.

2. Materials and methods

2.1. Clinical data collection

This retrospective study included 50 experts in clinical blood
transfusion, cardiac surgery, trauma, anesthesiology, obstetrics,
general surgery, and biostatistics from 20 tertiary general
hospitals in 5 geographic regions in China (northwest, southwest,
central south, north, and northeast). The number of beds varied
greatly from hospital to hospital ranging from 2000 to 7000 beds
and 20,000 to 65,000 annual surgeries in each hospital. From the
blood bank electronic database at each hospital, all adult patients
(>18 years old) who received of >10 U of RBCs within 24 hours
after admission during the period of January1 2009 to December
30 2010 were identified and included as the research subjects.
Additional information on patient preoperative characteristics,
intraoperative information, and postoperative outcomes was
extracted from either computerized or paper medical charts,
or surgery or anesthesiology records. We designed the data
collection form “Questionnaire on Massive Blood Transfusion”
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that consisted of more than 60 items in 4 sections including
patient demographic characteristics; type and volume of blood
components transfused; perioperative complications and clinical
condition within and after 24 hours of the transfusion; surgical
and transfusion events; the laboratory test results before, during,
and after blood transfusion such as routine blood test (RBT),
blood coagulation tests (BCT), liver function test, kidney function
test, and arterial blood gas analysis; adverse events after
massive blood transfusion, and discharge status. All available
blood test results and transfusion information at the following
time points were collected: before RBCs transfusion and
when RBCs transfusions reached the following volumes:
20,4U,6U,8U,10U,12U,14U,16U,18U,200,22U,24U,26U,28U,
30U,40U. In general, 1U RBCs (140-172mL) was derived from
200 mL whole blood; 1 U Fresh frozen plasma (FFP) was 100 mL;
1 bag of apheresis platelets (PLT) was 10 U (1 bag=250-300
mL); 1 U PLT concentrate suspension (25-35mL) was derived
from 200 mL whole blood. Dedicated data collection staff from
each participating hospital were selected and trained to complete
the questionnaires according to the study protocol.

All collected questionnaire data were sent to the Blood
Transfusion Department of Shaanxi Provincial People’s Hospital.
Data completeness, quality, and validity were assessed by a panel
of experts in our research group based on the predetermined
inclusion and exclusion criteria. Patients who underwent trauma,
cardiac surgery, obstetric, or other general surgeries (including
orthopedic, thoracic, general, urinary, hepatobiliary, and
neurological surgery) were included in the study, whereas
patients with coagulation disorders, hepatic failure due to
medical causes, and coagulopathies were excluded. Details about
the method, that is, the questionnaire, laboratory equipment and
medical devices, and reagent utilization across all participating
hospitals, as well as laboratory testing result validity, reliability,
and overall data quality control have all been published.>=>!!
This study was approved by the Institutional Review Board at all
participating institutes.

2.2. Establishment of an in vitro model of coagulopathy
and its correction protocol

Massive hemorrhage was simulated by an in vitro hemodilution
model and a correction protocol for coagulopathy was
developed. The study process is described in the references.!*"!

2.3. Development of massive transfusion guidelines

Based on the clinical data derived from our multi-center study
and the in vitro experimental results, as well as extensive review
of domestic and international transfusion-related literature, laws,
and regulations, and consultation with more than 50 experts, we
developed the guidelines for massive blood transfusion for adult
patients >18 years of age, especially those in general surgery,
cardiac surgery, obstetric surgery, and trauma patients.**!

2.4. Statistical analysis

All eligible clinical and experimental data were entered into the
EPIDATA database (version 3.01; Epidata Association). The
Double entry method was used to ensure data accuracy.
Predictive Analytics Software Statistics for Windows version
18.0 (released 2009; SPSS Inc., Chicago, IL) was used for
statistical analysis. The data on the demographic characteristics
and clinical features were reported as the mean+standard
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Demographic and clinical characteristics, pretransfusion blood indices, and summary of total transfused components for all patients.

Project Trauma Cardiac surgery General surgery Obstetrics P
Number of patients, n, % of total 187 (17.9) 267 (25.5) 541 (51.6) 53 (6.1) <.001
Males, n, %" 138 (73.9) 169 (63.3) 339 (62.7) 0(0.0) <.001
Female, n, % 49 (26.2) 98 (36.7 202 (37.3) 53 (100) <.001
Age, years, mean=+SD 40 (+15) 46 (+17 47 (£17) 33 (+7) <.001
Weight, kg, mean+SD 60 (+10) 57 (13 59 (11) 60 (+7) <.001
Operation time, h, mean+SD 3.47 (+4.38) 5.33 (+3.87) 3.18 (£3.70) 1.78 (£2.52) <.001
Length of ICU stay, d, mean+SD 9 (12 7 (9 13 (+43) 3 (+4) 917
Length of hospital stay, d, mean=+SD 31 (£28) 32 (£23) 30 (+24) 18 (+8) .353
Mortality, total, N, % 27 (14.4) 49 (184 29 (5.4 3(6.7) <.001
Males, n, % out of total male 23 (16.7) 34 (201 14 (4.1) 0 <.001
Female, n, % out of total female 482 15 (15.3 15 (7.4) 3(.7) 112
Before transfusion
RBC x 10'2/L, mean+SD 3.3 (+1.0) 4.3 (+1. 3.8 (+1.0) 3.2 (+1.0 <.001
Hb in g/L, mean+SD 108 (+76) 132 (31 115 (31) 95 (+31) <.001
Het as %, mean+SD 16 (+17) 13 (+18 19 (+17) 11 (+14) <.001
PLT x 10%/L, mean+SD 170 (£103) 145 (67) 194 (+108) 161 (£77) <.001
PT in s, mean+SD 16.9 (x11.1) 13.9 (3. 13.5 (+4.1) 14.6 (+6.6) <.001
APTT in s, mean +SD 41 (+29) 34 (£9) 35 (+18) 47 (+66) .009
TTin s, mean+SD 20.8 (x13) 171 (£4.9) 16.8 (£5) 17.6 (+6.9) 017
INR, mean +SD 15(x0.8) 1.1 (x£0.2) 1.2 (x0.4) 1.3 (£0.6) .065
FIB in g/L, mean+SD 2.6 (£1.7) 3.3 (+1.0 3.4 (+1.6) 3.2 (1.9 .067
During transfusion
RBCs, median U in 24/72 h 13/19 13/17 1417 14/20 .306/.147
FFP, median U in 24/72 h 710 18/22 9/11 1012 <.001/<.001
PLT, median U in 24/72 h 5/8 3/3 5/9 3/4 .621/.493
Total RBCs units transfused 3496 4179 7528 1081 <.001
Average # of RBCs unit per patient 19 16 14 20 <.001
Total FFP units transfused 1859 3151 4554 590 <.001
Average # of FFP unit per patient 10 12 8 11 <.001
Number of people using FFP, N, % 113 (60.4) 225 (84.3) 381 (70.4) 40 (75.5) 149
Average FFP:RBCs ratio 1:1.88 1:1.33 1:1.65 1:1.83 .062

APTT =activated partial thromboplastin time, FFP = fresh frozen plasma, FIB = fibrinogen, Hb =hemoglobin, Hct =hematocrit, ICU = intensive care unit, INR = international normalized ratio, PLT =platelets, PT=

prothrombin time, RBCs =red blood cell suspension, TT =thrombin time.

" Denominators for all percentages were the total number of patients in each department unless otherwise described.

deviation (SD) or as counts and ranges. Categorical variables
were analyzed by Chi-square statistics; continuous variables with
normal distribution were analyzed by the Shapiro-Wilk test,
analysis of variance or the Kruskal-Wallis test, as appropriate.
Linear regression or logistic regression analysis was performed to
describe the association between continuous or dichotomous
outcomes and covariates. A 2-sided P<.05 was set as the
statistically significant level.

3. Results

3.1. Summary of clinical data from 20 hospitals!’>2"

A total of 2000 surveys were distributed to 20 hospitals and 1753
(87.6%) completed questionnaires were collected, from which
1601 (91.3%) met all inclusion criteria. Among them, 553
(34.5%) received <10 U RBCs and 1048 (65.5%) received >10 U
of RBCs within 24 hours of hospitalization. All data reported in
the present study were based on the 1048 patients.

Patient demographics, clinical characteristics, pre- and post-
transfusion blood test results, and mortality for the 1048
patients by clinical departments are displayed in Table 1. About
half of these patients (51.6%) were from General Surgery,
25.5% Cardiac Surgery, 17.8% Trauma, and 5.1% Obstetrics.
More male (n=646, 61.6%) than female patients (n=402,

38.4%) were included. Patients in obstetrics (mean age=33
years) and trauma (mean age=40 years) were younger than
those in cardiac surgery (mean age=46 years) and general
surgery (mean age=47 years). The average weight of all
patients was about 60kg, with considerable variations by
gender and across departments. The average operation time
and number of days in intensive care unit (ICU) care also varied
across departments. The number of days in ICU in General
surgery displays a very large variance (mean=13 days, SD=
+43 days), indicating the heterogeneity of clinical setting.
No significant differences in the length of stay (LOS) were
found between cardiac surgery, general surgery, and trauma, all
being significantly longer than the LOS in obstetrics.

There were significant differences in most pretransfusion blood
and coagulation indices between the 4 departments (P’s <.035).
Mean preoperative hemoglobin (HDb) levels varied from 95 g/L in
obstetrics, 108 g/L in trauma, 115 g/L in general surgery, to 132 g/
L in cardiac surgery. The mean international normalized ratio
(INR) was >1.5 in obstetrics but less than 1.5 in the other 3
departments. On average, patients in obstetrics and trauma
received more RBCs transfusions (20 and 19 U per patient) than
patients in cardiac surgery and general surgery (16 and 14 U per
patient). Patients in cardiac surgery, obstetrics, trauma, and
general surgery on average received 12, 11, 10, and 8 U of FFP,
respectively.


http://www.md-journal.com

Yang et al. Medicine (2017) 96:31

E&A Number of people using RBCs
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Figure 1. Number of patients with RBCs transfusion and FFP, PLT, and CRYO

supplement under different RBCs dosages. Cryo =cryoprecipitate, FFP =fresh
frozen plasma, PLT =platelets, RBCs=red blood cell suspension.

The average mortality rate was 10.3%, including 49 cases in
cardiac surgery (18.4%), 27 cases in trauma (14.4%), 29 cases in
general surgery (5.4%), and 3 cases in obstetrics (5.7%).

3.2. Blood component supplement

All hospitals administered FFP to supplement RBCs transfusion
at various time points. About 20% of patients, mostly in cardiac
surgery, received FFP supplement when RBCs transfusion was
initiated. After >6 U RBCs were transfused, about half of the
patients (54.2%) were infused with FFP. When RBC transfusion
reached >10 U, 72.4% of patients were given FFP supplement. In
a separate analysis, we found that transfusion of FFP supplement
also varied by departments. For example, plasma was often used
in combination with RBCs at earlier stage of cardiac surgery
operation and the RBCs:FFP ratio was maintained 1 to 1
throughout transfusion. However, in other departments, plasma
was rarely used when RBCs infusion was less than 4 U. After >10
U RBCs were transfused, almost all patients from the 4
departments received plasma supplement at the RBCs:FFP ratio
of 1.5:1. These data were summarized in previous publications by
our group.!'¢*!

Due to their limited availability and accessibility in China, PLT
and cryoprecipitate (CRYO) were transfused much less frequent-
ly and their dosages did not increase proportionally with the
increase of RBC transfusion. Figure 1 presents the number of
patients with FFP, PLT, and CRYO supplement at different
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stages of RBCs transfusion. Within 24 hours, when RBCs
transfusion reached 10 U, 20 U, and 30 U, 72.4%, 78.3%,
and 80.6% patients were provided with FFP supplement,
respectively. However, only 4.4%, 6.7%, and 13.7% patients
were given PLT and 16.4%, 24.2%, and 24.2% patients were
given CRYO, respectively. The median number of RBCs, FFP,
PLT, and CRYO units transfused within 24 hours was 25, 20, 6,
and 5 respectively. Only 3 patients in obstetrics with low PLT
counts had platelets infusion at the initiation of RBCs
transfusion. An increase in PLT transfusion was found in a
small number of trauma patients after they received 26 to 28 U
RBCs, which might be random events. Similarly, an increase of
CRYO infusion was observed only in cardiac surgery when
transfused RBCs reached 30 U.I®!

3.3. RBCs dosage and mortality!’”!

The association between the number of RBCs units transfused
(RBCs dosage) and 30-day post-transfusion patient mortality
was explored in the survival analysis. Figure 2A and B displays
the Kaplan—Meier survival plots for post-transfusion 30-day
mortality rates grouped by different RBC dosages within 24 and
72 hours. Without adjusting for covariates, the survival rates
significantly decreased (therefore mortality increased) as the
volume of transfused RBCs increased from 10 U to 40 U within
24hours and 72hours, (P’s<.001). After adjusting for age,
gender, weight, operation time, LOS, 24 hour plasma dosage, and
number of days in ICU in logistic regression analysis, the volume
of transfused RBCs used within 24 hours was an independent risk
factor for patient mortality, increasing infusion of every 2 RBCs
units was associated with about 2-folds likelihood of mortality
(odds ratio, OR=1.92; 95% confidence interval, CI: 1.56-2.33).
Number of days in ICU was also significantly associated with
mortality, the longer the stay in ICU, the higher the mortality rate
(OR=2.33,95% CI: 1.14 — 4.76). Table 2 presents the results of
the logistic regression analysis.

3.4. FFP: RBCs ratio and mortality!"

As shown in Fig. 1, up to 72.4% of the patients with RBCs
transfusion also received plasma supplement at an average FFP:
RBCs ratio of 1:1.5 when RBCs transfusion reached >10 U. To
explore the potential impact of FFP:RBCs ratio and patient
outcome, we divided the patients into 3 groups based on the 24
hours and 72 hours FFP:RBCs ratios separately: 1:0.3 to 0.75 was
the high ratio group (HR); 1:1 to 2 (1:0.75-2.3) was the medium
ratio group (MR); 1:2.5 to 4 (1:2.3-4) was the low ratio group
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Figure 2. Survival analysis on 30-day post-transfusion mortality rates by number of RBCs dosages transfused in 24 and 72 hours. (A) Kaplan-Meier survival plot for
mortality rates by different RBCs dosage in 24 hours. (B) Kaplan—Meier survival plot for mortality rates by different RBCs dosage in 72 hours. RBCs =red blood cell

suspension.
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Logistic regression analysis on mortality during admission.

Project OR 95% Cl

24 h RBCs dosage, unit 1.92 1.56 2.33
LOS, day 0.36 0.17 0.76
Stay in ICU, day 2.33 1.14 4.76
Age, year 1.01 0.99 1.03
Gender 1.82 0.83 4.00
Weight, kg 1.02 0.99 1.05
Operation time, h 0.91 0.82 1.01
24 h FFP dosage, unit 1.00 0.96 1.03
Intercept 0.12

Cl=confidence interval, FFP =fresh frozen plasma, ICU=intensive care unit, LOS=length of stay,
OR=odds ratio, RBCs=red blood cell suspension.

(LR). There was no significant difference in the distribution of the
3 groups across the 4 clinical departments (P=.295). Figure 3A
and B displays the 30-day Kaplan—Meier survival plots for
patients with different FFP:RBCs ratios during 24 hours and 72
hours transfusion, respectively. No significant differences in 30-
day mortality rates were found among the 24 hour FFP:RBCs
ratio groups (11.4%, 9.3%, and 11.8% for HR, MR, and LR,
respectively, x*=1.482, P=.197), although the medium ratio
group maintained a slightly higher survival probability than the
other 2 groups at 30-day post-transfusion. The advantage of
medium 72 hour FFP:RBCs ratio over high and low ratio on 30-
day mortality was apparent, with a significantly lower mortality
rate in the MR group (7.3%) than in the HR (13.7%) and LR
(10.4%) groups (x*=9.874), P <.001.

3.5. Frequency of RBTs and BCTs during transfusion

Overall, we obtained data from 1013 (97% of the 1048) patients
regarding blood testing during transfusion. No information on
blood tests was retrieved for 35 patients. Among the 1013
patients, 52.7% or 534 did not have any RBT during 24 hour
transfusion. About 27.8%, 13.6%, 4.2%, and 1.6% of the 1013
patients had 1, 2, 3, and >4 RBTs within 24hours during
transfusion. For BCT, 79% or 800 patients did not have any test
done, whereas 14.4%, 4.8%, 1.5%, and 0.3% had 1, 2, 3, and
>4 tests within 24 hours of transfusion. Table 3 presents the
frequencies of RBTs or BCTs performed within 24 hour during
transfusion.

www.md-journal.com

Frequency of routine blood tests (RBTs) and blood coagulation
tests (BCTs) within 24 h transfusion.

Project 0 1 2 3 >4

RBTs 534 (52.7%) 282 (27.8%) 138 (13.6%) 43 (4.2%)

16 (1.6%)
BCTs 800 (79.0%) 146 (14.4%) 49 (4.8%)  15(15% 3 (0.3%)

BCT=nblood coagulation test, RBT =routine blood test.

3.6. Variations of PLT count during RBCs transfusion!’®

Among the 1048 patients, 646 received RBC transfusion without
PLT supplement and had at least 1 PLT count measured at 1 of
the 16 time points during the first 24 hours of transfusion. All
PLT counts at the 16 predefined time points from these patients
were selected and their association with the number of RBCs
transfused was analyzed. One patient may contribute multiple
PLT counts at various time points. When RBCs reached 18 U, the
average PLT counts decreased to 72 x 10°/L. Similarly, when
patients (those underweight with the body mass index <18.5)
were transfused with 0.3 units of RBCs per kilogram of body
weight (i.e., 3U/10kg), the average PLT count decreased to below
75x 10°/L. Further laboratory testing found that the slight
increase in the PLT count after RBC transfusion might be caused
by the residual platelet-like fragments in RBCs that were
mistaken as PLTs by the machine. Regardless, a linear statistical
regression model found a negative correlation between the
number of RBCs units transfused and subsequent PLT count
(R*=0.641, P <.001). PLT count in these patients decreased with
an increase in the number of RBCs units transfused. As shown in
Fig. 4, the linear association was defined by the formula of Y=
127.3-2.441X.

Based on these experimental findings and clinical evidence
obtained from the 20 hospitals, we defined massive transfusion as
a transfusion volume of RBCs >18U within 24 hours, or >0.3 U/
kg within 24 hours."®*?! According to this definition, among all
the patients with >10 U RBCs within 24 hours in our study, 28%
received massive transfusion. A follow-up analysis compared
patient characteristics, clinical setting, pretransfusion blood and
coagulation indices, and transfused components between the 2
groups (Table 4). There were no significant differences in age,
weight, clinical departments, pretransfusion routine blood test
and coagulation test results, ICU stay, and LOS between the 2
groups (P’s > .05). However, patients with massive transfusion
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Figure 3. Survival analysis on 30-day post-transfusion mortality rates by transfused FFP:RBCs ratios in 24 and 72 hours. (A) Kaplan—-Meier survival plot for 30-day
mortality rates by different FFP:RBCs ratios in 24 hours. (B) Kaplan—-Meier survival plot for 30-day mortality rates by different FFP:RBCs ratios in 72 hours. FFP =

fresh frozen plasma, RBCs=red blood cell suspension.
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Figure 4. Linear regression trend between units of RBCs transfused and PLT
count among patients with no PLT supplement during transfusion. PLT =
platelets, RBCs=red blood cell suspension.

(>18 U RBCs) received twice the amount of RBCs and FFP
transfusion on average, had longer operation time (4.41+3.7
hours vs 3.40 +£2.2 hours) and higher overall mortality rate and at
different FFP:RBCs ratios than those with <18 U RBCs (18.8%
vs 7.02%), P’s<.001. Females were more likely than males to
receive massive transfusion (39.3% vs 20.9% respectively,
P<.001).

4. Discussion

The present study was a joint research project among 20
participating hospitals in China. The goal of this study was to
evaluate the current practice of massive transfusion in China and
provide evidence-based data and guidelines for the development
of domestic massive transfusion protocols. The ultimate
objectives were to standardize the procedure of massive
transfusion management, help clinicians to stop bleeding, and
restore blood volume rapidly and efficiently in order to reduce the
risks for adverse events associated with massive blood transfu-
sion, and eventually improve the resuscitation success rate and
patient outcomes. Efficient implementation of an effective
massive transfusion protocol will also reduce potential waste
of blood products, which has become a critical issue when the
blood supply cannot meet the increasing demand of clinical
transfusion in Chinese hospitals.>>

Our findings indicated that: the first, during large volumes of
RBCs transfusion, Chinese clinicians focus on the supplement of
FFP at early stages of RBCs transfusion. This practice is in
accordance with the finding that balanced use of plasma early
in resuscitation was associated with improved survival rates
especially among trauma patients.>>2%! However, insufficient
consideration is given to the use of platelets and cryoprecipi-
tate.['>1 According to American Association of Blood Banks
recommendation, early initiation of prophylactic PLT transfu-
sion among adult patients with a platelet count of 10 x 10° cells/L
or less may reduce the risk for spontaneous bleeding.!*"!
Cryoprecipitate and PLT transfusion were also reported to
benefit the management of bleeding related to thrombolytic
therapy.*®! However, due to the small number of patients who
received PLT and CRYO transfusion, their small volumes of
infusion, and the inconsistent RBCs:PLT:CRYO ratio and timing
of infusion, we could not evaluate the effectiveness of these 2
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components on patient outcomes in the present study. Future
research is needed to investigate the immediate and long-term
impact of PLT and CRYO supplement on Chinese patients with
massive transfusion.

The second, total units of RBCs transfused within 24 hours
were significantly associated with lower survival probability,
even after adjusting for potential confounding factors such as
operation time and ICU stay that are critical indicators of disease
severity. Those who received massive transfusion (>18 RBCs U in
24hours) displayed significantly higher mortality rate (19.1%)
than the other patients with 10-17 U in 24 hours (6.9%). Since no
pre-transfusion differences were found between patients massive
transfusion and those with <18 RBCs U in the first 24 hours, it is
speculated that the higher patient mortality might be due to
greater risks for respiratory and infectious complications
associated with massive transfusion,”*'! highlighting the impor-
tance of further investigation on the adverse events of massive
transfusion and opportunities for improvement of massive
transfusion management.

The third, the dilution and consumption of platelets and
coagulation factors during massive transfusion often lead to
coagulation complications. Therefore, early transfusion of FFP
and PLT at appropriate ratios plays an important role in
preventing coagulation disorders.['®21:26-281 Our findings sug-
gest that the amount of blood components replenished should
increase proportionally to blood dilution levels at different time
points, and that a medium FFP:RBCs ratio of 1:1.5 or the
1:1.3:0.9 RBCs:FFP:PLT ratio (based on in vitro experiments) is
optimal to prevent common coagulation disorders and reduce
fatality rate related to massive transfusion.'”! Our proposed
ratios are the closest approximation to reconstituted whole blood
and are in line with the 1:1:1 RBCs:FFP:PLT transfusion ratio
recommended in the international literature.”~'3! However, our
clinical data suggest that when the volume of FFP transfusion
increased and was greater than that of RBCs within 24 hours or
72hours, an increase in patient mortality followed. Further
investigation is needed to understand the mechanisms of
moderate FFP:RBCs ratios at early stages of transfusion.

The fourth, the lack of laboratory monitoring of blood indices
and coagulation factors during massive transfusion is consistent
with a previous report in which among 35 surveyed hospitals in
Sichuan (one of the most populated Chinese provinces) only
24.2% had systematic evaluations for the appropriateness and
effect of blood component transfusion.®”! These findings
underscore the great potential for improvement in clinical
transfusion practice in China. Establishment of a standard
massive transfusion protocol, in addition to the training and
education of dedicated personnel for transfusion services and
automated blood bank information systems as suggested by
previous research,®! is equally important to improve the efficacy
of massive transfusion and optimize patient outcomes.

The fifth, based on our clinical data on patients without PLT
supplement within 24 hours of transfusion and the in vitro
experimental data on PLT variations, we defined massive blood
transfusion as total transfusion volume of RBCs >18 U within 24
hours, or >0.3 U’kg within 24 hours.[*®221 The rationale for this
definition is consistent with the recommended PLT threshold of
75 % 10°/L for trauma patients."**! Follow-up analysis comparing
patient and clinical characteristics and pretransfusion blood
testing results between patients with 10 to 17 U RBCs and those
with >18 U RBCs within 24 hours found very few differences at
baseline but significant differences in post-transfusion outcomes,
providing further evidence to support this demarcation.
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Patient demographic and clinical characteristics, pretransfusion blood indices, and summary of transfused components by total number

of RBCs units transfused within 24 hours.

RBCs transfused within 24 h

Project 10-17U N=755, 72% >=18U N=293, 28% P
Gender <.001
Males, n, % 511 (67.7) 135 (46.1)
Female, n, % 244 (32.3) 158 (63.9)
Age, years, mean +SD 45+17 45+ 11 779
Weight, kg, mean=+SD 59+12 58+10 444
Operation time, h, mean+SD 3.40 (+2.2) 4.41 (£3.7) <.001
Length of ICU stay, day, mean +SD 9 (10 9 (£7) .996
Length of hospital stay, day, mean+SD 29 (+22) 31 (=19 77
Clinical departments .058
Trauma 125 (16.6) 62 (21.1)
Cardiac surgery 182 (24.1) 85 (29.0)
General surgery 409 (54.2) 132 (45.1)
Obstetrics 39 (5.2 14 (4.8)
Before transfusion
RBCs x 10'?/L, mean +SD 3.9+1 3.7+£11 .345
Hb in g/L, mean+SD 119447 114432 241
Het as %, mean+SD 17+18 15+17 075
PLT x 10%/L, mean=+SD 180+63 165+88 .082
PT in's, mean+SD 141+6.2 14.2+4.6 .546
APTT in s, mean+SD 36+25 37+21 674
TT in s, mean+SD 17+5.8 18.9+9.8 541
INR, mean+SD 1.2+0.6 1.3+1.0 145
FIB in g/L, mean+SD 2.47+1.15 2.53+1.48 125
During transfusion
RBCs, median U in 24/72 h 12/15 24/29 <.001/<.001
FFP, median U in 24/72 h 8/13 14/16 .002/.001
PLT, median U in 24/72 h 4/6 8/9 .015/.016
Total RBCs units transfused 9212 7072 <.001
Average number of RBCs units per patient 12 24 <.001
Total FFP units transfused 5967 4187 <.001
Average number of FFP units per patient 8 14 <.001
Number of people using FFP, N, % 537 (71.1) 222 (75.8) 117
Average FFP:RBCs ratio 1.1.54 1:1.69 164
24 h Mortality by FFP:RBCs ratio, n/total, % <.001
1:2.5-4 11/121 (9.1) 11/65 (16.9)
1:1-2 24/419 (5.7) 31172 (18.0)
2:1 17/215 (7.9) 14/56 (25.0)
72h Mortality by FFP:RBCs ratio, n/total, % <.001
1.2.5-4 7/97 (7.2) 9/57 (15.8)
1:1-2 12/333 (3.6) 22/136 (16.2)
2:1 33/325 (10.2) 25/100 (25.0)
Overall mortality, N (%) 52 (6.9%) 56 (19.1%) <.001

APTT =activated partial thromboplastin time, FFP = fresh frozen plasma, FIB = fibrinogen, Hb =hemoglobin, Hct =hematocrit, ICU = intensive care unit, INR =international normalized ratio, PLT =platelets, PT=

prothrombin time, RBCs =red blood cell suspension, TT =thrombin time.

4.1. Massive transfusion guidelines and protocol??

The protocol consists of a Foreword and the following chapters:
massive transfusion, preparation for and assessment of massive
transfusion, laboratory testing, treatment of blood, procedure for
massive transfusion, and so on.

Definition of massive transfusion. Massive transfusion is
defined as a transfusion volume of 218 U RBC suspension within
24 hours for adult patients (1 U RBC suspension equals 200 mL
whole blood) or a transfusion volume of 20.3U/kg RBC
suspension within 24 hours.

Goals of massive transfusion: (1) to maintain tissue perfusion
and oxygen supply by restoring blood volume and treating
anemia. (2) To prevent hemorrhage (while actively treating
trauma or obstetric primary disorders). (3) To perform

transfusion scientifically and rationally, and to minimize risks
of transfusion and increase the resuscitation success rate. In
addition, the risks of massive transfusion are clarified.*33%
The preparation for and assessment of massive transfusion
chapter emphasizes: (1) effective communication and prepared-
ness among hospital departments in case of emergency. (2)
Transfusion preoperative preparation and assessment, and so on.
The laboratory testing chapter provides a detailed description
of the following: (1) blood sample preparation and storage, (2)
list of test items, and (3) frequency of RBT and BCT. Regulations
on the frequency of these blood tests apply to the following
situation: (a) continuous transfusion of >15 to 18 U RBCs in
adults, or transfusion of >0.3 U/kg RBCs, requires PLT testing
immediately. (b) Blood transfusion 1 to 1.5 times the patient’s
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total blood volume requires complete blood count, conventional
blood clotting, and blood gas testing every 1 to 2hours to
accurately reflect the blood clotting state and the clinical status of
the patient. (¢) During surgery, for every unit of blood transfused,
when the total transfused volume reached the total blood volume,
blood count and coagulation index should be checked, and
special consideration should be given to tracking changes in PLT
count and fibrinogen (Fib) levels. (d) The coagulation index
should be checked after anticoagulant intervention and heparin
neutralization during extracorporeal circulation surgery. (e)
Thromboelastograph (TEG) is recommended for quick detection
of coagulation status and PLT counts.>*!

The treatment of blood chapter regulates: (1) blood volume
recovery and (2) blood component therapy.'!

4.2. Suspended red blood cells (RBCs)

Function: RBCs are the principle means of oxygen delivery to
body tissues, but they are not a means of volume expansion.!'*!
RBCs can facilitate hemostasis through PLT margination.!?!
Experimental evidence shows that a relatively high hematocrit
(Hct) is favorable for hemostasis in patients with massive blood
loss, and risks increase when Hct is too low. Therefore, timely
transfusion of RBCs is extremely important in case of massive
blood loss.

Transfusion timing: transfusion of RBC suspension should be
considered when blood loss reaches 30% to 40% of the patient’s
blood volume. If blood volume loss is above 40%: transfusion
must be performed immediately. When Hb > 100g/L, massive
transfusion is not recommended, but should be considered when
Hb is <70g/L. In cases where Hb is between 70 and 100g/L,
whether or not to perform transfusion is determined by the
patient’s condition, such as whether there is continuous bleeding,
heart and lung function, and so on.['*3¢!

Transfusion volume: during massive transfusion, for patients
with good heart and lung function, Hb can be maintained at 80 to
100g/L or Het at 28% to 30%.

Laboratory tests: Hb and Het should be checked every 1 to 2
hours. Nevertheless, RBC and Hb levels in cases of emergency
sometimes cannot accurately reflect the degree of blood loss.!?!
Often the blood loss is underestimated, especially in cases of occult
bleeding and in young people, as with occult bleeding in obstetrics.

4.3. FFP

Function: to complement coagulation factors and expand blood
volume, FFP is useful in patients with various clotting factor
deficiencies, acute active bleeding and severe trauma, prevention
of clotting factor dilution during massive blood loss, antiwarfarin
the[ﬁi%}é] and to correct known coagulation factor deficien-
cy.l'™

Transfusion timing: to reduce patient mortality during massive
transfusion, FFP should be transfused following 4 U of RBC
suspension, and the FFP:RBC ratio should be 1:1 or 1:2 (1 U FFP
equals 100 mL).”~3! For patients with severe trauma, when RBC
suspension transfusion was >3 to 5 U, FFP should be used as
soon as possible.

Dose: our research results showed that transfusion of FFP at 15
to 30mL/kg can reduce patient mortality. The amount of FFP
should not exceed the amount of RBC suspension transfused
within 24 to 72 hours of the FFP transfusion, namely FFP:RBCs =
1:1 or 1:2.1% The recommended amount of FFP transfusion by
the American Society of Anesthesiologists is (10-15) mL/kg.”! A
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sufficient amount of FFP can correct Fib and multiple coagulation
factor deficiencies. If Fib is <1.0g/L, transfusion of cryopreci-
pitate should be considered.

Laboratory tests: it is critical to test coagulation every 1 to
2 hours."*”! The dilution of coagulation factors is one of the main
reasons for coagulation disorders. Fib decreases at first, and then
blood loss will be around 150% when Fib decreases to 1.0g/L
and blood loss will be around 200% when other coagulation
factors’ activities decrease to 25 %. Risks of coagulation disorders
will increase when activated partial thromboplastin time (APTT)
and prothrombin time (PT) increase to 1.5 times normal
values.”*8*21 However, our study of massive transfusion in
China showed that conventional indices of coagulation, namely
PT/ INR and APTT, did not clearly vary.**! Compared with
conventional clotting tests (PT/INR and APTT), TEG provides a
better bedside assessment of in vivo clotting. Therefore, the initial
use of TEG is recommended.**!

4.4. PLT suspension
4.4.1. Function: hemostasis. Transfusion timing: (a) the

current consensus for preventive Plt transfusion is a PLT count
>50 x 10°/L. In cases where the PLT count is <50 x 10°/L, the
estimated volume of RBCs for infusion or transfusion is up to
twice the patient’s blood volume. However, significant individual
differences exist. Certain patients will have obvious bleeding
when the PLT count is 75 x 10°/L. Therefore, the threshold for
preventive transfusion still should be determined based on
comprehensive clinical judgment (for example, a PLT count
>100 x 10%/L is recommended for patients with central nervous
system damage). (b) During therapeutic PLT transfusion, a count
of 75x10%/L is generally treated as a safety threshold®®! for
patients who are unresponsive to or have ineffective hemostasis
and electrocoagulation for active bleeding. When the count is less
than 75 x 10°/L, early transfusion of PLT should be performed if
RBCs and plasma are transfused continuously. When the count is
<50 x 10°/L, PLT must be transfused. A PLT suspension should
be transfused to maintain a level above 75 x 10?/L with massive
transfusion of RBCs > 18U (if no laboratory data are obtained).

Dose: early high transfusion ratio of FFP and PLT suspension
can improve patient survival,*¢2%*4-4¢] a5 well as reduce the
transfusion volume of the RBC suspension. A recommended
transfusion ratio of RBCs:FFP:PLT suspension is 1:1:1 (1 U
manually-collected PLT suspension is prepared from 200 mL
whole blood; 1 bag of machine-collected PLT suspension is
equivalent to a treatment dosage of 10 U PLT, and volume is
between 200 and 250 mL).

Laboratory tests: the dilution of platelets is the main reason for
coagulation disorders during massive transfusion. PLT count
should be tested every 1 to 2hours. In the meantime, the blood
bank should provide a sufficient quantity of PLT to achieve an
effective dose.

4.4.2. Cryoprecipitate and recombinant factor VIII (rFVIlI).
Key function: to correct the lack of Fib and FVIII and treat severe
bleeding.

Transfusion timing: for patients with diffuse intravascular
coagulation and Fib < (80-100) mg/dL, occurrence of diffuse
intravascular coagulation during massive transfusion, congenital
abnormalities of fibrinogen, Hemophilia A, and von Willebrand
disease.

Dose: 1 U cryoprecipitate contains fibrinogen 150 to 250 mg
and FVIII 80 to 100 U and can be transfused according to the
patient’s laboratory test results.
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4.4.3. Supplemental antifibrinolytic drugs. Tranexamic acid
and aprotinin have been used as antifibrinolytic agents during
massive blood transfusion.
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