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REVIEW ARTICLE

Hemodynamic optimization in severe trauma:

a systematic review and meta-analysis

Otimizagdo hemodindmica em trauma grave: uma revisio

sistemdtica e metandlise

ABSTRACT

Objective: Severe trauma can be
associated with significant hemorrhagic
shock and impaired organ perfusion. We
hypothesized that goal-directed therapy
would confer morbidity and mortality
benefits in major trauma.

Methods: The MedLine, Embase
and Cochrane Controlled Clinical Trials
Register databases were systematically
searched for randomized, controlled trials
of goal-directed therapy in severe trauma
patients. Mortality was the primary
outcome of this review. Secondary
outcomes included complication rates,
length of hospital and intensive care
unit stay, and the volume of fluid and
blood administered. Meta-analysis was
performed using RevMan software, and
the data presented are as odds ratios for
dichotomous outcomes and as mean
differences (MDs) and standard MDs
for continuous outcomes.

Results: Four randomized, controlled
trials  including 419 patients were
analyzed. Mortality risk was significantly

reduced in goal-directed therapy-treated
patients, compared to the control group
(OR=0.56, 95%CI: 0.34-0.92). Intensive
care (MD: 3.7 days 95%CI: 1.06-6.5)
and hospital length of stay (MD: 3.5 days,
95%CI: 2.75-4.25) were significantly
shorter in the protocol group patients.
There were no differences in reported
total fluid volume or blood transfusions
administered. Heterogeneity in reporting
among the studies prevented quantitative
analysis of complications.

Conclusion:  Following  severe
trauma, early goal-directed therapy
was associated with lower mortality
and shorter durations of intensive care
unit and hospital stays. The findings
of this analysis should be interpreted
with caution due to the presence of
significant heterogeneity and the small
number of the randomized, controlled
trials included.

Keywords: Wound and injuries;
Trauma  severity indices;  Shock,
hemorrhagic; Fluid therapy/methods;
Hemodynamics/physiology

INTRODUCTION

Trauma is the most common cause of mortality and morbidity in adults
younger than 40 years old, accounting for significant ‘life years’ lost through
premature death and disability. Strategies to improve the outcomes of

trauma victims are therefore imperative.”” Hemorrhagic shock associated
with major trauma leads to a decrease in global oxygen delivery and vital
organ perfusion. In addition to the initial insult of the trauma, subsequent
surgical interventions place increased physiological demands on the patient.



Inability to meet the demand for oxygen delivery results
in an anaerobic metabolism, accumulation of metabolic
waste products, and eventually organ failure.”)

The hemodynamic management of hypovolemic
shock secondary to trauma can be divided into 3 distinct
phases.® The first phase includes the period from injury
to definitive surgical/radiological management and
hemostasis. The second phase describes the immediate
postoperative period, and the third phase encompasses
the period in the intensive care unit (ICU) that follows
definitive surgical care.

The first phase usually occurs during the pre-
and early hospital periods. Early initiation of fluid
resuscitation and rapid control of hemorrhage limit
the duration of the first stage of trauma.”’ The use of a
‘hypotensive resuscitation’ strategy in penetrating torso
injuries has been associated with significant reductions
in blood product requirements, fluid administration,
postoperative coagulopathy and death.“” However,
there are no clear benefits of hypotensive resuscitation
strategies in blunt trauma or in the presence of
concomitant brain injury.

The second and third phases usually occur during
the postoperative period in the ICU. Systemic
inflammatory response syndrome (SIRS) associated
with the initial trauma and subsequent surgery increases
the oxygen demand. Failure to increase global oxygen
delivery to match the oxygen deficit resulting from
major surgery and trauma has been associated with
increased incidences of organ failure and death.

Pioneering observational studies have found that
survivors of severe trauma and high-risk surgery were
consistently able to achieve higher values of cardiac
index and global oxygen delivery, compared with non-
survivors.”® Hemodynamic values of survivors have
therefore been used as targets of resuscitation in landmark
studies by Shoemaker et al.”’ and Fleming etal.,® resulting
in improved outcomes.

Several further trials have added to a now strong
body of evidence suggesting that the use of goal-directed
therapy (GDT) is associated with improved outcomes
in  high-risk patients.®?
goal-managed care has also been shown to improve
outcomes in patients with sepsis’” and in potential
organ donors."” Similarities exist between patients
undergoing major surgery and those undergoing major
trauma, including the SIRS response and associated
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increased oxygen demand. However, evidence
supporting the use of GDT in trauma patients has
been limited. We investigated the effects on mortality
of GDT following major trauma. Secondary outcomes
included complication rates, hospital and ICU length
of stay and volumes of fluids and blood administered.

METHODS

We performed this systematic review and
meta-analysis following pre-specified criteria, using the
PRISMA guidelines."®

Eligibility criteria

Only studies involving severe trauma patients
were included. Severe trauma was defined as the
presence of an injury severity score (ISS) of 15 or
greater.'”'®  Randomized, controlled trials (RCT)
reporting mortality and complications were included.
GDT was defined as the use of hemodynamic
monitoring and therapies to achieve pre-determined
hemodynamic endpoints during trauma resuscitation
and the immediate postoperative phase. Studies were
included if they used hemodynamic optimization
followinga clear protocol, with step-by-step instructions
for the clinician to provide interventions based on data
obtained by hemodynamic monitors.

Burns, head injuries, pediatric populations and
studies including other (non-trauma) critically ill
patients were excluded.

Information sources and search strategy

MedLine (via Ovid), Embase (via Ovid) and
the Cochrane Controlled Clinical Trials Register
(CENTRAL, issue 5 of 2012) were searched for
suitable studies. No date restrictions were applied to
MedLine or CENTRAL. Embase was restricted to
2009-2013.19 Search terms were entered into the
databases using a Cochrane highly sensitive search
strategy® (Appendix 1), and these terms included
‘goal-directed therapy, hemodynamic, optimization, goal
oriented, goal targeted, cardiac output, cardiac index,
oxygen delivery, oxygen consumption, cardiac volume,
stroke volume, fluid therapy, fluid loading, supranormal,
trauma, traumatic and injury’. We defined ‘supranormal’
physiological targets as a DO, L of >600mL/min/m* or a

cardiac index >4.5L/min/m?.
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Two of the authors (CC, NA) independently
screened titles and abstracts to exclude non-relevant
studies. Full-text articles were then appraised against
the inclusion criteria. Data were extracted from the
selected studies using a pre-designed data collection
form, by the same two authors (CC, NA). A third
author (MC) resolved discrepancies arising from the
data collection.

Methodological quality assessment

The included RCTs were analyzed for
methodological quality using the scale designed by
Jadad et al.?V This scale appraises RCTs in terms
of the methods used for random assignment and
blinding and the flow of patients in the trial. The
scale ranges from a score of 0 (lowest quality) to 5
(highest quality). We did not exclude studies based
on their Jadad scores.

Outcomes analysis

Hospital mortality was the primary outcome
measurement of this study. Secondary outcomes were
hospital and ICU length of stay, complication rates,
and volumes of fluids and blood administered.

Statistical analysis

Dichotomous outcomes are reported as odds
ratios (OR) using a Mantel Haenszel random effects
method (with 95% confidence intervals [95%ClI]).
Differences in continuous outcomes are reported
using a random-effects inverse variance model,
as the mean difference (MD) and standard mean
difference (SMD) when individual studies report
outcomes using different scales.”” P values were two
tailed and considered to be statistically significant
if <0.05. The chi-square test and between-study
variance % were used to assess heterogeneity with a
statistical significance value for heterogeneity set at
a p value of <0.1. Inconsistency was assessed using
the I methodology and was considered to be high
if >40%.%» The statistical analyses were performed
using RevMan software, version 5.1 (Cochrane Rev
manager; 2012).
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RESULTS
Study populations
The search strategy retrieved 4920 studies.

Following screening of titles and abstracts, 305
references were identified as potentially relevant to
hemodynamic optimization in trauma. Further review
of the abstracts against our inclusion criteria produced
196 titles with potential for further analysis. After
reviewing these abstracts, 29 full-text titles were then
assigned for further analysis. Twenty-three studies were
excluded because they were not RCT. A total of 6 RCT
were identified. Of these, one RCT was excluded on
the basis of including a mixed population of critically
ill patients with and without trauma,* and another
was excluded because the hemodynamic goals did not
differ in the treatment and control groups.** Four
titles were identified as RCTs suitable for statistical
analysis®» (Figure 1).

Records identified through

database searching Additional records identified through
s Er(nh:);stﬂzgt)iﬂ other sources
8 MedLine 1,916 (N=4)
£ CENTRAL 1,124
£
s
(=) Records after duplicates removed and
screening of abstracts
g N
=
s
=3
w
Potential abstracts for
(G meta-analysis Records_ excluded
{N=135) =167)
5
3‘3, Full-text articles assessed Full-text articles
T for eligibility —>| excluded, witt% )reasons
Studies included in _Not an RCT=23
3 qualitative synthesis and - Mixed trauma and critically ill=1
3 meta-analysis - No difference in hemodynamic
(_:a (N=4) endpoints=1

[

Figure 1 - Flow diagram of search process and study selection as suggested
by the preferred reporting items for systematic reviews and meta-analysis
(PR|S|V|A). RCT - randomized controlled trials.



The year of publication ranged from 1992 to 2007,
and the study sizes varied between 67 and 162 patients.
A total of 419 patients were included in the analysis,
with 203 in the GDT protocol group and 216 in the
control group. The 4 studies analyzed were single-center
trials and included patients with severe trauma (ISS>15)
and significant blood loss (>2000mL). The median Jadad
score of the included studies was 2 (Table 1).

Description of studies

Bishop et al.*® and Fleming et al.® used the
pulmonary artery catheter (PAC), whereas Chytra
etal.?¥ used the oesophageal Doppler monitor (ODM),
and Velmahos et al.®” used thoracic bioimpedance
with or without the PAC. In 3 of the 4 studies,
supranormal hemodynamic DO,I and cardiac index
were targeted in the GDT group using PAC-guided
fluid and inotrope therapy. The other study, utilizing
the ODM, used fluids to achieve a specific corrected
flow time (FTc>0.35s) and to optimize stroke volume.
All of the studies commenced the optimization

Hemodynamic optimization in severe trauma 400

protocol within 12 hours of admission to the hospital
or surgery (Table 2).

Mortality

All 4 of the RCT included reported mortality as a
primary outcome. A total of 36 patients (17.7%) in
the GDT treatment group and 61 patients (28%) in
the control group died. Overall, there was a significant
reduction in the relative risk of mortality in the GDT
group (OR 0.56; 95%CI: 0.34-0.92; p=0.02, I’=3%),
compared to the control group (Figure 2).

Intensive care and Hospital length of stay

Hospital and ICU length of stay were reported in
all 4 of the trials. There was significant heterogeneity
between the included trials for these outcomes. Patients
receiving hemodynamic optimization had significantly
shorter ICU (MD 3.7 days, 95%CI: 1.06-6.5, p=0.006,
’=98%) (Figure 3) and hospital length of stay (MD
3.5 days, 95%CI: 2.75-4.25, p<0.00001, I*=44%)
(Figure 4) than the patients in the control group.

Table 1 - Randomized clinical trials of goal-directed therapy in severe trauma patients

Author/year  Patients  Patients Monitor Type of Goals protocol Goals control Mortality Mortality Jadad
protocol control protocol intervention group group protocol  control group score
group group group group N (%)
(N) (N) N (%)
Fleming, 33 34 PAC Fluids + DO,I>670mL/min/m? SBP>120mmHg 8 (24) 15 (44) 1
19926 Dobutamine V0, > 166mL/mim/m? HR<110bpm
Cl>4.51/min/m? Hb>10g/dL
U0 30-50mL/h
CVP 8-12mmHg
Bishop, 50 65 PAC Fluids + DO,I>670mL/min/m? SBP>120mmHg 9(18) 24 (37) 1
19957 Dobutamine V0,>166mL/mim/m? HR<110bpm
Cl>4.51/min/m? Hb>10g/dL
Hb up to 14g/dL U0 30-50mL/h
CVP 8-12mmHg
Chytra, 80 82 0DM Fluids FTC>0.35, SV CVP 12-15mmHg
2007%) MAP>65
Sp0,>95,%
HR<100bpm
U0>1ml/kg/h
T37°C
Hb>8.5
Velmahos, 40 35 Thoracic Fluids + SBP>100mmHg SBP>100mmHg 6 (15) 4(11) 3
2000 bioimpedance/  inotropes + Hct>30% Het>30%
PAC Vasopressors U0>1ml/Ilg/h U0>1ml/Ig/h
BE<-3 BE<-3
Cl>4.5L/min/m? Cl>4.51/min/m?
P.0,/Fi0,>200 P.0,/Fi0,>200
If PAC DO,I>600mL/min/m?  If PAC DO,|>450mL/min/m?
VQ,I>170mL/min/m? VO, 1> 130mL/min/m?

PAC - pulmonary artery catheter; DO,| - oxygen delivery index; VO, - oxygen consumption; Cl - cardiac index; SBP - systolic blood pressure; HR - heart rate; bpm - beats per minute;
Hb - hemoglobin; UO - urinary output; CVP - central venous pressure; ODM - oesophageal Doppler monitor; FTC - flow time corrected; MAP - mean arterial pressure; SpO, - oxygen saturation;
T - temperature; Hct - hematocrit; BE - base excess; P, O,/FiO, - ratio of transcutaneous oxygen tension to fractional inspired oxygen.
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Table 2 - Fluid and blood administration volumes

Author/year Timing Period of volume Total fluids protocol  Total fluids control RBC transfused RBC transfused
intervention infusion reported group (mL) group (mL) protocol group control group
(mean+SD) (mean+SD) (mean+SD) (mean+SD)
Fleming, 1992 Within 6 hours after Admission to 48 hours Crystalloid: Crystalloid: 5,848-+-920mL 6,423+1,234mL
surgery/admission post-operatively 13,247+1,371 16,943+1,558 p<0.01
Colloid: 4097 +552 Colloid: 2,528+781
Bishop, 1995% Within 6 hours after Admission to 48 hours Crystalloid: Crystalloid: 4,304+575mL 2,715+513mL
surgery or 12 hours post-operatively 9,065+772 9,197+649 p<0.0001
after admission Colloid: 3,038+391 Colloid: 1,352+330
p<0.00001
Chytra, 2007%) ICU admission 12 hours Crystalloid: Crystalloid: 814+228mL 833+340mL
post-operatively 1,667+426 1,334+320
Colloid: 1,293+300 p=0.38
Colloid: 682+322
p<0.0001
Velmahos, 2000%" On arrival to hospital 24 hours from admission 14,000=6,500 13,000==6,000 11210.5 units 1147 units
MI - milliliters; ICU - intensive care unit.
Experimental Control 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Bishop 1995 9 50 24 65 29.6% 0.38 (0.16, 0.90) ——
Chytra 2007 13 80 18 82 36.3% 0.69 (0.31, 1.52) —a
Fleming 1992 8 33 15 34 21.3% 0.41 (0.14, 1.15) ——
Velmahos 2000 6 40 4 35  12.8% 1.37 (0.35, 5.30) R
Total (95% ClI) 203 216 100.0% 0.56 [0.34, 0.92] <>
Total events 36 61
Heter: ity: Tau® = 0.01; Chi* = 3.10, df = 3 (P = 0.38); I = 3% I t t {
eterogeneity: Tau" = 0.01; C 3.10,df = 3 (P = 0.38) 3 b0l o1 o 100

Test for overall effect: Z = 2.32 (P = 0.02)

Figure 2 - Effects of goal-directed therapy in protocol group versus control group on mortality.

Favours experimental Favours control

GDT Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bishop 1995 6 50 11 2 65 31.2% -5.00[-5.56, -4.44) IJ
Chytra 2007 7 0.83 80 8.5 1.66 82 31.4% -1.50([-1.90, -1.10)
Fleming 1992 S 33 11 4 34 29.2% -6.00(-7.39, -4.61) s
Velmahos 2000 15: 23 40 15 12 35 8.2% 0.00 [-8.16, 8.16) —
Total (95% CI) 203 216 100.0% -3.78 [-6.50, -1.06) o

N 2 . 2 - = o o - : i I :
Heterogeneity: Tau® = 6.11; Chi* = 120.13, df = 3 (P < 0.00001); I = 98% S0 -35 b 3 50

Test for overall effect: Z = 2.72 (P = 0.006)

Favours GDT Favours control

Figure 3 - Effects of goal-directed therapy in protocol group versus control group on intensive care unit length of stay.

Complications and organ failure

Quantitative analysis of complications was not
possible due to variations in the reporting of data
among the studies. Three of the 4 studies demonstrated
reductions in complication rates associated with early

Rev Bras Ter Intensiva. 2014;26(4):397-406

GDT.®%29 Fleming showed a reduction in the number
of organ failure events per patient in the protocol
group, compared with the control group (0.79+0.68
versus 1.74+1.64; p=0.05)." Similar results were
demonstrated by Bishop et al. (0.74+0.28 versus
1.68+0.28, p<0.05 for the protocol group compared
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GDT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bishop 1995 12 1 S0 16 2 65 47.1% -4.00 [-4.56, -3.44) O
Chytra 2007 14 2.08 80 175 3 82 37.3% -3.50(-4.29, -2.71) o
Fleming 1992 13 3 33 15 4 34 15.1% -2.00 [-3.69, -0.31) -
Velmahos 2000 25 24 40 27 21 35 0.5% -2.00(-12.18, 8.18) ] I
Total (95% CI) 203 216 100.0% -3.50 [-4.25, -2.75) ¢
Heterogeneity: Tau® = 0.23; Chi* = 5.34, df = 3 (P = 0.15); I’ = 44%

Test for overall effect: Z = 9.13 (P < 0.00001)

-20 -0 0 10 20
Favours GDT Favours control

Figure 4 - Effects of goal directed therapy in protocol group versus control group on hospital length of stay.

to the control group, respectively).?” In the study by
Chytra, the relative risk of infectious complications was
lower among patients in the GDT group, compared
to the control group (RR 0.5491, 95%CI: 0.31-0.95;
p=0.032).29 In contrast to the other studies, Velmahos
etal. found no differences in complication rates between
the treatment and control groups.*”)

Red cell transfusion and fluid administration
requirements

Quantitative analysis ~ showed  significant
heterogeneity between the trials and did not demonstrate
a significant difference in blood transfusion requirements
between the GDT and control groups. (SMD=0.58,
95%CI:-0.74-1.89,p=0.39,1’=97%) (Figure 5). Only the
study by Bishop et al. reported a statistically significantly
greater red blood cell transfusion requirement in the
GDT group (4,304+575mL), compared to the control
group (2,715£513mlL, p<0.0001)* (Table 2). Similarly,
there were no significant differences in the total volume
of fluid administered during the studies (SMD=0.65,
95%Cl: -0.84-2.15 p=0.39, [’=98%) (Figure 6). Bishop
et al. reported however, a significantly greater volume
of colloid administered in the GDT group, compared
to the control group (3,038+391mL versus 1,352+330,
respectively, p<0.00001). Similarly, Chytra et al.®®
reported a significantly greater mean volume of colloid
administered to the treatment group, compared to the
control group (1,667+426mL versus 682+322mlL,
p<0.0001, respectively) (Table 2).

DISCUSSION

In this meta-analysis, GDT was associated with a
beneficial effect on mortality in patients with major
trauma. Three of the 4 studies used the PAC, because

most of the studies were conducted prior to widespread
use of minimally invasive cardiac output monitors. The
potential benefits of the newer hemodynamic monitors
used to assess the adequacy of resuscitation in trauma
patients®®*” warrant further RCTs.

The evidence supporting perioperative GDT for
the high-risk surgical patient has shown that, when
hemodynamic optimization is initiated early and
delivered using a clearly defined protocol,®*” morbidity
(and for high-risk groups also mortality) is decreased
postoperatively. This review was performed to ascertain
whether GDT during the second and third phases of
major trauma conferred any benefit.

Fluid resuscitation that forms part of GDT, might
increase the risks of intra-abdominal hypertension
and abdominal compartment syndrome among
trauma patients undergoing GDT.®Y However, we
found no significant difference in the total volume of
fluid administered, although firm conclusions were
not possible due to differences in study duration. In
addition, none of the studies included in this review
included data on the incidence of intra-abdominal
hypertension.

There might be concerns that an increase in global
oxygen delivery could increase perfusion pressure,
resulting in more bleeding complications and greater
transfusion requirements. Although we found no
differences in transfusion requirements between the
GDT and control groups of patients, none of the studies
reported the final hemoglobin concentrations between
treatment and control groups, and there were significant
differences in the transfusion protocols among the studies.
Differences in transfusion requirements in the treatment
and control groups should therefore be interpreted with
caution. Furthermore, GDT should be considered only
after adequate hemostasis has been achieved.

Rev Bras Ter Intensiva. 2014;26(4):397-406



403 Corredor C, Arulkumaran N, Ball J, Grounds MR, Hamilton MA, Rhodes A, et al.

GDT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bishop 1995 4,304 5S75 S0 2,715 513 65 24.7% 2.92 (2.39, 3.45) ——
Chytra 2007 814 228 80 833 340 82 25.4% -0.07[-0.37,0.24)
Fleming 1992 5,848 920 33 6,423 1,234 34 24.9% -0.52([-1.01, -0.03)
Velmahos 2000 11 10.5 40 11 7 35  25.0% 0.00 [-0.45, 0.45)
Total (95% CI) 203 216 100.0% 0.58 [-0.74, 1.89])

Heterogeneity: Tau® = 1.76; Chi* = 110.94, df = 3 (P < 0.00001); I = 97% I -:2 ) 2' i

Test for overall effect: Z = 0.86 (P = 0.39) =4 GDT Control A
Figure 5 - Effects of goal directed therapy in protocol group versus control group on blood transfusion requirements.

GDT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bishop 1995 12,103 865 50 10,549 728 65 25.0% 1.95 [1.50, 2.40] -
Chytra 2007 2,960 521 80 2,016 453 82 25.2% 1.93 [1.55, 2.30] -
Fleming 1992 17,344 1,483 33 19,471 1,396 34 24.8% -1.46(-2.00, -0.92) -
Velmahos 2000 14,000 6,500 40 13,000 6,000 35 25.0% 0.16 (-0.30, 0.61)
Total (95% CI) 203 216 100.0% 0.65 [-0.84, 2.15)
Heterogeneity: Tau® = 2.27; Chi* = 132.81, df = 3 (P < 0.00001); I* = 98% ?_10 -=S ) é 103
Test for overall effect: Z = 0.86 (P = 0.39) GDT Control

Figure 6 - Effects of goal directed therapy in protocol group versus control group on total volume of fluids administered.

The main limitations of this meta-analysis were the
small number of studies and the lack of recent studies,
with the publication dates spanning more than 20
years. Significant heterogeneity among the included
studies was present and was accounted for by applying
the more conservative random effects model in the
meta-analysis. Although it was not possible to perform
a quantitative analysis of morbidity or organ failure,
most of the studies reviewed suggested a trend toward
a beneficial effect of GDT in trauma. Furthermore,
we acknowledge that the definitions and coding of
complications were likely to vary among the studies. We
analyzed the data extracted from studies, rather than
the data of individual patients. Not all of the studies
included were of a high-quality design, as reflected by
the median Jadad score of 2.

Because surgical techniques, peri-operative care,
and patient selection have been refined over the years,
the overall mortality of high-risk surgical patients
has improved. This change was recently evaluated
in a meta-analysis of 29 peri-operative GDT trials
performed between 1995 and 2008.° There was an
approximate halving of mortality rates in the control
group every decade (29.5%, 13.5%, 7%). As such, the

Rev Bras Ter Intensiva. 2014;26(4):397-406

applicability of historical trials to current-day practice
might not be valid. Due to the small number of studies,
it was not possible to ascertain the effects of time on
the mortality rates of trauma patients, and up-to-date
RCTs are required.

CONCLUSION

Hemodynamic optimization using a pre-defined
protocol and started early in the course of the
perioperative period of patients with severe traumatic
injury was associated with a mortality benefit and might
also reduce the incidence of organ failure. The current
results should be interpreted with caution due to the
significant statistical heterogeneity present and the small
number of randomized controlled trials included. Further
randomized controlled trials, set within current trauma
and hemodynamic optimization practices, are desirable.
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RESUMO

Objetivo: O trauma grave pode associar-se a ocorréncia
de importante choque hemorrdgico e ao comprometimento
da perfusio dos 6rgaos. Formulamos a hipétese de que o
tratamento direcionado por objetivo conferiria beneficios em
termos de morbidade e mortalidade, em casos graves de trauma.

Métodos: Realizamos uma busca sistemdtica nas bases
de dados MedLine, Embase e Cochrane Controlled Clinical
Trials Register com relagio a pacientes vitimas de trauma
grave. A mortalidade foi o desfecho primdrio dessa revisio.
Os desfechos secunddrios incluiram taxas de complicacoes,
duragio da permanéncia no hospital e na unidade de terapia
intensiva, ¢ o volume de fluidos administrados. A metandlise
foi realizada utilizando o programa de computador RevMan,
e os dados apresentados sio as odds ratios (OR) para desfechos
dicotomizados e as diferengas médias e diferencas médias padrio
para desfechos continuos.

Resultados: Foram analisados quatro estudos clinicos
randomizados e controlados, que incluiram 419 pacientes.
O risco de mortalidade foi significantemente reduzido nos
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pacientes com tratamento direcionado por objetivo, em
comparagio ao grupo controle (OR=0,56; 1C95%: 0,34-0,92).
A duragio da permanéncia na unidade de terapia intensiva
(DM: 3,7 dias; IC95%: 1,06-6,5) e no hospital (DM: 3,5 dias;
IC95%: 2,75-4,25) foi significantemente mais curta no grupo
de pacientes do grupo tratado conforme o protocolo. Nao
houve diferencas nos relatos relativos a volume total de fluidos
infundidos e a transfusdes sanguineas. A heterogeneidade nos
relatos entre os estudos impediu uma andlise quantitativa das
complicagdes.

Conclusiao: Apds a ocorréncia de trauma grave, o uso
precoce de tratamento direcionado por objetivo se associou
com mortalidade mais baixa e com menos dias de permanéncia
na unidade de terapia intensiva e no hospital. Os achados
desta andlise devem ser interpretados com cautela, em razao
da importante heterogeneidade ¢ do nimero pequeno de
estudos clinicos randomizados e controlados, que foram
incluidos na anilise.

Descritores: Ferimentos e lesoes; Indices de gravidade

do trauma; Choque hemorrdgico; Hidratagio/métodos;

Hemodindmica/fisiologia
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Appendix 1 - Search strategies

... continuation

1. MedLine database (OVID interface): the Cochrane highly sensitive search
strategy was used:

#1.  randomized Controlled Trials as Topic/
#2. randomized controlled trial/

#3.  random Allocation/

#4.  double Blind Method/

#5.  single Blind Method/

#6.  clinical trial/

#7.  controlled clinical trial.pt.

#8.  randomized controlled trial.pt.

#9.  multicenter study.pt.

#10.  clinical trial.pt.

#11.  exp Clinical Trials as topic/

#12. or/1-1

#13.  (clinical adj trial$).tw.

#14.  ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw.
#15.  randomly allocated.tw.

#16. (allocated adj2 random$).tw.

#17. 0r/13-16

#18. 120r17
#19.  case report.tw.
#20.  letter/

#21.  historical article/
#22. or/19-21

#23. 18not 22

#24.  exp trauma/

#25.  trauma.tw.

#26. trauma.mp.

#27. 240r250r 26

#28.  exp trauma$/

#29.  Trauma$.tw.

#30.  Trauma$.mp

#31. 28 o0r290r 30

#32.  Expinjury/

#33. Injury.tw.

#34.  Injury.mp.

#35. 320r330r34

#36. 270r310r35

#37. exp goal directed/ or goal directed.tw. or goal directed.mp.
#38.  exp goal oriented/ or goal oriented.tw. or goal oriented.mp.
#39.  exp goal target/ or goal target.tw. or goal target.mp.

#40. exp cardiac output/ or cardiac output.tw. or cardiac output.mp.
#41.  exp cardiac index/ or cardiac index.tw. or cardiac index.mp.
#42.  exp oxygen delivery/ or oxygen delivery.tw. or oxygen delivery.mp.

#43.  exp oxygen consumption/ or oxygen consumption.tw. or oxygen
consumption.mp

#44.  exp cardiac volume/ or cardiac volume.tw. or cardiac volume.mp.

#45.  exp stroke volume/ or stroke volume.tw. or stroke volume.mp.

#46.  exp fluid therapy/ or fluid therapy.tw. or fluid therapy.mp.

#47.  exp fluid loading/ or fluid loading.tw. or fluid loading.mp.

#48.  exp fluid administration/ or fluid administration.tw. or fluid administration.mp.
#49.  exp optimization/ or optimization.tw. or optimization.mp.

#50.  exp optimization/ or optimisation.tw. or optimisation.mp.

#51.  exp supranormal/ or supranormal.tw. or supranormal.mp.

#52.  exp lactate/ or lactate.tw. or lactate.mp.

#53.  exp extraction ratio/ or extraction ratio.tw. or extraction ratio.mp.

Continue...
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... continuation ... continuation
#54. 37 or 38 or 39 or 40 or 410r 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 #39.  exp oxygen consumption/ or oxygen consumption.mp.
or 50 or 51 or 52 or 53 #40.  oxygen delivery.mp.
#55. 23 and 36 and #54 #41. exp fluid therapy/
2. Embase (OVID interface): #42.  fluid administration.mp
#1. Clinical Trial/ #43. fluid loading.mp.
#2. Randomized controlled trial/ #44.  hemodynamic.mp
#3. Randomization/ #45.  supranormal.mp.
#4.  Single blind procedure/ #46.  optimisation.mp.
#5.  Double blind procedure/ #47. optimization.mp.
#6.  Crossover procedure/ #48.  exp lactate/
#1. Placebo/ #49.  extraction ratio.mp
#8. Randomi?ed controlled trial$.tw. #50. 31 0r32 0r 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 0r 43
#9.  Rct.tw. or 44 or 45 or 46 or 47 or 48
#10.  Random allocation.tw. #51. 23 and 30 and 49
#11.  Random allocated.tw 3. Cochrane clinical trials database (CENTRAL):
#12.  Allocated randomly.tw. #1.  trauma in Trials
#13.  (allocated adj2 random).tw. #2. Trauma® in Trials
#14.  Single blind$.tw. #3.  traumatic® in Trials
#15.  Double blind$.tw. #4.  Injury* in Trials
#16.  Placebo$.tw #5.  10R20R#30R4
#17.  Prospective study/ #6.  cardiac near output™ in trials
#18.  0r/1-17 #7.  cardiac near volume™ in Trials
#19.  Case study/ #8.  cardiac near index* in Trials
#20. Case report.tw. #9.  oxygen near delivery™ in Trials
#21.  Abstract report/or letter/ #10.  oxygen near consumption® in Trials
#22. 0r/19-21 #11.  supranormal™ in Trials
#23. 18not 22 #12.  stroke near volume™ in Trials
#24.  trauma #13.  fluid near therapy* in Trials
#25.  exp trauma/or trauma #14.  fluid near administration* in Trials
#26.  traum$ #15.  fluid near loading™ in Trials
#27. 24 0r250r 26 #16. extraction near ratio™ in Trials
#28.  Injury #17.  lactate™ in Trials
#29.  exp injury/or injury #18.  goal near directed™ in Trials™
#30. 270r28 #19. goal near oriented™ in Trials
#31. 260r29 #20. goal near target™ in Trials
#32.  exp heart/ or heart.mp.) and output.mp. #21.  Hemodynamic near optimization™ in trials
#33.  exp heart output/ or heart output.mp. #22.  Hemodynamic near optimization * in trials
#34. goal directed #23.  Optimization* in trials
#35.  goal oriented #24. Optimisation™ in trials
#36. goal target #25. #60R#70R #80R #90R #100R #11 OR #12 OR #13 OR #14
#37. exp heartindex/ or heart index.mp. 82 i;g 8: i;i OR #17 OR #18 OR #19 OR #20 OR #21 OR #22
#38.  exp heart stroke volume/ or heart stroke volume.mp. 496 #5 AND#S
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