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Article history: Major burn surgery is often associated with excessive bleeding and massive transfusion, and
Accepted 17 August 2018 the development of a coagulopathy during major burn surgery is associated with increased

morbidity and mortality. The aim of this study was to review the literature on intraoperative
haemostaticresuscitation of burn patients during necrectomy to reveal strategies applied for
haemostatic monitoring and resuscitation. We searched PubMed, EMBASE, and CENTRAL for

Keywords: studies published in the period 2006-2017 concerning bleeding issues related to burn surgery
Haemostatic i.e. coagulopathy, transfusion requirements and clinical outcomes. In a broad search, a total
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Bleeding were included for review. The literature confirmed that transfusion requirements increases
TEG with burn injury severity and that haemostatic monitoring by TEG" (thrombelastography) or
ROTEM ROTEM" (rotational thromboelastometry) significantly decreased intraoperative trans-
Surgery fusions and was useful in predicting and goal-directing haemostatic therapy during excision
surgery.

Resuscitation of bleeding during major burn surgery in many instances was neither
standardized nor haemostatic. We suggest that resuscitation should aim for normal
haemostasis during the bleeding phase through close haemostatic monitoring and
resuscitation. Randomised controlled trials are highly warranted to confirm the benefit of
this concept.
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1. Introduction

Following a major burn of >20% total body surface area (TBSA),
the early post-injury and the later intraoperative necrectomy
phases are characterized by major perturbations in haemo-
stasis and risk of coagulopathy during surgery [1].

More than 10 years’ research in trauma-induced coagul-
opathy has revealed several distinct types of endogenously
driven coagulopathies; acute traumatic coagulopathy (ATC),
driven by tissue injury and hypoperfusion [2] and disseminat-
ed intravascular coagulation (DIC), with a haemorrhagic
phenotype, all of which are associated with poor outcome,
increased mortality, and morbidity [3-6].

Burn patients may differ significantly in their haemostasis
from trauma patients due to the excessive inflammatory
response and tissue damage present before the occurrence of
(surgical) bleeding. Given that coagulopathy is closelylinked to
inflammation and perturbations in the microvasculature [7~-9],
the complexity of the coagulopathy in severely burned
patients emphasizes the risks of the patients and the
importance of viewing and treating the coagulopathy of severe
burn patients as its own entity [10,11].

Coagulopathy may be diagnosed according to conventional
plasma-based assays, such as international normalized ratio
(INR) applyingaratio of 1,2-1,5 as a definition of hypocoagulability
[12,13] or it may be diagnosed by whole blood-based viscoelastic
haemostatic assays, such as thrombelastography (TEG') and
rotational thromboelastometry (ROTEM) with distinctive pat-
terns of hypocoagulability, hypercoagulability, or hyperfibrinol-
ysis being identified [14]. TEG/ROTEM are whole blood based

" TEG: thromboelastography, ROTEM: rotational thrombelas-
tometry, ATC: acute traumatic coagulopathy, DIC: disseminated
intravascular coagulation, PCC: prothrombin complex concen-
trate, TXA: tranexamic acid, rFVIIa: recombinant factor VIla.

assays that record the initiation, velocity of formation and
strength of and ensuinglysis of the blood clot in whole blood [15].

In multiple studies, TEG/ROTEM have demonstrated supe-
riority in predicting the need for blood transfusion and
reducing transfusion requirements in trauma patients [16-
18] and TEG/ROTEM are superior to conventional plasma-
based analysis e.g. activated thromboplastin time (aPTT) and
INR in their ability to differentiate between, and diagnose
clinically relevant coagulopathies as well as in predicting
bleeding risk, transfusion requirements, and mortality for
patients with coagulopathy [7,19-21]. Based on this, the
viscoelastic assays appear appropriate for monitoring burn
patients, as hypercoagulability and hyperfibrinolysis are not
readily identified by conventional coagulation assays [22].

Despite risk of coagulopathy and excessive bleeding during
burn surgery, there is no consensus on the management of
intraoperative resuscitation and no guidelines for treatment of
these patients even when coagulopathy during surgery is
recognized.

The American [23], Australian [24], European [25],and UK burn
associations’ guidelines [26-29] do not specifically address
haemostatic resuscitation in respect to necrectomy, which
highlights the need for a standardized haemostatic intra-
operative resuscitation and monitoringregime for these patients.

Here, we review the literature on intraoperative haemo-
static resuscitation of burn patients during necrectomy to
reveal the evidence for strategies applied for haemostatic
monitoring and resuscitation.

2. Methods
2.1.  Eligibility criteria

For this review, PubMed, EMBASE and CENTRAL were
searched for original publications accepted for publication
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in the period 2006-2017. In a manual search using respec-
tively “burn surgery”, “TEG”, “ROTEM”, “coagulopathy”,
“resuscitation”, and “bleeding”, 1375 articles were found.
Only papers on adult human subjects published in English
were considered. Studies including patients with a TBSA of
20% or more were included.

Papers on paediatric burn patients, Jehovah’s witnesses,
case-reports, or animal studies were excluded. Also, studies
solely focusing on electrical burn injuries were excluded due to
the complexity and organ damage characteristic of this
specific burn aetiology. Likewise, studies of patients with
significant inhalational injury in addition to skin burns were
not included due to the complications associated hereto and
the heterogeneity of inhalational burn injuries.

Lastly, we reviewed the abstracts of these articles and
excluded articles not relevant to intraoperative burn care. This
manuscript adheres to the applicable PRISMA guidelines.

A total of six studies were included for assessment in this
review (Fig. 1).

2.2. Data

Data from the studies were extracted manually in assessing
and studying the trials individually. Reference lists of the
selected studies were also studied to reveal relevant articles
not found in the initial search.

3. Results

Of the six included articles, three were retrospective studies,
one was a prospective observational study and two were
randomized clinical trials. Table 1 provides a short overview of
included papers.

3.1. Blood transfusion in burn surgery

In a 62-month retrospective study, Yogore et al. reported
intraoperative blood loss to be the major cause for transfusion
at a larger American burn centre. Red blood cell (RBC)
transfusion increased with TBSA whereas fresh frozen plasma
(FFP) was not routinely transfused, but was reserved for
acquired coagulopathies, DIC or clinical bleeding with pro-
longed PT or aPTT. Platelets were transfused preope ratively at
less than 50,000x10%L. Patients with a 40% TBSA burn
received volumes of RBC, FFP, platelets and apheresis platelets
vastly exceeding all other groups and these patients had the
highest rate of surgical procedures, blood loss and comorbid-
ities such as sepsis and coagulopathy (DIC) [30]. It was not
stated what percentage of these patients were surgical
patients, but it is assumed that this group had a high rate of
surgery.

Lu et al. confirmed the association between TBSA and RBC
and FFP transfusion in a single-centre retrospective cohort

Full-text articles excluded (n=1251), with
reasons
Animal studies: (n=357)
Pediatric studies: (n = 504)

A 4

Non-English studies: (n = 126)
>10 years since publication: (n = 256)
Focusing solely on electrical burns: (n = 2)
Focusing solely on inhalation injury: (n = 6)

Full-text articles excluded at second review

)
=
S
=
= Records identified through hand
'g search of PubMed
g (n=1375)
—
4
)
A 4
of
E Full-text articles assessed
3 for eligibility
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z Studies included in
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=
—
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—> due to relevance (non-surgical, non-
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Fig. 1 - Data extraction flow diagram. Six studies were included for review.



Table 1 - Overview of literature.

Authors Year Origin Multi/single No. of TBSA Monitoring
centre pts.
Randomised controlled trials
Johansson et al. [21] 2006 Denmark, Single 18 Scheduled for excision ~ Recombinant FVIIa or placebo is given at first skin incision and again 90min
Copenhagen and grafting of 10+ later.

Outcome monitored as difference in amount of RBCs administered during and
24h after surgery and postoperative complications.

Schaden et al. [34] 2012 Austria, Vienna Single 30 29+ Control group: coagulation management performed according to clinician’s
discretion.
Algorithm group: standardized treatment based on Austrian guidelines for
trauma-induced coagulopathy using point-of-care ROTEM (EXTEM, FIBTEM,
APTEM).
Outcome parameter: amounts of RBC transfused on day of surgery.

Prospective/observational studies

Pidcoke et al. [33] 2015 USA, Texas Single 36 Scheduled for excision  Platelet count, haemostasis with ROTEM (FIBTEM, EXTEM, APTEM), platelet

and grafting aggregation monitored with multiplate.
Retrospective studies
Lu et al. [31] 2013 US, North Single 89 15-65 Measuring blood utilization and evaluating relationship between this and
Carolina clinical variables (anticoagulant usage and mortality).

Kwan et al. [32] 2006 Canada, Toronto Single 172 20+ Comparison of outcome (MODS, mortality, general clinic) in patients treated
before/after a restrictive transfusion strategy was adapted.

Yogore et al. [30] 2006 USA, Chicago Multi 1615 Full ratio Reviewing blood bank service utilization over 62 months at an urban burns

centre
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study of 89 consecutive burn patients with >15% TBSA.
Bleeding patients in this centre were transfused RBCs aiming
for ahaemoglobin level of 6,2mmol/l. Major burn patients may
pre-emptively have been resuscitated with RBCs up to a
haemoglobin level of 5,6-6,2mmol/l in anticipation of signifi-
cant intraoperative bleeding. FFP was administered in the
event of active bleeding and INR>1,5 and a prolonged aPTT.
Patients who received therapeutic anticoagulation received 5-
8 times more RBC and 24 times more plasma compared to
those only on prophylactic anticoagulation. In a multivariate
logistic regression analysis, there was no association between
mortality and numbers of transfusions. However, those
transfused with a greater volume of RBCs displayed a trend
towards higher survival (odds ratio: 0.89; 95% CI: 0.76, 1.03; p:
0.13) while those transfused with a greater volume of FFP
showed a trend towards higher mortality (odds ratio: 1.37;95%
CI: 0.99, 1.88; p: 0.055) [31].

Kwan et al. assigned subjects to groups based on time of
treatment due to the adoption of a transfusion trigger of 7.0 g/dl
(6,3mmol/1) in 1999 at the burn unit investigated. Patients
treated in the two years before 1999 were assigned the liberal
transfusion group (LIB) and patients treated in the years after
made up the restrictive transfusion groups (REST). Outcomes
were reviewed for patients with >20% TBSA. A restrictive
transfusion strategy effectively reduced the amount of
transfused blood products in the operating room with
significantly improved survival and less organ failure. Based
on their data, they suggested that a transfusion trigger of 7.0g/
dl (6,3mmol/l) was safe and at least as effective as a liberal
transfusion strategy. There was no significant difference in
length of hospital stay between the two groups (LIB: 45
+88days vs. REST: 44+38 days, p 0.942). The incidence of
coagulopathy or any reduction in the severity of bleeding
during surgery was not assessed in this study [32].

None of the papers included for this review specified a fixed
intraoperative fluid resuscitation strategy or addressed the
management of hypothermia or acidosis during necrectomies.

3.2 Blood components: protocols and balanced therapy

In an institutional board-approved prospective observational
study, Pidcoke et al. found that balanced blood component
therapy with a 1:1:1 ratio was not routinely used for actively
bleeding burn patients during surgery at the investigated burn
centre [33]. ROTEM, platelet count and impedance aggregom-
etry were measured. It is not stated in this review what
respective triggers were for transfusion of RBCs, FFP and
platelets.

3.3.  Monitoring haemostasis and goal-directing
haemostatic therapy

In a randomised controlled single-centre study of thirty
consecutive burn patients randomized to either coagulation
management according to clinician’s discretion or to a
standardized treatment for management of coagulopathy by
point-of-care ROTEM, Schaden et al. found a significant
difference in the administration of perioperative blood
products between the control group and the algorithm group.
Transfusion of RBC was similar in the two groups whereas the

standard group received more FFP and platelets compared to
the algorithm group (no patients in the algorithm group
received platelets or FFP) [34].

The ROTEM analyses revealed that hyperfibrinolysis as a
cause of hypofibrinogenaemia did not seem to be a contribut-
ing factor to the coagulation deficiencies observed in burn
patients. Conversely, the fibrinogen level rose within 24 h after
injury and high baseline levels were confirmed on the third day
after injury, just before surgery. Fibrinogen administration did
not differ between standard and algorithm groups, and no
prothrombin complex concentrate (PCC) or tranexamic acid
(TXA) was administered in either of the two groups [34].

Pidcoke et al. recorded number, component type, volume
and age of transfused blood products during burn excisions at
a large US burn centre. Clinical data including morbidity,
outcome and length of stay was not recorded. Units of RBCs,
FFP, platelets and cryoprecipitate were collected to sample the
remains of the bag and tubing. Aliquots of the original volume
of each blood product were combined to produce a composite
sample that contained identical ratios of the blood products
transfused to the patient. The mixed samples of transfusate
from the patients produced abnormally weak clots, with clot
strengths below the reference range (49-71mm) even when
platelets were present in platelet-RBC-ratios greater than 1:1,
indicating a platelet function deficit. Even undiluted platelet
concentrates displayed significantly abnormal results in
accordance with previous findings of stored platelets. Platelet
aggregation data showed that those with the highest baseline
platelet counts received fewer transfusions. The majority of
patients received RBCs and platelets alone.

Pidcoke et al. also found that platelet factor and thrombox-
ane B2 were elevated in patients after burn injury, suggesting
that platelet activation and turnover contributed significantly
to impaired platelet function in burn patients. Furthermore,
they reported that burn patients had increased levels of factor
VIII and fibrinogen before surgery. While factor VIII was
consumed rapidly during excision of the burn wound, platelet
count and factor levels decreased during surgery [33].

3.4. Pro-haemostatics

In a single-centre, double-blinded randomised controlled trial
including 18 consecutive patients with >10% TBSA, Johansson
et al. showed that recombinant factor VlIla (rFVIIa) significantly
reduced the total number of blood products transfused to
patients during surgery. Surgery was performed at a median of
10days after burn injury in the rFVIla-group. Patients were
randomised to receive either placebo or 40 wg/kg rFVIla at first
skinincision and again 90min later. Preoperative PT-INR values
were within the normal range in both groups, but shortened
after rFVIla-administration from a median of 1,26-<0,70. The
rFVIla group had alower incidence of multiple organ failure and
infectious morbidity and a dampening of the IL-6 elevation. No
thromboembolic events were recorded in this study [35].

4, Discussion

The present review of the literature confirmed that burn
surgery is associated with excessive transfusion requirements
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but that mostinstitutions do not apply protocolled monitoring
and treatment. A more generalised approach to this patient
group is applied by most institutions, including supportive
measures mitigating hypothermia and acidosis, but not
addressing intraoperative coagulation monitoring. This high-
lights the need for randomised controlled trials on the
(intraoperative) management of major burn patients.

Outcome in haemorrhaging trauma patients has improved
significantly through the implementation of haemostatic
resuscitation comprising the use of balanced blood products,
hypotensive resuscitation and limited crystalloid and colloid
administration. Patients presenting with major burns to
necrectomy present a major challenge with regard to
haemostatic resuscitation, yet our review of the literature
was unable to identify any studies reporting an effect of
balanced blood product transfusion in adult burn patients
during surgery. Furthermore, protocols distributed by burn
associations and other authoritative bodies in this field have
not evaluated resuscitation of burn patients during surgery
[23-25,29].

4.1.  Coagulopathy in burn surgery

The work of Pidcoke et al. confirmed earlier results document-
ing a significant decrease of platelet levels and coagulation
factor levels during surgery. It is notable that platelet
dysfunction is an independent predictor of mortality in
trauma patients [36,37], and in patients with burns, platelet
count often decreases 3-5days after admission [38,39]. There is
emerging evidence that platelet dysfunction is a feature of
coagulopathy of trauma and may contribute to the clinical
coagulopathy observed in burn patients during surgery [40]
emphasizing the need for adequate monitoring of this.

4.2.  Pro-haemostatics in burn surgery

One study demonstrated that administration of antifibrino-
lytics and fibrinogen did not seem be of benefitin burn patients
undergoing surgery, as coagulopathy did not seem to be
related to hypofibrinogenemia [34]. This finding is very
different from non-burn trauma patients with substantial
bleeding, as fibrinogen seems to be the factor depleted first
during massive haemorrhage [41]. Importantly, these data also
support the hypothesis that even if patients are hypercoagu-
lable at the time of surgery due to high fibrinogen levels,
abnormally low platelet counts or function and low coagu-
lations factor levels may significantly contribute to clinical
coagulopathy [33] but this requires confirmation. Though one
study indicated that rFVIla might be useful in the surgical
setting of burns for reducing blood loss [35] and preventing
coagulopathy [42], prohaemostatic therapy is neither habitu-
ally used in these patients, nor actively investigated on this
indication. However, in light of more recent publications [43],
rFVIIa should not be administered to burn patientsin a clinical
setting until a phase III study has published new data to
support the use. Furthermore, for all prohaemostatic agents,
the risk of thromboembolic complications in the face of the
hypercoagulable and inflamed patient should be weighted
against the risk of critical on-going bleeding.

4.3. Haemostatic monitoring burns surgery patients

Despite the overwhelming heterogeneity in the burn popula-
tion literature in, amongst other variables, TBSA, resuscitation
regime, severity of injury, and timing of surgery, there is
substantial evidence that burn patients present with a wide
range of haemostatic profiles including normo-, hyper-, and
hypocoagulability and hyperfibrinolysis, which can all be
detected by TEG/ROTEM. Management of haemostatic moni-
toring in general have shifted towards VHA testing with TEG/
ROTEM being increasingly popular. Furthermore, two recent
studies investigating haemostasis monitoring during burn
surgery using TEG/ROTEM (Table 1) [33,34] demonstrated
reduced transfusion requirement in both studies, emphasiz-
ing that TEG/ROTEM monitoring may be advantageous for
haemostatic monitoring of burn patients. This is in alignment
with the findings for other surgical procedures with complex
coagulopathies [21] and in alignment with a Cochrane review
concluding that blood product requirements and blood loss
were significantly reduced by implementation of TEG/ROTEM
in surgical patients [44].

The use of TEG/ROTEM as an addition to standard
laboratory tests has not been investigated [45]. For this reason,
it is difficult to examine the accuracy of VHA predictions of
conventional laboratory values of blood samples. A disadvan-
tage of TEG/ROTEM equipment may be its requirement for
regular calibration by trained personnel.

The implementation of standardized near point of care
haemostatic monitoring utilizing VHA’s together with on-
goinghaemostatic resuscitation may be a beneficial strategy in
these patients undergoing necrectomy.

The present review has several limitations: for practical
reasons, only studies published in English were reviewed which
may increase therisk of (language) bias. Also, only patients with a
TBSA of >20% were included. Importantly, in some studies,
patients with extensive burns who did not survive were excluded
from the studies, which maybias the outcome. Finally, the review
is based on a limited literature on intraoperative burn resuscita-
tion, which may heighten the risk of publication bias.

5. Conclusion

The haemostatic profile of burn patients is very heterogeneous
and changes remarkably from the time of burn injury to the
time of surgery. Although burn patients are hypercoagulable
shortly after admission and during recovery, coagulopathyisa
relevant concern during major burn surgery due to the
substantial blood loss and concomitant inflammation, hypo-
thermia, and haemodilution. There is absence of current
literature endorsing the practice of intra-operative hemostatic
monitoring during major burn surgery, and explicit national or
international guidelines or protocols on the topic are lacking.

There is evidence that TEG/ROTEM guided goal-directed
therapy during excision surgery may reduce or correct
coagulopathy, hereby reducing transfusion requirements.
This may be due to the ability of TEG/ROTEM to reveal both
hyper- and hypocoagulability, including hypofibrinogenemia
and hyperfibrinolysis, which may be relevant causes of
coagulopathy in burn patients.
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International guidelines describing how to resuscitate and
manage and monitor haemostatic therapy during necrectomy
of major burn patients are required, and a larger randomised
controlled trial on the subject is highly warranted.
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