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Abstract 

The coronavirus (COVID‑19) pandemic disrupted all surgical specialties significantly and exerted additional pressures 
on the overburdened United Kingdom (UK) National Health Service. Healthcare professionals in the UK have had to 
adapt their practice. In particular, surgeons have faced organisational and technical challenges treating patients who 
carried higher risks, were more urgent and could not wait for prehabilitation or optimisation before their intervention. 
Furthermore, there were implications for blood transfusion with uncertain patterns of demand, reductions in dona‑
tions and loss of crucial staff because of sickness and public health restrictions. Previous guidelines have attempted to 
address the control of bleeding and its consequences after cardiothoracic surgery, but there have been no targeted 
recommendations in light of the recent COVID‑19 challenges. In this context, and with a focus on the perioperative 
period, an expert multidisciplinary Task Force reviewed the impact of bleeding in cardiothoracic surgery, explored 
different aspects of patient blood management with a focus on the use of haemostats as adjuncts to conventional 
surgical techniques and proposed best practice recommendations in the UK.
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Introduction and rationale
Bleeding is one of the main complications of cardiac sur-
gery. Herein, a multidisciplinary Task Force outlines the 
principles of patient blood management in cardiothoracic 
surgery with a focus on perioperative assessment and 
communication tools, and proposes recommendations 
for selection of surgical haemostats particularly in the 
context of the coronavirus (COVID-19) pandemic and its 
fallout in the United Kingdom (UK), both in terms of dis-
ruption of supply of blood products and decline in car-
diac procedural activity with a deficit in excess of 45,000 
procedures [1, 2]. Although adjusted 30-day mortality 
was similar in the pre-COVID and COVID time periods, 
further studies demonstrated a significant increase in 
operative mortality with a more complicated postopera-
tive course particularly in terms of postoperative bleed-
ing [3]. While several medical societies have highlighted 
the essential role of patient blood management (PBM) 
in the management of pandemics and encouraged the 
implementation of the principles of PBM [4], this work 
is principally dedicated to practice of cardiothoracic 
surgery.

Impact of bleeding
Despite optimal surgical management, post-operative 
bleeding in cardiac surgery patients occurs at a frequency 
of 10%; half of these patients require a return to thea-
tre for surgical haemostasis and half experience diffuse 
microvascular bleeding [5]. Microvascular bleeding is 
most likely secondary to the multiple effects of the car-
diopulmonary bypass (CPB) circuit on coagulation pro-
teins and platelets [6]. These bleeding complications are 
associated with increased length of hospital stay, inten-
sive care unit support, and inferior clinical outcomes 
overall [7]. In-hospital mortality is substantially higher 
in patients who experience bleeding complications [8, 9]. 
Additionally, a dose-dependent inverse relationship can 
be demonstrated between increasing red blood cell trans-
fusion and mortality.

Donated blood is an expensive and precious resource, 
an important consideration in an economically chal-
lenged health care system. The recent COVID-19 pan-
demic has highlighted the many challenges to ensuring 
adequate blood supply to meet clinical demand. Bleed-
ing following cardiac surgery accounts for around 10% of 
national blood supply usage [5]. Attention has focussed 
on improving blood product management in bleeding 
patients. Timely and optimal blood product replace-
ment is still an essential part of blood management in 
these patients, and may be lifesaving. Numerous publi-
cations have confirmed improved outcomes by adopt-
ing an agreed institutional algorithm, with pre-defined 
thresholds for transfusion of blood products or factor 

concentrates, in the management of post-operative car-
diac bleeding based on laboratory coagulation assays or 
point of care tests [10–12]. This approach is favoured in 
preference to individual decision making and has been 
demonstrated across several studies to reduce overall 
usage of allogeneic blood components, hence reducing 
the number of donor exposures [10–12]. There is little 
evidence to endorse the use of empirical blood product 
support in stable, non-bleeding post-surgery patients fol-
lowing primary haemostasis [13].

Despite universal leucodepletion of blood products, an 
immunomodulatory effect is still likely to occur, along 
with other recognised hazards of transfusion includ-
ing circulatory overload, transfusion-related lung injury, 
transfusion reactions, and transfusion-transmitted infec-
tion [13]. These potential hazards support adoption of a 
restrictive blood transfusion policy in the management 
of post-operative anaemia, where the level of haemato-
crit may be a poor indicator of tissue oxygenation [9]. 
Blood conservation policies should be implemented 
and enforced by individual centres, incorporating them 
into their hospital governance systems. In a prospec-
tive observational cohort study, postoperative bleeding 
was significantly higher during the COVID-19 pandemic 
(10.5%) compared to a historical cohort (2.9%), p = 0.003 
[3].

Preoperative management
Coagulation screening
Routine coagulation testing remains standard practice as 
part of the surgical pre-assessment at many institutions 
to identify any abnormality that might increase the risk 
of perioperative bleeding. However, a normal coagula-
tion screen can be mistakenly reassuring. A coagulation 
screen includes a prothrombin time, an activated par-
tial thromboplastin time (APTT), and a thrombin time. 
Ninety-five percent of the adult population is expected 
to lie within the normal ranges provided by the testing 
laboratory. The results of these tests may not accurately 
reflect the complex interactions of haemostasis in  vivo, 
between vasculature, clotting factors, platelets and fibrin-
ogen, and may not therefore correlate well with the actual 
perioperative bleeding risk [14]. Prolongation of these 
tests may indicate a deficiency of one or more coagula-
tion factors requiring specialist haematological advice 
and pre-operative management. Laboratory tests may 
also be prolonged by pre-analytic variables and phospho-
lipid antibodies, neither of which cause bleeding [15].

In advance of a surgical procedure, it is often feared 
that without undertaking a coagulation screen a bleed-
ing disorder may be missed. The majority of patients with 
a moderate to severe congenital bleeding tendency will 
have exhibited bleeding following haemostatic challenges 
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early in life, and/or have a positive family history, mean-
ing that they are already aware of their underlying 
condition.

It is widely accepted that undertaking a structured per-
sonal bleeding history, for example using the Interna-
tional Society on Thrombosis and Haemostasis validated 
bleeding assessment tool (ISTH-BAT), combined with 
exploring a family history of bleeding and information on 
concomitant use of antiplatelet and antithrombotic med-
ications, is an effective way of identifying individuals with 
an increased bleeding tendency [16]. Selective laboratory 
testing can then be undertaken in those individuals iden-
tified with a high bleeding risk. Furthermore, in mild to 
moderate von Willebrand disease, one of the more com-
mon bleeding disorders, the coagulation screen may be 
normal, and the disorder may be missed if a detailed per-
sonal and family history is not taken. The limiting factor 
of this approach may be those individuals who have never 
undergone a significant operative challenge and, as such, 
not had a challenge of their haemostatic system.

Within the UK, the British Society for Haematology 
caution against the practice of unselected coagulation 
screening and advise selective screening in those with a 
positive personal or family bleeding history, patients on 
anticoagulants and those patients with a relevant medi-
cal history including cancer, liver disease, sepsis and dis-
seminated intravascular coagulation [17]. The National 
Institute for Health and Care Excellence in the UK also 
recommends a similar approach [18]. There is no inter-
national consensus. US guidance suggests extra caution 
and recommends coagulation screening in higher-risk 
surgical cases. The Italian Society for Thrombosis and 
Haemostasis continues to recommend routine coagula-
tion testing for all due to the lack of robust randomised 
controlled clinical trials [19, 20].

However, in higher risk surgery such as cardiac surgery, 
undertaking a coagulation screen at baseline may still be 
recommended for those patients requiring CPB, when 
heparin anticoagulation monitoring can prove chal-
lenging if there is baseline coagulation abnormality. For 
example, factor XII (Hageman factor) deficiency or lupus 
anticoagulant will both lead to isolated APTT prolonga-
tion without a clinical bleeding risk, but will also prolong 
the baseline activated coagulation time (ACT). In these 
cases, ACT monitoring during bypass may not accurately 
measure the effect of heparin.

We undertake coagulation screening in patients who 
will require CPB or extra corporeal membrane oxygena-
tion circuits. This allows us to offer an alternative hepa-
rin monitoring strategy using the anti-factor Xa assay 
for those patients with baseline APTT abnormalities. 
The anti Xa test is not affected by variables interfer-
ing with the ACT test. However, this assay may not be 

readily available with a fast enough turnaround time in 
all institutions.

Anaesthetic considerations
Pre-operative anaemia is common in cardiac surgery with 
a prevalence of between 10 and 50% (depending on defi-
nition) [21]. Pre-operative anaemia is mostly the result of 
inadequate erythropoiesis due to iron deficiency, malnu-
trition, malabsorption, inflammation, bone marrow dis-
orders, or chronic blood loss [22]. Importantly, anaemic 
patients need to be identified, as early as possible, by the 
cardiologist, surgeon or anaesthetist [23]. The Interna-
tional Consensus Conference on PBM 2018, defined the 
current status of the PBM evidence base for clinical prac-
tice and research purposes, and established four clinical 
and three research recommendations for pre-operative 
anaemia, including the strong recommendation to detect 
and manage anaemia sufficiently early before major elec-
tive surgery [24].

Assessment of full blood count, ferritin, transferrin sat-
uration, and the soluble transferrin receptor are recom-
mended to identify any iron deficiency with or without 
anaemia [22]. Anaemia is often found in cardiac surgery 
patients due to infection or chronic kidney disease result-
ing in functional iron deficiency. After iron supplemen-
tation, haemoglobin concentrations rise approximately 
1–2 g/dL within 2–4 weeks. A multicentre observational 
study by the UK Association of Cardiothoracic Anaes-
thesia and Critical Care Research Network found that 
the development of an intravenous iron pathway is fea-
sible, but appears limited to selected high-risk cardiac 
patients in routine NHS practice. Patients with anaemia 
who received intravenous iron supplementation before 
surgery were at higher surgical risk, were more likely to 
have a known previous history of iron deficiency or anae-
mia, had a higher rate of chronic kidney disease and were 
slightly more anaemic than those who did not receive 
any iron supplementation [25]. A recent meta-analysis 
including four randomised controlled trials and seven 
observational studies suggested that administration of 
intravenous iron reduced the number of patients trans-
fused and improved post-operative morbidity in adult 
cardiac surgery patients with pre-operative anaemia or 
iron deficiency [26].

An ongoing multicentre interventional trial 
(NCT02632760) with 1000 participants is expected to 
provide definitive answers about the effects of intrave-
nous iron before cardiac surgery with the primary out-
come measure as the number of days alive and out of 
hospital up to 90 days post operatively. A recent trial of 
505 patients with iron deficiency or anaemia undergoing 
cardiac surgery investigated the effects of ultra short-term 
treatment using a combination of iron, erythropoietin, 
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vitamin B12, and folic acid. During the first 7 days, sig-
nificant reductions were observed in red cell concentrate 
transfusions, as well as significant increases in haemoglo-
bin concentration, reticulocyte count, and haemoglobin 
content of reticulocytes (RET-He) [27]. Thus, iron sup-
plementation, especially in combination with erythro-
poietin is recommended when the anaemia of chronic 
disease is accompanied by iron deficiency with complete 
depletion of iron stores [28]. Importantly, diagnosing and 
(if indicated) correcting pre-operative anaemia should be 
mandatory ahead of planned cardiac surgeries. In urgent 
cases, patients should still receive ultrashort-term pre-
operative treatment [27].

Operative management of bleeding
Although discussion of a Major Haemorrhage Protocol 
(MHP), with pre-defined transfusion thresholds, is out 
with the scope of this review, it is important that staff 
involved in cardiothoracic surgery are trained to recog-
nize major blood loss early and be familiar with the insti-
tutional MHP. Staff must understand when to activate 
or deactivate this. The MHP should be tailored to car-
diothoracic surgery and take into account the different 
methods of assessing coagulation. As highlighted in the 
recent guideline by Stanworth and colleagues, whether 
standard laboratory testing or near patient viscoelastic 
tests (TEG and Rotem) are used, there should be pre-
defined thresholds and repeated testing employed, with 
comparison between longitudinal tests being more useful 
than a standalone result to help guide plasma and com-
ponent use [10, 11, 29].

Cardiopulmonary bypass/extracorporeal circulation 
considerations
Cardiopulmonary bypass is essential to perform most 
cardiac operations. The heart is connected to a roller 
or centrifugal pump via cannula in the right atrium and 
aorta. The prime fluid in the bypass circuit is usually 
made up of clear fluids and, therefore, results in haemodi-
lution. Haemodilution on CPB increases the possibility of 
needing red cell transfusion during or after the proce-
dure and this risk is related to the volume of the prime 
used [30]. There are several techniques to minimise 
haemodilution, including prime displacement (autolo-
gous priming), when the prime fluid is displaced by the 
patient’s own blood as the bypass is initiated, and the use 
of minimised extracorporeal circulation circuits. In both 
techniques, reduction of the clear fluid prime volume 
mixed with the patient’s blood minimises haemodilution 
and maintains a higher haemoglobin concentration dur-
ing and after CPB leading to a lower requirement for red 
cell transfusion. Prime displacement (autologous prim-
ing) may be antegrade or retrograde and both techniques 

have been demonstrated to reduce blood transfusion 
following CPB [31–33]. There is normally a fall in blood 
pressure during prime displacement leading to concerns 
about impaired organ perfusion and increased vasopres-
sor support during volume reduction. However, the effect 
on blood pressure has been shown to be transitory and 
results in no long-term impact on patients. Although cer-
ebral oxygen saturation has been found to fall on induc-
tion of CPB using prime displacement, this is also evident 
during conventional CPB without prime displacement 
with no clinically significant consequences [31].

Minimised extracorporeal circulation (MECC) tech-
nology has evolved from the original type I to the most 
recent type IV circuits; it incorporates all of the recent 
advances in perfusion science, with a closed circuit and 
much-reduced priming volume and has been shown 
to maintain haematocrit and reduce blood transfusion 
requirement compared with conventional bypass, but 
not over prime displacement [31, 34, 35]. Prime displace-
ment has the advantage of being applicable in all cardiac 
operations although MECC use has been extended from 
coronary artery bypass surgery to aortic valve surgery, 
and even mitral valve surgery. Another strategy is to use 
a patient-specific CPB circuit related to body surface 
area [36]. However, although this approach resulted in 
a significant reduction in on-bypass haemodilution and 
increased post-operative haematocrit levels, it had no 
impact on transfusion requirement.

Cell salvage
Currently, even though there is no evidence to confirm 
COVID-19 transmission through blood transfusion, 
there is a general unwillingness to donate blood, which 
may result from fear and a desire to maintain social dis-
tancing [37]. Unfortunately, this has not decreased the 
requirement for blood transfusion, especially during car-
diac operations. Moreover, with the rising cost of allo-
genic blood administration, the use of cell salvage has 
surged as a valuable strategy in numerous types of inva-
sive procedures [38].

In general, a cell salvage machine is used to prevent red 
blood cells wastage. The patient’s shed blood aspirated 
from the surgical field is filtered, washed, and processed 
to ensure the removal of impurities, including coagula-
tion and inflammatory markers, and the red cells are 
returned to the patient [39, 40]. According to literature 
the usage of cell saver machines has neither multiplied 
nor diminished, but with a shortage in blood supply, cell 
salvage is the optimum option to reduce transfusion rate 
and associated potential complications, such as infection 
[38]. The cost of equipment however needs to be weighed 
against the price of blood in countries where this is 
charged. It could be argued that in comparison to the 
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cost and risk of receiving allogeneic red cells, it is safer 
and more cost-effective. In addition, blood loss can never 
be predicted. Cell salvage is however not entirely with-
out problems: removing platelets and haemostatic blood 
factors especially if a large volume of blood is processed, 
might increase the risk of post-operative bleeding and the 
requirement for allogenic blood products [41]. Cell sal-
vage remains an essential tool in cardiac surgery and is 
even more relevant in the COVID-19 pandemic due to 
the challenge for blood availability and supply.

The validated intraoperative bleeding scale in practice: 
a communication tool
The validated intraoperative bleeding scale (VIBe) facili-
tates the accurate and reproducible description of bleed-
ing during surgery (Fig.  1) [42]. The surgeon grades 
intra-operative bleeding according to a five-point vali-
dated bleeding severity scale based on the visual and 
anatomical appearances, the qualitative description, and 
the estimated rate of blood loss. The scale is a Likert-type 
scale in which the surgeon assigns a grade based on the 
general agreement of the bleeding descriptors. The scale 
was developed and validated amongst surgeons from dif-
ferent surgical specialties, including cardiac, thoracic, 
and vascular surgery, according to the Food and Drug 
Administration guidelines for validation of a clinician-
reported scale [42]. This surgeon-validated scale shows 

excellent reliability for the description of different intra-
operative bleeding scenarios between surgeons.

The VIBe scale was principally developed for use in 
clinical trials comparing the efficacy of different hae-
mostatic agents, but the major clinical benefit is a more 
accurate and reproducible description of intra-operative 
bleeding. The VIBe grades remove the inherent sub-
jectivity of the assessment of intra-operative bleeding 
and introduce a common language to describe bleeding 
for surgeons, anaesthetists, and theatre scrub staff. This 
shared understanding supports the more effective man-
agement of intra-operative bleeding for a patient, par-
ticularly the choice of the most appropriate haemostatic 
agent for the grade of bleeding for rapid and consistent 
haemostasis [44]. The use of the scale has the potential 
for reduced peri-operative blood loss, less waste and 
more effective use of haemostatic adjuncts, reduced need 
for blood and blood product transfusion, and overall 
improved patient outcomes. Modelling by Baxter (Fre-
mont, CA, USA), suggests that the introduction of the 
VIBe scale in cardiac, thoracic, and vascular surgery 
would have a beneficial economic impact due to the opti-
mal selection of haemostatic agents, reduced intra- and 
post-operative bleeding, and reduced transfusion costs 
[45].

The VIBe scale has been adopted across multiple sur-
gical specialties and preliminary feedback from surgeons 
is favourable highlighting the advantages of a common 

Fig. 1 Validated intraoperative bleeding scale grading. Validated intraoperative bleeding (VIBe) scale grades are based on visual field and anatomic 
appearance, qualitative description, and visual estimated blood loss. Grade 0: No bleeding; reflects clinically insignificant and unremarkable bleeds. 
Grade 1: Mild; bleeds represent a general ooze, which well up over 1–2 min after blotting with gauze. Grade 2: Moderate; bleeds visibly well up 
after blotting, and are usually considered distracting to the surgical procedure. Grade 3: Severe; rupture of venous plexus during posterior lumbar 
laminectomy. Grade 3 bleeds well up immediately after blotting, and require treatment to continue with the surgery. Grade 4: Life threatening; 
Grade 4 bleeds are life‑threatening and require immediate surgical treatment Source: VIBe Scale [Internet] [43]
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language to describe intra-operative bleeding and to 
guide the most effective haemostasis.

Adjuncts and surgical haemostats
Types and indications
Surgical haemostats are adjuncts whose purpose is to 
complement and consolidate surgical techniques includ-
ing ligatures and other standard procedures for haemo-
stasis. Haemostatic agents are absorbable, topical agents 
used as adjunctive therapy for surgical bleeding sites that 
are uncontrollable by suturing or conventional methods 
of haemostasis [46]. There are a number of topical hae-
mostatic agents currently available for use in surgery. 
They can be broadly divided into two categories, passive 
or active, based on their mechanism of action, along with 
tissue sealants [47] (Table 1). Based on their profile, their 
indication, efficacy and their cost differs. The choice of 
a haemostat depends on the anticipated bleeding risk, 
ability to achieve haemostasis with conventional surgical 
techniques, the need for a bolstering effect at the site of 
bleeding, and the degree of derangement of the coagula-
tion system. While passive haemostats are dependent on 
a patient’s own clotting cascade to achieve durable hae-
mostasis, active haemostats are effective in patients with 
deranged coagulation by providing extraneous fibrinogen 
and thrombin, thus playing a proactive role in clot gen-
eration [48].

Passive haemostatic agents, such as collagen, cellu-
lose, gelatin, and polysaccharide spheres act passively 
through contact activation and by providing a structure 
to support platelet aggregation and clot formation [47, 
49, 50]. Passive non-flowable haemostats are often used 
to address bleeding ranging from mild capillary oozing to 
more broad moderate bleeding [50]. As the mechanism 
of action of passive agents is dependent on a function-
ing coagulation cascade, the efficacy of passive agents is 

reduced in patients treated with anticoagulant or anti-
platelet medications or with other coagulation disorders 
[51, 52].

Active flowable haemostatic agents (i.e. thrombin with 
gelatin), fibrin sealants, or advanced patches promote 
haemostasis directly by acting at the end of the coagula-
tion cascade [47, 52]. Active agents accelerate natural clot 
formation process, are effective regardless of whether 
patients have been treated with anticoagulant or anti-
platelet medications, and function independently of the 
patient’s ability to generate clotting factors [47, 49, 50]. 
Active flowable haemostatic agents are advantageous in 
surgery because they can conform to wound contours 
and fill deep lesions [50]. Unlike passive haemostats, 
active haemostats can control a wider range of bleeding 
grades [47, 50].

Topical sealants may be fibrin-based, synthetic 
(cyanoacrylates or polyethylene glycol), or semi-synthetic 
(glutaraldehyde–albumin) [49].

Strategies and application
The European Association for Cardio-Thoracic Surgery 
(2017) guidelines recommend considering sealants in sit-
uations where conventional approaches to surgical and 
medical improvement of haemostasis are insufficient and 
where bleeding is more localised.

The basic principles and most effective strategies to 
employ haemostats can be broadly defined as:

I. Pre-emptive Application of Sealants

Fibrin sealants are generally composed of a combina-
tion of frozen fibrinogen and thrombin that are mixed to 
produce a liquid flowable form during application that 
generates a stable fibrin clot similar to the end stage of 
the natural coagulation cascade. When the bleeding 
risk is high, application of a sealant before the vessel is 

Table 1 Types and Indications of Surgical Haemostats and Tissue Sealants

Passive Active Tissue sealants

Types Oxidised cellulose (regenerated)
Collagens
Powders
Gelatin sponges
Polysaccharide spheres

Flowables (thrombin and gelatin)
Fibrin sealants
Advanced patches (with fibrin sealants or 
polyethylene glycol)

Fibrin based
Synthetic (i.e. cyanoacrylates or polyethyl‑
ene glycol)
Semi‑synthetic (i.e. glutaraldehyde–albu‑
min)

Mode of action Contact activation and platelet aggrega‑
tion
   Relies on the patient’s ability to generate 
clotting factors

Functions independently of the patient’s 
ability to generate clotting factors

Functions independently of the patient’s 
ability to generate clotting factors

Bleeding range Mild (capillary oozing) to moderate bleed‑
ing

Broad range of active bleeding Pre‑emptive for anticipated bleeding

Patient factors Intact coagulation
   Limited effect in heparinised and/or 
anticoagulated treated patients

Compromised coagulation
   Effective in heparinised and/or antico‑
agulated treated patients

Compromised coagulation
   Effective in heparinised and/or antico‑
agulated treated patients
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de-clamped or blood flow restored allows for pre-emp-
tive sealing of potential bleeding sites. The use of a seal-
ant protects the surgical site and minimises bleeding 
from needle holes or vascular tissue. Synthetic sealants, 
commonly known as glues, are composed of cyanoacr-
ylate and polyethylene glycol (PEG) or albumin-gluta-
raldehyde compounds. An advantage of the synthetic 
sealants is that they do not require thawing before use. 
However, they produce a much firmer material which is 
of benefit for chamber or vessel wall reconstruction, but 
which may be associated with certain side effects [53].

 II. Pro-thrombotic Use of Gelatin and Thrombin 
Matrix

These active haemostats are indicated in the presence 
of blood which is absorbed by the thrombin-coated gel-
atin granules causing them to swell within the confines 
of the application zone. The thrombin reacts with the 
patient’s fibrinogen to form a more stable clot achieving 
haemostasis directly at the bleeding sites [54]. To achieve 
a tamponade effect by physically stopping blood flow, the 
use of haemostats in the form of patches or sheets serve 
to provide a surface that allows blood to clot rapidly. 
These buttress products may contain active components 
to complete the coagulation cascade. For example, there 
is a two-layer sponge with one side comprised of collagen 
and the other of fibrinogen and thrombin, polyethylene 
glycol, and oxidised cellulose, or are devoid of them (e.g., 
collagen or oxidised regenerated cellulose) [55]. Their 
application may be combined with the liquid sealants or 
flowable matrix, to create a barrier to stop bleeding and 
stabilise the clot.

The strategy of preventing bleeding by employing a 
sealant followed by the use of a matrix to generate clot 
formation at puncture bleeding sites maximises the effi-
cacy of these different haemostats and minimises their 
waste. The COVID-19 pandemic has made a significant 
impact on various supply chains through finance, lead 
time, demand changes and production performance, 
although specific supply disruptions to haemostatic 
agents have not been reported [56].

Preparation and nursing perspectives
The World Health Organization (WHO) Surgical Safety 
Checklist, introduced in 2008 (with amendments by the 
National Patient Safety Agency in 2010), created the “five 
steps for safer surgery”; team briefing, patient sign-in, 
timeout, sign-out, and debriefing, which have become 
standardised safety checks in operating theatres across 
the UK [57, 58]. Incorporating multi-disciplinary team 
members, learning opportunities involving communica-
tion, perceived authority gradients, situational aware-
ness and psychological safety have been brought to the 

forefront to decrease errors, and avoid adverse events 
[59].

A cardiothoracic theatre scrub nurse’s role in patient 
safety in the UK involves the knowledgeable and safe 
preparation of the theatre, and their active participa-
tion in an effective team brief enables this to occur. The 
team brief which is often led by the consultant surgeon 
includes the discussion of any expected and unexpected 
events, enabling emergency and stand-by items to be dis-
cussed in a calm and non-confrontational environment, 
allowing timely preparation, and avoiding preventable 
delays in treatment during the procedure. During the 
COVID-19 pandemic, changes to UK hospital Infec-
tion Prevention and Control protocols, alterations to the 
physical set-up of theatres and availability of consuma-
bles inside a theatre may contribute to additional delays 
in preparation, including the opening of surgical con-
sumables and thawing of haemostats. An effective team 
briefing can eliminate these additional theatre nursing 
blood management concerns.

The Nursing and Midwifery Council code identifies 
continued professional development as a requirement 
to maintain competence and further develop clinical 
skills [60]. During the COVID-19 pandemic, delivery and 
access to training across the UK have been altered due to 
restrictions in physical access across healthcare settings. 
Miech et  al. [61] highlighting the role of clinical cham-
pions as important positive influences on implementa-
tion and effectiveness. During the COVID-19 pandemic, 
nurse champions for product-specific equipment and 
consumables training, including haemostats within thea-
tres, have facilitated training to continue in situ. Utilising 
a combination of virtual company support, demonstra-
tion kits, and in-house equipment, training can be main-
tained within the theatre and during clinical governance 
sessions. Maintenance of training within the nursing 
team and designation of haemostatic champions are 
positive factors in a theatre nurses’ ability to support the 
multidisciplinary team in surgical blood management 
options.

Specificities of thoracic and robotic surgery
As with all forms of surgery, bleeding can occur in a 
number of scenarios during thoracic surgery:

I. Bleeding in relation to approach be it open thoracot-
omy or minimal access surgery – Video-Assisted 
Thoracoscopic Surgery (VATS) or Robotic-Assisted 
Thoracic Surgery (RATS)

Prevention is often better than cure when it comes 
to management of bleeding in relation to wounds. 
Despite planned meticulous haemostasis, bleed-
ing from intercostal vessels or adhesions is possible. 
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Electrocautery and/or haemostatic clips are usually 
sufficient to control these. At the posterior end of a 
thoracotomy wound (especially where a portion of rib 
has been excised), other adjuncts such as oxidised cel-
lulose or active flowable haemostat (gelatin & throm-
bin) can be used [54, 62]. The use of VATS and RATS 
in Thoracic Surgery has increased [63, 64]. Use of elec-
trocautery for adequate haemostasis is important par-
ticularly in robotics, where the ports are tight with the 
movement of the arms. This minimises the frustration 
of constant telescope changes due to impaired vision 
and also prevents insidious intraoperative and postop-
erative blood loss.

 II. Bleeding from lung parenchyma

Any procedure involving dividing lung tissue may 
result in bleeding and air leak. These two complica-
tions are inextricably linked. Again, prevention is bet-
ter than cure, and the method of parenchymal division 
is important in minimising blood loss from the lung. 
Good quality appropriately-sized staplers, with or 
without buttressing, can minimise bleeding. There 
is some evidence that powered staplers (especially 
robotic) are associated with less blood loss and fewer 
air leaks [65]. Other adjuncts that can be applied to 
the staple line may further reduce bleeding risk. Fibrin 
sealants are effective and have the potential added 
advantage of reducing air leaks [66, 67]. Polyethylene 
glycol products are used, but like tissue patch prod-
ucts, these are predominantly for the prevention or 
management of air leaks [68–70]. Synthetic sealant 
(i.e. cyanoacrylates) is an effective haemostat in car-
diac surgery, and has been used in thoracic surgery for 
haemostasis as well as prevention of air leaks [71–73].

 III. Bleeding from major vessels

Anatomical lung resection for the treatment of pri-
mary lung cancer is perhaps the single most common 
procedure in thoracic surgery [74, 75]. Dissection of 
the main hilar structures (bronchus, vein and artery) 
is an integral part of these procedures. Although a low 
pressure system, the pulmonary artery is an unfor-
giving structure: avoidance of damage is vital. When 
bleeding does occur, accurate closure by clip or suture 
is required [76]. Regardless of approach, if continued 
bleeding occurs, active haemostatic agents can be use-
ful [77, 78]. Catastrophic bleeding from the pulmonary 
artery in RATS is an ever-present risk [79]. An integral 
component of surgeon and robotic team training is 
preparation for this rare but important complication. 
This involves development of standard operating pro-
cedures (SOPs) for crisis resource management.

COVID‑19 considerations for haemostasis
At the time of writing, the number of confirmed cases 
of COVID-19 worldwide is approaching 614 million. In 
the UK, the number of confirmed cases has surpassed 23 
million and there have been more than 207,200 deaths 
[80]. The number of operations fell 34% in 2020/21. Adult 
surgery activity reduced by 80% and 60% during the two 
peaks of coronavirus disease (COVID-19) admissions. 
Around 10,000 patients across the UK did not have the 
heart surgery they should have done (National Cardiac 
Audit Programme (NCAP) [81] Report). Nevertheless, 
the implementation of specific SOPs such as testing, iso-
lation, and consequent use of personal protective equip-
ment (PPE) allowed the development of a system for 
safe surgery. A propensity-matched study of outcomes 
at 6 months comparing cardiac surgery during and prior 
to the COVID-19 pandemic finding no differences in 
30-day all-cause mortality, 6-month survival, and length 
of post-operative stay [82]. However, further study of 
773 patients confirmed an increased risk of early and late 
bleeding complications in COVID-19 patients undergo-
ing cardiac surgery [83].

The COVID-19 pandemic is the defining global health 
crisis of our time and the greatest challenge of our gen-
eration. Government restrictions on movement and 
activity to reduce the spread of COVID-19 have affected 
all aspects of the daily activities of the general popula-
tion. Lifestyle and diet have been dramatically altered, 
often through fear and confinement. A large percent-
age of national populations have adopted working from 
home routines that may be more sedentary, with poorer 
diets, and deficiency of nutrients, including sources of 
vitamins, folic acid, and iron. This has increased the 
population’s vulnerability to COVID-19 with correlated 
coagulopathy [84, 85]. With reduced travel, populations 
in northern hemisphere countries may become vitamin D 
deficient as a result of reduced exposure to sunlight [86]. 
Pandemic restrictions and social distancing have reduced 
access to blood donation centres. There was a significant 
shortage of blood supplies worldwide, and encouraging 
healthy donors to donate blood has proven to be a chal-
lenge [2].

As the pandemic evolved, we expected to see an 
increased number of late presentations of myocardial 
infarction with mechanical complications, such as ven-
tricular septal and papillary muscle rupture, but the rates 
of admission to UK hospitals for these feared complica-
tions were similar to those of previous years. However, 
national audit statistics revealed a higher than aver-
age mortality for non-COVID diagnoses during surges 
of the pandemic, suggesting that some patients were 
dying at home because of an understandable reluctance 
to seek medical attention because of concerns over the 
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transmissibility of COVID-19 [87]. With only 10.5 criti-
cal care beds per 100,000 inhabitants (compared to 33.9 
in Germany and 25.8 in the USA), the UK was severely 
challenged for ICU capacity during the pandemic [88]. 
Cardiac surgery was limited to emergencies and urgent 
cases [89]. Acute coronary syndrome patients receiving 
dual antiplatelet therapy who need emergent or urgent 
cardiac surgery are known to be at higher risk of severe 
bleeding. The use of intraoperative active adsorbers for 
patients receiving Ticagrelor addresses this issue improv-
ing peri- and post-operative outcomes [90]. The general 
necessity to reduce ICU stays to a minimum resulted in 
an even more need for meticulous haemostasis during 
cardiothoracic surgery. Haemostatics generally used to 
treat active bleeding gained new relevance when applying 
them prophylactically to reduce the number of bleeding 
complications and returns to theatre [91].

Conclusions
Bleeding remains an important complication of cardio-
thoracic surgery with a pejorative impact on outcome 
and resources. This was further amplified during the 
COVID-19 pandemic. Patient blood management in the 
UK is a multidisciplinary process that starts in parallel 
with the patient’s referral to surgery. We outline an inte-
grated approach that aims to identify, address and adapt 
a blood preservation strategy. We refer to a validated 
bleeding scale to enhance communication and identify 
optimal employment of passive and active haemostats as 
adjuncts when conventional surgical techniques fail to 
achieve haemostasis.

Acknowledgements
Medical writing support to compile author contributions and manage the 
drafting process was provided by Dr Antria Siakalli of Niche Science and 
Technology Ltd, Richmond‑upon‑Thames, Surrey, UK; this was paid for by 
Baxter Healthcare Limited, Wallingford Road, Compton, Berkshire, RG20 7QW, 
United Kingdom.

Author contributions
NA‑A and BW developed the concept and outline of this paper. GJ, GV, HE, KA, 
LM, MP, SR, SU and TJ contributed equally to the content and review of this 
manuscript. All authors read and approved the final manuscript.

Funding
This manuscript was funded by Baxter Healthcare Limited, Wallingford Road, 
Compton, Berkshire, RG20 7QW, United Kingdom under a grant for the medi‑
cal writer support.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
Nawwar Al‑Attar and/or the Department received has received healthcare 
professional and organisation (HCP) compliant honoraria. Patrick Meybohm 

and/or the Department received research grants from the German Research 
Foundation (ME 3559/1‑1, ME 3559/3‑1), BMBF (01KG1815), BMG (ZMVI1‑
2520DAT10E), International Anesthesia Research Society, German Society of 
Anaesthesiology and Intensive Care Medicine, European Society of Anaesthe‑
siology, grants by B. Braun Melsungen, CSL Behring, Fresenius Kabi and Vifor 
Pharma for the implementation of Frankfurt’s Patient Blood Management 
Program; by Pfizer and Dr. F. Köhler Chemie GmbH for investigator‑initiated 
trial; honoraria for scientific lectures from Abbott GmbH &Co KG, Aesculap 
Academy, B.Braun Melsungen, Biotest AG, Vifor Pharma, Ferring, CSL Behring, 
German Red Cross/Institute of Transfusion Medicine, HCCM Consulting GmbH, 
Heinen&Löwenstein, Hemosonics, Pharmacosmos, Siemens Healthcare; prices 
from Aktionsbündnis Patientensicherheit (APS), European Society of Anaes‑
thesiology (ESA), Lohfert‑Stiftung AG, Masimo – Patient Safety Foundation, 
MSD‑Gesundheitspreis. Becky Whiteman is an employee of Baxter Healthcare 
Limited, Wallingford Road, Compton, Berkshire, RG20 7QW, United Kingdom. 
All other authors declare that they have no competing interests.

Received: 29 April 2022   Accepted: 29 March 2023

References
 1. Mohamed MO, Banerjee A, Clarke S, de Belder M, Patwala A, Goodwin AT, 

Kwok CS, Rashid M, Gale CP, Curzen N, Mamas MA. Impact of COVID‑19 
on cardiac procedure activity in England and associated 30‑day mortality. 
Eur Heart J Qual Care Clin Outcomes. 2021;7(3):247–56.

 2. Stanworth SJ, New HV, Apelseth TO, Brunskill S, Cardigan R, Doree C, 
Germain M, Goldman M, Massey E, Prati D, Shehata N, So‑Osman C, 
Thachil J. Effects of the COVID‑19 pandemic on supply and use of blood 
for transfusion. Lancet Haematol. 2020;7(10):e756–64.

 3. Nader J, Anselmi A, Tomasi J, Martin A, Aymami M, Rouze S, Corbineau 
H, Langanay T, Flecher E, Nesseler N, Verhoye JP. Adult cardiac surgery 
during COVID‑19 lockdown: Impact on activity and outcomes in a high‑
volume centre. Arch Cardiovasc Dis. 2021;114(5):364–70. https:// doi. org/ 
10. 1016/j. acvd. 2020. 12. 003.

 4. Shander A, Goobie SM, Warner MA, Aapro M, Bisbe E, Perez‑Calatayud AA, 
Callum J, Cushing MM, Dyer WB, Erhard J, Faraoni D, Farmer S, Fedorova 
T, Frank SM, Froessler B, Gombotz H, Gross I, Guinn NR, Haas T, Hamdorf J, 
Isbister JP, Javidroozi M, Ji H, Kim YW, Kor DJ, Kurz J, Lasocki S, Leahy MF, 
Lee CK, Lee JJ, Louw V, Meier J, Mezzacasa A, Munoz M, Ozawa S, Pavesi 
M, Shander N, Spahn DR, Spiess BD, Thomson J, Trentino K, Zenger C, 
Hofmann A; International Foundation of Patient Blood Management 
(IFPBM) and Society for the Advancement of Blood Management (SABM) 
Work Group. Essential Role of Patient Blood Management in a Pandemic: 
A Call for Action. Anesth Analg. 2020;131(1):74–85.

 5. Andreasen J, Nielsen C. Prophylactic tranexamic acid in elective, primary 
coronary artery bypass surgery using cardiopulmonary bypass. Eur J 
Cardiothorac Surg. 2004;26(2):311–7.

 6. Bevan D. Cardiac bypass haemostasis: putting blood through the mill. Br J 
Haematol. 1999;104(2):208–19.

 7. Al‑Attar N, Johnston S, Jamous N, Mistry S, Ghosh E, Gangoli G, et al. 
Impact of bleeding complications on length of stay and critical care uti‑
lization in cardiac surgery patients in England. J Cardiothorac Surg. 2019. 
https:// doi. org/ 10. 1186/ s13019‑ 019‑ 0881‑3.

 8. Koch C, Li L, Duncan A, Mihaljevic T, Loop F, Starr N, et al. Transfusion in 
coronary artery bypass grafting is associated with reduced long‑term 
survival. Ann Thorac Surg. 2006;81(5):1650–7.

 9. Murphy G, Reeves B, Rogers C. Increased mortality, postoperative mor‑
bidity, and cost after red blood cell transfusion in patients having cardiac 
surgery. J Vasc Surg. 2008;47(4):894.

 10. Curry N, Davenport R, Pavord S, Mallett S, Kitchen D, Klein A, et al. The use 
of viscoelastic haemostatic assays in the management of major bleeding. 
Br J Haematol. 2018;182(6):789–806.

 11. Curry NS, et al. The use of viscoelastic assays in the management of major 
bleeding; a British society for haematology guideline. Br J Haematol. 
2018;182(6):789–806.

 12. Steiner M, Despotis G. Transfusion algorithms and how they apply to 
blood conservation: the high‑risk cardiac surgical patient. Hematol Oncol 
Clin North Am. 2007;21(1):177–84.

https://doi.org/10.1016/j.acvd.2020.12.003
https://doi.org/10.1016/j.acvd.2020.12.003
https://doi.org/10.1186/s13019-019-0881-3


Page 10 of 11Al‑Attar et al. Journal of Cardiothoracic Surgery           (2023) 18:96 

 13. Clevenger B, Kelleher A. Hazards of blood transfusion in adults and chil‑
dren. Contin Educ Anaesth Crit Care Pain. 2014;14(3):112–8.

 14. Segal J, Dzik W. Paucity of studies to support that abnormal coagulation 
test results predict bleeding in the setting of invasive procedures: an 
evidence‑based review. Transfusion. 2005;45(9):1413–25.

 15. Petri M. Epidemiology of the antiphospholipid antibody syndrome. J 
Autoimmun. 2000;15(2):145–51.

 16. Rodeghiero F, Tosetto A, Abshire T, Arnold D, Coller B, James P, et al. ISTH/
SSC bleeding assessment tool: a standardized questionnaire and a pro‑
posal for a new bleeding score for inherited bleeding disorders. J Thromb 
Haemost. 2010;8(9):2063–5.

 17. Chee Y, Crawford J, Watson H, Greaves M. Guidelines on the assessment 
of bleeding risk prior to surgery or invasive procedures. Br J Haematol. 
2008;140(5):496–504.

 18. O’Neill F, Carter E, Pink N, Smith I. Routine preoperative tests for elective 
surgery: summary of updated NICE guidance. BMJ. 2016;i3292.

 19. Cosmi B, Alatri A, Cattaneo M, Gresele P, Marietta M, Rodeghiero F, et al. 
Assessment of the risk of bleeding in patients undergoing surgery or 
invasive procedures: guidelines of the italian society for haemostasis and 
thrombosis (SISET). Thromb Res. 2009;124(5):e6–12.

 20. Danielson D, Bjork K, Card R, Foreman J, Harper C, Roemer R, et al. Preop‑
erative evaluation. Inst Clin Syst Improv. 2012;10:1–61.

 21. Klein A, Collier T, Brar M, Evans C, Hallward G, Fletcher S, et al. The 
incidence and importance of anaemia in patients undergoing cardiac 
surgery in the UK ‑ the first association of cardiothoracic anaesthetists 
national audit. Anaesthesia. 2016;71(6):627–35.

 22. Camaschella C. Iron‑deficiency anemia. N Engl J Med. 
2015;372(19):1832–43.

 23. Meybohm P, Westphal S, Ravn H, Ranucci M, Agarwal S, Choorapoikayil 
S, et al. Perioperative anemia management as part of PBM in cardiac 
surgery—a narrative updated review. J Cardiothorac Vasc Anesth. 
2020;34(4):1060–73.

 24. Mueller M, van Remoortel H, Meybohm P, Aranko K, Murphy M, Carson 
J, et al. Evidence base of patient blood management—recommenda‑
tions from the first international consensus conference, Frankfurt/Main 
Germany. Blood. 2019;134(Supplement_1):4982–4982.

 25. Klein A, Chau M, Yeates J, Collier T, Evans C, Agarwal S, et al. Preopera‑
tive intravenous iron before cardiac surgery: a prospective multicentre 
feasibility study. Br J Anaesth. 2020;124(3):243–50.

 26. Gupta S, Panchal P, Gilotra K, Wilfred A, Hou W, Siegal D, et al. Intrave‑
nous iron therapy for patients with preoperative iron deficiency or 
anaemia undergoing cardiac surgery reduces blood transfusions: a 
systematic review and meta‑analysis. Interact Cardiovasc Thorac Surg. 
2020;31(2):141–51.

 27. Spahn D, Schoenrath F, Spahn G, Seifert B, Stein P, Theusinger O, et al. 
Effect of ultra‑short‑term treatment of patients with iron deficiency or 
anaemia undergoing cardiac surgery: a prospective randomised trial. 
Lancet. 2019;393(10187):2201–12.

 28. Weiss G, Ganz T, Goodnough T. Anemia of inflammation. Blood. 
2019;133(1):40–50.

 29. Stanworth S, Dowling K, Curry N, Doughty H, Hunt B, Fraser L, et al. A 
guideline for the haematological management of major haemorrhage; a 
British society for haematology. Br J Haematol. 2022;198:654–67.

 30. Dickinson T, Wu X, Sturmer D, Goldberg J, Fitzgerald D, Paone G, et al. Net 
prime volume is associated with increased odds of blood transfusion. J 
Extra Corpor Technol. 2019;51(4):195–200.

 31. Ariyaratnam P, Bennett R, McLean L, Jagannadham K, Turner E, Griffin S, 
et al. Antegrade rapid prime displacement in elective coronary artery 
surgery is associated with lower perioperative blood transfusions and a 
shorter hospital stay. Interact Cardiovasc Thorac Surg. 2013;17(3):485–91.

 32. Schiller W, Mellert F, Halbe M, Lorenzen H, Welz A, Probst C, et al. 
Retrograde autologous priming as a safe and easy method to reduce 
hemodilution and transfusion requirements during cardiac surgery. 
Thorac Cardiovasc Surg. 2015;63(07):628–34.

 33. Sun P, Ji B, Sun Y, Zhu X, Liu J, Long C, et al. Effects of retrograde autolo‑
gous priming on blood transfusion and clinical outcomes in adults: a 
meta‑analysis. Perfusion. 2013;28(3):238–43.

 34. Anastasiadis K, Argiriadou H, Deliopoulos A, Antonitsis P. Minimal 
invasive extracorporeal circulation (MiECC): the state‑of‑the‑art in 
perfusion. J Thorac Dis. 2019;11(S10):S1507–14.

 35. Anastasiadis K, Murkin J, Antonitsis P, Bauer A, Ranucci M, Gygax E, et al. 
Use of minimal invasive extracorporeal circulation in cardiac surgery: 
principles, definitions and potential benefits. A position paper from the 
minimal invasive extra‑corporeal technologies international society 
(MiECTiS). Interact Cardiovasc Thoracic Surg. 2016;22(5):647–62.

 36. Kiser K, Sandhu H, Miller CC 3rd, Holt D. Implementation of a pre‑
scriptive extracorporeal circuit and its effect on hemodilution and 
blood product usage during cardiac surgery. J Extra Corpor Technol. 
2020;52(4):295–302.

 37. World Health Organization. Maintaining a safe and adequate blood 
supply during the pandemic outbreak of coronavirus disease (COVID‑
19) [Internet]. 2020 [cited 02 April 2022]. Available from: https:// www. 
who. int/ publi catio ns/i/ item/ WHO‑ 2019‑ nCoV‑ Blood Supply‑ 2021‑1

 38. Esper S, Waters J. Intra‑operative cell salvage: a fresh look at the indica‑
tions and contraindications. Blood Transfus. 2011;9(2):139–47.

 39. Lau K, Shah H, Kelleher A, Moat N. Coronary artery surgery: cardiotomy 
suction or cell salvage? J Cardiothor Surg. 2007;2(1):1–5.

 40. Wang G, Bainbridge D, Martin J, Cheng D. The efficacy of an intraopera‑
tive cell saver during cardiac surgery: a meta‑analysis of randomized 
trials. Anesth Analg. 2009;109(2):320–30.

 41. Zheng J, Du L, Du G, Liu B. Coagulopathy associated with cell salvage 
transfusion following cerebrovascular surgery. Pak J Med Sci. 2013. 
https:// doi. org/ 10. 12669/ pjms. 296. 3750.

 42. Lewis K, Li Q, Jones D, Corrales J, Du H, Spiess P, et al. Development and 
validation of an intraoperative bleeding severity scale for use in clinical 
studies of hemostatic agents. Surgery. 2017;161(3):771–81.

 43. VIBe Scale [Internet]. Baxter specialty Site. 2021 [cited 28 April 2022]. 
Available from: https:// advan cedsu rgery. baxter. com/ vibe

 44. DeAnda A, Lehman R, Lewis K, Lo Menzo E, Sciubba D, Shander A, et al. 
Clinical utility and relevance of a validated intraoperative bleeding 
scale (VIBe SCALE). J Am Coll Surg. 2019;229(4): e20.

 45. Ramirez M, Ramirez Almazán M, Lewis K. PSU6 economic impact of a 
validated intraoperative bleeding scale: a retrospective multicenter 
review from the US prospective. Value Health. 2019;22:S893.

 46. DeAnda A, Elefteriades J, Hasaniya N, Lattouf O, Lazzara R. Improving 
outcomes through the use of surgical sealants for anastomotic sealing 
during cardiovascular surgery. J Card Surg. 2009;24(3):325–33.

 47. Samudrala S. Topical hemostatic agents in surgery: a surgeon’s per‑
spective. AORN J. 2008;88(3):S2–11.

 48. Chapman W, Singla N, Genyk Y, McNeil J, Renkens K, Reynolds T, et al. A 
phase 3, randomized, double‑blind comparative study of the efficacy 
and safety of topical recombinant human thrombin and bovine throm‑
bin in surgical hemostasis. J Am Coll Surg. 2007;205(2):256–65.

 49. Bracey A, Shander A, Aronson S, Boucher B, Calcaterra D, Chu M, et al. 
The use of topical hemostatic agents in cardiothoracic surgery. Ann 
Thorac Surg. 2017;104(1):353–60.

 50. Price J, Tackett S, Patel V. Observational evaluation of outcomes and 
resource utilization from hemostatic matrices in spine surgery. J Med 
Econ. 2015;18(10):777–86.

 51. Oz M, Rondinone J, Shargill N. Floseal matrix. J Card Surg. 
2003;18(6):486–93.

 52. Slezak P, Keibl C, Labahn D, Schmidbauer A, Genyk Y, Gulle H. A 
Comparative efficacy evaluation of recombinant topical thrombin 
 (Recothrom®) with a gelatin sponge carrier versus topical oxidized 
regenerated cellulose  (Tabotamp®/Surgicel®) in a porcine liver bleed‑
ing model. J Investig Surg. 2020;34:1–7.

 53. Minezawa T, Okamura T, Yatsuya H, Yamamoto N, Morikawa S, Yamagu‑
chi T, et al. Bronchus sign on thin‑section computed tomography is a 
powerful predictive factor for successful transbronchial biopsy using 
endobronchial ultrasound with a guide sheath for small peripheral 
lung lesions: a retrospective observational study. BMC Med Imaging. 
2015. https:// doi. org/ 10. 1186/ s12880‑ 015‑ 0060‑5.

 54. Vyas K, Saha S. Comparison of hemostatic agents used in vascular 
surgery. Expert Opin Biol Ther. 2013;13(12):1663–72.

 55. Berdajs D, Burki M, Michelis A, von Segesser L. Seal properties of 
TachoSil(R): in vitro hemodynamic measurements. Interact Cardiovasc 
Thorac Surg. 2010;10(6):910–3.

 56. Moosavi J, Fathollahi‑Fard AM, Dulebenets MA. Supply chain disruption 
during the COVID‑19 pandemic: recognizing potential disruption man‑
agement strategies. Int J Disaster Risk Reduct. 2022;22:102983.

https://www.who.int/publications/i/item/WHO-2019-nCoV-BloodSupply-2021-1
https://www.who.int/publications/i/item/WHO-2019-nCoV-BloodSupply-2021-1
https://doi.org/10.12669/pjms.296.3750
https://advancedsurgery.baxter.com/vibe
https://doi.org/10.1186/s12880-015-0060-5


Page 11 of 11Al‑Attar et al. Journal of Cardiothoracic Surgery           (2023) 18:96  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 57. Organization W, Safety W. Implementation manual: WHO surgical safety 
checklist (first edition) [Internet]. Apps.who.int. 2021 [cited 02 April 2022]. 
Available from: https:// apps. who. int/ iris/ handle/ 10665/ 70046

 58. Standards and guidance ‑ The Association for Perioperative Practice 
[Internet]. Afpp.org.uk. 2021 [cited 03 April 2022]. Available from: https:// 
www. afpp. org. uk/ caree rs/ Stand ards‑ Guida nce

 59. Wahr J, Bowdle A, Nussmeier N. Patient Safety in the Cardiac Operating 
Room. In: Kaplan’s Cardiac Anesthesia Cardiac and Noncardiac Surgery, 
7th ed. Elsevier. 2017. p. 1072–108.

 60. The Nursing & Midwifery Council ‑ The Nursing and Midwifery Council. 
The code: Professional standards of practice and behaviour for nurses, 
midwives and nursing associates [Internet]. American Nurses Association. 
2018 [cited 03 April 2022]. Available from: https:// www. nmc. org. uk/

 61. Miech E, Rattray N, Flanagan M, Damschroder L, Schmid A, Damush T. 
Inside help: an integrative review of champions in healthcare‑related 
implementation. SAGE Open Med. 2018;6:205031211877326.

 62. Pereira B, Bortoto J, Fraga G. Topical hemostatic agents in surgery: review 
and prospects. Rev Univ Camp Dep Surg Div Trauma Surg. 2018:45(5).

 63. Montagne F, Bottet B, Sarsam M, Mbadinga F, Chaari Z, Rinieri P, 
et al. Robotic versus open and video‑assisted thoracoscopic surgery 
approaches for lobectomy. Mini‑invasive Surg. 2020. https:// doi. org/ 10. 
20517/ 2574‑ 1225. 2019. 74.

 64. Novellis P, Bottoni E, Voulaz E, Cariboni U, Testori A, Bertolaccini L, et al. 
Robotic surgery, video‑assisted thoracic surgery, and open surgery for 
early stage lung cancer: comparison of costs and outcomes at a single 
institute. J Thorac Dis. 2018;10(2):790–8.

 65. Miller D, Roy S, Kassis E, Yadalam S, Ramisetti S, Johnston S. Impact of 
powered and tissue‑specific endoscopic stapling technology on clinical 
and economic outcomes of video‑assisted thoracic surgery lobectomy 
procedures: a retrospective. Obs Study Adv Therapy. 2018;35(5):707–23.

 66. Mandell S, Gibran N. Fibrin sealants: surgical hemostat, sealant and adhe‑
sive. Expert Opin Biol Ther. 2014;14(6):821–30.

 67. Spotnitz W. Fibrin sealant: the only approved hemostat, sealant, 
and adhesive—a laboratory and clinical perspective. ISRN Surg. 
2014;2014:1–28.

 68. De Leyn P, Muller M, Oosterhuis J, Schmid T, Choong C, Weder W, et al. 
Prospective European multicenter randomized trial of PleuraSeal for con‑
trol of air leaks after elective pulmonary resection. J Thorac Cardiovasc 
Surg. 2011;141(4):881–7.

 69. Gondé H, Le Gac C, Gillibert A, Bottet B, Laurent M, Sarsam M, et al. 
Feedback on the use of three surgical sealants for preventing prolonged 
air leak after robot‑assisted anatomical lung resection. J Thorac Dis. 
2019;11(7):2705–14.

 70. Lequaglie C, Giudice G, Marasco R, Morte A, Gallo M. Use of a sealant 
to prevent prolonged air leaks after lung resection: a prospective rand‑
omized study. J Cardiothor Surg. 2012;7(1):1–6.

 71. Chao H, Torchiana D. BioGlue: albumin/glutaraldehyde sealant in cardiac 
surgery. J Card Surg. 2003;18(6):500–3.

 72. Passage J, Jalali H, Tam R, Harrocks S, O’Brien M. BioGlue surgical adhe‑
sive—an appraisal of its indications in cardiac surgery. Ann Thorac Surg. 
2002;74(2):432–7.

 73. Tsilimigras D, Antonopoulou A, Ntanasis‑Stathopoulos I, Patrini D, Papagi‑
annopoulos K, Lawrence D, et al. The role of BioGlue in thoracic surgery: a 
systematic review. J Thorac Dis. 2017;9(3):568–76.

 74. Lackey A, Donington JS. Surgical management of lung cancer. Semin 
Interv Radiol. 2013;30(2):133–40.

 75. Lemjabbar‑Alaoui H, Hassan O, Yang Y, Buchanan P. Lung cancer: biology 
and treatment options. Biochem Biophys Acta. 2015;1856(2):189–210.

 76. Xiao Z, Mei J, Pu Q, Liu L. Technical strategy for dealing with bleeding dur‑
ing thoracoscopic lung surgery. Ann Cardiothorac Surg. 2014;3(2):213–5.

 77. Chiara O, Cimbanassi S, Bellanova G, Chiarugi M, Mingoli A, Olivero G, 
et al. A systematic review on the use of topical hemostats in trauma and 
emergency surgery. BMC Surg. 2018;18(1):1–20.

 78. Lewis K, Gulle H, Kuntze E. Control of bleeding in surgical procedures: 
critical appraisal of Hemopatch (Sealing Hemostat). Med Devices Evid 
Res. 2015;1:1.

 79. Novellis P, Jadoon M, Cariboni U, Bottoni E, Pardolesi A, Veronesi G. 
Management of robotic bleeding complications. Ann Cardiothorac Surg. 
2019;8(2):292–5.

 80. COVID‑19 Map ‑ Johns Hopkins Coronavirus Resource Center [Internet]. 
Johns Hopkins Coronavirus Resource Center. 2021 [cited 23 September 
2022]. Available from: https:// coron avirus. jhu. edu/ map. html

 81. National Cardiac Audit Programme (NCAP) 2022 Report. The heart in 
lockdown (2020/21 and 2018/21 data). Nicor.org.uk. 2022 [cited 20 
September 2022]. Available from: https:// www. nicor. org. uk/ wp‑ conte nt/ 
uploa ds/ 2022/ 06/ NCAP‑ Aggre gate_ 2022‑ FINAL. pdf

 82. Day E, Fiorentino F, Abdelkhalek M, et al. Cardiac surgery during and 
before the COVID‑19 pandemic: a propensity matched study of out‑
comes at six months. J R Soc Med. 2021;115:341.

 83. Chiariello GA, Bruno P, Pavone N, Calabrese M, D’Avino S, Ferraro F, Nesta 
M, Farina P, Cammertoni F, Pasquini A, Montone RA, Montini L, Massetti M. 
Bleeding complications in patients with perioperative COVID‑19 infection 
undergoing cardiac surgery: a single‑center matched case‑control study. 
J Cardiothorac Vasc Anesth. 2022;36(7):1919–26.

 84. Baron D, Franchini M, Goobie S, Javidroozi M, Klein A, Lasocki S, et al. 
Patient blood management during the COVID–19 pandemic: a narrative 
review. Anaesthesia. 2020;75(8):1105–13.

 85. Im J, Je Y, Baek J, Chung M, Kwon H, Lee J. Nutritional status of patients 
with COVID‑19. Int J Infect Dis. 2020;100:390–3.

 86. DeLuccia R, Clegg D, Sukumar D. The implications of vitamin D deficiency 
on COVID‑19 for at‑risk populations. Nutr Rev. 2020;79(2):227–34.

 87. Office for National Statistics. Deaths registered weekly in England and 
Wales, provisional ‑ [Internet]. Ons.gov.uk. 2021 [cited 16 August 2021]. 
Available from: https:// www. ons. gov. uk/ peopl epopu latio nandc ommun 
ity/ birth sdeat hsand marri ages/ deaths/ datas ets/ weekl yprov ision alfig 
ureso ndeat hsreg ister edine nglan dandw ales

 88. Beyond containment: Health systems responses to COVID‑19 in the 
OECD [Internet]. OECD. 2021 [cited 19 May 2021]. Available from: https:// 
oecd. org/ coron avirus/ policy‑ respo nses/ beyond‑ conta inment‑ health‑ 
syste ms‑ respo nses‑ to‑ covid‑ 19‑ in‑ the‑ oecd‑ 6ab74 0c0/

 89. Smail H, Stock U, De Robertis F, Bhudia S, Mittal T, Mattison S, et al. Cardiac 
surgery during the COVID‑19 pandemic: from vita minima to recovery. Br 
J Surg. 2020;107(11):e481–3.

 90. Javanbakht M, Trevor M, Rahimi K, Branagan‑Harris M, Degener F, Blanco 
D, et al. PCV112 Cost utility analysis of Ticagrelor removal by  Cytosorb® 
in patients requiring emergent or urgent cardiac surgery in the UK. Value 
Health. 2019;22:S562.

 91. Ikeme S, Weltert L, Lewis K, Bothma G, Cianciulli D, Pay N, et al. Cost‑
effectiveness analysis of a sealing hemostat patch (HEMOPATCH) vs 
standard of care in cardiac surgery. J Med Econ. 2017;21(3):273–81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://apps.who.int/iris/handle/10665/70046
https://www.afpp.org.uk/careers/Standards-Guidance
https://www.afpp.org.uk/careers/Standards-Guidance
https://www.nmc.org.uk/
https://doi.org/10.20517/2574-1225.2019.74
https://doi.org/10.20517/2574-1225.2019.74
https://coronavirus.jhu.edu/map.html
https://www.nicor.org.uk/wp-content/uploads/2022/06/NCAP-Aggregate_2022-FINAL.pdf
https://www.nicor.org.uk/wp-content/uploads/2022/06/NCAP-Aggregate_2022-FINAL.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/weeklyprovisionalfiguresondeathsregisteredinenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/weeklyprovisionalfiguresondeathsregisteredinenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/weeklyprovisionalfiguresondeathsregisteredinenglandandwales
https://oecd.org/coronavirus/policy-responses/beyond-containment-health-systems-responses-to-covid-19-in-the-oecd-6ab740c0/
https://oecd.org/coronavirus/policy-responses/beyond-containment-health-systems-responses-to-covid-19-in-the-oecd-6ab740c0/
https://oecd.org/coronavirus/policy-responses/beyond-containment-health-systems-responses-to-covid-19-in-the-oecd-6ab740c0/

	Multidisciplinary paper on patient blood management in cardiothoracic surgery in the UK: perspectives on practice during COVID-19
	Abstract 
	Introduction and rationale
	Impact of bleeding
	Preoperative management
	Coagulation screening
	Anaesthetic considerations

	Operative management of bleeding
	Cardiopulmonary bypassextracorporeal circulation considerations
	Cell salvage
	The validated intraoperative bleeding scale in practice: a communication tool
	Adjuncts and surgical haemostats
	Types and indications
	Strategies and application
	Preparation and nursing perspectives


	Specificities of thoracic and robotic surgery
	COVID-19 considerations for haemostasis
	Conclusions
	Acknowledgements
	References


