
Intensive Care Med (2016) 42:1859–1861
DOI 10.1007/s00134-016-4608-9

FOCUS EDITORIAL

Focus on transfusion, bleeding 
and thrombosis
Elie Azoulay1*, Yaseen Arabi2 and Anders Perner3

© 2016 Springer-Verlag Berlin Heidelberg and ESICM 

In the course of 2015, Intensive Care Medicine published 
several papers on transfusion practices, thrombosis, and 
bleeding events in the critically ill. In this editorial, we 
seek to comment on these papers and elucidate how they 
add to the existing literature.

Transfusion practices
Red blood cell (RBC) lesions and biochemical changes 
that develop during storage have been incriminated as 
contributors to adverse transfusion reactions by affect-
ing inflammatory, thrombotic, and rheological pathways. 
However, data on clinical outcomes have been lacking. 
The storage duration of packed red blood cells (PRBC) 
has been associated with mortality, infection, thrombo-
sis, and various organ dysfunctions, as well as prolonged 
ICU and hospital stays [1]. In a systematic analysis of 64 
adult studies (462,581 patients) published between 1994 
and 2015, Suet Ying Ng and coworkers identified publi-
cations that analyzed the relation between the above-
mentioned target outcomes and PRBC storage duration 
prior to transfusion [2]. A meta-analysis of eight rand-
omized controlled trials was also performed, including 
the recently published trial from the Age of Blood Evalu-
ation (ABLE) investigators and the Canadian Critical 
Care Trials Group [3]. The only significant associations 
were observed in a small subset of ICU, cardiac surgery, 
and trauma patients in whom prolonged storage was 
associated with increased mortality. Also, trauma and 
cardiac surgery patients had increased risk of infection 
with stored PRBCs. Khan and coworkers, on behalf of the 
International Trauma Research Network, investigated the 

effectiveness of blood component therapy in the correc-
tion of trauma-induced coagulopathy during hemorrhage 
[4]. Patients were sampled for functional coagulation and 
procoagulant factor levels at admission and after transfu-
sion. Using ROTEM, they authors found that 40% of their 
106 patients were coagulopathic on admission, increas-
ing to 58% after transfusion of four PRBC units and to 
81% after eight PRBC units. Only a high total fibrino-
gen load from combined high-dose FFP, cryoprecipitate, 
and platelet therapy appeared to produce a consistent 
improvement in coagulation status.

Bleeding
A “What’s New” paper on hemorrhagic shock has under-
lined recent advances in patient management [5]. Early 
recognition of hemorrhagic shock remains challenging. 
A combination of clinical (inadequate tissue perfusion, 
bleeding source, severity assessment), hemodynamic, and 
biochemical (elevated lactates, acidosis) signs is required. 
A nice figure in this article highlights the main goals of 
initial treatment of hemorrhagic shock. Interestingly, 
these experts detailed the concept of individualized ‘goal-
directed’ hemostatic resuscitation to rationalize blood 
product utilization. Also, strengths from viscoelastic tests 
(such as thromboelastography [TEG] or ROTEM) were 
advocated as compared to classic plasma-based tests. In 
the setting of sepsis [6], Haase et al. reported that hypo-
coagulability defined by TEG variables was associated 
with an excess risk of bleeding and increased mortality. 
However, trials are warranted to demonstrate the supe-
riority of viscoelastic tests to classic hemostatic tests. Of 
note, the crucial role of adjunctive treatment of hemo-
stasis and the importance of tranexamic acid are high-
lighted. In a large 7-day point prevalence study of 1034 
patients admitted to 97 ICUs (11 countries), Krag and 
coworkers showed that the prevalence of clinically signif-
icant gastrointestinal (GI) bleeding was 2.6% (1.6-3.6) [7]. 
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Variables associated with GI bleeding were having more 
than two comorbidities, liver disease, renal replacement 
therapy, presence of coagulopathy, acute coagulopathy, 
use of acid suppressants, and higher organ failure score. 
The adjusted odds ratio for mortality with GI bleeding 
was 1.7 (0.7–4.3). Last, in a systematic review and meta-
analysis of 11 RCTs (992 patients, 1998 circuits), citrate 
as compared to heparin anticoagulation for continuous 
renal replacement therapy was significantly associated 
with less circuit loss and filter failure, lower bleeding 
risk, and less heparin-induced thrombocytopenia [8], 
but more hypocalcemia [9]. Ghassemi and coworkers 
reported a new model to optimize drug dosing, with a 
focus on heparin [10]. They used clinical features that 
impact patient response to heparin and developed mod-
els that predict sub- and supra-therapeutic activated 
thromboplastin time. This alternative to current weight-
based heparin dosing warrants a dedicated randomized 
controlled trial.

Thrombosis
At the border between hemorrhage and thrombosis, the 
pathophysiology and updated knowledge of thrombotic 
thrombocytopenic purpura (TTP) has been reported 
in an invaluable “Understanding the Disease” paper by 
Mannucci [11]. The main clinical syndromes present-
ing as thrombotic microangiopathy or TMA (TTP, 
hemolytic uremic syndrome, disseminated intravas-
cular coagulation, pre-eclampsia, HELLP syndrome, 
catastrophic antiphospholipid antibody syndrome, dis-
seminated malignancy, and heparin-induced thrombo-
cytopenia) are touched upon. The lack of specific venous 
thromboembolism (VTE) risk scores for the critically ill 
prompted a Spanish team to assess the appropriateness 
of prophylactic measures in a 1-day prevalence study 
involving 777 patients [12]. The vast majority of patients 
(83%) were at very high risk of VTE. In 23% of medi-
cal, 71% of surgical, and 70% of major trauma patients 
inappropriate prophylaxis was prescribed. A systematic 
review and meta-analysis of eight RCTs (5567 patients) 
compared low-molecular-weight heparin (LMWH) and 
unfractionated heparin (UFH) as thromboprophylaxis in 
ICU patients [13]. Compared with UFH, use of LMWH 
reduced the risk of any DVT (RR 0.84, 95% CI 0.71–0.98, 
p = 0.03) and resulted in a net clinical benefit (any DVT, 
any PE, major bleeding and/or mortality, RR 0.90, 95% 
CI 0.83–0.97, p = 0.01). There was no statistically signifi-
cant difference in the risk of pulmonary embolism, major 
bleeding, or mortality. Last, to investigate the associa-
tion between antiplatelet agents and the survival benefit 
for sepsis patients, Tsai et  al. performed a nationwide 
population-based cohort (Taiwan National Health Insur-
ance database, 683,421 patients with sepsis) and nested 

case–control study [14]. Use of antiplatelet agents before 
admission was associated with a lower risk of mortality 
in sepsis. By using case–control study design, the benefi-
cial effect from antiplatelet agents was significant in both 
current users and recent users, but was not significant 
in past users. A review article on acute ischemic stroke 
has put forward the four interventions supported by class 
I evidence to be recommended: care in a stroke unit, 
intravenous tissue plasminogen activator within 4.5  h 
of stroke onset, aspirin within 48 h of stroke onset, and 
decompressive craniectomy for supratentorial malignant 
hemispheric cerebral infarction [15]. Experts called for 
specific ICU data to increase the level of evidence for this 
devastating disease. In a post hoc analysis from the TTM 
trial (target temperature management after out-of-hospi-
tal cardiac arrest), Dankiewicz et al. investigated whether 
early coronary angiography (CAG) after out-of-hospital 
cardiac arrest of presumed cardiac cause was associ-
ated with improved outcomes in 544 patients without 
acute ST elevation [16]. At the end of the trial, death had 
occurred in 48% of patients who received early CAG and 
in 54% of patients who did not (P = 0.82). In the propen-
sity score analysis, early CAG was not significantly asso-
ciated with survival.Various anticoagulation modalities 
have been described in patients receiving extracorporeal 
life support. Atalan et al. described 12 patients admitted 
to the ICU after gunshot injury [17]. The patients had 
severe ARDS and septic shock and required both pump-
less extracorporeal lung assist and CVVHD with regional 
citrate anticoagulation. Yeo et al. reporting on 71 ECMO 
patients, found that compared to patients with high-dose 
heparin, those receiving low-dose heparin experienced 
fewer bleeding events, with no difference in thrombotic 
events or requirement for transfusion [18]. Last, Chu 
et al. sought to determine whether activated clotting time 
(ACT), activated partial thromboplastin time (aPTT), or 
anti-Xa levels were associated with bleeding requiring 
transfusion or clotting events in 22 adults on ECMO [19]. 
Surrogate assays such as ACT and aPTT were at best 
modestly correlated with anti-Xa, and lower anti-Xa lev-
els predict DVT in adult ECMO patients.
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