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Blood pressure in trauma resuscitation: ‘pop the clot’ vs. ‘drain

the brain’?

Introduction
In this issue of Anaesthesia, Nevin
and Brohi [1] eloquently discuss the

This editorial accompanies an editorial by
Nevin and Brohi, Anaesthesia 2017; 72:
1443-48.
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role of permissive hypotension in the
management of the actively bleeding
trauma patient. Since the advent of
major trauma centres in the UK,
there has been widespread adoption
of permissive hypotension as part of
‘damage control resuscitation’ in the

immediate management of haemor-
rhage secondary to trauma. As the
authors themselves note, this is a
contentious area with many uncer-
tainties and, as a neuro-anaesthetist,
I feel that it is important to consider
limited

the potential risks and
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when applied to all trauma patients,
but especially in the context of trau-
matic brain injury (TBI).

Analysis of the Trauma Audit
and Research Network (TARN)
database has shown that over 25%

ated Injury Score > 3) [2], and brain
injury remains the commonest cause
of death after trauma. In a review of
69,499 trauma patients with an
injury severity score (ISS) > 9, the
overall mortality rate was 19%, of
which 68% had
injury, but interestingly only 9% had

suffered brain

received massive transfusion [3].

be similarly conflicted [4].
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physiological parameters are of lim-
ited diagnostic value in assessing
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major haemorrhage or TBI i

severely injured trauma patients [5].

These difficulties are compounded
by the fact that 45% of UK patients
with TBI are intoxicated with alco-
hol, making the early pre-imaging,
exclusion of significant brain injury
challenging [6].

Other
have also supported the use of per-

consensus  guidelines
missive hypotension. The pan-Eur-
opean, multidisciplinary Task Force
for Advanced Bleeding Care in
Trauma updated their guidelines for
the management of major bleeding
after trauma, and suggested a target
systolic blood pressure (SBP) of 80—
90 mmHg until haemorrhage con-
trol [7]. This was, however, a grade
1C recommendation (strong recom-
mendation, based on low-quality or
very low-quality evidence) and was
limited to patients without TBI; in
patients with a Glasgow Coma Scale
(GCS) < 8, the target was revised to
a mean arterial pressure > 80
mmHg (also graded 1C).

Given the paucity of high-qual-
ity evidence supporting the use of
permissive hypotension in trauma,
there are several assumptions which
I feel should be considered before
instituting its use into routine clini-

cal management.

Permissive hypotension
reduces mortality
following trauma

© 2017 The Association of Anaesthetists of Great Britain and Ireland

Only three of the included studies
were relevant to permissive hypoten-
sion in the management of traumatic
haemorrhage, and two further rele-
vant studies have been published
subsequently ~ (summarised  in
Table 1). The majority of studies
had TBI as an exclusion criterion
and only the study by Bickell et al.
[9] was able to demonstrate a reduc-
tion in mortality with the use of per-
missive hypotension. This study,
however, has a number of significant
(10],
immortal time bias; when this is cor-

weaknesses most notably
rected for, there is no difference in
survival rates for patients managed
with permissive hypotension com-
pared with liberal fluid administra-
tion [11].

It is often argued that the phys-
iological rationale for permissive
hypotension has been established in
animal models of haemorrhage.
However, systematic reviews of ani-
mal studies have noted a large
degree of heterogeneity between
studies and inadequate allotment
concealment [12, 13]. This is pri-
marily due to the model used in
animal studies of uncontrolled
haemorrhage. With severe bleeding
(induced by aortic injury or > 50%
of rat tail removal), fluid resuscita-
tion decreases animal mortality.
However, with injury to non-aortic
<50% rat tail
removal, fluid resuscitation increases
death rates [12]. Given the limita-
tions of the models used, this would

imply that, if permissive hypotension

vasculature or

does indeed have any beneficial
effects, these are likely to be depen-
dent on exactly what type of injury is
received, namely a very specific type
of penetrating trauma. So while it
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may be possible to extrapolate this to
a single penetrating entry (such as a
knife wound), given that the vast
majority of the UK trauma is multi-
system and blunt in nature (pene-
trating trauma accounting for < 3%
of cases [14]), it is difficult to suggest
that this should be applied to every
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Although first described during the

ruptured

to minimise active bleeding became
management  of

established in the 1990s as part of

the
abdominal aortic aneurysms. [Hig

First World War [15], the use of
permissive hypotension as a strategy
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geon, who reflected on his manage-
of 87 cases

to reflect on how this theory was
developed. It was first described in
an editorial by a US vascular sur-

ment

of ruptured

abdominal aortic aneurysms over a

\O
—
—
[
]
=
<
S
=
g
_V/
o
o

KA
e=)
9}
o}
o
=]
—

dowm unsejdoquionyy rented pajeanode 11y own urquoryoid ‘14
o1nssaxd pooyq o103s£s ‘ggS S[[0 poo[q pax payded HYd ‘Oner sppo YO @mssaid [eryre uedw ‘JYIN 91005 AJ119Ads Amfur ‘ST snousaenur “AT ‘ewse[d udszoiy ysaxy ‘dig

juaned ueyy Jayied dipsweled
bunyeasy Aq uonesiwopuey

'SpINj} "A’1 paA1ddal sdnoib

UOI11e1IDSNSDI d1eIPaWWI

9y} ul spuaned Jo %6 0€ Aluo
'1030304d yum 2dueldwod J100d

ON

sdnoub
Y30q Ul dUspUI Je[lwis
(paulyap 1ou) Ayredojnbeod

[ev] “1e 1@ s2uin)

Apnis
211uad-9|buls !seiq Ayjelowwi
oam Jo Aep Aq uonesiwopuey

(Jw 008l ~)
D¥d YuM UdAIB (Jw 00€ ~) ddd
dnoub uolyeydsnsal
Q1eIpawwl ul Jaybiy
11dV/1d uoissiwpy ‘sdnoib
y30Q Ul 9dUapIdU Je[lWIS
(paulap 10u) Ayredojnbeo)

[6] "le 1@ |I9d1g

S9SSaUd eI\

pasn sio1de)
uone|nbeod

painseaw
uonenbeo)

(panuuod) 1 91qel,

1451

© 2017 The Association of Anaesthetists of Great Britain and Ireland


Niklas Jonsson


Niklas Jonsson


Niklas Jonsson



Anaesthesia 2017, 72, 1435-1455

Editorial

abdominal aorticaneurysms |17

Permissive hypotension is widely

employed by military medical teams
[18] and the dramatic improve-
ments in survival of combat-injured
soldiers over the past 15 years [19]
has been used to support its imple-
mentation into civilian practice.
However, it is vital that the differ-
ences between civilian and combat
injuries are recognised, as these
may limit the extrapolation of the
care paradigms. Compared with
civilian trauma patients, soldiers
have a higher incidence of penetrat-
ing trauma, are of younger age
(mean 25 years) with no significant
medical comorbidities, and have a
lower incidence of head/brain injury
(8-10%) [19, 20]. In addition, the
pre-hospital care provided by medi-
cal emergency retrieval teams
(MERT) is also dramatically differ-
ent from that seen in the civilian

environment.

Permissive hypotension is
appropriate for UK

trauma patients admitted
to a major trauma centre
The other difficulty in comparing
fluid management strategies in the
bleeding trauma patient is that
many are now several years old,
and the historical ‘standard’ trauma
haemorrhage techniques are not
reflective of contemporary treat-
ment protocols. Advanced Trauma
Life Support (ATLS) recommenda-
tions have been criticised for failing
to keep pace with developments in
management techniques [21], and

1452

the proponents of permissive
hypotension often suggest that the
only alternative strategy is the lib-
eral administration of large volumes
of intravenous crystalloid. This is
clearly not the solution, as several
observational studies have demon-
strated increased mortality with
aggressive fluid administration [22].
This is, in part, likely to be due to
an increased incidence of complica-
tions, especially dilutional coagu-
lopathy, hypothermia and acute
lung injury. This type of manage-
ment was typical in the control
groups of the studies investigating
permissive hypotension, with often
more than 2000 ml of crystalloid
administered (Table 1).

this is does not reflect current prac-

However,

tice with packed red cells given in
combination with fresh frozen
plasma, platelet concentrate and fib-
rinogen [23, 24]. The use of a
major trauma transfusion pack will
typically result in the administration
of around 2000 ml fluid (4 units
packed red cells, 4 units fresh fro-
zen plasma, 1 unit of platelets, 1
adult

which may well produce an increase

dose of cryoprecipitate),
in blood pressure; thus, it may be
that permissive hypotension is ben-
eficial, not because of avoidance of
blood pressure normalisation, but
rather that it avoids the liberal use
of crystalloid solutions. In addition,
none of the studies described in
Table 1 reported the use of tranex-
amic acid, which is now considered
standard practice [25, 26].

A further complication of liberal
intravenous fluid use in older studies
was the associated delay in definitive
haemorrhage control in the operat-
ing theatre, due to extended attempts

at fluid resuscitation. In the study by
Bickell et al, management in the
emergency department until the
transfer to the operating theatre was
prolonged by current standards, with
a mean time of 45-50 min, with
large standard deviations [9]. In the
study by Dutton et al., haemorrhage
control was achieved after 2.5-3 h
[27] and in the Screiber et al. paper,
over 75% of patients had a combined
on-scene and transfer time in excess
of 30 min [28]. Only in the more
contemporary study by Carrick et al.
[29], was the time of treatment in
line with current best practice (mean
time from arrival to hospital to start-
ing surgery 20 min), and no mortal-
ity benefit was demonstrated with
the use of permissive hypotension.

Short periods of low
cerebral perfusion
pressure are well
tolerated by trauma
patients

(301,

[31]. It is important to note
that this does not tell the whole story,
as death is not necessarily the worst
possible outcome with TBI, with poor
neurological recovery often judged as

© 2017 The Association of Anaesthetists of Great Britain and Ireland
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being even less desirable. In light of
this, it is of note that a small, retrospec-
tive study suggested that duration of
hypotension  (SBP < 120 mmHg)
within the first 48 h of admission with
severe TBI was predictive of neurologi-
cal outcome at 1 year [32].

The situation is complicated fur-
ther by the changing demographics
of trauma patients. The most com-
mon trauma patient in the England
and Wales is now an older female
who has suffered a fall from less than
2 m [33]. Mortality rates following
trauma in patients aged
70 years are 200-300% higher than
those

over

under 60 years of age,
although it is unclear what propor-
tion of these are directly attributable
to the initial traumatic injury [33].
The efficacy and safety of permissive
hypotension in older patients with
medical comorbidities (especially
hypertension, ischaemic heart and
cerebrovascular disease) has not been
investigated, as this population has
largely been excluded from the rele-
vant research studies (Table 1); as
such, perhaps a different treatment
paradigm is needed, as trauma in the
older patient may represent a distinct
disease compared  with
[34, 35]. Thus,

applying  guidelines

process
younger patients
than
broadly to all trauma patients, it may

rather

be better to focus future efforts on
how to best individualise treatment
goals and strategies.

If permissive hypotension
isn’t the answer, then
what is?

Given the paucity of available evi-
dence, hypotension in the trauma
patient cannot be considered a
treatment strategy or physiological

target; there appears to be little evi-
dence of a mortality benefit with its
use and it potentially places the
injured brain at risk. Traumatic
brain injury is far more common
than penetrating trauma in the UK
population, and I would suggest
that treatment strategies should take
this into account, especially as
exclusion of TBI is very challenging
in the early stages of trauma man-

I o
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My concern is that permissive
hypotension is viewed by some
clinicians as a management strat-
egy, rather than a sign of critical

for aggressive management and
should be ‘permitted” for as short a
time as possible. However, this
does not mean a return to the use
of liberal crystalloid solutions and
delay in achieving definitive haem-
The

components of ‘haemostatic resus-

orrhage control. remaining
citation’ [25] should be aggressively
pursued: normalisation of coagula-

tion with relevant clotting factors;

© 2017 The Association of Anaesthetists of Great Britain and Ireland

avoidance/treatment of hypother-
mia, hypocalcaemia, and acidaemia;
and rapid movement to definitive
haemorrhage control in the operat-
ing theatre or interventional radiol-
This
tandem with the maintenance of

ogy suite. can occur in
an adequate, individualised cerebral
perfusion pressure, taking into
account factors such as age, medi-
cal comorbidities and type and
severity of associated injuries. The
challenge for future research stud-
ies is to determine how this can be
achieved. Low-volume resuscitation
with hypertonic solutions would
appear to be a potential solution,
but has not been shown improve
mortality when administered in the
pre-hospital setting to non-brain

injured trauma patients [37]. [H@
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[40].
Within the context of UK trauma
management, if significant TBI can-

not be reliably excluded, attempts
should be made to achieve adequate
cerebral perfusion pressure using
judicious, small volume boluses of
fluid (either crystalloid or packed red
cells) and/or vasopressor therapy, in
conjunction with the other elements
of haemostatic resuscitation (coagula-
tion factors and tranexamic acid),
while rapidly transporting the patient
for computed tomographic (CT) ima-
ging and definitive haemorrhage con-
trol in theatre or radiology. This
would be in line with recent recom-
mendations of a bundle of care for

resuscitation of the shocked patient
with TBI [41].

Acknowledgements
MW is an Editor of Anaesthesia
and a council member of the Neuro

Anaesthesia and Critical Care Soci-
ety of Great Britain and Ireland.

M. D. Wiles

Consultant, Department of
Anaesthesia,

Sheffield Teaching Hospital NHS
Foundation Trust,

Sheffield,

UK

Email: matthew.wiles@sth.nhs.uk

Keywords: haemorrhage; permissive
hypotension; shock; trauma; trau-
matic brain injury

References

1. Nevin DG, Brohi K. Permissive hypoten-
sion for active haemorrhage in trauma.
Anaesthesia 2017; 72. 1443-48.

2. Hasler RM, Nuesch E, Juni P, Bouamra
0, Exadaktylos AK, Lecky F. Systolic
blood pressure below 110 mmHg is
associated with increased mortality in
blunt major trauma patients: multicen-
tre cohort study. Resuscitation 2011;
82: 1202-7.

3. Lefering R, Paffrath T, Bouamra O, et al.
Epidemiology of in-hospital trauma
deaths. European Journal of Trauma
and Emergency Surgery 2012; 38: 3-9.

4. National Institute for Health and Care
Excellence. Major trauma: assessment
and initial management. London: NICE,
2016.

5. Llecky F Woodford M, Edwards A,
Bouamra O, Coats T. Trauma scoring
systems and databases. British Journal
of Anaesthesia 2014; 113: 286-94.

6. Harrison D, Prabhu G, Grieve R, et al.
Risk adjustment in neurocritical care
(RAIN)-prospective validation of risk
prediction models for adult patients
with acute traumatic brain injury to
use to evaluate the optimum location
and comparative costs of neurocritical
care: a cohort study. Health Technology
Assessment 2013; 17: 1-350.

7. Rossaint R, Bouillon B, Cerny V, et al.
The European quideline on manage-
ment of major bleeding and coagu-
lopathy  following trauma: fourth
edition. Critical Care 2016; 20: 100.

8. Kwan I, Bunn F, Chinnock P. Roberts I.
Timing and  volume of fluid
administration ~ for  patients  with
bleeding. Cochrane Library 2014; 3:
CD002245.

9. Bickell WH, wall M, Pepe PE, et al.
Immediate versus delayed fluid resus-
citation for hypotensive patients with
penetrating torso Injuries. New Eng-
land Journal of Medicine 1994; 331:
1105-9.

10. Wiles MD. Blood pressure management
in trauma: from feast to famine?
Anaesthesia 2013; 68: 445-9.

11. Siegel ). Immediate versus delayed
fluid resuscitation in patients with
trauma. New England Journal of Medi-
cine 1995; 332: 681-3.

12. Mapstone J, Roberts I, Evans P. Fluid
resuscitation strategies: a systematic

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

review of animal trials. journal of
Trauma and Acute Care Surgery 2003;
55: 571-89.

Roberts 1, Kwan I, Evans P, Haig S.
Does animal experimentation inform
human healthcare? Observations from
a systematic review of international
animal experiments on fluid resuscita-
tion. British Medical Journal 2002;
324: 474-6.

Whittaker G, Norton J, Densley J, Bew
D. Epidemiology of penetrating injuries
in the United Kingdom: a systematic
review. International Journal of Surgery
2017; 41: 65-9.

Canon W, Fraser J, Cowell E. The pre-
ventative treatment of wound shock.
Journal of the American Medical Asso-
ciation 1918; 70: 618-21.

Crawford ES. Ruptured abdominal aor-
tic aneurysm. Journal of Vascular Sur-
gery 1991; 13: 348-50.

Moreno DH, Cacione DG, Baptista-Silva
JC. Controlled hypotension versus nor-
motensive resuscitation strategy for
people with ruptured abdominal aortic
aneurysm. Cochrane Database System-
atic Reviews 2016; 5: (D011664.

Davis BL, Martin MJ, Schreiber M. Mili-
tary resuscitation: lessons from recent
battlefield experience. Current Trauma
Reports 2017; 3: 156-63.

Penn-Barwell )G, Roberts SA, Midwin-
ter MJ, Bishop JR. Improved survival in
UK combat casualties from Iraq and
Afghanistan: 2003-2012. Journal of
Trauma and Acute Care Surgery 2015;
78: 1014-20.

Schoenfeld AJ, Dunn JC, Bader JO, Bel-
mont PJ Jr. The nature and extent of
war injuries sustained by combat spe-
cialty personnel killed and wounded in
Afghanistan and Iraq, 2003-2011. Jour-
nal of Trauma and Acute Care Surgery
2013; 75: 287-91.

Wiles MD. ATLS: archaic trauma life
support? Anaesthesia 2015; 70: 893-7.
Wang C-H, Hsieh W-H, Chou H-C, et al.
Liberal versus restricted fluid resuscita-
tion strategies in trauma patients: a
systematic review and meta-analysis
of randomized controlled trials and
observational studies. Critical Care
Medicine 2014; 42: 954-61.

Dutton RP. Management of traumatic
haemorrhage — the US perspective.
Anaesthesia 2015; 70: 108-e38.
Schochl H, Voelckel W, Schlimp (.
Management of traumatic haemor-
rhage — the European perspective.
Anaesthesia 2015; 70: 102—e37.

Klein AA, Arnold P, Bingham RM, et al.
AAGBI guidelines: the use of blood

© 2017 The Association of Anaesthetists of Great Britain and Ireland


Niklas Jonsson


Niklas Jonsson



Editorial Anaesthesia 2017, 72, 1435-1455
components and their alternatives. 31. Berry C, Lley E), Bukur M, etal 38. Cossu AP, Mura P, De Giudici LM, et al.
Anaesthesia 2016; 71: 829-42. Redefining hypotension in traumatic Vasopressin in hemorrhagic shock: a

26. Stein P, Kaserer A, Sprengel K, et al. brain injury. Injury 2012; 43: 1833-7. systematic review and meta-analysis
Change of transfusion and treatment 32. Brenner M, Stein DM, Hu PF, Aarabi B, of randomized animal trials. Biomed
paradigm in major trauma patients. Sheth K, Scalea TM. Traditional systolic Research International 2014; 2014: 9.
Anaesthesia 2017; 72. 1317-26. blood pressure targets underestimate 39. Plurad DS, Talving P, Lam L, Inaba K,

27. Dutton RP, Mackenzie CF, Scalea TM. hypotension-induced secondary brain Green D, Demetriades D. Early vaso-
Hypotensive resuscitation during injury. Journal of Trauma and Acute pressor use in critical injury is associ-
active hemorrhage: impact on in-hos- Care Surgery 2012; 72: 1135-9. ated with mortality independent from
pital mortality. Journal of Trauma 33. Banerjee )., Baxter M., Coats T. et al. volume status. Journal of Trauma and
and Acute Care Surgery 2002; 52: Major Trauma in Older People. Report. Acute Care Surgery 2011; 71: 565-72.
1141-6. Manchester: The Trauma Audlt & 40. Marik PE, Baram M, Vahid B. Does cen-

28. Schreiber MA, Meier EN, Tisherman SA, Research Network, 2017. tral venous pressure predict fluid
et al. A controlled resuscitation strat- 34. Griffiths R, Surendra Kumar D. Major responsiveness? A systematic review
egy is feasible and safe in hypotensive trauma in older people: implications for of the literature and the tale of seven
trauma patients: results of a prospec- anaesthesia and intensive care medi- mares. Chest 2008; 134: 172-8.
tive randomized pilot trial. Journal of cine. Anaesthesia 2017; 72: 1302-5. 41. Shafi S, Collinsworth AW, Richter KM,
Trauma and Acute Care Surgery 2015; 35. Coats T). Lecky F ‘Major trauma’: now et al. Bundles of care for resuscitation
78: 687-97. two separate diseases? Emergency from hemorrhagic shock and severe

29. Carrick MM, Morrison CA, Tapia NM, Medicine Journal 2017; 34: 494. brain injury in trauma patients—trans-
et al. Intraoperative hypotensive resus- 36. Galvagno SM Jr, Fox EE, Appana SN, lating knowledge into practice. journal
citation for patients undergoing laparo- et al. Outcomes following concomitant of Trauma and Acute Care Surgery
tomy or thoracotomy for trauma: early traumatic brain injury and hemorrhagic 2016; 81: 780-94.
termination of a randomized prospec- shock: a secondary analysis from the 42. Turner J, Nicholl J, Webber L, Cox H,
tive clinical trial. Journal of Trauma PROPPR trial. journal of Trauma and Dixon S, Yates D. A randomised con-
and Acute Care Surgery 2016; 80: Acute Care Surgery 2017. https://doi. trolled trial of prehospital intravenous
886-96. org/10.1097/ta.0000000000001584. fluid replacement therapy in serious

30. Bragge P, Synnot A, Maas Al, et al. A 37. De Crescenzo C, Gorouhi F, Salcedo ES, trauma. Health Technology Assessment

state-of-the-science overview of ran-
domized controlled trials evaluating
acute  management of moderate-
to-severe  traumatic  brain injury.
Journal of Neurotrauma 2016; 33:
1461-78.

Galante JM. Prehospital hypertonic
fluid resuscitation for trauma patients:
3 systematic review and meta-analy-
sis. Journal of Trauma and Acute Care
Surgery 2017; 82: 956-62.

© 2017 The Association of Anaesthetists of Great Britain and Ireland

2000; 4: 1.

doi:10.1111/anae. 14042

1455


https://doi.org/10.1097/ta.0000000000001584
https://doi.org/10.1097/ta.0000000000001584



