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Hepiinyn

Ewoayoyip: H polikq petdyyion ypnowomoteitan evpémg oe acBeveic pe ofeior dteyyepntiky
owpoppayia. Ilapdtt mpoteivovion O1dpopeg avaroyieg mapaydviwv OoiHatog oTo TPOTOKOAAL
podikng petdyyions, eokolovdel v vdpyel avtimapdfeon GYeTIKE e TV €MIOPACT TOLG GTNV
éxPaon tov acBevdv. L1dyog g Tapodcas OVOCKOTNONG Kol HETA-avAALGONG gival 1) EKTiUNoT TG
EMOPAONG TOV GTPOUTNYIK®OV UAlIKNG HETAYYIONG OTNV UETEYYXEPNTIKY ByntonTa TV achevov pe
coPapn deyxelpnTiKy apoppayio.

MeBodoroyia: Aevepynbnke evdedeyng ovalnmon vy oyetikd dpbpo ot Pacelg dedopévov
PubMed xot tov clinicaltrials.gov am6 tov I'evapn tov 2000 £mwg kou tov Ampido 2022. Axorlovbwg,
dtevepynOnke kou devTepn avaltnon pe cuvOVAcoUO eAEVBEpV Kot KaTayopnuévev opwv. TEAoG,
devepynOnke xor tpitn ovalnmon pe Paon g PProypagikés avoaeopés tov apbpwov mov
Bpénkav amd Tic Tponyovueveg avalntoels. v aval)Tnon COUTEPIANPONKAY TUYOOTOIMUEVES
Kol pn KAavikég peréteg. Ov aocBevelg yopiomkav o€ oV0 opdodeg, avtodg mov Eaafav
oLUTLKVOUEVE epBpd:TAdca o€ avaioyia >1.5:1 kot avtodg Tov Ehafav pe avaroyio <1.5:1. To
TPOTOYEVEG KATOANKTIKO onpeio NTav 1 peteyyelpnTikn Ovnodmra otig 24 dpeg kot 30 nuépec.
MeletOnke eniong n emidpoacn TOV SOEOP®V OVOAOYLOV TOPAYOVI®V OipaTog oty Bvnrotra
TV aofevav. O Kivouvog GLGTNHOTIKOD GEAANNTOG kT ONKE e TNV KAipako Newcastle-Ottawa
Quality Assessment Scale, evdd 1 GLVOAMKN TTOWOTNTO TOV HEAETOV a&loAoyNONKe Le TO gpyareio
MINORS.

Amoteléopata: e aLTAV TNV CLOTNUOATIKY OVOCKOTNON Kol PETA-OVOAVGY] GUUTEPIANQONKaY 22
peAéteg pe 84955 acbeveic. Metd and palikn petdyyion, n mbavotra (odds ratio) Bovdrov otig 24
opeg ko 30 nuépeg etvar 0.22 (95% CI: 0.16-0.30) wor 0.27 (95% CI: 0.20-0.37), avtictoyya. H
mBavotnta (odds ratio) Bavdartov kotd v voonieia oto vocokopeio givatl 0.23 (95% CI:0.12-0.44).
Agv Bpébnie onpavtikn dteopd oty Bvnromta peta&d acbevav mov Erafov Tapdyoya e vynin
avaioyia kol ovt®v Tov Eaafav oe younin ovaroyia [0.24 (95% C.1.: 0.15 to 0.37) vs. 0.28 (95%
C.1.: 0.21 to 0.37)]. [TapatnpnOnke vynin etepoyévela LETAED TOV HEAETMOV.

2oumepacuara: H mopodco GUGTNUOTIKY OVOCGKOTNGT Kol HETA-OVOAVGY] 0EV PPNKE ONUOVTIKEG
SpopEs HeTald TV SPOPOV AVOAOYLOV YOPNYNONG TapoyOVI®V oiloTog OGOV agopd Tnv

emPioon. O Pobudg etepoyévelng TOV HEAETOV ETGNUOIVEL TNV OVAYKN Y10 DYNANG TOOTNTOGC
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KMVIKEG LEAETEG, DOTE VO VO, TPOGIOPIGTEL TO PEATIOTO TPMOTOKOAAO HOLIKNG LETAYYIONG LLE GTOYO

v Bertioon ¢ emPioonc tov aclevdv pLe SIEYXEPNTIKY] QpLoppayia.

AEEEIG-KAEWOLG: LOlIKY| LETAYYIOT), TPOTOKOAAO LOJIKNG HETAYYIONG, CUUTLVKVOUEVO EpVOPAL,
QPECKO KATEYVYUEVO TAAGLLO, SIEYYELPNTIKT] TEPI0O0GC, XEPOVPYELD, TPAVLLO, OLOppOyio

ABSTRACT

Background: Massive transfusion is widely used in patients with severe intraoperative
hemorrhage. Although different ratios of blood products are proposed for massive transfusion
protocols, significant controversy exists regarding their effect on outcome.The purpose of this
systematic review and meta-analysis was to assess the effect of massive transfusion strategies on
postoperative mortality in patients suffering severe intraoperative bleeding.

Methods: A systematic search of PubMed and clinicaltrials.gov databases was conducted for
articles from January 2000 to April 2022. A second search was carried out by combining free text
words and indexed terms with Boolean operators. A third search was conducted with the reference
lists of all identified reports and articles for additional studies. Inclusion criteria were randomized
controlled and non-randomized trials. Case reports and case series, review and meta-analysis
articles, book chapters, non-peer-reviewed articles, experimental studies, studies including obstetric
and pediatric patients, and non-English literature were excluded. Patients were divided into two
groups, the HIGH group including studies with pRBC:FFP ratio >1.5:1 and the LOW group
including studies with pRBC:FFP ratio <1.5:1. Mortality at 24-hours and 30-day postoperative
mortality were the primary outcomes. The effect of different ratios and/or blood products on
mortality of patients was investigated as a secondary outcome. Risk of bias was evaluated with the
Newcastle-Ottawa Quality Assessment Scale, while the overall quality of the studies was assessed
by the MINORS tool.

Results: This systematic review and meta-analysis included 22 studies and 84955
patients.After massive transfusion, the odds ratio of 24-hour and 30-day mortality is 0.22 (95% CI:
0.16-0.30) and 0.27 (95% CI: 0.20-0.37), respectively. The odds ratio of in-hospital mortality is
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0.23 (95% CI: 0.12-0.44). No significant difference between mortality of trauma and non-trauma
patients was observed [0.80 (95% CI: 0.42-1.53)]. Also, there was no significant difference in
mortality between the HIGH and the LOW group [0.24 (95% C.1.: 0.15 to 0.37) vs. 0.28 (95% C.L.:
0.21 to 0.37)]. The included studies showed high heterogeneity.

Conclusions: This systematic review and meta-analysis did not reveal significant
differences among different RBC:FFP ratios in terms of survival. The level of heterogeneity of the
included studies highlights the need for high quality clinical trials to identify the optimal massive

transfusion protocol and to improve survival of patients with severe intraoperative hemorrhage.

Key words: massive transfusion, massive transfusion protocol, packed red blood cells, fresh frozen
plasma, platelets, intraoperative, surgery, trauma, bleeding, hemorrhage
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Chapter 1 Introduction

1.1 Massive hemorrhage
A main cause of perioperative morbitity and mortality is intraoperative hemorrhage. This
applies especially in patients undergoing emergency surgery. Of note, about 30% of deaths in

elective procedures are caused by unexpected injury of an organ or a vessel. 1-¢

Massive hemorrhage is defined as any of the following: (1) blood loss that exceeds the
circulating blood volume of a patient within 24 hours; (2) blood loss that exceeds half (50%) of the
circulating blood volume within a 3-hour-period; (3) blood loss that exceeds 150 ml min-!, or (4)
blood loss that requires platelet and plasma transfusion. Nevertheless, there are cases of massive
hemorrhage that do not fulfil the abovementioned criteria. Other factors having a crucial role in
massive hemorrhage are the volume and the speed of blood loss, pre-existing co-morbidities or
abdominal adhesions, and factors associated with the administered blood products. All the
aforementioned may provoke a rapid deterioration of the bleeding patient. In either case, early
recognition and adequate management are essential in order to prevent hemorrhagic shock and
secondary organ injury’®. In addition, several human factors can provoke or aggravate
intraoperative hemorrhage, such as inexperienced personnel, delay in recognizing blood loss, or
inappropriate handling of surgical instruments and devices. The communication between surgical

and anesthesia teams can also affect outcomes after severe intraoperative hemorrhage. 2:10

1.2 Massive transfusion

Hypovolemic shock induces tissue hypoperfusion, decreases cellular oxygenation, and causes
coagulation abnormalities, which can be further aggravated by acidosis, hypocalcemia and
hypothermia. These disturbances are often present in patients with severe bleeding even before the

onset of hypotension, and can result in altered enzymatic activity and organ injury or failure.
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The transfusion of at least 10 units of packed red blood cells ( pRBCs ) within 24 hours is
defined as massive transfusion. Massive transfusion aims at restoring tissue perfusion and oxygen
delivery to the cells, and coagulation disorders!!-13 As a matter of fact, massive transfusion
protocols (MTPs ) include consideration of several parameters, such loss of blood volume, tissue

oxygenation, acid-base balance and coagulation.!4

Massive transfusion protocols are predefined protocols of blood and blood products activated
for controlling massive hemorrhage, and are offered in ratios of packed red blood cells (PRBC) to
fresh frozen plasma (FFP) to platelets (PLT) of 1:1:1, or 1:1:2. These protocols are usually activated
in the hospital setting, yet most studies on massive transfusion have extracted data from military or
civilian trauma patients. Up to date, although the incidence of massive transfusion is considered to

be low, mortality of these patients is relatively high. 13

1.3 Guidelines on intraoperative massive transfusion

Restoration of circulatory volume aims at improving tissue perfusion and oxygenation and is a
main therapeutic modality along with surgical hemostasis and correction of coagulopathy. The main
goals of massive transfusion include maintaining hemoglobin 7-9g/dL, mean arterial pressure

(MAP) 60-65mmHg, INR <I1.5, fibrinogen >1.5-2 g/L, normal pH (7.35-7.45), and core

temperature >35°C. 15

Development of MTPs requires a multidisciplinary approach and specialties, including
anesthesiologists, surgeons, transfusion specialists, nursing staff, and hospital administrators. 1.6.16
Various protocols are available worldwide, with the relevant evidence, coming from military trauma
patients, suggesting that massive transfusion with fresh whole blood may improve outcome. 13.17-19
However, administration of fresh whole blood remains impractical in the civil setting, and thus,
massive transfusion protocols use ratios of PRBCs, FFP, and PLTs as substitute to whole blood.
Fresh frozen plasma provides the much-needed coagulation factors, while cryoprecipitate,
recombinant factor VIlla, and fibrinogen concentrate are widely used, but research so far has failed
to provide safe conclusions. In both the military and civilian settings, tranexamic acid (TXA) has
also proven to be efficient against coagulopathy and can improve survival if administered within the

first 3 hours of hemorrhage onset. 6.13.15
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In trying to maintain a balanced resuscitation via component therapy, many questions have
arisen as to the appropriate balance of components during the management of massive trauma. The
Pragmatic, Randomised, Platelet and Plasma Ratios trial (PROPPR) offers the best evidence of
massive tranfusion component ratio. They compared the ratios of 1:1:1 and 1:1:2 in
PRBC:FFP:PLT. While unable to find a statistically significant difference in mortality at 24 hours
and 30 days, Holcomb et al. did demonstrate that the 1:1:1 ratio achieved faster hemostasis and
fewer deaths due to exsanguination at 24 hours.20 Although component therapy is a viable option for
the patient that can produce good clinical outcomes, it remains unknown which resuscitation

strategy is best for the patient in the short- and long-term.

This systematic review and meta-analysis was carried out to assess the effect of massive

transfusion strategies on postoperative mortality in patients with severe intraoperative bleeding.
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Chapter 2 Materials & Methods

2.1 Protocol and registration

The protocol was submitted in the PROSPERO register of systematic reviews on May 27,
2022 ( CRD42022335803 ). This systematic review and meta-analyses were reported according to

the preferred reporting items for systematic reviews and meta-analyses (PRISMA) checklist. 2!

2.2 Inclusion and exclusion criteria

The inclusion criteria of the current systematic review and meta-analysis were: (1)
randomised controlled trials (RCTs), non-randomised trials, and observational studies; (2) adults (>
18 years old); (3) intraoperative period; (4) severe bleeding requiring massive transfusion.

Exclusion criteria include case studies and case series, review articles, meta-analysis
articles, book chapters, non-peer-reviewed articles, articles in languages other than English or
Greek, studies on laboratory animal models, or in-vitro studies. We also excluded articles with

solely obstetric and pediatric patients.

2.3 Outcomes of interest

The primary outcome was mortality at 24-hours and at 30-day postoperative mortality.
Secondary outcome was to investigate the effect of different ratios and/or blood products on

mortality of patients with severe intraoperative bleeding.

2.4 Search strategy

All available published and unpublished studies from January 2000 to April 2022 were
explored. A comprehensive initial search was employed in PubMed (MEDLINE) and

clinicaltrials.gov databases with any of the following MeSH® terms in the abstract or title:

hemorrhage, blood transfusion, blood component transfusion, or any of the following terms;
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massive transfusion, bleeding, RBC, platelets, plasma, ratio, strategy, blood loss, blood products,
complications, outcome, survival and the wildcard term hemorrhag®*. A second search was
conducted by combining free text words (intraoperative period, surgery, or surgical, intraoperative
care, surgical procedures, operative) and indexed terms with Boolean operators. A third search was

conducted with the reference lists of all identified reports and articles for additional studies.

2.5 Data extraction

Two independent researchers extracted the data from every study using a customized format.
Any disagreements between the two independent researchers were resolved by two other
researchers. Publication details (authors, year), study information (design, population, follow-up,
inclusion-exclusion criteria, number of cases/cohort-size, and subgroups), type of surgery, massive
transfusion strategy/ratio hospital length of stay, length of mechanical ventilation, ICU length of
stay and outcome (at hospital discharge, 30 days and 90 days) will be extracted in a pre-designed

Excel spreadsheet.

2.6 Assessment of methodological quality

Two independent researchers assessed the retrieved articles for methodological quality
before inclusion in the review. The overall quality of the included observational studies was
assessed using the MINORS tool, while the risk of bias was evaluated with the Newcastle-Ottawa
Quality Assessment Scale. Any disagreements between the researchers appraising the articles were

resolved through discussion with the other researchers.
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2.7 Data analysis and synthesis

Effect size was estimated by computing the standardized error of the mean (SEM) taking
into consideration the number of patients presenting the result (outcome) of question within the
sample and the sample size of each study. Data synthesis in adequate software was performed with
the standard random-effects models, as described by DerSimonian and Laird. 5 Random-effects
models is preferred over the fixed-effects model due to the expected high heterogeneity between the
included studies regarding the different settings, type of patients and procedures, as well as outcome
definition. The significance level is set at p < 0.05. Heterogeneity among studies was assessed by
the 12 statistic, with significance level of P value < 0.05 or a value of I2 > 50%. Many of the studies
reported mortality outcome by categories, mainly by surgery type, and not overall. In order to be as
precise as possible, if synthesis of surgical cases alone was possible, the mortality was summed up,
as well as the sample size, while other non-surgical medical conditions requiring massive
transfusion were excluded. In case the outcome (mortality) was reported in total, if surgical cases
were more than 75%, the study was included in the meta-analysis. If the non-surgical cases were
more than the abovementioned percentage and the outcome (mortality) was reported in total, the

study was excluded from meta-analysis.

As the number of studies included in our analysis is higher than ten, funnel plot of studies is
presented for every analysis we performed. Subgroup analysis of studies based on trauma and non-
trauma patients, as well as analysis of blood product ratios were performed from available data. All

analyses were performed using Review Manager software (RevMan 5.3) and MiniMeta online tool.
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Chapter 3 Results

3.1 Search Results

The selection process results of this study is depicted Figure 1.

c Records removed before
= Records identified from: screening:
i Databases (n =639 ) Duplicate records removed (n
= Registers (n = 14) — =20)
5 Other (n=15) Records removed for other
o reasons (n=5)
—/
) Records screened Records excluded
(n = 643) (n=612)
Reports sought for retrieval Reports not retrieved
(n=231) (n=0)
o
=
=
Q
: |
(%]
(/2]
Reports assessed for eligibility
(n=131) — | Reports excluded:
Unavailability of data
(n=6)
Unclear definition of data
(n=3)
N——
)
-]
2 Studies included in review
= (n=22)
o
=
N’

Figure 1. Prisma Flowchart
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Altogether, 643 relevant citations were identified and screened, while 31 studies were included

in our final assessement for possible data extraction .(Fig. 1) In total, data extraction was possible in

22 studies. The basic characteristics of these studies are summarised below in Table 1.

Table 1. Basic characteristics of the included studies

Study ID

Tennyson
2021

Hu 2021

Hess
2018

Rankin
2017

Mesar
2017

Halmin
2016

Study
. size . G
Study type Setting (particip Patient characteristics
ants)
Retrospecti Ad(Pile;lsl;)ri(t):ll,(e i Cargliac surgery, 70.4
ve Cambridge, UK 27 Thoracic surgery, Solid % 57.3

(2015-2018) organ transplant

University Hospital
. in University of
Retrospecti Alabama, 235 Trauma 709/‘ 6 36
ve Birmingham 0
(2018-2020)
IRpeidly from Trauma, AAA ruptured,
Retrospecti Harborview Oth /OR, GI
ctrospech Transfusion 309 CT SUrgery/uis, NA NA
ve s : bleeding, other ward/
Service,Washington ICU. Obstetri
(2016) , Obstetric surgery
The Ohio State Neurosurgical /
Retrospecti Umvel.rs1ty Wexner 25 Oiersatie (o 56% 505
ve Medical Center bined
(2008-2012) S i)
Cardiac surgery, Liver
transplant, Trauma
surgery, General surgery,
Vascular surgery, Other
medical issues,
Ret . GMassla }}lluset'.[f | Orthopedic surgery,
ctrospech eheral Bospiial, 865 Cardiopulmonary 67%  59.6
ve Boston (2009 - tr lant
2012) ansplant surgery,
Obstetric surgery,
Urology surgery,

Neurosurgery, Burns,
Thoracic surgery,

Otolaryngology
Trauma, NA
Retrospecti Sweeden & Norway Obstetric,Cardiac/
ve (1987-2010) 122y Vascular surgery, Cancer NA  (graph
surgery, Other surgery )

15
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Turan
2013

Cap
2012

Wijaya
2016

Kauvar
2012

Sisak
2012

Van der
Meij
2019

Sinha
2011

Sinha
2017

Morse
2012

Retrospecti
ve

Retrospecti
ve

Retrospecti
ve

Retrospecti

Ve

Retrospecti
ve

Prospective

Retrospecti
ve

Retrospecti
ve

Prospective

Records from
Database of
American College
of Surgeons
National surgical
quality
improvement
program
(2006-2009)

The United States
military hospital in
Baghdad, Iraq
(2004-2006)

Changi General
Hospital (CGH),
Singapore
(2011-2013)

Records of
University of Utah,
Lake City
(1989-2009)

John Hunter
Hospital and
University of
Newecastle, New
South Wales,
Australia (2001 -
2009)

Liverpool Hospital,
Sydney, Australia
(2002-2016)

Flinders Medical
Centre &
Repatriation
General Hospital,
Australia
(1998-2006)

Flinders Medical
Centre (2010 -
2014)

Grady Memorial
Hospital, Georgia
(2007-2011)

5143

414

18

89

58

168

220

190

439

Surgical patients

Iraq soldiers and

casualties, not burns,
only patients receiving
MT during first 24h and
not died during 1st hour

Trauma and Non-
Trauma patients

RAAA

Trauma

Trauma

Trauma or Surgery
(AAA, Trauma,

Cardiothoracic surgery,
liver transplantation,
abdominal/orthopedic

surgery, OB)

Gastro-intestinal

haemorrhage, trauma,
cardiothoracic surgery,

other surgery, liver
transplant/surgery,
vascular surgery,

obstetric haemorrhage,

medical/other

Trauma
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38.6
%

93-9
9%

NA

81%

74%

76-8

3%

73.5
%

62%

78%

69

26

NA

74

46.0

43

63

60

37.5



Intraoperative - cardiac

Mayo
. . surgery, general
Warner  Retrospecti  Clinic,Rochester, 2 57.7
2020 ve Minessota (2011 - ff;f:}%ﬁfg‘;s"cﬁz‘; % O
2015) surgery
Sharpe Presley Regional
ZOB Prospective Trauma Center 135 Trauma 74% 36
(2006-2009)
: Vanderbilt
Cz(z)t;[)(;n Retrc;ipectl University Medical 266 Trauma 87%  38.5
Center (2004-2008)
Grady Memorial )
283;6 Prospective  hospital, Georgia 73 Trauma 8420 A)8 36

(2005-2008)

Multicenter, 17
trauma centers 461 Trauma 82% 35
(2014 —2019)

Matthay  Retrospecti
2021 ve

University of
Pittsburgh Medical

Hong B Center, Pittsburgh, 126 Cardiac Surgery 213 62.5
2021 ve P : %
ennsylvania, USA
(2009-2018)
National Cerebral
and Cardiovascular
Tsukinag  Retrospecti Center, 5-7-1 .

22018 ve Fujishirodai, Suita, 1092 CardiaciSuTEe N0 o

Osaka, Japan
(2012-2016)

Study Demographic Characteristics

We included adults of both sexes, with younger men predominating especially among
trauma studies.22-2% On the contrary, cardiovascular surgery or ruptured abdominal aortic aneurysm
studies included older patients. 30-36 We observed significant heterogeneity in hospital setting, such
as Level 1 Trauma Centers, Military and Civilian Hospitals in war zones, especially in Iraq, and

large hospitals.
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Study intervention and outcomes characteristics

This systematic review and meta-analysis investigated massive transfusion among surgical
patients of any type (trauma, obstetrics, abdominal aortic aneurysm, cardiothoracic surgery, solid
organ transplantations, general surgery). No restrictions on blood product ratios or implementation
of MTPs were applied. Most studies included trauma patients, either civilian trauma or military
trauma cases. 22.24-29.37 On the other hand, there were studies including patients of both surgical and
trauma cases that received massive transfusion. 3842 However, there are studies of either emergency
or elective surgical cases that required massive transfusion. 30-33.35.36.40.42.43 Some studies included
patients of national records of massive transfusion, regardless of the cause, and we pooled the
surgical cases out of the total amount of patients. 38-40.42.43

All the included studies presented percentages of either in-hospital mortality, 24-hour
mortality, or 30-day mortality. 22:25.26.28-30,32.33.37.42-44Studies presenting none of the above outcomes,

or mortality measured otherwise or unclearly defined, were excluded.

Excluded studies

Nine studies were excluded by full text, mainly due to mortality definition issues or unclear
results that were presented only on graphics, thus it was impossible to draw the numeric values with

certainty. Twenty-two studies were included in this systematic review and meta-analysis. (Table 1)

3.2 Risk of Bias (Quality) Assesment

Risk of bias was evaluated with the Newcastle-Ottawa Quality Assessment Scale. Studies
were evaluated for selection bias, comparability bias, and outcome bias. Risk of bias performance
of each study in every bias category is presented in Figure 2.

The MINORS tool was utilised to assess the quality of the studies, which ranged between 5
and 7. ( Figure 2 ) Risk of bias assessment was performed with the Cochrane Collaboration tool
available on software of Review Manager version 5.3 (RevMan 5.3, The Nordic Cochrane Center,
The Cochrane Collaboration, Copenhagen, Denmark).

Short term mortality was recorded at 24-hours; thus, the short-term effect of massive
transfusion resuscitation could be properly evaluated. We considered in-hospital mortality as

inadequate length of follow-up and 30-day mortality as adequate follow-up. Studies were accredited
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a point for 30-day mortality rates, while those presenting only in-hospital mortality, or 24-hour
mortality lost the point in risk of bias assessment.

Most studies were not sponsored by any company or institution. Study results are based on
national or hospital records that could not be altered or biased by any means.

The observational non-randomised studies included in this review and meta-analysis have a

low grade in quality of evidence according to GRADE criteria.

Figure 2. Risk of bias (NOS)
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Selection bias

Our study included both retrospective and prospective surgical cohorts of patients
undergoing massive transfusion. All studies provided adequate information about sample and
patients’ records. Furthermore, patients who didn’t receive massive transfusion were drawn from
the same population as those who received. All data were pooled from databases or records held in
surgical departments of hospitals or blood bank departments. Patients who died in less than an hour
after hospital admission were excluded in most studies. However, these cases could not significantly
alter the outcome of the present study, as they would not have survived to receive massive

transfusion.

Comparability

This systematic review and meta-analysis were not intended to compare different
interventions or study groups, but to observe the mortality rates of surgical patients receiving
massive transfusion. Transfusion ratios of RBCs, Platelets, FFP were recorded when provided by

the included studies and, if adequate, were analyzed as subgroup analysis.

3.3 Mortality (24-hour)

Fifteen out of 22 included studies provided data on hospital mortality at 24-hours, resulting

in a total population of 5212 individuals. (Table 2)
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Table 2. Studies reporting 24-hour mortality outcome

Study Study size 24 hour mortality (N) 24-hour mortality (%)
Tennyson 2021 27 3 11.1
Hu 2021 235 36 15.3
Matthay 2021 461 207 45
Cap 2012 414 83 20
Wijaya 2016 18 6 333
Kauvar 2012 89 18 20.2
Sisak 2012 58 19 32.8
Van der meij 2019 168 56 333
Sinha 2011 220 40 18.2
Sinha 2017 190 14 7.4
Morse 2012 439 137 31
Warner 2020 2385 193 8.1
Sharpe 2012 135 31 22.9
Cotton 2009 266 124 46.6
Dente 2009 73 13 17.6

In our study, meta-analysis of 24-hour mortality rates among the included studies revealed
that Odds Ratio of 24-hour mortality is 0.22 (95% CI: 0.16-0.30). There are specific studies that
report very low mortality rates, such as these by Sinha et al. and Warner et al. 4344, while others
report mortality rates of up to 46.6% 28.29. It is possible that the different settings or type of patients
could interpret this heterogeneity of mortality rates. On the other hand, there are studies with very

small study size, thus it is difficult to draw safe conclusions. 30:41

Of these 5212 patients who received massive transfusion, 930 patients died within the first
24-hours (mortality rate 18.8%). The studies showed high heterogeneity, with mortality rate

fluctuating from 7.4% to 46.6% among them. (Figure 4)
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Figure 3. Forest plot of 24-hour mortality
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3.4 Mortality (in-hospital)

The total number of participants of the studies reporting in-hospital mortality outcome were

5009. (Table 3)

Table 3. Studies reporting in-hospital mortality outcome

Study size In-hospital Mortality (N) In-hospital Mortality (%)
Sinha 2011 220 49 22
Kauvar 2012 89 39 43,8
Sharpe 2012 135 51 38
Sinha 2017 190 51 26.7
Hess 2018 309 66 21,4
Van der meij 2019 168 74 44
Warner 2020 2385 203 6
Matthay 2021 461 300 65
Tsukinaga 2018 1052 49 4.7

Meta-analysis of in-hospital mortality rates showed that Odds Ratio of in-hospital mortality
18 0.23 (95% CI: 0.12-0.44). Specific studies with large samples report very low mortality rates 36:43.
On the other hand, Matthay et al. reported 65% of in-hospital mortality, possibly due to severe
trauma necessitating the transfusion of more than 20 pRBCs 28. Warner et al. included undergoing
elective surgery of various types in an organized setting who suffered less critical or urgent
hemorrhage 43. These could also interpret the high heterogeneity in mortality rates. (Figure 6)

Of the 5009 patients who received massive transfusion, 882 died during hospitalization
(mortality rate 17.6%). Data provided by the included studies have high heterogeneity, with

mortality rate fluctuating from 4.7% to 65% among the different studies.
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Figure 5. Forest plot of in-hospital mortality
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3.5 Mortality (30 days)

The total number of participants of the studies that report 30-day mortality outcome was
79888. These were derived from 12 studies. (Table 4)

Meta-analysis of 30-day mortality rates among the included studies showed that Odds Ratio
of 30-day mortality is 0.27 (95% CI: 0.20-0.37). One study included 72.257 39, but others report
very low mortality rates, such as Rankin et al. 3!, while others report mortality of up to 68.7% 29.
Different settings, type of patients, and type of surgery could interpret the high heterogeneity of the
mortality rates.

Of the 79888 patients who received massive transfusion, 17420 died within the first 30 days
(mortality rate of 21.8%). Data provided by the included studies have high heterogeneity, with

mortality rate fluctuating from 4% to 68.7% .(Figure 8)

Table 4. Studies reporting 30-day mortality outcome

Study Study size 30-day mortality (N) 30-day mortality (%)
Tennyson 2021 27 6 22.2
Hu 2021 235 61 26
Rankin 2017 25 1 4
Mesar 2017 865 229 26.4
Halmin 2016 72257 15720 21.7
Turan 2013 5143 867 17
Cap 2012 414 112 27
Wijaya 2016 18 8 44.4
Hong 2021 126 9 7.1
Morse 2012 439 196 45
Cotton 2009 266 183 68.7
Dente 2009 73 28 384
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Figure 7. Forest plot of 30-day mortality
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3.6 Mortality rates in trauma and non-trauma patients

Some studies included both trauma and non-trauma patients, while others included only
trauma patients or focused on specific type of surgeries. Specifically, nine studies included only
trauma patients that required massive transfusion 22.24-28.374546_ gix studies included non-trauma
patients 30.31.33.35.36.4043 " while six studies included both trauma and non-trauma patients
32.38.39.41.4244 QOverall mortality was defined as the longest available provided in the studies
presenting data from both trauma and non-trauma patients.

There is no significant difference between mortality of trauma patients that underwent
massive transfusion versus non-trauma patients. (Figure 9) However, these results are limited, as the
trauma exclusive studies that also include combat trauma report even higher mortality rates than
those with civilian trauma. Heterogeneity was also high, due to small number of studies included in

the subgroup meta-analysis. (Figure 10)

Figure 9. Forest plot of trauma VS non-trauma overall mortality after massive transfusion
(Experimental = trauma, Control = Non-trauma)
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Figure 10. Funnel plot of trauma VS non-trauma mortality after massive transfusion
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3.7 Overall mortality and RBC:FFP ratio

The included studies presented different MTP ratios of pRBC and FFP. However, there were
studies where transfusion failed to meet the predefined ratios. For this meta-analysis, the intended
pRBC:FFP ratio was taken into consideration. For this reason, included studies were divided into
two groups. HIGH group included studies with pPRBC:FFP ratio equal or over 1.5:1, while the LOW
group included studies with pRBC:FFP ratio lower than 1.5:1. Overall mortality is considered to be
the mortality in longest available follow-up, thus includes both in-hospital and 30-day mortality.
When both available, the 30-day mortality rates were considered to be the longest follow-up. Only

one study did not report any data about blood product ratios. 40
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Based on our meta-analysis, there is no significant difference between the two groups, with
HIGH group Odds Ratio being 0.24 (95% C.1.: 0.15 to 0.37), while the LOW group reports an Odds
ratio of 0.28 (95% C.I.: 0.21 to 0.37). Overall Odds Ratio of mortality rates 0.26 (95% C.I.: 0.19 to
0.35). (Figure 11) However, heterogeneity is high. (Figure 12)

Figure 11. Forest plot of overall mortality & FFP:RBC ratio
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Figure 12. Funnel plot of overall mortality studies
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Chapter 4 Discussion

Summary of findings

In this systematic review and meta-analysis, we investigated the massive transfusion
strategies in patients with severe intraoperative haemorrhage. Specifically, we assessed the 24-hour
mortality, in-hospital mortality, and 30-day postoperative mortality. Furthermore, we compared
mortality between trauma and non-trauma patients and assessed the effect of different MTP ratios.
The main results of this study are: (1) the Odds Ratio of 24-hour mortality is 0.22 (95% CI:
0.16-0.30); (2) the Odds Ratio of 30-day mortality is 0.27 (95% CI: 0.20-0.37); (3) the Odds Ratio
of in-hospital mortality is 0.23 (95% CI: 0.12-0.44); (4) there is no significant difference between
mortality of trauma vs. non-trauma patients [0.80 (95% CI: 0.42-1.53)]; (5) there is no significant
difference between the HIGH and the LOW group [0.24 (95% C.1.: 0.15 to 0.37) vs. 0.28 (95% C.1.:
0.21 t0 0.37)]

The present systematic review and meta-analysis included 22 studies and 84955 patients.
The heterogeneity was high in all outcome analyses, yet this can be explained by numerous factors,
such as the different type of the included patients, the different ratios of blood products, or the small
sample in some studies. In addition, the outcomes and follow-up time was not the same among all
studies. Nevertheless, our results are intriguing considering that we did not observe significant
differences in overall mortality of either high or low pRBC:FFP ratio. Specifically, Hong et al.
(2021) and Kauvar et al. (2012) reported no significant decrease in mortality with liberal use of
FFP.33.35 The same results were reported by Cap et al. (2012) for unadjusted data; the same authors
also reported better survival in high PLT:RBC with adjusted data*s However, the high PLT:RBC
ratio was also associated with higher FFP:RBC ratio. On the other hand, Matthay et al. (2021)
reported that an FFP:RBC ratio of < 1:1.5 is significantly associated with mortality 28. Only one
trial investigated different ratios of blood products. Holcomb et al. (2015) showed that the
pRBC:FFP:PLT ratio of 1:1:1 is associated with improved survival rates in severely injured trauma
patients at 3-hours and 24-hours follow-up, compared to pRBC:FFP:PLT ratio of 2:1:1.20

Trauma patients and patients undergoing emergency surgeries are more common to suffer
severe intraoperative hemorrhage. Although the implementation of MTPs has not yet proven their
effectiveness in terms of outcomes, they increase the availability of blood products when needed.
However, mortality is not significantly reduced with MTPs, possibly due to delayed activation of
the protocol 47. In major trauma patients, massive transfusion protocol is usually activated upon

arrival at the Emergency Department, so as the blood products are not readily available for use.*8
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Non-trauma surgical patients may have less prominent signs of hemorrhage due to the
continuous anesthetic support, and unless bleeding is visible in surgical field, it may take longer to
be detected and treated. On the other hand, in case of elective surgery, blood products are probably
already cross-matched and are readily available to use in the operating theater. Martinez et al.
(2016) reported that MTP is initiated early in less than 20% of non-trauma patients, while in the
remaining, it is activated by the blood bank after transfusion of eight pRBCs.4? However, the
activation of MTP leads to earlier delivery of other blood products .47-49

Non-initiation of an MTP can be due to late activation of trauma team or due to the
retrospective design of the studies that may not include such information. We observed an
overactivation of MTPs in several studies, where blood products weren’t eventually administered to
the bleeding patient. In clinical practice, these problems could be eliminated after defining universal
criteria for MTP activation both in trauma and non-trauma patients; however, criteria for MTP
activation have been established for trauma patients, such as the Massive Transfusion Score, the
Assesment of Blood Consumption Score, or the McLaughlin et al algorithm for combat
casualties.46.50-54

Our results raise the issue of blood product waste, considering the low availability
worldwide, especially during the COVID-19 pandemic. However, very few studies report the waste
of blood products in MTPs. Of note, McDaniel et al. (2013) reported an increased waste of PLTs
after the initiation of MTP use.#® This waste could be eliminated with careful activation of MTPs
under strict criteria. In addition, MTPs should also be terminated as early as possible. The ACS
TQIP has formed specific criteria for MTP termination, including surgical control of hemorrhage,
vessel embolization, or successful resuscitation without active bleeding and correction of
coagulopathy and anemia. Finally, MTP could be terminated in cases where further resuscitation is

futile. 46

Limitations of the study

We acknowledge some limitations. Our search was limited to PubMed; however, this is the
largest database used in medical research. Another limitation is the differences between the number
and definitions of outcomes among the included studies. For example, through online database
search, we identified five previous pooled analyses of massive transfusion in trauma and non-
trauma patients with severe hemorrhage 48.55-58, However, we could not include all these studies in

our analyses due to the variety in outcomes. Improving the consistency of outcomes is urgently
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needed in order to improve outcomes research. Also, we identified only one clinical trial
investigating massive transfusion in massive intraoperative hemorrhage. Thus, we pooled data from
observational studies, either retrospective or prospective, after careful inspection by risk of bias
tool. The conclusions drawn from this review must be cautious and reserved, since the level of
heterogeneity was high. Lack of standard reporting may also constrain the ability to pool data and

perform in depth analyses. Finally, non-English publications were not included.

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 20:40:54 EEST - 18.226.17.80



Chapter 5 Conclusions

The present systematic review and meta-analysis did not reveal significant differences
among different RBC:FFP ratios in terms of survival. The level of heterogeneity of the included
studies mandates for high quality clinical trials to identify the optimal MTP and improve survival in

patients with severe intraoperative hemorrhage.

34
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