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ABSTRACT

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 evidences and support—
ing experimental studies, and propose guidelines for the management of massive transfusion. This multi—region,
multi—center 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 five regions in China. Data were collected for all pa—
tients, 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’s demographics, pre—, peri—, and post—operative clinical charac—
teristics, 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 indi—
ces during massive transfusion and the correction of coagulopathy through supplement blood components under
different hemodilutions. The experimental data in combination with the clinical evidences 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 trans—
fusion that may help Chinese hospitals to develop standardized protocols for massive blood transfusion.

Keywords: massive blood transfusion, Chinese, coagulopathy correction, hemodilution, guidelines, massive
blood transfusion

INTRODUCTION

Blood transfusion plays an important life—saving
role for patients with severe conditions and poten—
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tially fatal conditions. Massive blood transfusion is
defined as a transfusion of more than one entire blood
volume in 24 hours (h)"™, replacement of 50% of
total blood volume within 3 h'® 4], or administration
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of = 10 units (U) of red blood cell suspension (RBCS)
to a patient within 24 h"™ . As an important transfu—
sion therapy in response to massive and uncontrolled
hemorrhaging, massive transfusion is often associated
with high mortality and high coagulopathy leading to
a high incidence of multi—organ failure and mortality
especially in trauma patients ™. To reduce the inci—
dence 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 transfusion ™ *”. Timely
implementation of institutional massive transfusion
protocols has significantly improved the resuscita—
tion efficiency and patient outcomes """, 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 current blood trans—
fusion practice in response to massive hemorrhage in
Chinese hospitals.

According to the Protocols of Clinical Transfusion
Management issued by the Chinese Ministry of Health
in 2012 “4], a request of 800—-1,600 ml transfusion
within 24 h needs approval of department directors; a
request of >1,600 ml transfusion must be submitted by
department directors and approved by the hospital Of-
fice of Medical Affairs, with the exception of emer—
gency transfusion. Yet the Protocols provide neither
a definition nor management guidelines for massive
transfusion. With no clear definition of the indications
for coagulopathy during massive transfusion and rec—
ommended corrective approaches, Chinese clinicians
have to administer blood transfusions either based on
their own judgment or by referring to foreign guide—
lines. Active bleeding occurs frequently during mas—
sive blood transfusions, which seriously affects the
efficacy and outcome of emergency resuscitation.

This study was aimed to accomplish the following
goals: first, to understand the current practice of mas—
sive transfusion and patient outcomes in China by ex—
amining the demographic and clinical characteristics,
pre and post—transfusion blood test results, volumes
and ratios of transfused blood components, and out—
comes of patients who received = 10 U RBCS within
24 h of hospitalization. Second, to identify important
indications 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 transfusion,
and their association with patient mortality. Addition—
ally, to better understand the mechanism of coagulop—

athy 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 experi—
ments to verify our findings derived from clinical
data. Third, based on the in vitro findings as well as
evidences of clinical transfusion practices in Chinese
hospitals and international massive transfusion guide—
lines, propose a definition of massive transfusion that
fits the Chinese adult patient population, determine
the objectives of massive blood transfusion protocol,
and describe the important indications and strategies
for massive transfusion management for Chinese cli—
nicians.

MATERIALS AND METHODS

Clinical data collection

This retrospective study included 50 experts in
clinical blood transfusion, cardiac surgery, trauma,
anesthesiology, obstetrics, general surgery, and bi—
ostatistics from 20 tertiary general hospitals in five
geographic regions in China (northwest, southwest,
central south, north, and northeast). The number of
beds varied greatly from hospital to hospital ranging
from 2,000-7,000 beds and 20,000-65,000 annual
surgeries in each hospital. From the blood bank elec—
tronic database at each hospital, all adult patients ( =
18 years old) received of = 10 U of RBCs within 24 h
after admission during the period of Januaryl 2009
to December 30 2010 were identified and included as
subjects. Additional information on patient preopera—
tive characteristics, intraoperative information, and
postoperative outcomes was extracted from either
computerized or paper medical charts, or surgery or
anesthesiology records. We designed the data collec—
tion form "Questionnaire on Massive Blood Transfu—
sion" that consisted of more than 60 items in 4 sec—
tions including patient demographic characteristics;
type and volume of blood components transfused;
perioperative complications and clinical conditions
within and after 24 h 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 arte—
rial 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: 2U, 4U, 6U, 8U, 10U, 12U, 14U,
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16U, 18U, 20U, 22U, 24U, 26U, 28U, 30U, 40U. In
general, 1U RBCS (140-172 ml) was derived from
200 ml whole blood; 1 U FFP was 100 ml; one bag
of apheresis Platelets (PLT) was 10 U (1 bag = 250—
300 ml); 1 U PLT concentrate suspension (25~35 ml)
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 inclu—
sion 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 coagula—
tion disorders, hepatic failure due to medical causes,
and coagulopathies were excluded. Details about the
method, i.e. the questionnaire, laboratory equipment
and medical devices and reagent utilization across
all participating hospitals, as well as laboratory test—
ing result validity, reliability, and overall data quality
control have all been published ", This study was
approved by the Institutional Review Board at all par—
ticipating institutes.

Establishment of an in vitro model of coagu—
lopathy and its correction protocol

Massive hemorrhage was simulated by an in vitro
hemodilution model and a correction protocol for co—
agulopathy was developed. Blood samples (26 ml) were
collected in 3.8% sodium citrate from 24 healthy staff
at Shaanxi Provincial People’s Hospital, including 14
females and 10 males, 19-50 years of age, with no
history of anemia, coagulation disorders, hemorrhage,
or kidney disease. Females undergoing menstruation
were also excluded. All RBCS, FFP, and PLT com—
ponents used for correction of anemia and coagulopa—
thy due to hemodilutions were processed according
to the standard protocol *". The blood samples of
RBCS were prepared and stored for 3—5 days. FFP
samples were defrosted, reading at 37 ‘C on the day
of testing and apheresis PLT samples were obtained
from the same day phlebotomy. Under diverse condi—
tions: (saline dilution ratios 10:0, 9:1, 8:2, 7:3, 6:4,
5:5, 4:6, 3:7, 8:2 and 1:9 for control group; 7:3, 6:4,
5:5, 4:6, 3:7, 8:2 and 1:9 for the case group) indirectly
reflecting the in vivo hemodilutional conditions of
patients during massive transfusion, specific quanti—
ties of blood components including RBCs, platelets,

and plasma were replenished to correct coagulopathy
and anemia by maintaining the hemoglobin level at
60-80 g/L. A thromboelastograph (TEG) hemostasis
analyzer (TEG 5000®; Haemoscope Corp., Niles, IL,
USA), automated blood coagulation analyzer (CA—
7000; Sysmex Corp., Kobe, Japan), and Fully Auto-
matic Haemacytometer Analyzer (LH 750; Beckman
Coulter Fullerton, CA, USA) were used for blood
testing. Blood indices including RBC, hematocrit, and
PLT count prior to and following the supplement of
blood components and changes in the blood coagula—
tion indices and coagulopathy were investigated. The
hemostatic ability of infused RBCs and PLT at differ—
ent dilution ratios were also evaluated in comparison
to similar clinical data obtained from the multi—center
study "%,

Development of massive transfusion guide-
lines

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 de—
veloped 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"””.

Statistical analysis

All eligible clinical and experimental data were en—
tered into the EPIDATA database (version 3.01; Epi—
data Association). Double entry method was used to
ensure data accuracy. PASW Statistics for Windows
version 18.0 (released 2009; SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. The data on
the demographic characteristics and clinical features
were reported as the mean & standard deviation or as
counts and ranges. Categorical variables were ana—
lyzed by Chi—square statistics; continuous variables
with normal distribution were analyzed by the Sha—
piro—Wilk test, analysis of variance or the Kruskal—
Wallis test, as appropriate. Linear regression or lo—
gistic regression analysis was performed to describe
the association between continuous or dichotomous
outcomes and covariates. A two—sided P < 0.05 was
set as the statistically significant level.

RESULTS

Summary of clinical data from 20 hospitals

A total of 2,000 surveys were distributed to 20 hos—
pitals and 1,753 (87.6%) completed questionnaires
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were collected, from which 1,601 (91.3%) met all in—
clusion criteria. Among them, 553 (34.5%) received
< 10 U RBCS and 1,048 (65.5%) received = 10 U of
RBCs within 24 h of hospitalization. All data reported
in the present study were based on the 1,048 patients.
Patient demographics, clinical characteristics, pre—
and post—transfusion blood test results, and mortal—

ity for the 1,048 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 yrs) and Trauma (mean age = 40 yrs) were

Table1 Demographic and clinical characteristics, pre—transfusion blood indices, and summary oftotal trans—
fused components for all patients

Trauma Cardiac surgery General surgery Obstetrics P-values
Number of patients, n (% of total) 187 (17.8) 267 (25.5) 541 (51.6) 53 (5.1) <0.001
Males, n(%)" 138 (73.8) 169 (63.3) 339 (62.7) 0 (0.0) <0.001
Female, n(%) 49 (26.2) 98 (36.7) 202 (37.3) 53 (100) <0.001
Age (yr, meant SD) 40 (£15) 46 (£17) 47 (£17) 33(E£7) <0.001
Weight (kg, mean=+SD) 60 (£10) 57 (£13) 59 (£11) 60 (£7) <0.001
Operation time (h, mean=+SD) 3.47 (£4.38) 5.33 (£3.87) 3.18 (£3.70) 1.78 (£2.52) <0.001
Length of ICU stay (d, mean=SD) 9(£12) 7(x9) 13 (£43) 3(£4) 0.917
Length of hospital stay (d, mean=SD) 31 (£28) 32 (+23) 30 (£24) 18 (£8) 0.353
Mortality, Total ( n, %) 27 (14.4) 49 (184) 29 (5.4) 3(5.7) <0.001
Males, n(% out of total male) 23 (16.7) 34 (20.1) 14(4.1) 0 < 0.001
Female, n(% out of total female) 4.(8.2) 15 (15.3) 15(7.4) 3(5.7) 0.112
Before transfusion
RBC X 10"*/L, (mean=+ SD) 3.3(£1.0) 4.3 (£1.0) 3.8(£1.0) 3.2(£1.0) <0.001
Hb in g/L, (mean* SD) 108 (+76) 132 (£31) 115 (£31) 95 (£31) <0.001
Hct as %, (mean = SD) 16 (£17) 13 (£18) 19 (£17) 11 (£14) <0.001
PLT X 10°/L, (mean+ SD) 170 (£103) 145 (£67) 194 (£108) 161 (£77) <0.001
PT in s, (mean=®SD) 16.9 (£11.1) 13.9 (£3.8) 13.5 (£4.1) 14.6 (£6.6) <0.001
APTT in s, (mean*SD) 41 (£29) 34.(£9) 35(£18) 47 (+66) 0.009
TT, (mean=SD) 20.8 (+=13) 17.1 (£4.5) 16.8 (£5) 17.6 (£6.9) 0.017
INR, (mean=+SD) 1.2(£1.0) 1.3 (£0.1) 1.1(£1.0) 2.2(x3) 0.039
FIB,(mean=+SD) 13.4 (£1.4) 15.5 (£3.2) 14.8(%5.1) 13.7 (£3.5) 0.087
During transfusion
RBCs, median U in 24/72 hr 13/19 13/17 14/17 14/20 0.306/0.147
FFP, median U in 24/72 hr 7/10 18/22 9/11 10/12 <0.001/<0.001
PLT, median U in 24/72 hr 5/8 313 5/9 3/4 0.621/0.493
Total RBCs Units Transfused 3496 4179 7528 1081 <0.001
Average # of RBCs Unit per patient 19 16 14 20 <0.001
Total FFP Units Transfused 1859 3151 4554 590 <0.001
Average # of FFP Unit per patient 10 12 3 11 < 0.001
Number of people using FFP(N, %) 113 (60.4) 225 (84.3) 381 (70.4) 40 (75.5) 0.149
Average FFP:RBCs ratio 1:1.88 1:1.33 1:1.65 1:1.83 0.062

*Denominators for all percentages were total number of patients in each department unless otherwise described.
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younger than those in Cardiac Surgery (mean age =
46 yrs) and General Surgery (mean age = 47 yrs). The
average weight of all patients was about 60 kg, with
considerable variations by gender and across depart—
ments. The average operation time and number of
days in ICU care also varied across departments. The
number of days in ICU of General urgery displays a
very large variance (mean=®SD = 13+43 days), in—
dicating the heterogeneity of clinical setting. No sig—
nificant differences in the 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 pre—
transfusion blood and coagulation indices between the
four departments (P’s < 0.05). Mean pre—operative
hemoglobin levels varied from 95 g/L in Obstetrics to
132 g/L in Cardiac Surgery. Mean INR was > 1.5 in
Obstetrics but less than 1.5 in the other three depart—
ments. On average, patients in Obstetrics and Trauma
received more RBCS transfusions (20 and 19 U per
patient, respectively) than patients in Cardiac Sur—
gery and General Surgery (16 and 14 U per patient,
respectively). Patients in Cardiac Surgery, Obstetrics,
Trauma, and General Surgery on average received 12,
11, 10, and 8 U of FFP, respectively.

The average mortality rate was 10.3%, and the
mortality rate in four departments is as follows: 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%).

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
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supplement when RBCS transfusion was initiated.
After = 6 U RBCS were transfused, about half of the
patients (54.2%) were infused with FFP. When RBCS
transfusion reached = 10 U, 72.4% of patients were
given FFP supplement. Table 2 presents the number
of patients who received FFP transfusion by RBCS
units. 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 four departments received plasma
supplement at the RBCs:FFP ratio of 1.5:1. These
data were summarized in previous publications by our
group e. 211

Due to the limited availability and accessibility in
China, PLT and cryoprecipitate (CRYO) were trans—
fused much less frequently and their dosages did not
increase proportionally with the increase of RBCS
transfusion. Fig. 1 presents the number of patients
with FFP, PLT, and CRYO supplement at differ—
ent stages of RBCS transfusion. Within 24 h, 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, re—
spectively. The median number of RBCS, FFP, PLT,
and CRYO units transfused within 24 h was 25, 20, 6,
and 5 respectively. Only three patients in Obstetrics
with low PLT counts had PLT infusion at the initia—
tion of RBCS transfusion. An increase in PLT trans—

B Number of peolpe using RBCs

B Number of peolpe using plasma

m Number of peolpe using platelet

B Number of peolpe using cryoprecipitate

2 4 6 8 10 12 14
Dosage of RBCs(U)

Fig. 1. Numbers of patients with RBCS transfusion and FFP, PLT, and CRYOsupplement under different RBCS dosages
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Table 2 Number of patients with FFP supplement and FFP dosages associated with different units of RBC

Number of people using Number of people

Ratio of number of people

# of RBC Units . X RBCSdosage(U) FFP dosage(U) RBCS:FFP ratio
RBCS(n) using FFP(n) using RBCs and FFP
2 1,048 211 4.97 2,096 873.3 2.40
4 1,048 422 2.48 4,192 2,164.5 1.94
6 1,048 568 1.85 6,288 3,607.5 1.74
8 1,048 651 1.61 8,384 5,027.7 1.67
10 1,048 759 1.38 10,480 6,796.8 1.54
12 775 578 1.34 9,276 6,319.5 1.47
14 535 398 1.34 7,462 5,099.1 1.46
16 400 301 1.34 6,368 1.51
18 293 222 1.32 5,238 3,475.7 1.51
20 226 177 1.28 4,480 3,021.4 1.48
22 166 124 1.34 3,608 2,230.7 1.65
24 131 95 1.38 3,096 1,874.8 1.65
26 108 82 1.32 2,756 1,611.6 1.71
28 76 53 1.43 2,072 1,133.3 1.83
30 62 50 1.24 1,800 1,159.5 1.55
40 26 19 1.37 960 449.5 2.14
Total 1,048 759 1.38 16,284 10,154.6 1.60

fusion was found in a small number of trauma patients
after they received 26—28 U RBCS, which might be
random events. Similarly, an increase of CRYO in—
fusion was observed only in Cardiac Surgery when
transfused RBCS reached 30 U"".

RBCS dosage and mortality

The association between the number of RBCS units
transfused (RBCS dosage) and 30—day post—trans—
fusion patient mortality was explored in the survival
analysis. Fig. 2A and 2B display the Kaplan Meier
survival plots for post—transfusion 30—day mortal—
ity rates grouped by different RBC dosages within 24
and 72 hours. Without adjusting for covariates, the
survival rates significantly decreased (therefore mor—
tality increased) as the volume of transfused RBCs
increased from 10 U to 40 U within 24 h and 72 h,
(P’s < 0.001). After adjusting for age, gender, weight,
operation time, LOS, 24 h plasma dosage, and number
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—_ 25~
—_— 30~
— 40~

r Log-rank=63.28
P < 0.0001

Survial(%)

0 10 20 30 40
Days

Kaplan Meier survival plot for mortality rates by different RBCs
dosage in 24 h

of days in ICU in logistic regression analysis, the
volume of transfused RBCs used within 24 h was an
independent risk factor for patient mortality, increas—
ing infusion of every 2 RBCs units was associated
with about 2—folds likelihood of mortality (OR = 1.92;
95% 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 3 presents the results of
the logistic regression analysis.

FFP : RBCs ratio and mortality

As shown in Table 2, up to 72.4% of the patients
with RBCS transfusion also received plasma supple—
ment 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 three groups
based on the 24 h and 72 h FFP: RBCS ratios sepa—
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Fig. 2. Survival analysis on 30—day post—transfusion mortality rates by number of RBCs dosages transfused in 24 and 72 hours
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Table 3 Logistic regression analysis on mortality
during admission

Exp(B) Odds ratio(95.0% CI)

24h RBCSdosage (unit) 1.92 1.56 2.33

LOS(day) 0.36 0.17 0.76

Stay in ICU (day) 23 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 (hour) 0.91 0.82 1.01

24h FFP dosage (unit) 1.00 0.96 1.03
Intercept 0.12

rately: 1:0.3-0.75 was the high ratio group (HR);
1:1~2(1:0.75~2.3) was the medium ratio group (MR);
1:2.5~4 (1:2.3~4) was the low ratio group (LR).
There was no significant difference in the distribu—
tion of the three groups across the four clinical de—
partments (P = 0.295). Fig. 34 and 3B display the
30—-day Kaplan Meier survival plots for patients with
different FFP: RBCS ratios during 24 h and 72 h
transfusion, respectively. No significant differences
in 30—day mortality rates were found among the 24
h FFP:RBCS ratio groups (11.4%, 9.3%, and 11.8%
for HR, MR, and LR, respectively, ’=1.482,P =
0.197), although the medium ratio group maintained
a slightly higher survival probability than the other
two groups at 30—day post—transfusion. The advan—
tage of medium 72 h 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 (°=9.874), P < 0.001.

Frequency of RBTs and BCTs during transfusion

Overall, we obtained data from 1,013 (97% of the
1,048) patients regarding blood testing during transfu—
sion. No information on blood tests was retrieved for
35 patients. Among the 1,013 patients, 52.7% or 534
did not have any RBT during 24 h transfusion. About
27.8%, 13.6%, 4.2%, and 1.6% of the 1,013 patients
had 1, 2, 3, and = 4 RBTs within 24 h during trans—
fusion. 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 h of transfusion.

Table 4 presents the frequencies of RBTs or BCTs
performed within 24 h during transfusion.

Table 4 Frequency of routine blood tests (RBTs) and
blood coagulation tests (BCTs) within 24 h transfusion

0 1 3 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(1.5%)  3(0.3%)
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Fig. 3. Survival analysis on 30-day post-transfusion
mortality rates by transfused FFP:RBCs ratios in 24 and
72 hours

Variations of PLT count during RBCs transfusion

Among the 1,048 patients, 646 received RBC
transfusion without PLT supplement and had at least
one PLT count measured at one of the 16 time points
during the first 24 h 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 72X 10°/L. Similarly, when patients
(those underweight with BMI < 18.5) were transfused
with 0.3 units of RBCS per kilogram of body weight
(i.e. 3 U/10 kg), 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 re—
gression 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—



32 Investigation of the status quo of massive blood transfusion in China, 2017, 1(1)

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 h, or >= 0.3 U/kg within 24 h "%,
According to this definition, among all the patients

225

Y=127.3-2.441X
R Sq Linear=0.641

PLT(10°/1)

0 10 20 30 40
RBC(U)

Fig. 4. Linear regression trend between units of
RBCStransfused and PLT count among patients
without PLT supplement during transfusion

with = 10 U RBCS within 24 h in our study, 28%
received massive transfusion. A follow up analy—
sis compared patient characteristics, clinical set—
ting, pre—transfusion blood and coagulation indices,
and transfused components between the two groups
(Table 5). There were no significant differences
in age, weight, clinical departments, pre—transfusion
routine blood test and coagulation test results, ICU
stay, and LOS between the two groups (P’s > 0.05).
However, patients with massive transfusion ( = 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 <
0.001. Females were more likely than males to receive
massive transfusion (39.3% vs. 20.9%, P < 0.001).

In vitro hemodilution experiments

The PLT counts and coagulation indices prior to
and at the 16 predefined time points after 2-40 units
of RBCS transfusion were evaluated. Results showed
that as the blood was increasingly diluted with RBCS
transfusion, the dysfunction of coagulation increased
with decreasing hemoglobin level, coagulation factor
activity, and PLT count. The correction of the Hb lev—
el did not necessarily improve the coagulation indices.
When the hemodilution levels reached 40%, 50%, and
60%, the hemoglobin level, coagulation indices, and

PLT count all reached critical levels, necessitating
supplementation with RBCS (Hb, 60-80 g/L.), FFP
(FIB, 0.8—1.0 g/L; PT or APTT at N1.5 times the nor—
mal), and apheresis PLT (PLT count and TEG-MA,
b40), respectively (More details about the experimen—
tal design and study methods can be found in previous
reports by Li et al "**"). When hemodilution level
was 90%, the supplementation required for RBCS:
FFP: PLT was approximately 1:1.3:0.9. The amount
of supplement blood components to be administered
increased proportionately with an increase of he-
modilution, after the critical hemodilution level for
each supplement was reached. Table 6 summarizes
the guidelines to convert the in vitro proportions of
RBCS, FFP, and PLT into vivo volumes. For exam—
ple, for an average patient with a bodyweight of 60 kg
and the total blood volume of 4,800 mL, blood loss of
40% implies a loss of 1,920 mL. Considering that the
volume of 1 U of RBCS is 140 — 172 mL (150 mL); 1
U of FFP, 100 mL; and 10 U of PLT, about 250 mL,
the amount of RBCS supplementation required would
be 6 U of RBCS. Thus, when the blood loss is 70%,
or 3,360 mL, the amount of component supplement
required would be 16 U RBCS, 19 U FFP and 10 U
PLT, and the composition of the infusion required
would be 1:1.2:0.6 for RBCS: FFP: PLT. However,
when the amount of blood loss is the entire blood
volume (dilution is 90%, actual dilution is 96%), the
RBCS: FFP: PLT composition of the infusion required
will be 1:1.3:0.9, and the amount of supplementation
required would be 23 U RBCS, 29 U FFP and 20 U
PLT.

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 mas—
sive 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 transfu—
sion 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 transfusion, and eventually improve the
resuscitation success rate and patient outcomes. Effi—
cient implementation of an effective massive transfu—
sion protocol will also reduce potential waste of blood
products, which has become a critical issue when the
blood supply cannot meet the increasing request of
clinical transfusion in Chinese hospitals ****"

Our findings indicated that:

(1)During large volumes of RBCS transfusion, Chi—
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Table 5 Patient demographic and clinical characteristics, pre—transfusion blood indices, and summary of
transfused components by total number of RBCs units transfused within 24 hours

RBCStransfused within 24 hr

Gender
Males, n (%)
Female, n(%)
Age (yr, mean + SD)
Weight (kg, mean = SD)
Operation time (hour, mean = SD)
Length of ICU stay (day, mean &= SD)
Length of hospital stay (day, mean = SD)
Clinical Departments
Trauma
Cardiac surgery
General surgery
Obstetrics
Before transfusion
RBCX10"/L, (mean + SD)
Hb in g/L, (mean £ SD)
Hct as %, (mean £ SD)
PLT X 10/L, (mean + SD)
PT in s, (mean &= SD)
APTT in s, (mean = SD)
TT, (mean = SD)
INR, (mean +=SD)
FIB,(mean *+ SD)
During transfusion
RBCs, median U in 24/72 hr
FFP, median U in 24/72 hr
PLT, median U in 24/72 hr
Total RBCs Units Transfused
Average Number of RBCs Units per patient
Total FFP Units Transfused
Average Number of FFP Units per patient
Number of people using FFP(N, %)
Average FFP:RBCs ratio
24 h Mortality by FFP:RBCs ratio, n/total (%)
1:2.5~4
1:1~2
2:1
72 h Mortality by FFP:RBCs ratio, n/total (%)
1:2.5~4
1:1~2
2:1
Overall Mortality, N (%)

10-17U >= 18U P Value
N=1755,72% N =293, 28%
<0.001
511 (67.7) 135 (46.1)
244 (32.3) 158 (53.9)
45 = 17 45 = 11 0.779
59 £ 12 58 £ 10 0.444
3.40 (£2.2) 4.41 (£3.7) < 0.001
9 (£10) 9(£7) 0.996
29 (+22) 31(£19) 0.177
0.058
125 (16.6) 62 (21.1)
182 (24.1) 85 (29.0)
409 (54.2) 132 (45.1)
39 (5.2) 14 (4.8)
390+ 1 3.7+ 1.1 0.345
119 + 47 114 + 32 0.241
17 £ 18 15+ 17 0.075
180 £ 63 165 £ 88 0.082
14.1 &£ 6.2 14.2 =+ 4.6 0.546
36 £ 25 37 £ 21 0.674
17 + 5.8 18.9 £ 9.8 0.541
12+ 06 1.3+ 1.0 0.145
11 + 4.3 109 = 3.8 0.097
12/15 24/29 < 0.001/<0.001
8/13 14/16 0.002/0.001
4/6 8/9 0.015/0.016
9212 7072 <.001
12 24 <.001
5967 4187 <.001
8 14 <.001
537 (71.1) 222 (75.8) 0.117
1:1.54 1:1.69 0.164
<0.001
11/121 (9.1) 11/65 (16.9)
24/419 (5.7) 31/172 (18.0)
17/215 (7.9) 14/56 (25.0)
<0.001
7/97 (7.2) 9/57 (15.8)
12/333 (3.6) 22/136 (16.2)
33/325 (10.2) 25/100 (25.0)
52 (6.9%) 56 (19.1%) <0.001

nese clinicians focus on the supplement of FFP at ear—
ly stages of RBCS transfusion. This practice is in ac—
cordance with the finding that balanced use of plasma
early in resuscitation was associated with improved
survival rates especially among trauma patients .
However, insufficient consideration is given to the use
of PLT and cryoprecipitate "', According to AABB
recommendation, early initiation of prophylactic PLT
transfusion among adult patients with a PLT count of
10X 10’ cells/L or less may reduce the risk for spon—
taneous bleeding™”. Cryoprecipitate and PLT transfu—
sion 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, the small volumes of infusion,
and the inconsistent RBCS: PLT: CRYO ratio and
timing of infusion, we could not evaluate the effec—
tiveness of these two components on patient outcomes
in the present study. Future researches are needed to
investigate the immediate and long term impact of
PLT and cryoprecipitate supplement on Chinese pa—
tients with massive transfusion.

(2)Total units of RBCs transfused within 24 h were
significantly associated with lower survival probabil—
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Table 6 Volumes of RBCS, FFP, and PLTsupplement by hemodilution levels during transfusion

Amount of blood component supplement determined by in vitro tests and con—

Hemodilution(add Actual Dilu— 4,800 ml Amount of blood loss

verted into in vivo transfusion quantity

RBCs :saline) tion (%) in ml at a body weight of 60 kg RBCS. 1L FFP, ulL PLT, uL  RBCS:FEP:PLT

1000:0 0 0

900:100 10 480

800:200 20 960

700:300 36 1,440 100 (480 m1/3U)

600:400 50 1,920 200 (960 ml/6U)

500:500 66 2,400 300 (1,440 ml/10U) 200 (10U)

400:600 77 2,880 400 (1,920 ml/13U) 300 (13U) 20 (5U) 1:1:0.4

300:700 85 3,360 500 (2,400 ml/16U) 400 (19U) 40 (10U) 1:1.2:0.6

200:800 91 3,840 600 (2,830 ml/19U) 500 (24U) 60 (15U) 1:1.3:0.8
100:900 96 4,320 700 (3,360 m1/23U) 600 (29U) 80 (20U) 1:1.3:0.9

ity, even after adjusting for potential confounding fac—
tors such as operation time and ICU stay that are criti—
cal indicators of disease severity. Those who received
massive transfusion ( = 18 RBCs U in 24 h) dis—
played significantly higher mortality rate (19.1%) than
the other patients with 10—17 U in 24 h (6.9%). Since
no pre—transfusion differences were found between
patients massive transfusion and those with < 18 RBCs U
in the first 24 h, 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 importance of further
investigation on the adverse events of massive trans—
fusion and opportunities for improvement of massive
transfusion management.

(3)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 dis—
orders "**"***_Our findings suggest that the amount
of blood components replenished should increase pro—
portionally 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 coagula—
tion disorders and reduce fatality rate related to mas—
sive 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
recommendedby international literature'”™"*'. How—
ever, our clinical data suggest that when the volume
of FFP transfusion increased and was greater than that
of RBCS within 24 h or 72 h, an increase in patient
mortality followed. Further investigation is needed to
understand the mechanisms of moderate FFP: RBCS
ratios at early stages of transfusion.

(4)The lack of laboratory monitoring of blood indi—
ces and coagulation factors during massive transfusion
is consistent with a previous report in which among 35
surveyed hospitals in Sichuan (one of the most popu—
lated 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 trans—
fusion practice in China. Establishment of a standard
massive transfusion protocol, in addition to the train—
ing and education of dedicated personnel for transfu—
sion services and automated blood bank information
systems as suggested by previous research **', are
equally important to improve the efficacy of massive
transfusion and optimize patient outcomes.

(5)Based on our clinical data on patients without
PLT supplement within 24 h 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 h, or = 0.3 U/kg within
24 h'"** The rationale for this definition is consistent
with the recommended PLT threshold of 75X 10”/L
for trauma patients ™. Follow up analysis comparing
patient and clinical characteristics and pre—transfusion
blood testing results between patients with 10-17
U RBCS and those with = 18 U RBCS within 24 h
found very few differences at baseline but significant
differences in post—transfusion outcomes, providing
further evidence to support this demarcation.

(6)Based on laboratory data and findings from our
evidence—based clinical practices in China and pre—
vious literature on massive transfusion in China and
foreign countries, as well as a thorough review of
relevant international and domestic laws and regula—
tions on clinical transfusion, and feedback from more
than 50 experts, our Massive Blood Transfusion Co—
ordination Group drafted and finalized the massive
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transfusion guidelines and protocol after many revi—
sions”. The guidelines is recommended for use in
perioperative massive transfusion in general surgery,
trauma, cardiac surgery, and obstetrics and excludes
the treatment of blood loss caused by internal medical
diseases, including blood coagulation disorders, liver
failure, and other internal medical conditions.
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