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Background. Severely burnt patients are at an increased risk of
thromboembolic complications, hence sufficient prophylactic antico-
agulation is of paramount importance. Local guidelines at the Burns
Centre in the Queen Elizabeth Hospital, Birmingham therefore ad-
vise increasing the standard dose of low molecular weight heparin in
these patients. An audit was carried out to assess the current practice
in burns patients to ensure adequate anticoagulation and adherence
to guidelines.

Materials and methods. Retrospective data was collected on all
burns patients in the Burns Centre over a two-year period. The main
objectives were to assess:

« anticoagulation regimes prescribed to severe burns patients

» monitoring of Anti-Factor Xa levels

« adjustment of dosing based on the results

The locally produced trust guidelines were used as the compara-
tor.

Results. All burns patients were prescribed anticoagulation, but
often the dose was not increased as suggested in the guidelines. Al-
though most of the severely burnt patients were prescribed adjust-
ed higher doses of anti-coagulation, only 60% of these patients were
monitored with Anti-Factor Xa assays. Of these assays, 66% showed
sub-prophylactic levels. The majority of results led to the adjustment
of the dose of anticoagulant. However, often dose changes were made
late.

Discussion and conclusions. The audit confirmed the need for
increased doses of prophylactic anticoagulation in severe burns.
The better adherence to the guidelines can be achieved by additional
training and implementation of decision support via electronic pre-
scribing system.
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BACKGROUND

Burns injuries are still causing a major burden
on societies, leading to significant long-term
morbidity with relatively high mortality (1). In
spite of significant advances in health and safety,
the trends showing decreasing prevalence, at least
in the developed countries, are not consistent (2).
The most current WHO Guidelines on Burns Pre-
vention and Care indicate that mortality rates dif-
ter significantly from 11.6:100,000 population in
South East Asia to around 1:100,000 population
in Europe. Therefore burns injuries still constitute
major workload for trauma services. In the UK,
the most current analysis combining national da-
tabases TARNS and iBID, coming from trauma
centres indicates that burns contributed to up to
one in 20 severe traumas admitted in such cen-
tres with annual workload actually increasing (2).
Therefore there is a continuous need for further
advances in burns care.

In the UK, the median burn per total body sur-
face area is only around 1.5% (iBID), which consti-
tutes majority of patients (2). Other national data-
set from Germany and the USA quote 10-30% of
patients with burn injuries requiring admission to
burns centres, inclusive of provision of critical care
services, have significantly higher mortality and
involvement of resources (3-5). The critical care
of burns patients is multifactorial, taking into ac-
count the actual severity of acute burn, inhalation-
al involvement, concurrent trauma and underlying
medical problems, inclusive of frailty (5, 6). One of
the complications related to severe trauma caused
by burns is the hypercoagulable state (7). Although
most typically the hypercoagulable condition pre-
sents itself during recovery phase, it is not unusual
to encounter this in much early stages. The throm-
botic complications are responsible for more than
3% death of all deaths in burns population (7).
Therefore early establishment and monitoring of
adequate prophylactic anticoagulation in the man-
agement of burns is of paramount importance.
The data obtained from evaluation of burn services
in German-speaking countries strongly supports
usage of low molecular weight heparin, which leads
to the reduction of thrombotic events and even fur-
ther reduction in prevalence of heparin-induced
thrombocytopenia (HIT syndrome) compared to
the infusion of non-fractioned heparin (3).

Venous thromboembolism (VTE) prophy-
laxis strategies for the critically ill patients in-
clude the use of low-molecular-weight heparin
(LMWH), unfractionated heparin (UFH), or
a newer direct acting oral anticoagulant (DOAC).
Currently, DOAC use has no evidence in the crit-
ically ill population and therefore is beyond
the scope of this article.

LMWHs such as enoxaparin have more pre-
dictable pharmacokinetic properties, reduced
bleeding risk, and evidence of non-inferiority to
UFH in treatment of VTE (8).

NICE VTE guidelines (9) recommend LMWH
use in all critically ill patients where there are no
contraindications and suitable adjustments to be
made for renal dysfunction if required. However,
previous trials have shown inadequate Anti-Xa
response in critically unwell patients, including
those with acute burns (10, 11). The clinical im-
plication of this subtherapeutic response in terms
of VTE diagnoses is unclear (12).

Enoxaparin in non-critically ill patients has
a subcutaneous bioavailability of close to 100%
(13). In the severely ill burn patients the phar-
macokinetics of enoxaparin can be predicted to
change due to intravascular hypovolaemia from
fluid shifts, peripheral vasoconstriction, and ini-
tial augmented renal clearance (14). All of these
factors make dosing in this patient group more dif-
ficult to predict. Our unit protocol for severe burn
patients is therefore to give an increased dose of
thromboprophylaxis from admission: enoxaparin
40 mg twice daily. Although monitoring is not
routinely required for LMWH use, as described
previously, the predictability in burns patients is
not well established and therefore monitoring is
undertaken four hours post third dose to achieve
an Anti-factor Xa level of 0.1-0.3 IU/ml, which is
adequate for thromboprophylaxis.

Clinical governance is the framework used in
the UK by the NHS for continually improving
the quality of services to maintain a high level of
care (15). This is an umbrella term that encom-
passes factors including education, risk manage-
ment, research, and clinical audit (16). It must be
noted that there is a fundamental difference be-
tween research and audit. The former aims to find
out what care, based on the new evidence, should
be given in the first place. Audits, on the other
hand, play a central role in monitoring clinical
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practice by judging current care and highlighting
areas of improvement, which ensures that patient
treatment is optimised (17). Auditors measure
care against defined standards, mainly national or
local guidelines, to assess whether the set stand-
ards are being met in current clinical practice
(16). Audit is based upon a five-stage cycle; this
includes the identification of a problem, select-
ing criteria for audit review, measuring the level
of performance, making improvement and sus-
taining positive changes (18). Therefore audits are
part of a continuous quality improvement process,
and further re-auditing ensures that the initial re-
sults are acted upon.

Therefore we have carried out an audit on
the prophylactic anticoagulation of severe burns
patients at the Burns Centre at the Queen Eliz-
abeth (QE) Hospital, University Hospitals Bir-
mingham NHS FT. The aim was to assess whether
severely burnt patients were receiving the appro-
priate anticoagulation as per standard, and hence
to decrease the risk of burns patients suffering
from thromboembolic events. The comparator
used was the locally approved guidelines.

MATERIALS AND METHODS

The method was based on the five-stage audit cy-
cle (18). It was noted that there were inconsisten-
cies in the anticoagulation prescribed to patients
at the Burns Unit at the Queen Elizabeth Hospital,
Birmingham, making it beneficial to audit current
clinical practice.

The audit standards were the local trust guide-
lines at the Burns Centre located in the hospital.

These guidelines (19) advise that an increased
prophylactic dose of low-molecular-weight hepa-
rin should be given to severely burnt patients. Dur-
ing the time period of this audit, the LMWH used
in the QE Hospital was enoxaparin; it was there-
fore advised that severely burnt patients should
receive Enoxaparin sc 40 mg BD. The LMWH
given should be monitored with Anti-Factor Xa
assays. These should be taken after the third dose,
and this repeated weekly if no change in dosing.
If the dose changes, the previous sending pattern
should be followed until the prophylactic level is
achieved (19).

There were three key objectives under investi-
gation:

1. How are patients in critical care anti-coagu-
lated and does this follow the guidelines?

2. Is anticoagulation monitored in the correct
way according to the guidelines?

3. When Anti-factor Xa assays are taken, what
are the results of this monitoring and are dose ad-
justments made?

The audit cohort included all patients admit-
ted to the Burns Unit over a two-year period from
April 2015 to March 2017. Exclusion criteria in-
cluded death on the day of admission or pre-exist-
ing medical conditions affecting the anticoagula-
tion prescribed. Retrospective data was collected
for all of these patients from the QE Hospital elec-
tronic system, PICS. The audit was registered and
approved by University Hospitals Birmingham
NHS FT Clinical Audit Registration and Manage-
ment System (project number: CARMS-1392).

The cohort of patients was divided into groups
according to the burn severity, classified by
TBSA% burn. The group with the lower severity
of burns in this audit was defined as having 20%
or less TBSA burns and the higher severity group
had over 20% TBSA burns, with or without inha-
lational component. Birmingham Burns Centre
guidelines were written specifically with regard
to the latter group of burns patients, stipulating
the increased dose of anticoagulation and moni-
toring with Anti-Factor Xa assays.

Data was collected for each patient. This in-
cluded:

« Patient demographics

o Total body surface area (TBSA) burn per-
centage

« The initial dose of anticoagulation prescribed

o Whether Anti-Factor Xa assays were taken
and if so, when were these assays taken

o Results of Anti-Factor Xa assays

« Action taken following Anti-Factor Xa assays.

According to the guidelines (19), monitoring
should occur 4 hours after the third dose, hence if
patients were in critical care for less than 30 hours,
this would not have allowed sufficient time for Anti-
Factor Xa assays to be taken. Therefore, in the assess-
ment of whether monitoring occurred, further pa-
tients were excluded if they were not in critical care
for along enough period for this to have taken place.

The analysis of the data was carried out by
comparing the care that the patients received to
the standard, the trust guidelines.
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RESULTS

In total, there were 48 patients admitted to
the Burns Unit during the two-year study period
and hence initially included in this audit. Seven of
these patients were excluded due to either death
on the day of admission or pre-existing medi-
cal conditions affecting the anticoagulation pre-
scribed.

Of the remaining 41 patients included in this
audit, 17 of these had suffered severe burns of over
20%, with the remaining 24 patients with less se-
vere burns of TBSA burn of 20% or less. The study
population consisted of mostly male patients
(80%), with the mean age of the cohort being 46
years old (range 17-84). The majority of the burns
were dry burns (83%), whilst the remainder had
either chemical or electrical burns.

Every patient on admission to critical care was
initially commenced on enoxaparin but of differ-
ing doses. Out of the 17 patients with over 20%
TBSA burns, 11 of these were initially prescribed
enoxaparin sc 40 mg BD as advised in the guide-
lines, whereas six patients were not treated as ac-
cording to the guidelines and consequently only
received enoxaparin sc 40 mg OD.

Table 1. Patient demographics

In the group of patients with 20% or less TBSA
burn, one-third of the cohort received enoxaparin
sc 40 mg BD, with the remainder receiving enoxa-
parin sc 40mg OD. As this group is not classified
as severely burnt, the guidelines do not state that
these patients require the additional anticoagu-
lation, however, a large proportion still received
the increased dose.

Five patients from the severely burnt group
were excluded when assessing whether Anti-Fac-
tor Xa assays were taken, due to being in critical
care for less than 30 hours. Out of the 12 remain-
ing patients in this group, seven were monitored
with Anti-Factor Xa assays. In the group of pa-
tients with 20% or less TBSA burn, only 10% were
monitored with Anti-Factor Xa assays.

The Anti-Factor Xa assays showed a wide range
of results. In total, 12 patients were monitored. Of
these 12 patients, eight were found to have antico-
agulation levels below the prophylactic range, two
were above the prophylactic range, leaving only
two patients with levels of anticoagulation within
the required range.

It was found that out of the ten patients who
were receiving a suboptimal dose of anticoag-
ulation, half of them had dose adjustments made

Patients with 20% Patients with over 20%
TBSA burn or less TBSA burn
Number of patients 24 17
Mean (years) 50 41
Age when burnt
Range (years) 23-74 17-84
) Male 22 11
Number of patients of each sex
Female 2 6
Dry 19 15
Number of patients with each type of burn Chemical 3 1
Electrical 2 1
Table 2. Anticoagulation prescribed
Enoxaparin 40 mg OD Enoxaparin 40 mg BD
Over 20% TBSA burns 6 11
Less than 20% TBSA burns 16 8

Table 3. Results of Anti-Factor Xa assays

Sub-prophylactic

Within prophylactic range

Above prophylactic range

Number of patients 8

2 2
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Table 4. Action taken following Anti-Factor Xa assays

Dose adjustments within
24 hours

Dose adjustments after

No action taken
24 hours

Number of patients 5

4 1

within 24 hours. However, four of the patients’
anticoagulation doses were not adjusted for over
24 hours, with one patient waiting six days be-
fore dose adjustments were made leaving them in
a sub-prophylactic state for longer period of time.
Finally, there was one patient who assayed with
inappropriate anticoagulation levels but no action
was taken to change the dose.

DISCUSSION

Venous thromboembolism (VTE) is a leading
cause of morbidity, mortality, and prolonged hos-
pitalization for inpatients. Common to other hos-
pitalized patients, burn sufferers have an increased
risk of VTE due to immobilization, trauma, major
surgery, and indwelling vascular access devic-
es. Virchow’s triad describes the three elements
which contribute to thrombosis risk- hypercoagu-
lability, stasis of blood flow, and endothelial inju-
ry (20). In addition to the above risk factors burns
patients may exhibit altered coagulability. One
study from 2013 demonstrated that burn patients
have normal coagulation parameters on admis-
sion yet within one week of injury may become
hypercoagulable thereby increasing the VTE risk
throughout admission (20).

The pathophysiological changes that occur
as a result of burn injury may change the phar-
macokinetic parameters of drugs. Enoxaparin in
healthy subjects has a volume of distribution (Vd)
equivalent to plasma volume and is metabolized
to lower potency metabolites which are 40% renal
excreted (13). A loss in capillary wall integrity in
burns sufferers leads to early fluid (and electro-
lyte and protein) shifts into the interstitium, re-
sulting in the loss of circulating plasma volume,
tissue oedema, and reduced urine output (21).
This results in an increased volume of distribution
and reduced clearance of LMWH. After the acute
phase, burns patients become hyperdynamic with
increased cardiac output leading to enhanced he-
patic and renal clearance of some drugs. Finally,
altered peripheral perfusion and tissue oedema

may reduce the subcutaneous bioavailability of
enoxaparin. Anti-Factor Xa levels have previously
been shown to be subtherapeutic in this popula-
tion (11). All these factors necessitate dose adjust-
ment to avoid increased VTE events and dose ad-
justments have previously been shown to be safe
and efficacious (22).

This audit has revealed that over 60% of the An-
ti-Xa levels taken were sub-prophylactic despite
the guidelines suggesting dose increases and reg-
ular monitoring. Dose increases of 25% or greater
were required to achieve appropriate prophylactic
Anti Xa levels in some patients. Therefore even
regimes including adjusted thromboprophylaxis
doses on admission require ongoing monitoring
and dosage review due to the unpredictable phar-
macokinetic changes that may occur.

In our audit we have found inconsistences in
the dose of anticoagulation prescribed to burns
patients. This is supported by the findings that not
all severely burnt patients received a twice daily
dose of enoxaparin despite guideline recommen-
dations, with nearly half of patients not being
monitored with Anti-Factor Xa assays. Moreo-
ver, considering the majority of patients receiving
a double dose of LMWH were still inadequately
anti-coagulated according to the assay results, it
may suggests that those receiving only a once dai-
ly dose of anticoagulation will not be receiving ad-
equate anticoagulation. Amongst the patients in
the lower severity burns group, a third received
enoxaparin twice daily despite the increased dose
not being advised for this group. It is likely that
prescribers are either unaware of the existence of
the guidelines or are unsure of which burns pa-
tients to apply them to. Therefore clarification of
which patients should be receiving enoxaparin
twice daily instead of the standard once daily dose
would be beneficial. Such clarification will be in-
corporated into the next revision of the guide-
lines. Similarly, the importance of the increased
dose of anticoagulation in severely burnt patients
is now emphasized to all new doctors commenc-
ing their posts in critical care by new regular
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educational sessions and it is also included in ITU
handbook.

The audit outcomes have highlighted the need
for an increased awareness of the current guide-
lines amongst the staff at the Burns Centre, Bir-
mingham to both allow for a standardised method
of caring for burns patients, as well as minimiz-
ing the risk of burns patients suffering thrombo-
embolic events. This is in terms of emphasising
the importance of increased doses of enoxaparin
in severely burnt patients and the monitoring of
Anti-Factor Xa levels to ensure there is adequate
anticoagulation. Medications at the Queen Eliz-
abeth Hospital are prescribed using electronic
prescribing systems. Despite these systems be-
ing beneficial, the standard dose of anticoagula-
tion on the system is lower than what is advised
for severe burns patients, making it very easy for
doctors to automatically prescribe the lower dose.
Therefore it relies on doctors adjusting the dose of
LMWH from the standard dose, which is appro-
priate for most of inpatients. Addition of decision
support including standardized order sets to com-
puterized physician orders has been predicted to
reduce the average hospital length of stay by 10%
(23) as well as reducing adverse drug events by
up to 90% (24). A decision support tool ensuring
that prescribers are aware of the increased dose of
anticoagulation in severe burns, or a sophisticat-
ed system that suggested dose alternations based
on Anti Xa assay results, could be used improve
the consistency in VTE prophylaxis prescribing in
the future.

For these audit findings to be applied at a larger
scale, it would be worthwhile for the anticoagula-
tion practice in other burns centres internation-
ally to be audited in a similar way to ensure that
all severely burnt patients are receiving adequate
anticoagulation.

Already following this audit, the results have
been presented at a number of events to in-
crease knowledge of the outcomes. This has in-
cluded a presentation at Birmingham Universi-
ty Medical School, and more significantly, audit
results have been presented at a national Burns
Mortality and Morbidity meeting in the UK,
and at Baltanest, an international conference
of anaesthesiology, intensive care, and pain
management.

CONCLUSIONS

The audit of prophylactic anticoagulation in se-
vere burns confirmed the requirement of increased
dosage of low-molecular-weight heparin in this
population. The monitoring of the effectiveness of
such treatment could be achieved by measuring
Anti-Factor Xa level activity. The better adherence
to the guidelines can be achieved by additional
training and implementation of decision support
via electronic prescribing system. Further stud-
ies are warranted to establish the most appropri-
ate clinical approach to the hypercoagulable state
encountered in severe burns treated in critical
care.
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PROFILAKTINE ANTIKOAGULIACIJA
PO SUNKIU NUDEGIMU INTENSYVIOS
PRIEZIUROS SALYGOMIS

Santrauka

Ivadas. Pacientams, patyrusiems sunkiy nudegimy,
yra padidéjusi tromboemboliniy komplikacijy rizika,
todél ypa¢ svarbus profilaktinis antikoaguliavimas.
Birmingemo Karalienés Elzbietos ligoninés Nudegimy
centro vietinés rekomendacijos $iems pacientams siii-
lo padidinti standartinés mazos molekulinés masés
heparino doze. Buvo atliktas tyrimas siekiant jvertinti
dabartine praktikg dél pacienty, patyrusiy nudegimy,
gydymo, siekiant uztikrinti tinkama antikoaguliacija ir
rekomendacijy laikymasi.

Medziagos ir metodai. Dvejus metus buvo ren-
kami retrospektyviis duomenys apie visus Nudegimy
centro pacientus, patyrusius nudegimy. Pagrindiniai
tyrimo tikslai buvo jvertinti: pacientams skiriamg an-

tikoaguliacija, Xa faktoriaus lygiy stebéjima, dozavimo
reguliavimg pagal gydymo rezultatus.

Rezultatai. Visiems pacientams, patyrusiems nu-
degimy, buvo skirta antikoaguliacija, tac¢iau daznai
dozé nebuvo padidinta, kaip nurodyta rekomenda-
cijose. Nors daugeliui nudegimy patyrusiy pacienty
buvo nustatytos koreguotos didesnés antikoaguliacijos
dozés, tik 60 % $iy pacienty buvo stebimi pasitelkiant
antifaktoriaus Xa tyrimus. 66 % $iy tyrimy parodé, kad
jie buvo profilaktiniai. Dauguma rezultaty paskatino
koreguoti antikoagulianto dozes. Taciau daznai dozés
keitimas buvo pavéluotas.

Diskusija ir i$vados. Tyrimo rezultatai patvirtino,
kad sunkiy nudegimy gydymui reikia didesnés profilak-
tinés antikoaguliacijos dozés. Efektyvesnj rekomendacijy
laikymasi galima pasiekti skiriant papildomg finansavima
ir keiciant tvarka dél elektroninés recepty sistemos.

Raktazodziai: antikoaguliacija, tromboprofilakti-
ka, nudegimai, intensyvi priezitra, heparinas, terminé

trauma



