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or lactate can assess perfusion, estimate/monitor the extent 
of bleeding/shock, and guide therapy. Isotonic crystalloid 
solutions are first-line and specific recommendations apply 
for patients with TBI.
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Introduction

Intravascular volume and fluid replacement are still corner-
stones to correct fluid deficits during early trauma resus-
citation [1, 2]. Volume replacement principally aims to 
increase intravascular volume, cardiac preload and output, 
global oxygenation, and microvascular perfusion [3, 4]. 
The potentially detrimental effects of early and aggressive 
volume replacement including (1) dilution and hypother-
mia deteriorating coagulation function, (2) volume over-
load triggering lung injury and abdominal compartment 
syndrome (ACS), and (3) increase in blood and hydrostatic 
pressure to interfere with wound healing and further blood 
loss have equally been recognized [5–7], and resulted in 
the introduction of the damage control resuscitation (DCR) 
concept [8]. This concept represents the natural evolution 
of the initial concept of damage control surgery tolerat-
ing lower than normal systolic blood pressure (permis-
sive hypotension) during early trauma resuscitation via 
restricted volume replacement [8, 9].

Retrospective data confirmed liberal volume admin-
istration during the pre-hospital phase of care still as an 
independent risk factor for mortality in trauma [10]. In 
recognizing the detrimental effects associated with the lib-
eral use of resuscitation fluids during early trauma resus-
citation, the total amount of fluids administered to trauma 
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patients captured into the German TraumaRegister DGU® 
(TR-DGU®; ISS ≥16) was reduced by 50% between 2002 
and 2014 (Fig. 1). During the same time interval and in the 
same cohort, the occurrence of coagulopathy upon Emer-
gency Room (ER) arrival as reflected by standard coagula-
tion assays decreased from 35% in 2002 to 18% in 2014, 
while mean ER haemoglobin levels increased (Fig. 1). Sub-
stantial differences in trauma fluid resuscitation practice 
during both pre- and early in-hospital phases of care exist 
between TR-DGU®-affiliated trauma centers and Emer-
gency Medical Services (EMS; Fig. 2).

A recently updated Cochrane review on timing and vol-
ume of intravenous fluid administration for trauma patients 

with bleeding including six randomised trials (n = 2,128) 
found no evidence for or against early versus late and 
larger versus smaller volume replacement in uncontrolled 
haemorrhage [11], but prospective preliminary data sug-
gest hypotensive resuscitation even tolerating mean arterial 
pressures (MAP) of as low as 50 mmHg to be safe resulting 
in a significant reduction in blood transfusion, intravenous 
fluid administration, coagulopathy, and early postoperative 
death [12]. Interestingly, the first version of the Cochrane 
review was published in 2000 and had already included the 
six cited trials; the authors have searched for new, relevant 
studies in 2003, 2008, and 2014, but no additional studies 
were found. The next search is planned for 2020.

Fig. 1   Mean total amounts of resuscitation fluids administered to 
trauma patients during the pre-hospital phase of care versus emer-
gency room (ER) admission haemoglobin (g/dl; black squares) 
and ER frequency of coagulopathy (%; INR >1.3 and/or plate-
lets <100,000/μl; black circles). The total amount of volume replace-

ment decreased from mean 1604 ml in 2002 to 789 ml (50%) in 2014. 
Simultaneously, there was less coagulopathy and higher levels of 
haemoglobin observed upon ER admission (German TraumaRegis-
ter DGU®; German level 1 hospitals only; primary admissions with 
ISS ≥16; 2020–2014; n = 44,829)

Fig. 2   Pre- and early in-
hospital resuscitation fluids in 
milliliters (means ± SD in mls) 
administered to trauma patients 
[primary admissions; Injury 
Severity Score (ISS) ≥ 16] 
admitted and treated in level 
1 trauma centers affiliated to 
the German TraumaRegister 
DGU® over the last 5 years 
(2010–2014; n = 35,807)
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Methods

As there is continuing uncertainty about the optimum fluid 
resuscitation strategy in bleeding trauma patients, a synop-
sis of best current knowledge with reference to the follow-
ing guidelines and recommendations is presented:

1.	 The European Guideline on Management of Major 
Bleeding and Coagulopathy following Trauma, fourth 
edition 2016 (EU GRADE) [13].

2.	 S3 Guideline on Treatment of Patients with Severe 
and Multiple Injuries (English Version of the German 
Guideline S3 Leitlinie Polytrauma/Schwerverletzten-
Behandlung/AWMF Register-Nr. 012/019 (07/2016) 
sponsored by the German Society for Trauma Surgery/
Deutsche Gesellschaft für Unfallchirurgie (DGU); 
S3-DGU) [14].

3.	 S3 Guideline Intravascular Volume Treatment in the 
Adult (AWMF Register-Nr 001/020 sponsored by the 
German Society for Anesthesiology and Intensive 
Medicine/Deutsche Gesellschaft für Anästhesiologie 
und Intensivmedizin (DGAI); S3-DGAI) [15].

The recommendations given by the European trauma 
guideline are graded according to the Grading of Recom-
mendations Assessment, Development and Evaluation 
(GRADE) system [16]. The number associated with the 
recommendation reflects the strength of the recommenda-
tion being Grade 1 considered as the authors group´s strong 
recommendation and being Grade 2 considered as the 
authors group’s weak recommendation/suggestion; the fol-
lowing letter reflects the quality of the scientific evidence 
ranging from A (high-quality evidence) to C (low-quality 
evidence). The evidence statements for the recommenda-
tions given for the two S3 Guidelines (AWMF Register-Nr 
012/019 and 001/020) are based upon the AWMF-Regel-
werk Leitlinien and the evidence classification system of 
the Oxford Center of Evidence-Based Medicine (CEBM), 
Version March 2009, where priority is given to studies with 
the highest Level of Evidence (LoE) available [17]. Within 
this system, three grades of recommendations (GoR) are 
possible, e.g., A (strong recommendation), B (recommen-
dation), and 0 (open recommendation), where the wording 
corresponds to must, should, or can. The GoRs indicate to 
what extent recommended actions lead to a patient-relevant 
benefit or avoidance of harm respectively.

The present synopsis is focused on intravascular vol-
ume replacement in the context of early trauma resuscita-
tion; it does not consider the use of blood products. As an 
introductory statement, important and theoretical recom-
mendations concerning fluid und volume therapies cannot 
be safely given at this stage due to lack of sound evidence 
(S3-DGAI GoR -). Pre-interventional volume deficiency 

should be balanced prior to intervention (S3-DGAI GoR 
B).

Current guidelines and recommendations

In normotensive trauma patients with absent signs for vol-
ume deficit, fluid replacement therapy can be neglected 
(S3-DGU GoR 0), but intravenous lines be inserted 
(S3-DGU GoR A). In severely injured and hypotensive 
trauma patients, volume replacement should be initiated, 
at a reduced level, if there is uncontrollable bleeding, to 
keep the circulation stable at target blood pressure and not 
exacerbate the bleeding until the bleeding can be controlled 
(S3-DGU GoR B; EU GRADE 1B). The updated S3-DGU 
guideline and the European trauma guideline suggest for 
adult trauma patients with active bleeding to conduct per-
missive hypotension with target MAP 65  mmHg and/or 
with target SBP (systolic blood pressure) 80–90  mmHg 
until major bleeding control has been achieved (S3-DGU 
GoR B; EU GRADE 1C). Recent data with low evidence 
suggest to tolerate even lower MAPs as 50 mmHg until sur-
gical control is achieved but only after an injury to the cen-
tral nervous system (CNS) or an underlying cardiovascular 
disease have been ruled out (S3-DGU GoR 0). If rapid vol-
ume resuscitation is needed in the peri-interventional set-
ting, pressure infuser bags or rapid infusion pumps should 
be used (S3-DGAI GoR B).

Diagnosis and monitoring

The European trauma guideline recommends to assess 
the extent of traumatic haemorrhage via a combination of 
patient physiology, anatomical injury pattern, mechanism 
of injury, and the patient’s response to the initial resusci-
tation according to the ATLS concept (Advanced Trauma 
Life Support; EU GRADE 1C). This concept suggests four 
classes of hypovolemic shock based upon the initial pres-
entation which trigger specific strategies for the initial fluid 
replacement [18]. Functional haemodynamic monitoring 
including ventilation manoeuvers and fluid challenge via 
administration of defined volume boluses may increase 
the sensitivity to detect, assess, and guide volume defi-
cits and replacement (S3-DGAI GoR 0). The ATLS con-
cept describes three types of responses to the initial bolus 
administration using 2000 ml of isotonic crystalloid fluid 
challenge, i.e., (1) rapid response with vital signs to return 
to normal, (2) transient response with transient improve-
ment, and (3) minimal to no response with vital signs to 
remain abnormal after the fluid challenge. If the source for 
haemodynamic instability is unclear, transthoracic echocar-
diography (TTE) is recommended, in particular if cardiac 
origin is suspected (S3-DGAI GoR A). Early and repeated 
ultrasound, e.g., in the context of focused assessment 
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sonography in trauma (FAST), is recommended to detect 
or exclude extravasal fluid, e.g., in the pleural space, abdo-
men, interstitium, etc., in particular in patients with sus-
pected torso trauma (S3-DGAI GoR B; EU GRADE 1B).

Laboratory and physiological parameters

Low initial haemoglobin (Hb) is considered indicative for 
severe bleeding and repeated Hb measurements are rec-
ommended as an initial value within reference ranges may 
mask the bleeding (EU GRADE 1B). Laboratory param-
eters to assess and monitor volume deficits and shock 
include lactate, ScvO2, haematocrit, and base excess (BE; 
S3-DGAI GoR A). The updated S3-DGU guideline as 
well as the European trauma guideline advocate repeated 
and independent measurements of BE and/or lactate as 
sensitive tests to assess adequate perfusion, to estimate 
and monitor the extent of bleeding and shock, and to 
guide volume replacement therapy (S3-DGU GoR A; EU 
GRADE 1B). The target BE to therapeutically aim for is 
less than −6 mEq/l. The reliability of lactate may be lower 
when trauma is coincidence with alcohol consumption; 
in these cases, BE may be a superior predictor. Recently, 
data derived from the TR-DGU® showed that BE upon ER 
admission may be superior over the ATLS classification of 
haemodynamic shock in predicting need for volume includ-
ing transfusion and mortality [19].

In spontaneous breathing as well as in intubated and 
mechanically ventilated patients, the central venous pres-
sure (CVP) to assess volume deficits in the perioperative 
setting as well in the intensive care setting should not be 
used (S3-DGAI GoR A). Repeated responses to volume 
challenge may be assessed via maneuvers that trigger 
autotransfusion, stroke volume measurement, and dynamic 
preload parameters (S3-DGAI GoR B) which should be 
preferred against static parameters, such as CVP (S3-DGAI 
GoR A). Parameters based upon blood flow to guide vol-
ume replacement should be incorporated into treatment 
algorithms (S3-DGAI GoR B). Functional haemodynamic 
parameters should be judged in context of the clinical pres-
entation and history (S3-DGAI GoR A).

Choice of resuscitation fluid

Isotonic crystalloid solutions should be used as fluids of 
choice for volume replacement in hypotensive bleeding 
trauma (S3-DGU GoR B; EU GRADE 1A) and inten-
sive care patients (S3-DGAI GoR B). Balanced crystal-
loid and isotonic full electrolyte solutions are recom-
mended for trauma and critical ill ICU patients and for 
peri-interventional volume replacement (S3-DGU GoR 
B; S3-DGAI GoR A). In trauma, balanced infusion solu-
tions containing acetate and malate may be considered 

(S3-DGU GoR 0). Balanced solutions should be used in 
respect to metabolic and other endpoints (BE, pH, Cl−; 
S3-DGAI GoR B). Isotonic normal saline (0.9% NaCl) is 
neither recommended for trauma patients (S3-DGU GoR 
A; EU GRADE 2C), nor for ICU patients nor for peri-
interventional volume replacement (S3-DGAI GoR A). 
Low-level evidence suggests the use of hypertonic solu-
tions in blunt multiple injured and hypotensive patients 
(S3-DGU GoR 0) as well as in penetrating trauma inju-
ries in the context of pre-hospital volume replacement 
(S3-DGU GoR 0).

Until further evidence on the use of colloids (6% HES 
130/gelatine/albumin) versus crystalloids becomes avail-
able, the S3-DGAI guideline argues against HES in criti-
cally ill patients (S3-DGAI GoR A). Its use in haemor-
rhagic shock should be critically evaluated (S3-DGAI 
GoR A), and according to the S3-DGU guideline, human 
albumin must not be used for pre-hospital volume 
replacement (S3-DGU GoR A). The European trauma 
guideline suggests that the use of colloids be restricted 
due to their potentially adverse effects on coagula-
tion (EU GRADE 2C) as well as on renal function [20]. 
Patient-specific aspects such as allergenic potential, pre-
existing renal impairment, impact of coagulation func-
tion, and co-morbidities should be considered (S3-DGAI 
GoR A).

In severe life-threatening hypotension, the adminis-
tration of vasopressors in addition to resuscitation fluids 
may be considered to maintain target arterial pressure (EU 
GRADE 1C).

Traumatic brain injury (TBI)

Specific aspects need consideration in the context of vol-
ume replacement in patients with traumatic brain injury 
(TBI). In hypotensive TBI patients, volume replacement 
should be administered to maintain or restore normoten-
sion (S3-DGU GoR B). When haemorrhagic shock is com-
bined with severe TBI (GCS <9) and/or spinal injury with 
neurological impairment, the updated S3-DGU guideline 
and the European trauma guideline suggest a target MAP 
(≥80 mmHg) 85–90 mmHg (S3-DGU GoR B; EU GRADE 
1C). Hypoosmolar/Hypotonic solutions should not be used 
as volume replacement in TBI patients (S3-DGAI GoR A; 
EU GRADE 1C), but hypertonic solutions may be con-
sidered in hypotensive patients with severe TBI (S3-DGU 
GoR 0). The use of albumin for resuscitation in patients 
with severe TBI was associated with increased intracranial 
pressure (ICP) during the first week in the SAFE (Saline 
versus Albumine Fluid Efficacy) study and was considered 
as the most likely mechanism of increased mortality in 
these patients [21].
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