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Abstract
Achieving a balance between organ perfusion and hemostasis is critical for optimal fluid resuscitation in patients with
severe trauma. The concept of “permissive hypotension” refers to managing trauma patients by restricting the amount of
resuscitation fluid and maintaining blood pressure in the lower than normal range if there is continuing bleeding during
the acute period of injury. This treatment approach may avoid the adverse effects of early, high-dose fluid resuscitation,
such as dilutional coagulopathy and acceleration of hemorrhage, but does carry the potential risk of tissue hypoperfusion.
Current clinical guidelines recommend the use of permissive hypotension and controlled resuscitation. However, it is not
mentioned which subjects would receive most benefit from this approach, when considering factors such as age, injury
mechanism, setting, or the presence or absence of hypotension. Recently, two randomized clinical trials examined the
efficacy of titrating blood pressure in younger patients with shock secondary to either penetrating or blunt injury; in both
trials, overall mortality was not improved. Another two major clinical trials suggest that controlled resuscitation may be
safe in patients with blunt injury in the pre-hospital setting and possibly lead to improved outcomes, especially in
patients with pre-hospital hypotension. Some animal studies suggest that hypotensive resuscitation may improve
outcomes in subjects with penetrating injury where bleeding occurs from only one site. On the other hand, hypotensive
resuscitation in blunt trauma may worsen outcomes due to tissue hypoperfusion. The influence of these approaches on
coagulation has not been sufficiently examined, even in animal studies. The effectiveness of permissive hypotension/
hypotensive resuscitation and restricted/controlled resuscitation is still inconclusive, even when examining systematic
reviews and meta-analyses. Further investigation is needed to elucidate the effectiveness of these approaches, so as to
develop improved treatment strategies which take into account coagulopathy in the pathophysiology of trauma.
Keywords: Controlled resuscitation, Delayed resuscitation, Hypotensive resuscitation, Permissive hypotension, Restricted
resuscitation, Shock, Trauma, Trauma-induced coagulopathy

Background
General concept of permissive hypotension and damagecontrol resuscitation

Traditionally, the concept of “early and aggressive” fluid
administration has been applied to patients with severe
trauma, in order to restore circulating blood volume and
maintain tissue perfusion. However, this treatment
approach may increase hydrostatic pressure in injured
vessels, dislodge hemostatic blood clots [1, 2], induce
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dilutional coagulopathy [3, 4], and result in hypothermia
[5]. The concept of “permissive hypotension” refers to
managing trauma patients by restricting the amount of
fluid resuscitation administered while maintaining blood
pressure in the lower than normal range if there is still
active bleeding during the acute period of injury [6, 7].
Although this treatment approach may avoid the adverse
effects of early and high-dose fluid resuscitation, it
carries the potential risk of tissue hypoperfusion.
“Permissive hypotension” is included in the overarching
concept of “damage-control resuscitation.” The concept
of damage-control resuscitation has been developed with
the aim of providing optimal fluid resuscitation and
transfusion to patients with hemorrhagic shock secondary
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to severe trauma [8–10]. The main principles are permissive hypotension/hypotensive resuscitation, rapid and definitive/surgical control of bleeding, and the prevention/
treatment of hypothermia, acidosis, and hypocalcemia
(Fig. 1). The goal of damage-control resuscitation is
to minimize iatrogenic resuscitation injury, to prevent
worsening of initial traumatic shock, and to obtain definitive hemostasis.
Attention should be brought to the fact that there
are several similar-sounding terms included in the
concept, such as “permissive hypotension/hypotensive
resuscitation,” “restricted/controlled resuscitation,” and
“delayed resuscitation” (Table 1). “Permissive hypotension/
hypotensive resuscitation” implies the titration and control
of blood pressure. “Restricted/controlled” resuscitation
refers to the volume of fluid administered. “Early” or
“delayed” resuscitation indicates the timing of resuscitation. In most studies, “early” implies initiating fluid
resuscitation in the pre-hospital setting, while “delayed” is taken to mean starting fluid resuscitation
after admission to hospital.
Neither permissive hypotension/hypotensive resuscitation nor restricted/controlled resuscitation may be
indicated in patients with traumatic brain injury (TBI)
and/or spinal injury [11]. This is because resuscitation
to maintain adequate perfusion is essential to ensure
tissue oxygenation of the injured central nervous
system and avoid secondary injury [8, 12, 13]. Most
studies of permissive hypotension have excluded
subjects with TBI and spinal injury, in both animal
and clinical investigations. The current review will
not consider TBI or spinal injury.
History of permissive hypotension

Cannon et al. first described the use of permissive
hypotension in patients with severe trauma in 1918 [14].
It has been shown that fluid resuscitation before

Fig. 1 Main principles of damage-control resuscitation
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achievement of hemostasis in injured patients may be
harmful. It was originally supposed that target systolic
blood pressure (SBP) prior to hemostasis should be
maintained between 70 and 80 mmHg. However, based
on animal studies in the 1950s and 1960s, major
textbooks recommended early and aggressive resuscitation [15–17]. However, other studies from the 1960s had
demonstrated that aggressive fluid resuscitation may
in fact be detrimental in subjects with uncontrolled
hemorrhage [18–22].
Bickel et al. conducted a prospective trial and reported that delaying aggressive fluid resuscitation
until operative intervention improves outcomes in
hypotensive patients with penetrating torso injury
[23]. This prospective, controlled trial included 598
adults with penetrating torso injuries who presented
with a pre-hospital SBP <90 mmHg. They compared
delayed fluid resuscitation (started in the operating
room) with immediate fluid resuscitation (initiated by
paramedics in pre-hospital settings). The survival rate
at discharge from the hospital was higher in patients
who received delayed fluid resuscitation compared to
those who received immediate fluid resuscitation. This
study strongly suggested the effectiveness of restricted
and delayed fluid resuscitation in patients with severe
penetrating trauma, although it did not evaluate the
efficacy of titrating blood pressure control.
Another two trials focused on the timing and administration of fluid started in pre-hospital settings or
in-hospital in patients with blunt trauma including
traumatic brain injury [24, 25]. Of the two trials, one
observational study showed that the use of on-site
intravenous fluid replacement was associated with an
increased risk of mortality [24]. In another randomized,
controlled study, no significant difference in survival was
found, but this study was limited by a high protocol
violation rate [25].
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Table 1 Interventions to patients in each type of resuscitation
strategy
Type of resuscitation
strategy

Interventions to
patients

Major clinical
trials focusing
on the concepts

Permissive hypotension, To titrate and control
Hypotensive
the blood pressure
resuscitation
less than normal range

Dutton et al. 2002,
Morrison et al. 2011

Restricted resuscitation, To limit the volume of
Controlled resuscitation fluid to be administered

Brown et al. 2013,
Schreiber et al. 2015

Delayed resuscitation

To restrict the fluid
Bickel et al. 1994,
resuscitation until
Sampalis et al. 1997,
admission to the hospital Turner et al. 2000
(Early resuscitation
is opposite term that
means to initiate
fluid resuscitation from
pre-hospital setting)

Clinical evidence and experimental findings of permissive
hypotension

Several researchers have reported the effectiveness of
permissive hypotension in clinical and experimental
studies. In those studies, target values of blood pressure
were various, and systolic or mean arterial pressure was
defined as target blood pressure.
Clinical trials for targeting and controlling blood pressure

Dutton et al. compared targeting of blood pressure
values within normal ranges to below normal ranges in
patients with severe trauma for the first time [26]
(Table 2). Patients were eligible for inclusion if they had
evidence of ongoing hemorrhage and had a SBP
<90 mmHg recorded at least once within the first hour
after injury. Eligible patients were randomized to two
groups: fluid (crystalloid and blood products) administration titrated to either a conventional SBP >100 mmHg
or a low SBP of 70 mmHg until definitive hemostasis
was achieved. The survival rate did not differ in either
group (each being 92.7%). This randomized controlled
trial (RCT) thus showed that titration of initial fluid
therapy to maintain a lower than normal SBP during
active hemorrhage did not affect mortality. In this study,
almost half of the subjects were injured by blunt trauma
(49%) and the origin of hemorrhage was not only from
chest and abdominal trauma but also included various
other sites such as the retroperitoneum and lower limbs.
Patients with central nervous system injury were
excluded. The mean age of the subjects was 31, after
excluding patients older than 55. Patients with preexisting diabetes mellitus or coronary artery disease were
also excluded. Based on the limitations of the study, the
authors recommended that further investigation in this
area should focus on specific patient populations most
likely to benefit from deliberate hypotensive resuscitation. Coagulation was also not evaluated in this study.

Morrison et al. conducted a RCT determining the efficacy of hypotensive resuscitation [27] (Table 2). Target
blood pressure was measured as mean arterial blood
pressure (MAP). Patients undergoing emergency laparotomy and thoracotomy for blunt and penetrating trauma,
who had had at least one in-hospital documented SBP
≤90 mmHg, were included in the study. Randomization
occurred on arrival to the operating room, and the patients were treated as per standard of care. Crystalloid,
colloid, and blood products were administered in fluid
resuscitation. Patients assigned to receive a lower, 50mmHg MAP target (defined as the LMAP group)
received fewer blood products during intraoperative
resuscitation than those assigned to receive a higher, 65mmHg MAP target (defined as the HMAP group). The
primary outcome was 30-day mortality and did not differ
between the groups, although mortality in the early postoperative period was decreased in the LMAP group.
Patients in the LMAP group were also less likely to
develop immediate postoperative coagulopathy, as evaluated by partial thromboplastin time (PTT), prothrombin
time (PT), and international normalized ratio (INR).
This study showed that hypotensive resuscitation was a
safe strategy in trauma patients, reduced the total
amount of fluid and blood products used, and was associated with decreased postoperative coagulopathy. However, overall 30-day mortality was not improved in the
LMAP group. This study had some limitations: standard
treatment, including fluid resuscitation in the pre-hospital setting and emergency department, was performed in
both groups. Therefore, fluid resuscitation received prior
to arrival in the operating room may have influenced the
results. The study also excluded patients older than
45 years, as well as any patients with potential traumatic
brain injury. Of the patients studied, 93% were injured
by penetrating trauma (gunshot wounds were the cause
in 72.2% of cases).

Animal studies in blood pressure titration

Some animal research has been undertaken in order
to provide answers to the clinical questions raised about
effectiveness of permissive hypotension/hypotensive
resuscitation and investigate the results of clinical trials,
as well as to examine the pathophysiological mechanisms and hemodynamics associated with hypotensive
resuscitation. Sondeen et al. have shown that there was
a reproducible pressure at which rebleeding occurred in
a porcine model for penetrating injury [28]. Bleeding
was induced by creating a hole in the aorta with a
1.5–2.8-mm skin biopsy punch. This study suggested
that rebleeding might occur when blood pressure
increases over a specific threshold value and that an
increase in blood pressure above this value might result

RCT

Permissive
Dutton et al. 2002
hypotension,
Hypotensive
resuscitation

250 mL of fluid as
an initial bolus,
additional fluid to
maintain an SBP of
70 mmHg

Pre-hospital
crystalloid
resuscitation,
≤500 ml

2 L of fluid as
an initial bolus,
additional fluid
to maintain an
SBP of
110 mmHg

Pre-hospital
crystalloid
resuscitation,
>500 ml

Fluid
administration
titrated to
MAP of
65 mmHg

24-h mortality was
Coagulation values Feasibility and pilot
decreased in patients at the emergency study
with blunt trauma
department did
not differ

Post hoc analysis, only
blunt trauma

Patients older than
45 years were excluded.
93% were penetrating
injury

The mean age was 31,
excluding patients older
than 55 and medical
history of diabetes or
coronary artery disease

The mean
crystalloid
volume
administered
was less

Without prehospital
hypotension,
control group
was associated
with an increased
risk of acute
coagulopathy

Immediate
postoperative
coagulopathy
was less

N.A.

Major limitations

Without pre-hospital
hypotension, control
group was associated
with an increased risk
of mortality

Mortality in the early
postoperative period
was decreased, and
received blood
products were fewer

N.A.

Outcome for
coagulations

30-day inhospital mortality did not differ

30-day mortality
did not differ

The overall
survival rate did
not differ

Primary outcome Secondary outcome/
sub-analysis

Patients with traumatic brain injury were excluded in all of four trials
RCT randomized controlled trial, SBP systolic blood pressure, N.A. not applicable, MAP mean blood pressure, ISS injury severity score

With blunt or penetrating
injury and out-of-hospital
SBP ≤90 mmHg

Control

Fluid administration Fluid
titrated to SBP of
administration
70 mmHg
titrated to SBP
of 100 mmHg

Interventions

Undergoing emergency
Fluid administration
laparotomy or thoracotomy titrated to MAP of
for trauma, who had
50 mmHg
SBP ≤90 mmHg

With traumatic injury,
ongoing hemorrhage,
and had a SBP
<90 mmHg

Patients

Post
With blunt injury, out-ofhoc
hospital SBP ≤90 mmHg,
analysis and ISS >15

Schreiber et al. 2015 RCT

Restricted
Brown et al. 2013
resuscitation,
Controlled
resuscitation

Morrison et al. 2011 RCT

Study
design

Type of
Authors
resuscitation
strategy

Table 2 Summary of the clinical trials for permissive hypotension/hypotensive resuscitation and restricted/controlled resuscitation
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in the dislodging of any clots that had been formed at
the site of injury.
Li et al. have however simultaneously shown the effectiveness of permissive hypotension in a rat model
for splenic injury, induced by transection of the
splenic parenchyma and one of the branches of the
splenic artery [29]. One hundred thirty kilodaltons of
hydroxyethyl starch and lactated Ringer’s solution
(1:2) was administered in fluid resuscitation. The
amount of bleeding and mortality was decreased in
rats targeted to a mean arterial blood pressure of
50 mmHg compared with those in which the target
was 80 mmHg. Coagulation values (thrombin time,
INR, fibrinogen, PTT, platelet count, and aggregation)
were similar in both groups.
Schmidt et al. investigated regional organ perfusion
in the acute phase by investigating uncontrolled
hemorrhage in a rat model for penetrating vascular
injury and simulating pre-hospital times in urban
trauma [30]. Bleeding was induced by a single puncture injury to the infra-renal aorta with a 25G needle.
Lactated Ringer’s solution was administered in fluid
resuscitation. In the permissive hypotension group,
blood pressure was targeted to 60% of baseline MAP,
compared with the normotensive (NBP) resuscitation
group. Perfusion of any organ including the brain,
heart, lung, kidney, liver, and bowel was similar in
both groups. Cardiac output and lactate levels did not
differ in either group. Intra-abdominal blood loss was
higher in the NBP group. This study revealed that
hypotensive resuscitation was able to maintain equivalent organ perfusion to normotensive resuscitation
and caused less intra-abdominal bleeding than normotensive resuscitation.
However, Garner et al. have revealed an inverse of
these results in a porcine model for primary blast
injury [31]. In their study, all pigs sustained a controlled hemorrhage of 30% blood volume. 0.9% saline
was administered in fluid resuscitation. The mortality
in pigs targeted to an SBP of 80 mmHg was higher
than those who were targeted to an SBP of 110 mmHg. A
profound metabolic acidosis was also observed in the
low target blood pressure group. This study has
suggested that prolonged hypotensive resuscitation
may negatively influence survival after primary blast
injury.
The evidence from these animal studies suggests that
hypotensive resuscitation may lead to improved outcomes
in subjects with penetrating injury where bleeding occurs
from only one site; on the other hand, it is possible that
hypotensive resuscitation may worsen outcomes in blunt
injury owing to tissue hypoperfusion. The influence of this
technique on the coagulation system has not been
sufficiently examined.
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Clinical trials examining restricted/controlled resuscitation

In the last several years, some retrospective analyses
have demonstrated that aggressive resuscitation, often
initiated in the pre-hospital setting, may be detrimental
to trauma patients [32–35]. Recently, two studies have
investigated the efficacy of restricted or controlled resuscitation in patients with trauma in the pre-hospital
setting.
Brown et al. examined the effect of high vs low volume
crystalloid resuscitation in the pre-hospital setting [36]
(Table 2). This study is a post hoc analysis of a multicenter, prospective, cohort study of adults who sustained
blunt trauma with hemorrhagic shock, designed to elucidate the genomic and proteomic responses following
injury [37] using propensity-adjusted regression analysis.
Adult patients with blunt injury transported from the
scene and those with injuries of ISS >15 were included
in the study. Subjects were divided into “HIGH”
(>500 ml) and “LOW” (≤500 ml) pre-hospital crystalloid
resuscitation groups. In subjects without pre-hospital
hypotension (<90 mmHg), HIGH crystalloid was associated with an increased risk of mortality and acute coagulopathy (INR >1.5), but this was not seen in subjects
with pre-hospital hypotension. The authors suggested
that pre-hospital resuscitation should be goal-directed,
based on the presence or absence of pre-hospital
hypotension in severely injured blunt trauma patients.
Schreiber et al. performed a randomized pilot trial to
compare the effect of controlled resuscitation (CR) with
standard resuscitation (SR) in the pre-hospital scene [38]
(Table 2). The mean (standard deviation) crystalloid
volume administered during the pre-hospital period was
1.0 (1.5) L in the CR group and 2.0 (1.4) L in the SR
group. Twenty-four-hour mortality was decreased in the
CR group in patients with blunt trauma, whereas this
was not seen in patients with penetrating injury. Overall
in-hospital mortality did not differ between groups.
Coagulation values (PTT, INR, and platelet counts) on
admission to the emergency department did not differ
between the groups. This pilot study suggested that a
controlled resuscitation strategy can be successfully and
safely implemented in the pre-hospital setting.
These two trials suggest that controlled resuscitation
in patients with blunt injury in the pre-hospital setting
may be safe and possibly improves outcomes, especially
in patients with pre-hospital hypotension. Whether
controlled resuscitation strategies improve survival and
coagulopathy is yet to be determined in a large-scale
phase III trial.
Systematic review and meta-analysis

The Cochrane Library has published a systematic review
examining the effect of fluid management on mortality
and coagulation times in hemorrhagic hypovolemia,
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comparing both early vs delayed resuscitation and larger
vs smaller volumes of fluid [39]. Only two trials examining
the timing of administration [23, 25] and three trials
investigating the amount of fluid volume [26, 40, 41] were
included. The authors did not combine the results quantitatively, and meta-analysis was not performed, because
the interventions and patient populations were so diverse.
A further meta-analysis [42] assessed three prospective
studies [23, 26, 27] and seven retrospective observational
studies [24, 43–47]. The quantitative synthesis indicated
that initial liberal fluid resuscitation strategies might be
associated with higher mortality when compared to
restricted fluid strategies, both in RCTs and observational studies in trauma patients. However, the authors
cautioned that the available studies are subject to a high
risk of selection bias and clinical heterogeneity. Therefore,
the effectiveness of permissive hypotension/hypotensive
resuscitation and restricted/controlled resuscitation is still
inconclusive, even when considering systematic reviews
and meta-analyses.
Guidelines

For patients with major trauma, defined as having an
Injury Severity Score of more than or equal to 16, the
American College of Surgeons’ Advanced Trauma Life
Support (ATLS) guidelines currently advocate “balanced”
resuscitation with an initial 1–2 L of crystalloids before
definitive/surgical control of bleeding [48]. The mechanism of injury, whether penetrating or blunt, and injury
site is not specifically described. Permissive hypotension
and restricted fluid resuscitation strategies are stated in
the fourth edition of the European guideline on management of major bleeding and coagulopathy following
trauma [6]: “We recommend a target systolic blood
pressure of 80–90 mmHg until major bleeding has been
stopped in the initial phase following trauma without
brain injury. (Grade 1C)”; “In patients with severe TBI
(GCS ≤8), we recommend that a mean arterial pressure
≥80 mmHg be maintained. (Grade 1C)”; and “We recommend use of a restricted volume replacement strategy
to achieve target blood pressure until bleeding can be
controlled. (Grade 1B).” Restricted fluid resuscitation to
achieve specific target blood pressure is highly recommended in this guideline, although injury mechanism
and age are not specifically stated. The guidelines also
recommend that serum lactate and/or base deficit
measurements be used as sensitive tests to estimate and
monitor the extent of bleeding and shock (grade 1B) [6].
However, there has been no report that investigates the
lactate-oriented fluid management in trauma patients.
Problems and areas of uncertainty

There are currently several problems and areas of
uncertainty. Firstly, there are similar-sounding terms
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described in the introduction that are easily confounded,
and while they apply to similar concepts, they differ
slightly in their approach and targets. Understanding the
definitions of these terms is vitally important. Furthermore, unification, standardization, and rearrangement of
these terms by the authorities are also needed to ensure
they are easily understood.
It remains to be seen whether it is actually possible to
control blood pressure effectively in patients with active
bleeding, where the physiological response attempts to
maintain perfusion volume by secreting catecholamines
that increase the cardiac output and induce vasoconstriction. In two clinical trials [26, 27] and three animal experiments [29–31], the actual blood pressure was indeed much
higher than the target blood pressure. This suggests, at
least, that target blood pressure is not an endpoint in itself.
The important factor may be the volume of fluid
administered as a result of targeting low blood pressure.
The strategy of restricted/controlled resuscitation may be
more appropriate than that of permissive hypotension/
hypotensive resuscitation. In addition, appropriate interventions, devices, and biomarkers for assessing tissue
perfusion and ischemic risk do not currently exist, and this
presents a difficulty in balancing tissue perfusion with the
risk of adverse events in fluid resuscitation. The development of these devices and biomarkers is desired. Moreover,
attention should be also paid to factors such as age, mechanism of injury (penetrating or blunt), and severity of injury, with or without the presence hypotension and
controlled bleeding, as well as the setting in which trauma
is attended to (pre-hospital, emergency department, or operating room). Permissive hypotension/hypotensive resuscitation may need to be used carefully in elderly patients
and patients with chronic hypertension [49].

Conclusions
At present, the effectiveness of permissive hypotension/
hypotensive resuscitation and restricted/controlled
resuscitation has not yet been completely proven. With
regard to the resuscitating trauma patients in each study,
consideration should be given to age, mechanism and
severity of injury, presence or absence of shock, and
whether treatment occurred at a pre-hospital or inhospital setting. It needs to be elucidated what subsets
of patients will be most likely to benefit from permissive
hypotension/hypotensive resuscitation and restricted/
controlled resuscitation. The impact of fluid resuscitation on coagulation also needs to be clarified. Achieving
a balance between organ perfusion and hemostasis is
critical when instituting fluid resuscitation in patients
with severe trauma. It is hoped that further research will
uncover optimal fluid resuscitation strategies for
trauma patients.

Kudo et al. Journal of Intensive Care (2017) 5:11

Abbreviations
INR: International normalized ratio; MAP: Mean arterial blood pressure;
PTT: Partial thromboplastin time; RCT: Randomized control study;
SBP: Systolic blood pressure; TBI: Traumatic brain injury
Acknowledgements
Not applicable.
Funding
This study was supported by the fund of Tohoku Kyuikai and by the Japan
Society for the Promotion of Science KAKENHI (grant number 25893016).
Availability of data and materials
Not applicable.
Authors’ contributions
DK drafted the manuscript and contributed to the conception and design of
the review. YY helped to draft the manuscript. SK critically revised the draft
for important intellectual content. All of the authors read and approved the
final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.
Received: 24 September 2016 Accepted: 17 December 2016

References
1. Pepe PE, Dutton RP, Fowler RL. Preoperative resuscitation of the trauma
patient. Curr Opin Anaesthesiol. 2008;21(2):216–21.
2. Rezende-Neto JB, Rizoli SB, Andrade MV, Ribeiro DD, Lisboa TA, Camargos ER,
et al. Permissive hypotension and desmopressin enhance clot formation.
J Trauma. 2010;68(1):42–50. discussion -1.
3. Bilkovski RN, Rivers EP, Horst HM. Targeted resuscitation strategies after
injury. Curr Opin Crit Care. 2004;10(6):529–38.
4. Geeraedts Jr LM, Kaasjager HA, van Vugt AB, Frolke JP. Exsanguination in
trauma: a review of diagnostics and treatment options. Injury.
2009;40(1):11–20.
5. Duchesne JC, Hunt JP, Wahl G, Marr AB, Wang YZ, Weintraub SE, et al.
Review of current blood transfusions strategies in a mature level I trauma
center: were we wrong for the last 60 years? J Trauma. 2008;65(2):272–6.
discussion 6-8.
6. Rossaint R, Bouillon B, Cerny V, Coats TJ, Duranteau J, Fernandez-Mondejar
E, et al. The European guideline on management of major bleeding and
coagulopathy following trauma: fourth edition. Crit Care. 2016;20:100.
7. Shaftan GW, Chiu CJ, Dennis C, Harris B. Fundamentals of physiologic
control of arterial hemorrhage. Surgery. 1965;58(5):851–6.
8. Beekley AC. Damage control resuscitation: a sensible approach to the
exsanguinating surgical patient. Crit Care Med. 2008;36(7 Suppl):S267–74.
9. Holcomb JB. Fluid resuscitation in modern combat casualty care: lessons
learned from Somalia. J Trauma. 2003;54(5 Suppl):S46–51.
10. Holcomb JB, Jenkins D, Rhee P, Johannigman J, Mahoney P, Mehta S, et al.
Damage control resuscitation: directly addressing the early coagulopathy of
trauma. J Trauma. 2007;62(2):307–10.
11. Brain Trauma Foundation, American Association of Neurological Surgery,
Congress of Neurological Surgery. Guidelines for the management of severe
traumatic brain injury. J Neurotrauma. 2007;24 Suppl 1:S1–106.
12. Shackford SR. Prehospital fluid resuscitation of known or suspected
traumatic brain injury. J Trauma. 2011;70(5 Suppl):S32–3.
13. Wald SL, Shackford SR, Fenwick J. The effect of secondary insults on
mortality and long-term disability after severe head injury in a rural region
without a trauma system. J Trauma. 1993;34(3):377–81. discussion 81-2.
14. Cannon WBFJ, Cowell E. The preventive treatment of wound shock. JAMA.
1918;70:618–21.

Page 7 of 8

15. Dillon J, Lynch Jr LJ, Myers R, Butcher Jr HR, Moyer CA. A bioassay of
treatment of hemorrhagic shock. I. The roles of blood, Ringer’s solution
with lactate, and macromolecules (dextran and hydroxyethyl starch) in the
treatment of hemorrhagic shock in the anesthetized dog. Arch Surg.
1966;93(4):537–55.
16. Shires T, Coln D, Carrico J, Lightfoot S. Fluid therapy in hemorrhagic shock.
Arch Surg. 1964;88:688–93.
17. Wiggers CJ. Physiology of shock. New York: Commonwealth Fund; 1950. p. 121-46.
18. Bickell WH, Bruttig SP, Millnamow GA, O’Benar J, Wade CE. The detrimental
effects of intravenous crystalloid after aortotomy in swine. Surgery.
1991;110(3):529–36.
19. Gross D, Landau EH, Assalia A, Krausz MM. Is hypertonic saline resuscitation
safe in ‘uncontrolled’ hemorrhagic shock? J Trauma. 1988;28(6):751–6.
20. Milles G, Koucky CJ, Zacheis HG. Experimental uncontrolled arterial
hemorrhage. Surgery. 1966;60(2):434–42.
21. Shaftan GW, Chiu CJ, Grosz CS, Dennis C. The effect of transfusion and of
certain hemodynamic factors on the spontaneous control of arterial
hemorrhage. J Cardiovasc Surg (Torino). 1964;5:251–6.
22. Stern SA, Dronen SC, Birrer P, Wang X. Effect of blood pressure on
hemorrhage volume and survival in a near-fatal hemorrhage model
incorporating a vascular injury. Ann Emerg Med. 1993;22(2):155–63.
23. Bickell WH, Wall Jr MJ, Pepe PE, Martin RR, Ginger VF, Allen MK, et al.
Immediate versus delayed fluid resuscitation for hypotensive patients with
penetrating torso injuries. N Engl J Med. 1994;331(17):1105–9.
24. Sampalis JS, Tamim H, Denis R, Boukas S, Ruest SA, Nikolis A, et al.
Ineffectiveness of on-site intravenous lines: is prehospital time the culprit?
J Trauma. 1997;43(4):608–15. discussion 15-7.
25. Turner J, Nicholl J, Webber L, Cox H, Dixon S, Yates D. A randomised
controlled trial of prehospital intravenous fluid replacement therapy in
serious trauma. Health Technol Assess. 2000;4(31):1–57.
26. Dutton RP, Mackenzie CF, Scalea TM. Hypotensive resuscitation during
active hemorrhage: impact on in-hospital mortality. J Trauma.
2002;52(6):1141–6.
27. Morrison CA, Carrick MM, Norman MA, Scott BG, Welsh FJ, Tsai P, et al.
Hypotensive resuscitation strategy reduces transfusion requirements and
severe postoperative coagulopathy in trauma patients with hemorrhagic
shock: preliminary results of a randomized controlled trial. J Trauma.
2011;70(3):652–63.
28. Sondeen JL, Coppes VG, Holcomb JB. Blood pressure at which rebleeding occurs
after resuscitation in swine with aortic injury. J Trauma. 2003;54(5 Suppl):S110–7.
29. Li T, Lin X, Zhu Y, Li L, Liu L. Short-term, mild hypothermia can increase the
beneficial effect of permissive hypotension on uncontrolled hemorrhagic
shock in rats. Anesthesiology. 2012;116(6):1288–98.
30. Schmidt BM, Rezende-Neto JB, Andrade MV, Winter PC, Carvalho Jr MG,
Lisboa TA, et al. Permissive hypotension does not reduce regional organ
perfusion compared to normotensive resuscitation: animal study with
fluorescent microspheres. World J Emerg Surg. 2012;7 Suppl 1:S9.
31. Garner J, Watts S, Parry C, Bird J, Cooper G, Kirkman E. Prolonged
permissive hypotensive resuscitation is associated with poor outcome
in primary blast injury with controlled hemorrhage. Ann Surg. 2010;
251(6):1131–9.
32. Haut ER, Kalish BT, Cotton BA, Efron DT, Haider AH, Stevens KA, et al.
Prehospital intravenous fluid administration is associated with higher
mortality in trauma patients: a National Trauma Data Bank analysis.
Ann Surg. 2011;253(2):371–7.
33. Hussmann B, Lefering R, Waydhas C, Touma A, Kauther MD, Ruchholtz S, et al.
Does increased prehospital replacement volume lead to a poor clinical
course and an increased mortality? A matched-pair analysis of 1896
patients of the trauma registry of the German society for trauma
surgery who were managed by an emergency doctor at the accident site.
Injury. 2013;44(5):611–7.
34. Madigan MC, Kemp CD, Johnson JC, Cotton BA. Secondary abdominal
compartment syndrome after severe extremity injury: are early, aggressive
fluid resuscitation strategies to blame? J Trauma. 2008;64(2):280–5.
35. Maegele M, Lefering R, Yucel N, Tjardes T, Rixen D, Paffrath T, et al.
Early coagulopathy in multiple injury: an analysis from the German Trauma
Registry on 8724 patients. Injury. 2007;38(3):298–304.
36. Brown JB, Cohen MJ, Minei JP, Maier RV, West MA, Billiar TR, et al.
Goal-directed resuscitation in the prehospital setting: a propensityadjusted analysis. J Trauma Acute Care Surg. 2013;74(5):1207–12.
discussion 12-4.

Kudo et al. Journal of Intensive Care (2017) 5:11

Page 8 of 8

37. Nathens AB, Johnson JL, Minei JP, Moore EE, Shapiro M, Bankey P, et al.
Inflammation and the host response to injury, a large-scale collaborative
project: patient-oriented research core—standard operating procedures for
clinical care. I. Guidelines for mechanical ventilation of the trauma patient.
J Trauma. 2005;59(3):764–9.
38. Schreiber MA, Meier EN, Tisherman SA, Kerby JD, Newgard CD, Brasel K,
et al. A controlled resuscitation strategy is feasible and safe in hypotensive
trauma patients: results of a prospective randomized pilot trial. J Trauma
Acute Care Surg. 2015;78(4):687–95. discussion 95-7.
39. Kwan I, Bunn F, Chinnock P, Roberts I. Timing and volume of fluid
administration for patients with bleeding. Cochrane Database Syst Rev.
2014;3:CD002245.
40. Dunham CM, Belzberg H, Lyles R, Weireter L, Skurdal D, Sullivan G, et al.
The rapid infusion system: a superior method for the resuscitation of
hypovolemic trauma patients. Resuscitation. 1991;21(2-3):207–27.
41. Fortune JB, Feustel PJ, Saifi J, Stratton HH, Newell JC, Shah DM. Influence of
hematocrit on cardiopulmonary function after acute hemorrhage. J Trauma.
1987;27(3):243–9.
42. Wang CH, Hsieh WH, Chou HC, Huang YS, Shen JH, Yeo YH, et al.
Liberal versus restricted fluid resuscitation strategies in trauma patients:
a systematic review and meta-analysis of randomized controlled trials and
observational studies*. Crit Care Med. 2014;42(4):954–61.
43. Duke MD, Guidry C, Guice J, Stuke L, Marr AB, Hunt JP, et al. Restrictive fluid
resuscitation in combination with damage control resuscitation: time for
adaptation. J Trauma Acute Care Surg. 2012;73(3):674–8.
44. Dula DJ, Wood GC, Rejmer AR, Starr M, Leicht M. Use of prehospital fluids in
hypotensive blunt trauma patients. Prehosp Emerg Care. 2002;6(4):417–20.
45. Hubetamann B, Lefering R, Taeger G, Waydhas C, Ruchholtz S, Sven L, et al.
Influence of prehospital fluid resuscitation on patients with multiple injuries
in hemorrhagic shock in patients from the DGU trauma registry. J Emerg
Trauma Shock. 2011;4(4):465–71.
46. Kaweski SM, Sise MJ, Virgilio RW. The effect of prehospital fluids on survival
in trauma patients. J Trauma. 1990;30(10):1215–8. discussion 8-9.
47. Talving P, Palstedt J, Riddez L. Prehospital management and fluid
resuscitation in hypotensive trauma patients admitted to Karolinska
University Hospital in Stockholm. Prehosp Disaster Med. 2005;20(4):228–34.
48. American College of Surgeons Committee on Trauma. Chapter 3: shock.
Advanced trauma life support for doctors. Ninth Editionth ed. Chicago:
American College of Surgeons; 2012. p. 72.
49. Brenner M, Stein DM, Hu PF, Aarabi B, Sheth K, Scalea TM. Traditional
systolic blood pressure targets underestimate hypotension-induced
secondary brain injury. J Trauma Acute Care Surg. 2012;72(5):1135–9.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

